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SADBP 2L D FTEHLHWTY . RIIHBOF TV 7 1 2%
HHUTHBIN TV B EBHZMEFRICL TWE .

[-5. 3 FOHFDFZ T«

GTOMBIZLF TV T4 0HY T3, HEA, DNA
121k, CEG. AL TOWEINRH L Z LIETHL LN
F 9, M ONNICHE) Y IREEAHLDTTH, TD
PEED-74 F 2 K= A THMTY (Fig. 3)o ¥ V32K
BT IVBASTETVDLIDOTTY, FhEoloT05
DOWFL-7 3 B AR T, ERLOTRTOAEY
PHEIGTOFF) 74 3B LTVT, BESL 401
SERNCHER DI OEY B EFN L E ORI LX)
TARSREAI bR TWwWET, ZOZk% [KEF
FNRAEGHR] LvunEg, FICHLZLE L DR
FB3H 5250 0b5F, DNARRNAEIDMDY R—X
ElioTWh, N7 E3DMELMY I JWEND B2
b LT LELMEbR WV, L0, ETHAR
T AGIANFEFINTH L Z ENEERIZIZE
THYEETHLI L%, DL o7 [HEHTOE
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FEHO 1, MokfizEEEz 5L, T ITh2595
HTTIRZOL) BT Ld v, BEIINTT L BEIC
BAEEEDENHHY T,

FHD 2, NS T-E3BRAOMEFE 2 E1E, A
AEBEEZTHEIDIL RV,

FHD 3, MTIZEVTWAHRIIELGDE VDD LT
LTwb, T, RCLELDEVOLZWIEIZED 7,
INEFAFIVvIFITVTA4HDTTR. THRVWME
WTW 5 EHFIRER AN % o TRV T, EHDIXG
NTETLTVET,

FIEZALRMIEZLTVWDLDTT, EWVoTH, TN
FTRESAZVZVEEIZLITES, beA LB
2oL 5 THY ET,

HEMTOFEMOFEMEE 1 (Fig. 4b)o ¥ I VLA
Wi, FINVRALEWRe s IV R ERE E MR TS &,
ERDENE BB D, 22— F SNV THHENEN
THMENRFI NV TRITFNEEIEN RV, L - 8T
T34

HE M T OEMORFREE 20 A — V2L, F
N OMLEOMEMEHTHZFEN RV, NS RTE
BABREADHMEBEAHETY, ZHEGTFLRLVE
I LTHIEL TV D0, BEKZE D EH W) EROER
WL OMAEHZRTWEDNEAL Y b ERD ET,

HE M T OFEMOBEREE 3, ¥V d 0L MELEH

XELRHEHE
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EFLTWSHIZ, FINVTHRVLDIZFAFI v 7ICFT
V7 ANFELEINLZEDNH S, 728 21E, DNAICF T
VTRWLEMDPHEETH L. 7Y T4 FLEINFET,
ZOX TN T4 B5GETHE L TEDLEWAH DNAIZ
EDEITHAEL T D02 R FHHEEwAN L7z0
BRTTA, SHIZZFOFIILIERA, T/ F4F 3y
X)) T4 REANGF T T4 I TE e
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HYETo DT OREEBRRE E & 1k 72 TG
ZIT, FZVTAEIRWCH LORGE2 o TAHAIL
72h BEHAH ) T L26RIEEDLBFHEZ LI T,

[-7. B, ARETEDK. Y. BY—HEHT
DFE1, 2 (Fig. 5)

ST, CORBDLE2HHAHDT, EhldL->THHE
WRLwH)Z LI FET, L-7I BTy 8713 TE T
WETH, ¥R TEUATIEID-TI VBELHH- T &
OTHALED-TI/BIELBEREVH) EHVDOTT,
THHFITML 22T DIZL-T 2 RIS o720,
EHo72D LET, TNIIR-ELOKREZ KU LAREDNF F
V&R LTWAERLEDTT, EOED I V7 OIL,
FRTEI BV ZvwbL]ELosTVWETE, BwlLw
STMBEDEALIEEZ T LI, BLAIYA Y HD-7 3
JBETTETCWELHETE 2w L HnE Lz, 20
5% B TR 5 & [Perhaps, Looking-glass milk isn’t good
to drink] TIEREZWVIZIPVVI] TT, 2H5DIFH
BRFCE L WA BnwE g, ReLTd Bl v, B
WL W] DIED BRI TOuWnITRE, b ko b
Il BEHE LRI EICZEDY F L

HFHDIZOVTH, ANVKYEVWHIPYHIZVLOFF v
7z A DFEOFEY DT LD, EOFHATIART I Vb
OFEYVVBLET, bo LA RDIER L »RIEHTY,
BEAET) FA N2 SHLEZEBVWEST, ob)
1D D72 DIHER P O Tl ADHE - 724558, FRICHEO
HLBTIAPETNE Lz ZNESHEZFRHEZ A
URHIZZ D TEARWVEWD Z EXFFWERDSMSNT
WET, BELZHT, ARIEERTHE DT 572 &
ATEDDHNET, LI LT, AEDEVWHALETHE
B W) ZERDbho T2 Tt BunE g,

0. 4O 740°—MHE

A A vEnra 7+ v Y — (Chiromorphology) fff%E
LV ENARL) BATOMEE L TWET, Zhid
DL 572 HFET, ¥V (#4145 - Chiral) +RE
(Morphology) 7252 o TwEd, LTI )T 1 %
Moincizoe~ruon) 725, 23 ) H5ThE
FoTEIR T I ULRKEMELDDD. BB VIFEY
DREEREE R TH T2 5 L) R o THRBMO AW RALT
ETWLKDPERRLZDIZF T ) T 14 2flinicneE o T
WET, HLWIIAEMREFEMRDOY ¥ 7 b HENTZH W
Wi B o TwEd (Fig 6).

AL & =Y O & BIIFE L T2 DO h A EGRICE
ONDEZIhE LNFHAD, R4 WILtE e T &8
RO F F ) 7 4 BT AR Lt Tl S 2 LD
F L7z HARTIILUMEE EBIFCTld% - 2R T

L7zDTA £ AT Ty LR TG
FOHFHETHF T T4 OWSEL T T2 TS, &
Ale 2 DB EYYEEFNIE > TDNA L HAAHKL %
BAYE & O BAEH % ST L 2l > TR 5 X
ICHEDFEFLZ. LAL, 09 B, TNLETTEOEDS
BWEEZLEHTRY, I HIZHIOZEENT> TH
FHEWZO T2 220, DNA LHAAHL EHrAWE L
OMEAERAOWZEHEA L E Lze BHRIG>TETRD
LIES CIEa & 0t mFEMFOMEEZ L > Tw
2OTTH, 1 HOBEET TEADER YT 55 HIZR
WIAATLE W, 2wz, & 7EWEIR S SEEY 5
FOMRELIHDOTLE DT, ERLHHWTY, —
BLT, ARt LTwEd,

BT T T, SRR o TV AHIZET — <X Fig. 6
DEHITHED T, MEEITH KAy =, 10 Dnfem T,
n=2 ¢FEVTH5LEZTAH100m. 5 SWTTh, A
HLIXOOHEYDEZADREESTY, 1001 FA10
FemAF 7 A ba—2a, 1004 F A 15 FemidFEk T
DOMFTT, MOLEMIEMRTT, BEEBFHLLEL
&I BIEFRLAZSHETRELA O T Lol
bR TWE A MICIIMEDOLELAMEEIZERT 5 85T
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LENTH Y T2, ZOHTY nodal & Pitx2 £\
2ODBETIE. A HLHEMEO.OEE B2, B
BFESHIZEBLPERODTVLILETHLNTWS EEL
BIEF T, BRIEZENPBHIZDHLZ L2 AOIFTnE
Fo €L T\ Lsdiall £\) BIZTFHPEBREZRELTED,
Z DBARTF D nodal, Pitx BARF OB S Hl# L Tw
LI ERFERLIZOTTI, 2O LIZOWTIEETBHEE
ZLET, MEPLHENTE, RS TEHA> T,
27 ZADFENEHL NI L2 E RS TwET,
oG EMR T3 ffbofls LT, AT
VEZULAF MY LAEADITTCET, HELEDHT
W= —HNOBEWPTREB > TWEF, €L THEE
M2TCUTRE, BEOSFEFVNET > TR E DL
D FREROGFIZFIET->TFINLHEEOLD
9. ZHVIHIBIREZARSRE VT T, XAV -
VRO THDITF L7z £ L TRED27CU LTI
ERBDGFRRE CBIZTEL 72T F I NGRS TE
F9. SNBA TV TDORN v FHERS724EHTT, B9
LU T TV ADHRBIIED - 72 5 FEERE ORIEEH 27 C LA
ET MRV ZORRE Leholzrdb LA,
[P L7 VAN TORMEP o5 EERT LY
BREWVELTTD, € Es720bLEEA,

M. @FEDFh

ST, SHOFFOmNTYT, 3. [1.1&LHIZ] T,
FIN, FF) T4 LA, FLTHEH T ORI,
CHEBEEIZLE Lze 0T LNV THED TA S & AR

FFELA IR > TOWTHREF IV TTA, PR

FIEEAPHEH L (53 eI BRELLE L, W
Jwvk, LR OLZL Lofigk, [V. tZ0HA
DHAOENTA#OD—ME] OFFETT . F 7 Vikh A58
CHN L BERIREOWIFE T . WIRTT &0 ISP
FNTVWTBAEVOF I T4 2 BRI LELA, T
TOLEERTOMEEZRA) L-BVE L, 22 THETY

SREAWR

[BZORMK — A% S5REBRFOTNEH]

T4 Ok, B, B, BIEL SR L d R e 57
FrLwbFEBELE L, 2L CEREKREDFS Y 7 4
ZRET B72DITBELRFT LWt ESRELTL v,
ZNEAE o TR - HRALEW. T INA =P/ —
FUYVURICHET LY U OMRICHIER L TnE
FL7 ZLC [VI. EYOHROAIOFILT 40D —
ME] TIIBHOEMEZ DL 1 HOBETZ2FAET S S
EWRTE, BUE, FOAH X2 #HENIZ L2 ENgE
LTwEd. Thid, tFoifokicsitvizL 3,

N. {tZ2OHKROHOFTINT O —ME

FILEDOFH T, B3 AREGTHOWFREHE VD
TLEID? GELAEVNEENELVH I LI1E2001 0
I = NOALFE P X B AFERIC, GHFD ) —X)b
ILFEE D AEAFT MBI IR I N2 65 HL2TT,
B o TV BDIIELA—T 2 EAAFERTIE R, £
HOREWMETT B, ELAELLPICERT L, LwvwH 2
ETTe HALVIIELAICHET L EHREMLE - ThEELZ M5,
ZABMEER > TVE T, BT L Fig T X912k
DETH, SHIZE THRMDPI WO T T2 I
HIZBHE LT,

V-1. BZRD5DFERLTF ) 7 1 H5l

F 9 Fig. 7Ok Lo, B2 S OfEHIE TS, Fig 81
FIEEBFHL LAY — VORERDOFELRDOTTH, WA
BEDKERDOWIZER BT F TV T 4235 HITE N W
L L72DDNAY =)V TT, Fig. 8 DA LOBEIZH
ZHDOWTA U ERKSELBEEOMTYT, FOIKICTE
T BHERPOWIEPIHED £ L7z BATORIZ/ KA Y
— VWIS H B4 L EORROBRIT Y, FHERZ VT
Fo A O M A CERIG) (SELAMD D 2 DT KRATD
XFd, ERETHWT B AWM L LM G- H5F U472
JTET&EE T, ZLTC2TCUTTHRMESES & HK
TimASE X, 27TCULLERETEFI NG T I M TE
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TLABDTT, T4V OREETIIMEDOBHXIZL 20T,
E’*‘J@ T L TETEEEA, T4 VOREESY V7 D)

ICTETL A4, 27CUTORE TR E -BK5 M
DB, EMOFER. FROIDEEE 572139 DR T,
IR = VAIHE ORI AT, T IE, S fh Rk
LCWEGTICAE BRI 007259 L. gL
DTY,

100 5D 2 FHMDGTHEE > THREMDBTETL 5. 7
TIEEIRSTHDGTTOXFT) 714 2l L THRELT
MmzlEa00? ZOREREZHEB LIV ER S TR
V=)V &Ry FORE LT AE ) REEAT L 72 D13 FE AT
To 1848 ENLTWVRATZ->TWE Lz, BT ANLT
—OFHHEL L0 TEA, R 4K, FiiE 1K
WCTHETIEIHY FHATL, DED2bho/zdid, *
TNVTRBEVKGT-ET VBT LA F VP EELREEH %
R7ZLTHFIVTARBBELTVRBENH) ZETT,

2HDTIVFENT IV A= VIIERE R Z 5T 50058
THELL, WAWBLRANT IV I —VGFICBfi% LT
BRI VIER 720 L nAnAL I L ER S5 TWVZDT
T, ) FL VWEFEATLR RIFRME L iR
LCERMEERMA2EBEL T VI —Va2EEE LTl T
HF L7z (Fig. 9)o H4KF, RA N7 E o725 HEREL G
T, EERFUEERZ) o T NFE L, AEENRLE
STETNVIA=VORIZFINETTIvETuFINGEY
HANWKIBEND 20DLEWEHED L. “REILIETHE
T'Cy 1 H2 2 B D LRI TE E . 2OfE R
THRBEIYTIVOFTYTAIIED, EAEDIREAE—
HRFOTNVIA=VB Ty TENTHE L, ZOWE
W2, SRV = VOEABRIEOR SO X H I, FTNVTh
WK T ORGP EELRHEI ST F L, Mz EDT
ThIA—=EEYETZ LT, BRICEAE~HOTVa—
WE{RDLIENTEET, BETILH Lo TRALTH
S>Ty Wy M) ZOBEHITTD, VHIVKRVEBEOFXFIT IV
BRAVTH A= a v

(@S & aR) WHEHIIHHETESDT,

CieigE (2021FE11H250) &V

BHRRO Y B IVEKR VBRET D aSHaR AT EINS L H 12
o TWET, TINH, PFEDALH0% TIEZR < 100% 12
B0 ET, TALIELEEZTIREER>TVET,

V-2 #@RIMHTCIZ—ILER - 272D

FN 5, Fig 7TOHRREOKIIR L7, fEbh Mm%
295L0IEETYT (Fig 10)o ¥ IV 1-1 EAR—%
FT R =VOHWT L IFHETFINRNRTR TR
Y OEBWER T C = — NOBEIAZENT &RV
TETEET, ZOMMEELZID L L (R)-1-TEAXR—
5F 7 b= E(R)-1I-TEANR=FFT h— ARV F
IRV YA v F LTS EMBEEE RS TETHEL
720 EDLTATIX(S) & (S) Y Y FLyFLTwS
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DT, FEHERE LTIISERDVFAED Y 7 F 5V TTH,
RENA (F) TVRTHPBEMBEFEEKET DO >TVEDT
To EXADVFTIOHVES & HBVERE ) T
LZT5L, B LICHMREBE BETICRVERTE
T3, FALIEEDY 2w, BWEAHH) b T24E
BCBWVIMXICR ST, 2. ZORICHEI N7 55
L. WRZBWwaE LFE LA STRENOFN SA
wESNTVET, BB HRETE. (R) & S oIF+E3
S IRTERYTF ) v ed Yy Py FLTwE T, fEl
DEIFZ 5L D TETR, ok EIHETT, ZEZD
I BIEREDLNEVD LIE, AR REOSAIZIE,
TEOREREEDORREN D L5 E Mo T T, BIRD

g ATOEGREI-ABERTTIESIESICR), 22
POHHZANVF = —F RO TE T 2D TTH,
BAREETIE, JTEOMMEEL H L BERD RO H LV
Witz o< 20T, LOMBHEEEZRTRELTVWSLEWVW) Z
EBDTY, £H)T 5L, BEDPORVKERATE DI,
B AR L7 E HFROKRATETL L) LaoM
AEbLELHY TT, ABIBILAVTT, A A LT U
AL E BT TEATVW 2O TTIINRE, ZOHRIZT
LoTBEE9,

SRR THRBOm AW AR E 9, KIEE»S
DL BEEH LTHRDEN LA FAATETLED
L. &BIZEoTIETY Iy I35 THRSTOBNLL 72
ARG THACTEFET (Fig 1Do L2 L. E 5220k
T RDBSMBL TR D EKFTFARATEY v =78
TEId, TOMoTHBL EBATOKRGZ W TE72E
IR b, &30 H5WITo7 )R TEFE
Lo SABRIENTEDLS>THHWTY, ZNSOMHEF
BHEREDORMICD o2 LE LA (Fig 12) TWHA
HORETY .

V-3. #EREPTORRIS

2T, Fig TOLETORAEIETY . fHiBle LRI D 5
THEESERT CHHICERTE 2WE»DH Y T3 (Fig.
13)0 HBRIGA R E 2 EFH L WRE-RE/BEDVTE, b
AR, ARMOZIEE R R T35, HRTHEK
IBER T L, AR NS T5 5 1 3AR o4
Was, ABNZR NSRS O I3 AT O AR AT &,
EREL TR I IREYWHPELET, T, BkoOHRT
A THEEDOZBIM ISR E T A, £N1T, KRr
STHIBLTAZE L7z, MHRETORIETD, T1 34
mOBEIZIZE > BEABERE, ERINZA TNz S T8
FfdcH0T, Enhofh8L EROEEWITETEF
To —H. FIULEEML. BE. —HOXFTVT 4D
WEBEL»ETh I RA,. SOEFIE—HIZALR
T TY. 22T FINLKMOEEZT

[BZORMK — A% S5REBRFOTNEH]

W, —hHox7 )74 OEEMERLZ LTS HIET
TTo LLAEMSH, FINBKHEVD DX, Lo kh
TERWVWDOTY, €I T, FINaLaw izt
BLn) TR EL. FINRFAMULEMDE
BT, R —HICALhRETHEMMELET. Zhidb
F)EMT R RICENIE/ L) LI Y, RICE
W72k ZAHT, BUREDO L ZAHIZADIHL )12 MU TS,
ZI)FTHERDPOWMoTHHMTIIFINRBDICHR-TL
FoTwIdo ZDL) ZEMRLAIIE SR> TV E L7z,

_9_
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oI, BERE I E TGV — F2SE D G H 5
CEBADTFE L KD H D TRADTESHIZZ DR
B TEFTHAN, B TIE—H trans KD TETH S cisfh
BB LTI L, T, ERF285H5 LR
¥V G =Y h- Ay TN TODITmANDccisthr
HELBZNV—12L2 22D TVET, TOMFHITH
LB RETHEHIZEEZR > TV A EAEE LAY T & &
2R > T NFE L7z

V. SRREDFHE

ZLCHENBETYT (Fig. 7H ). 70r7 4 7OHI%E
FEBEBOMED?STY (Fig 14). & 3R 7% 5 ERIR
ETOXFI) 74 REKRRETHDTHNLIF I T4 O
HWEE L7zve THOEBIRETOF ) 7 1 130 E
TIRIELWHENTE v, £2°T, EMACDHIESED
MR LETL. CDEWVWIDIZIT U IRT NF 4 AT T
3% ZIVAF Y - TAF—VTHRL, —F27
— - ¥4 714 X2 (Circular Dichroism, P faff) &w
IFTYTADORMERTEHET, hE2WELTFTY
T4 DEREMD LN TEE T, MIFREOMBEETRT T
Ay S, FAEDBLORAE AT S 72 B 75
DETHIHERBOFEL LTA- TN, ZOHBER
K7 & LTH—MICEBEREZ P> TNE L. AERS
e —FEICHE L F L7z, BRREZNETE 2RO
WEDP BP0 G726 TlE-oTLERB) . fEoTLE
o72b, TOEBEMSTTRVWETERWE ) RIEE
BERHL L) &Ww)BSAARTL,

V-1. UCS OAIERIEERE

Fig. 15 DR A5 b7 % & 912, 50kHz D ¥ 7 F V124,
WY 72WCD Y ZF VA2 SADHEDH Y ¥, &
oy GETFHAE & O AR (74 P2 AT 4 v
7 EV a2l —% (PEM)) L DEREO D D% W5 WA,
EEAFBELTH, Fig 15o#aTcmEnsR0) 1Ly
HhFEEA

ZoRizh, CDUA®, LD (Linear Dichroism). LB
(Linear Birefringence) 2"& FN TV E 3, BRTIIIN
S TFHENTERICALDOTTH,. BAFRETEIN
5OERMEF LK E L TCD? 500 % & A 1000 512
HHZEHHLDTT, ZE2FRITFNEVITERA, &
BEGICEE LR CHE ST TIEL, 6 THFETIXw
W& HDBEXL RGBT 72012 L DADE
CTCLES/DOTIA, ZRIFELL DY FHA. X (1)
LI O B0 o TR WIEDEH D T3 OT, MiE
LTARZ PVEFHLTOREMICLZ V7 FVIEE
ETERVDOTY, bl oRXA» 5 ML, Stokes-
Muller matrix #ffi-><C, CD3LDH LB 3 CBb#llh %%

BEEDOL 5T, ZOWEREDBZERLE L7z, MTHHlN
% @ T UCS (Universal Chiroptical Spectrophotometer)
LWL EDITFE L, J800 2B L2 THARSN
#1XJ800KCM & v 9 % & 217 £ L 72 (KCM = Kuroda
ChiroMorphology) o

SHBUIEFig. 16 0 & 9 T, il & ZEb ) vk H IR
ZETUNE, HAFOMBEPSHLIAR LI, WANA
TRPLTH Y T3, 50kHz & 100kHz DT v 7 A HiiE
WE 20 -oTnAh, TFHFIAVF—%KEANTE S, [
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LGB AR PUVEAINSL R E, WAWS LT RMSL
THYVFTH TN T VT — LT ER->THWET,

V-2. UCS THIZE L7zBHKIRRED CD DOl

EBEOARZ bVEBRELFEFLEY (Fig 17). ¥7
VTIEBWIZE22b b, Boimwvy 7k &
L5ZENHY FTHCEM, HFOEROAXRZ V), UCS
THEL, AL LETLAMoEBWEROARY MY
ERDFET, CDBMENIFIFETDOIELWANRY LA
bhE L7z,

& 5\ ix BSA (Bovine Serum Albumin) &7 + » %
HFHIFEF L X IR B & B-sheet 2D DB E VI T
IAMTHETH(EMFTFEFRORDOANRY M), Th
FERGESENT 2BOE T2l - 72720 T #7250
EOMTTTId, IR & FARIC & L 7 a-helix i 38 %
LTuF L-(FHHOBEEWEFRDOANRT V), DTN,
BEEBFLLAFIVAEREPICIN Ty TEN2TaF
FINVHALEY ORI Z BRI LR E, WANWALR T &
RO TWETHESHIEIERIZ2VOTHELET,

BEOLESANEKEZ 2N R IDIZT7 IO K
& w37 AR (1-40) T4 (Fig. 18). A TiX a-helix 2%
17 %. B-sheet?$34 %o, B-sheetilZe % & 7T —27 %D{
DRFET, ChEF YA M7 4IVARLB (5~
Fiarv-7uvzy b)) BEICLET, BICT 5 L a-helix
234 % & RIEIZHA L. B-sheet 2340 %1272 > TWE T,
COAB(1-40)1k. TV A —H— (HikE) L vwbh b k&
BENTVAAYTUA Y (BEEEETS) ¥ 288D
B-tZ Ly —Fly-kr Ly —BllLoTYhHIHERT
TE72 Ao T7 I VEBEREPLRDRTF FTT, &
CHBTUINAI—=IHIGRDRTVRRAVH - T, €D
RRADNIZy 27 Ly —ERCHGHICT I/ BRI 2
GENEIATTI) I —F—%2PWLET, 2F DR
ELTLRHOESIDABI-42) B TELDTT, TOXRT
FREWMRTAHRDL L, M EHEBEIRED S a-helix 23 % L
W%\ 40 %HST T — 7 %D ) R 9\ B-Sheet i 1EIZ 7
STWVWALIEPHLNIIRYFE LA, SAZRZED, 10
FELBLVRENCEELT L.

Do REDFHEICLYVET L, AXANF I VI D
T2 RAHRIZEDLL WO TT A, BIZKELK
ESBUTHETTY VN2 EDOEREEDNED > T
W 9 (Fig. 19)o a-helix 7* & coiled coil # L T coiled
cross—B-sheet~N&H o LWV I HITEDL TV EWVWH Z
EERFERLT, INAHREOELRIIZ>TVET,

V-3, AR ZEKEICEVWTCDRAIETEZDREDHHH
UCS-2, UCS-3

T2 MoRAZFERZ L, KFERZEL VWS TWEDT

[BZORMK — A% S5REBRFOTNEH]

FTINE, EHALTH Y2V ERRKLPVHDIEIOE
BrZTENOH Yy TV RPFICELIZT) BRI VWEEZ T,
CAREDbSHEERXEY T Lz (Fig 20). Z Navikii
OEMIFETBRE L20tEeoTcyidhe, 2o
BIHEELID ) T3, T T NVERKEICBOTEEZESA
WCHNFCEMCD 2 ET 5. b9 —21 30 % MH RETEk
DOHIZEVTDRCD (JEHS) CDARZ PV a5
ENTEET, TNHFHFEM->TE T,
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COEBEERMH L, KEFEOTITL FTTI, 1T
LiiEEe LETE (Fig 21). MBIEHERTT, 97
ORI T3 BIHPFRER ORE & & IR L Tl
XD TTRZOMBEEE->TVET, TOFRVHEOM
DEZAHFETIEE ZohelixifETTA, TOENRERHT
—2Z8|Z B-sheet HEIEICE LB R ATV ) HEHWT & % B
TEX5EHIChD FE LI

V-4 HiBRIC LD COREDHE —KRRAFv>
TR, EFRESHRETE

TH, EEZAF vy Y LTWAMIZEI LTHHNY A
FIv I ATIIHEEZIEETLES). ENZo/zb,
BTREAFY Y LTHNAEENILWE RN, o, R
HYELD, LBZIY B O T KERDT, ZNikb
RS LD, LBOY 7 FU2SRAL R WEIN O AT
ERhLEZE Lz, IRLRERZIED. T2V HD
FiFrb B F L7 YIVFF ¥ v 2V CD A BEEE D%
Tk, ABCZ RO TRIOEL. PEMTEHF L, #khE
W, mPETCTAEL. L2 by vy ¥ —TH
RBHOARZEY L, A4 7 0F v 2T L — hTHIE,
FEMRLE EEMREREOCCDA A=Y DEF L LI L
TCDARZ MV EHFLZEVH)IDBDTT, TOMEELN
72CDAXZ bvid, UCSTHMRELAZAXRT MV ERE X
CBTWET, 72720, SNEPEWTT, flEicEn2
FOREHE S o Tz vy &, UCSIE54. THvIL
FFXANETIE T, bo bl TEL725H L
TWET, BFEIIYR LR Lo L ROWHEOR T 7
AN=RCCDVHAHIETTTV, LTk, BED
AFL LT, Bz DL ENTETEAL. KIS
SN ORI EVwE b T LN TLEFVE L7

L5 cid, SABFELLAEDANCL. Zhdr SR
L7zwBb LAVHLEE WL ORI TwE g, BEMRIR
BoOX I Vs BUE. MIGO 5 TRHERZET R = A b =
T DREDE LI FEIFE R 1T > TV E T,

ZLT, Thhn, ZhdSHahd 8 O o
b, W in vitro TEA O CD7GEE R E TR Lz
Wk EEZTVET,

VI. £Y0tHFROAMOTILT7A00 —HE
— &R NDERNZRDHS 1 EDOBETFDETE

T, BHOWROFETY . BHOBME Jud % 5 1H
HxRiznBnE Lz, Z¥BHZONE V) &, &
THL=— I B HE05TT, THHTOIZEL
TWVBEADPVLRLT, EIRoTHETADN)? DNAR
RNA % &9 R o THIHT 205, &9 o TRIEIEEZ T
LOWBEEVRLERL R T, AUIEHFLE L 2=—
7 IR e . RIS O LA TESMROIMC S B Tw T
FEAMEOBEN SR T & Lymnaea @\ 7E0, A& LK
BOM SRR D Z & e85 2 K HWVWTT, M
MR T, BRZHEMEZRHOM 2T WETOTH
BFEOMRIR Y RT VI & AL, 32 H»
542 HTRIMREZEAT T, bo&EMNo725F13 150
W5 200 E CTHES TR LZTNER ) FHATL
720 20 BHOBRDPEAED TS MPICHRTL LV Z
L TF, 1894 4E1Z Crampton 25 4 M 2> & 8 fllfs iz 2
%553 5 AINEIREIC, ANEIERD e 5 &A% HIC, A
fEsnEEERICRDI R, B ot ABM L LA O
HAEBIZL THELTWE . 1923 FI3ERNITER #n
L. BHO 1 HO@EETCERIRE L L s E L,
—ZHMIFEIEFIT IV, 20w s, TAVFUALIILD
DNABRDIEZLNICHI DI LT, SOEBHDEIZT TlE
HNFHA, Ll BEVWREY VT NVTHEI L 2R
BLTWwhERWE L7,

Z 2 CTHIZERATOMZEBI IC IR ZE L 72 & &2, Bifto
BIZTTH 1 HOBETTRES>TVRDZON? FH%b,
B E b n T &3 o 2 IR EIER o [l 7 1)
BEDIIBANZALTRELZON? #BIZFVBEHIH
bo THTRZZEKOELZRDTVDLD?  I00%Y



5 32 AIRE - BE

FE o3EN - HETIEDH DO DX D R
ATVEIRIELE L7z UMD 2OD5MICIIEZ ST &
NTEFILZ BYDIODEMI DBV bhroTEEL
7205 WMREEERWTWwEST, 7udz 7 bEIxH-L
ik, BHOFWHE LI LT, BarfE S AIHKLD
OREREFABTE AT LAFTOLND F L7, FHRY TRHZE
MEFEL, a0V 2=y 7 RBOIED F L7z SI3NIEE 4
L, ABWVR L TNERARTLY2E > T ERAD,
MeBORERT IR L T E T, 5THEWE
SRR, MR AR SRS TN E Lz,

VI-1. EEXTHEORN

RODOFEILTT, T XRCOBEAYZOHFFIZIE (4
HBHEEAEHIZ, OS¢ AINELERD 2N BEOTEER
% BRAF RATHEITT 5 ] LFEPNTVET (Fig 22), &
ZADN, FNHIESTVFE Lz, EY)EIAPEELDZ
EVIHZEIENDEE L Bl BRELET, LB
DB HOIRTH 3INET/MEBRD/ENT L B A LD DH
bhRBETLE). FHBHORTIILHIZSALNDY T4
(RFPEECIX BT EE) . A% Crampton 235 L 72
LT L OEFREIIEH TV BRI TR EH VTV T T,

THHFEITTEICHET L & (Fig 23 left). # 3I0E D
EERICAEBEDIZ)IZE FIS/NSRERNFTTET, £
NS S, GBEDIT ) IR D 5 AIRIC
MDA ZER L (SD). AE¥ ¥ v EwT (S, B
WERBETEF I T ADPRES>TVEDTT, SD (Spiral
Deformation), SI (Spindle Inclination) & %2 % L7z,
LedINAATHERZIENTVWEDRNEN) &,
INERTERLTHIFEFICHSF TV T4 BN LN
EL T FvOEAYMETLEATUIETLEFT)
TADNRL LB ENL, T7FVREBRLTHWEDT
EVwIHbr b EIDE XIZHE L7 (Fig 23 right)e 2@
WFZeni it i&. [Current Biology] OEMIZH D T L1,
[Dispatch] & W) fFEHH M F L7z 2N % H Clexiting
and elegant new study] & 2 X ¥ FEWTLNZAD VT
3 L. [Science] FEDMAFLFLTVTINT L7z,
HAROFHHOEFBNTLNT Lz, Thidb Lot
WO E LTiE, 2IZMDTo LD TY (Fig 24),

VI-2. XA/ DT 4v TR —PIEHMIRRIETH
BEDRZEEK

BRI [HZITLDALHLDOPREELRDEN
by FTHICMLTAEZLE) RDBEALI D, RoTHAX
I ERBLAZZELOIHRED F L2 AFL SRS RA
BTATT R0V A BRDOT, 2H0vnF L7z, fE=E
DHRALDFZ FIFTENE Lz, THhEBEIAL W) &
M7 7 =32 0T, RISHEME T T I ABTE-

XELRHEHE

[BZORMK — A% S5REBRFOTNEH]

& EERE W HEER L Z OB OIS TIEE; AR 12 FLF D)
LT NFE Lz, ABETITET, ANEERDSHILICE I
TETLHOTEIPLIMLIAD, HABRTIIEL 2L F
FVTABREYZT ORI P LML T, MlgEAERE®E
AHEELTLE ) Tl L) £ L7 (Fig 25),

BHEB W DR O LA VERESEZIE I8 L C nodal. Pitx i
BTFRECTWEZERMoNTHwET, Y7 ATICH
5N T, nodal flow 2%t & T nodal 15T 25588 $
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LLEELLNPEICEHZINT T, BAEEFYOHIZIZI N
LOBIETIEIHFELZVWERE SN TV 20T A, FEi
HHIEEROT, AEHOKRTIEOLEM, EEHD
MEEMTHRIT LI L2 REZIEDE L. MOBEL R
S/ IAHNZOBIZTHEBLTNDEIATT, (&
HIZB 2 2 O#IETOHFEIZIT E A ETIEEIZ Grande ©
Th—=ThbdbWMEINELE), ZLT Z0LHIIW
F9Z MBI o BBk DAL E RO LR iR S 5 &
nodal, Pitx BInTF OB b EA S L. O/, ¥
BEOHMWHEEL-OTT, FLHIZRELIENTE S
B HT L, BETFIEREL TWRwo T, BREH
SROMARNL, BB T 5 72 DBRNI K 572D T T,
COWmXIFET L—2hFE A LR LT [Nature] 551235
;. [NEWS & VIEWS] ZfinshEz Lz 75~
ANGZAANTHUFE iz dh 75 ZAOHH, [Le
monde] 25E W T NFE LzL. F/zlelegant ] 2178 &
WL FLH Y., L THE LY 72TY (Fig 26)
7272, A L EDOW T OBRIDSKIRIZ N B A 722 & W BELRY
BAETHBIITELZDILZDE L Rt vwbils )
b LNBVDT, RKRITEL L2\ Physa acuta Tl
BN ERRZ R > TADTT I LbINFE
Tt d B2 N WEED Physa acuta A3 TE72DT
To TLTCEDOTRIELLERIRLEV) Z L LMRLE
L7zo BHOEMZ RO L 70X ZZIZIED A 5 = X 4
WHHILwRBLTHET,

VI-3. BRI BOBEFETREOTND

ATy 7 EV)OTTA, MR LR E W) T
T, EALALEDY ) AOREEZHLL L ThWoTES
DT NIEBLTHE T T, HGBEDOT ) 2O OERID
EREF 2 ZTHNTVDEHDOREEDOFEL ZHEATT
DT, TNERY, XRZHITFTTWEE T, F2, F3, F4--
ERLRREIT, ABET ) A0HEEEZ ML LTwEF
Fo THLT, 01 %ABEDT ) LTy 99%KEED T I

L) FIOHAARKEEZ DL Dy 2D 0.1 %I BRI g i
EFEZFHETYD LT SD, SIAH > THIIET
A% LTHEDRICRAZE22& LT L2, TF
POBROERICE BT TL, 1 HOBETHICL >
Ty BRPRFEFS>TWDLZEIIRDFET, HRTHELNT
W 5 #FE (2016 4£M) A5 [Current Biologyl , [Nature] 3§
o 7R Z A D TREERE LY RIF T, o
BEC D FAD HOBEAWY F L7z,

VI-4. BERERTFEHORE

Tk, Zo1fo#EETFEMTEOTLE) 2 R
PTlIitRELS, COEETFERET L, e ThH
NTEFE L7 Trd, EFICRVERZ 200 F L7225
BACT A4 75 —DfE#» ik, AFLP~—#—2ED,
RIYvaFvru—= v X CHlzkD, 15H0EET
BERICAR D F L7 (Fig. 27a)e ZOH9 5. 727 F V54
LT TR B ET 28R 5 E Y, ABHLES
HTEND L& HERY % RO THRIZOTT, TOH
B EEORICE., Lsdial & %23 72 & 5T O ) Oxt
VEETAS TEZERER DA - TV T, ZORERT ORIk
ARVERSTY URTENRDLONTW W EPHHS
P FE L. ZNUMNOEETICRAS. AL TE
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B and N co-doped anatase(BN-Ana), rutile(BN-Rut), and brookite(BN-Bro) TiO, were successfully synthesized by a
hydrothermal assisted nitridation method. The apparent color of as-obtain BN-Ana, BN-Rut and BN-Bro was red, cyan and
yellow-green, respectively. The mechanisms of various coloring were concluded as the different band gap configurations and
the formation of covalent B-N bonding. The nitridation time expressed less effect on changing the color. On the contrary,
the nitridation temperature enabled the distinct color changes by altering the brightness. The lower temperature, the fewer
doping concentration, and brighter apparent color, vice versa. Through tuning the brightness, a gradient of yellow-orange-
red was achieved in the case of BN-Ana, as well the transitions of grey-to-cyan and white-to-green-yellow were achieved in
BN-Rut and BN-Bro, respectively. This research proposed a method for the synthesis of color-full titania pigment without
the addition of other toxic transition metal elements. It was also found that the color titania with various phase composition
possessed different photocatalytic activity. The results indicated that BN-Bro was the most active species, showed almost
the same level photocatalytic activity as Degauss P-25 titania under UV light (A > 290 nm) or blue-free visible light (A >
500 nm) irradiation, while it shows higher activity under A > 400 nm irradiation. The photocatalytic durability of BN-Bro
decreased to about 44 % of its original activity after five times cycling test. On the other hand, the photocatalytic activity
of BN-Ana and BN-Rut show quite low photocatalytic deNOx activity, indicating that BN-Ana and BN-Rut are potential

candidates for toxic-free pigment or cosmetic applications

1. #

EBRERILAMIZEH A0 ERTILETHON TV,
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e Z AT SH720, ALHERZ X Lo, AR
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AFOF=712L0), AOBLF & v 2503852
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Creation of Colorful Titanium Oxide
Inorganic Pigments and Functional
Evaluation as Cosmetic Materials

Shu Yin

Institute of Multidisciplinary Research for
Advanced Materials, Tohoku University

BH SN TVBA, BILTF & ¥ BRI Tl Rk
FINEMERTIEEBELVYY, M, 2hETokf
HERSERL Y LTI, AT Y EFHT A EDBETH Y.
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LI LICED, 30BN EET HEILF 5 ~
ZEINGICEHR L, S5 5BUHAFHSAHMEIC L 200
BERHEOTEEEBEE L2 Y, RENZGR 7ot 2%
Schemel 127”9, 7F % —¥ (BN-Ana) ¥4, 200mM
® TiB, # 0.5M Na,SO, # % ¥+ 0.5M H,SO, & i ' T
180C. 24 HERIKZMLIE L, 50mL/min 7 ¥ € = 7 &k
FT600C, 1RSI 24T 2 & THM L, IV
F )V (BN-Rut) @54 80mL ¢ 0.5M HCIHr TREMLIL L,
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REMEDSE S R D A 2720, 7T00CLUF Tl
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~ 700 C OHFPATEILT » B IR . K IS
BWEEGZWI Do 72, 500~ 700C THEAL
Tlde VFIVHDSHE—ME LTHET S0 Thy A4 b
I DT VF VBT 5. 700C UL LETIZ. 7
Wy A POV TFNNOMERIHET L, 27° fHEoH
P ¥ — 7 M ORNASEILEE S iz,

Fig. 2 121&. 600C O ELIE THAK S Nz B4 2455
WEAET LELEBLT ¥ ¥ OIS A2 bV, SEM
LA A=V RN FFEYyy FMHZRT, NV F
Fx v 7 (E) Ofiid, UV-visBIXA X7 b icHo <
Tauc-plot#HE> 12X VB L7 3204 % A3 % BN-
TiO, 1d. WTNBHEF / DA X% 4 L. 7 (BN-Ana,
Eg=1.85eV). ¥ 7 ~ (BN-Rut, E,=2.06&2.89¢eV). #
f#& (BN-Bro, E,=2.28eV) &/~ L. B 7z n] HLOGIIEE
NEHT A, Fig 212/RF & 912, BN-Ana DLW L
R 750nm $H 720 T THEAE->TBY, Ftzml
WXL, B2 Eidkemicgf L7z, —J,. BN-Rutid
200 ~ 2000 nm #EFAPN Tl 3 B DI % 7R § 5 <400nm
(UV ) TOWIUZ. TiO,FAD/NNY F¥ ¥ v FITHR L,

Scheme 1 Flowchart for the typical synthesis process of B/N co-doped TiO.,.
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XRD patterns of (@) BNA, (b) BNR, (c) BNB synthesized with different nitridation temperatures (500-700°C)
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Fig. 2 DRS spectra, SEM images, related color and bandgap values of (a) B/N-Ana, (b) B/N-Rut,
(c) B/N-Bro synthesized with nitridation temperatures at 600°C

Fig. 3 The UV-vis spectra of (A) B/N-Ana, (B) B/N-Rut and (C) B/N-Bro samples synthesized by nitridation at 600°C for (a) 30,
(b) 60, and (c) 120min., respectively. The inserts are the photographs used to present the apparent color of each sample.

400-500nm O W HGHEE TlX, HIEEMO/NE RIS A
F. TN (Nint) REOETHEICE 2 bDTH S >,
—J ARZ MIVIZEARS (NIR) FHI D 1F 124K % 7 /N —

L. EEFHLAH1000nm DAV — 713, T Kl Hisk
5 EEbNs ™, BN-Brold BN-Rut & [Fl#: 7 YEW I
PzA$ 525 Y (NIR) #3512 BN-Rut 1 & D)
A RE L\,

Fig.3 (21X, 600C THR 7% 2 2 bIHIC X Y A Sz
3ODFEMME AT A AEMBILF & >~ OILEIF A< b
WEBPA A=V RRT, BET 5 0EHOME (Lab*
B ) % Table 1 X O'Fig. 4 12F L7720 WTFhO
2T EALRE 600C TIX AL 2SR AfEIC R ), &5
WCERALIREAREL b 2o, WA XA Lz, %
LI E O BNV, BNA @ +a* K S +b* A5 A L, ok
A& RDHPNIEAD L72o BNR D -a* H3BEhN. +b* A3
A & 7 0 R M O A% L7z BNBIZI L T,
ZALIREZLIC L B -a* L +b* OB FERIT EREL &
WA & 7 o 7z FEARIICIE, SABRERNEAS A R M
— TR B BB AR HS, RN E B OESVITE
Brdlo L, BLRMEZ2ZL3 €52 L1328, Wikt

Table 1

O ATX LI EEZHLNII L2, SHICELRS
HAZFPE R & B O KBRS L b . B{bF ¥
CORERHEBE R L DS, S5 R MM A il TE
B BEMEATIRE S B

Bt & v c8HFZx V=79 584, Hi7zkN2p AL
ERETAHIEICLD, R r ARSI T
XL EDHISN, N2p DNV K25 02p /N FERK
L MOLICHEIET A E SN MY Wa kT = L HEHE

Color parameters of samples with different nitridation
times (30, 60 and 120 min) in terms of CIELAB system

Groups Samples L* a* b* h’ C
BNA_30 39.15 10.01 6.29 32 12

Ana. BNA_60 39.61 9.01 6.17 34 11
BNA_120 37.36 775 4.51 30 9
BNR_30 5344 -412 4.03 316 6

Rut. BNR_60 6052 -3.83 454 310 6
BNR_120 4770 -3.32 269 321 4
BNB_30 56.63 -3.28 712 295 8

Bro. BNB_60 6041 -292 661 294 7
8

BNB_120 5460 -3.35 6.99 296
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Fig. 4 The dynamic changes in L* a* b* parameters were darwn as the function of nitridation time

Fig. 5 The B 1s XPS spectra of three B-TiO, before (left) and after (right) nitridation at 600°C

WCERBI LX), HHEAF VI F—TBALF &~ 13k
Rkt R L 25T 2 LA TH S Y, Fig 51281k
MHEFHROY > T IVDBls XPSANXZ MV ERT, #H
IANVE—=H190eVAHED ¥ — 2 1%, EHMB (B,,) V12
B Ly 192 eVAED ¥ — 7 13K FR#B (B,,) ¥ 12 HIk
T 5. SILHLA Y — 7 AL L. By,/By, DL
KELBL L2 b ENDEAIZ L Y KT FHHB(B,,)
DERIPMREIND S EDBGhoTe Tl LR
DO¥ v FIVDONIsA~<Z ML &), B/N-Ana. B/N-Rut.
B/N-Bro®W i b Ti** OFAE () % R~ L 7 (Fig. 6) o
Table 2 12 1%, XPSHMl &2 X v [ % L 7= 37 © BN-
TiO, DRMILEMIL Z /R T BENFWFR 115
(int) & @I (sub) F—7HEE L, 7+ 7 —EH YA
4.4at.%B & 1.31at N EITNTBY., VFVHlE T
VoA FogEe. FhEh, 3.5at.%B. 1.7at.% N &
1.92at.%B. 1.43at.% NZ &AL, #mlct->T. F
—E VT ENRIWET B LG Dol E5IZE1L
BEOLFFIZEY), BENORK—E Y Z7ENEHL. 700
TZ{LMPTiE, BNA, BNR. BNBIZBIFABEND K
— YUy RIZENREN6.25, 3.20. 5.85at.% B} 1¥2.15,
2.34, 2.46at. BN & o7z B EMIIF Y RLEER

F—¥ Y70 =¥y ZREROCEHEROMEL T 3L ¥
— NV FHEFEICIKIE L, F—V Y 7 ROBEHEIC LY,
KO LM ARETE 22 LSS,

Fig. 7 \ZN-TiO, & BN-Ana. BN-Rut. BN-Bro 32> ®
ME2EHT5BN-TIO, DNy FFx v FEEEMEDO N 5
— A A=V ERT, T4 VIEHEF—E ¥ 72 TIiO, H1iz
2 FEIE O JET-IRAE (B T- IR (N, By,) & T #7 (N,, Bu,)
RO XL, BTMZEHEL Ry HORER. BLONT
FOUF RO ORIEITHE L5 2, SN THOGH
OO EARERE 2 bhb, H—5% F—7HLF
7 IIMEFH O EJ0.59-0.75eV D & Z AT N1sHEAL
PR SN, B EEERT Y, —FBENa F—7
L7 AbF ¥ v OMETH O FHICNTsHR DA, #

Table 2 Surface elemental composition of three BN-TiO,
measured by XPS without Ar™ sputtering treatment
B at. % N at. %
Tot. Bint* Bsub* Tot. Nint Nsub
BN-Ana 4.40 3.71 0.66 1.31 0.37 094
BN-Rut  3.51 3.00 0.51 170 0.58 112

BN-Bro 1.92 1.34 0.58 1.43 0.48 0.95
*int./sub.: intermediate / substitutional doping

Samples
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Fig. 6 The N1s XPS spectra of (a) B/N-Ana, (b) B/N-Rut, (¢) B/N-Bro fitted by Ti*". The deviations

(dash line) mean the existence of Ti**

Fig. 7 Predicted band gap structures and color images of
N-TiO, and three phases of BN-TiO, (B/N-Ana; B/
N-Rut,; B/N-Bro)

FHI By DAL, N1s & THMB1s (B,,) 2SIHIE W
A7) v FEAAEE S, RZERTHICEERRB (B,,)
AT %o FKC, 7F 7 =X, VFNV, Ty b
KROME T L XNV H DT DRENTFAET S LHH
b, fRE L TR MMHE AT 2T ¥ Y IER
GET) = hFFAR—TTHIEITEY, FRRRE
HTINGBALT ¥ VR RS 2 LT E /2, BN-Ana
JU'BN-Bro® N & BIEIOMEAER I, [RwHNA 7Y v K
IANVF—=L NNV ZB L. 400 ~ 750 nm T O )i #E 2
WNE D57,

. Table 212723 & 5 12, BN-Bro ® B, » & (1.34
at.%) X, BN-Ana(3.71at.%) & JL# L CIEEICA R L,
BN-Bro ® W % i D PL5R I R E 19127 9, 400 ~ 750nm
DHPATOWLILEEE IZBN-Ana & W < oo T 72,
BN-Rut Tid. N F—=7®1$1.70at.%Z:EZLTHBH. BN-
Ana . 0'BN-Bro (1.31-1.43at.%) & ) B <. M L7zN

Table 3 Color parameters in terms of CIELAB system and
color images for BNA, BNR and BNB samples synthesized
at various temperatures

Color
images

(@]

Groups | Samples*| L* a* b* | h°
BNA500 |44.77| 5.00 |9.49| 62
BNA550 |39.73| 8.95 |7.04| 38
Ana. | BNAG0OO |39.61| 9.01 |6.17| 34
BNAB50 | 37.39| 6.55 |4.34| 34
BNA700 |34.28| 0.92 |0.47| 27
BNR500 | 57.98 |-2.89 |2.41 |320
BNR550 |52.93|-3.66 |2.81 322
Rut. BNR600 |60.52|-3.83 |4.54|310
BNR650 |40.06|-2.41 |0.30(353
BNR700 |35.69|-1.56 |-218| 54
BNB500 |62.89|-2.53 |5.93|293
BNB550 |61.50|-3.08 |6.78 |294
Bro. BNB600 |60.41 |-2.92 |16.61 |294
BNB650 |48.96|-2.55|4.39|300
BNB700 |43.85|-1.88 |0.27|352
*Number in the sample name denoted the nitridation temperatures.

—_
D A A o

O N N Ojw N O O =

N

WAL O AR . . By 13 w384 (CB) 12V ik
Wy TIRETHY), RIBRINZG IS L. 1,000nm
VLB VFMZEDIZHEAET AT (Fig. 6 (b)) & By, D
& D, MHDEHEICHE AW E B 25, Ll
%735, BN-Anald, Ti*' o824 7%, BEEHEBGIC
g BN 7 <, 800 nm % MR B W EHMPE TIE AR
7 P VIFFEHTHY, £EDOB (B, & B, &il4.4 at.%)
DT B 720, NL Y ANV K (VB) ICHEH LN, T
oy P ORI X Z2WRIEROWPHELR Y 7 M2 b7b
Lzt #E2605Y,

Table 31213 Hk 4% 7 ELIRE TH K & 1172 BNA, BNR.
BNBH » 7 ot 22 CIELABIS B & WpikH 5 — 4 A —
TERT, BNAYVY —XH IV H-F L v T -k
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Fig. 8 (a) NO photodegradation capacity of various photocatalysts. Degussa P25 was regarded as reference to evaluate the
photocatalytic activity of each BN-TiO,. The columns with orange, green and purple color represent the different degradation
ability under A>510nm, A>400nm and A>290m nm light irradiation, respectively. (b) The results of five times cycling
experiments under successive visible light irradiation (A>400nm). N is cycling times. The NO conversion ratios were acquired
by solving the average for NO concentration nearby the lowest level.

AL E Y, BILIREO EFIZE D, BB S (+LY) &
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HIFClE, B35 & (+LY) L ¥t (+b") 2SR K & % 5 A% 700
CELUITIZ, WD S (L)AL, A (-b*) A3Eil
WCH 2 DR E 572 BNBY Y — X4 v 7V ik
P LTHY, SLEEO FRHICLY, s E (+1) &
i (+b*) 2SAMEI 7245, ARA (+a*) DS L 720 @
DOHEIRILF 7 V1%, BENEMBEGYEE A S5 2 LA
BNTWVD, LALans, B b LR sh
BB, LB 2 2, i S AR RIS — L LT
PHER S, EOF—NVOBALT) L ETORITINCHRET
2 MRS P 3 AT B R K2 @ DNA %5125 LIRS %
BIL, FA-—TVEHGZTLEHIT LR ESINS,

Fig. 8 ICA M & N7z Kl ligft 7 & » O Giliin vk %
TR, HIRD7-HfE#Y 7 )L & LT Degussa—-P 25 i1k
F 5 b HTHHIG L7z WEHGIEERE 7 1 v 5 — % 8
352 &i2& Y A>510nm. A>400nm. A>290mnm (2 )
WL, ThENHFOLEET 2VEDGE DL 0%
SR (+TTHE) 2 B3 2 EA3TE B, NOZIREKIZ, W
HHIRE T O 2 NO IR EE O IR IS X - TR S
72o WEPHELZDHE, BOZFIVF—PMRLAY, B
W EoEfl gAY E < % A, BN-Bro ld Degussa—P 25
BT 5 » L FAREOHEN (>290nm) & Hr & F v
B (W>510nm) BhkiE % A 9 % A% A>400nm "] #56
WS T Tld. 32.0% ® NOx (1ppm, 200mL/cm?®) % 51
WZHRC &, P-25 A2 B WIS Z A3 5 2 LA
537 720 72 BN-Bro ® B AE DT b MEE
L. A>400nm #fE i) $OGRRS T C 5 4 4 7 VEREZAT

o 7RG R, T A MRISHBEE TR 17.9% 1% B A
DK 44 % 2K T L7ze —7. BN-Ana & BN-Rut ®
JER G TE. FER AR OUMEEEE 2 7R L. BN-Ana &
BN-Rut 233 R 2 O BRE 3212 B1F 2 TR0 7 5l
METHDLZ ERRBL,

Fig. 912k~ @ LIRE CTHK S - K5 izt s &
v O YE & R, IR o 72 ® Degussa-P 25 AL F
yyasiE LTHWZ, G L7z ¥ 70 oflifE
ZALIREIZ X o TEALT 5 2 £ 90D o 720 A>510nm (2
BU L lAEEICE LT, BN-Ana > ) — X% ¥ 7 ik
LR ERE RV LR L. BN-Rut ¥V — X3
7M. BN-Bro ¥ ) — X IR E WIEMEZ R L7ze 1.
600 C 22/LIR IS T S N7z W o~ T IV OGP 15 A il

Fig. 9 Light-driven NO decomposition ability of each
prepared sample. The columns are grouped by crystal
phases. Red is for anatase, blue is for rutile and green is
for brookite.
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ZR L7 A>400nm 2B B G L. AR
12 600 C BALIREE T 5 N7z H ¥ IV Ol 6 P 13 5
KA %R U720 A>290nm O R4 Al 57 (2. BN-
Ana ¥) — XH v TSGR OB L@ IS ED ) . &
ALIREE AR, S PE AT KT L 72 BN-Rut
O BN-Bro ¥ Y — XH > 7 Vid, 600°C 22 LiRECTH S
N7 7V OFEBEE Y 3 okl & 7R L7z, Fig. 8 [k,
BN-Ana & BN-Rut ® &% > 7 vid, ISR SE i
PR L, B E LTOEMEER D DR 5.

4. 1 1

AL T & iR AR L LCols M ST
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F/o, B MK L A0l =X A2 @HL. b
BTG VE O A W - FED ST AT RETH D L G
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We recently reported the formation of a pseudo-polyrotaxane nanosheet (PPRNS), which possesses a self-assembled
nanosheet structure bearing a pseudo-polyrotaxane (PPR) consisting of B-cyclodextrins (B-CDs) and a carboxyl-terminated
poly(ethylene oxide),s-b-poly(propylene oxide),,-b-poly(ethylene oxide),s triblock copolymer (EO,;PO,,EO,;-COOH). In
this study, we investigate the ability of PPRNS to load fluorescent probes, the dissolution mechanism of PPRNS into solvent
by heating, and the adhesion behavior of PPRNS to uneven material surfaces. The fluorescent probes without methyl groups
were not absorbed by PPRNS. These results indicate that PPRNS has a molecular recognition property based on the host—
guest interaction of the functional groups on probe molecules and molecular-sized spaces of PPRNS surfaces, which may be
vacant B-CDs and voids between B-CD columns. The dissolution mechanism of PPRNS was investigated from the viewpoint
of crystallinity, particle morphology, and PPRNS concentration through proton nuclear magnetic resonance spectroscopy,
scanning electron microscopy, and X-ray scattering analysis. The results revealed that the PPRNS dissolved in two steps
during heating. First, B-CDs of the PPRNS de-threaded from the axis and the PPRNS dissolved in the out-of-plane direction
thinned while maintaining the rhombic structure. Upon further heating, both p-CD and the PPR dissolved, collapsing the
rhombic structure of the PPRNS in the in-plane direction—this occurred upon the melting of the B-CD crystals of the
PPRNS—thereby achieving an amorphous state. Finally, we could achieve observing the adhesion behavior of PPRNS to the
Blu-ray disk substrate (1D bending), polystyrene spherical beads (2D bending), and random rough surface of pork skin. In
the future, we will further elucidate the basic mechanism, investigate molecular loading and sustained-release capabilities,

and discover the potential of this material as DDS material.

1. #

25 100nm LR CREMZ AT AR TFIEF/ ¥ —
EFFIEN S, MEHIFWIZELRKTH D, /2 ¥ — MIfF
WCKERFBEZ AT 5720, EHHOMMIHLTT L
FUTWVIERTE D, SIS X ) EHEICKIIF TR
I & B EAE R § 5 2 & Tl A2 R,
By F 2 = MCEAIZ RSS2 LT BEATOR
I - AR - AL RN OIGH & B8 L7220 2825EH S h
TWhe LHPLRERDF ) ¥ — PRI E 2 5
HEREEWEIREI N TW 5,

T2 IT Tl WARE N L R RIREICHE T
LELH LV V= IMHBRTHLEARY T Y Y )
/¥ — b (PPRNS) ORI L7 Y0 BrIRA ) THET
HoHP-7urFA LY ¥ (CD) &AEMBEEYEDEV poly
(ethylene oxide) ;5—-b-poly (propylene oxide) ,o—b-poly
(ethylene oxide) ;5 (EO,;sPOywEOQ5: FH & XFid1r= >
MO P Tay 2 aR) -2 HEROKPTRET S
7213 CTPPRNSIZ H MK 85 (Fig. 1a). B-CD I
7Ty 7 aR) 3 —HYo PO O A% BRI @I

[l

Self-Assembled Nanosheet Composed of
Cyclic Oligosaccharides: Drug loading and
release properties and adhesion behavior

Shuntaro Uenuma

Graduate School of Frontier Sciences, The
University of Tokyo

(a)

(b)

Fig. 1 PPRNS OB ETIL 18

L. ZO®HP-CODOEEFMIZOARERPEET S &
TPPRNS AR &%, EARE 1M ESBIEE (SEM) %
JEF- [ SRS (AFM) 521 & 0 3l 2 B s s & &
7o Tw5 (Fig. 1b, o) Vo AHFZETIR. BEMER S
v ZFYNY = 257 4 (DDS) & LToIsH % BE A2 T,
PPRNS @45 T-3H ¥ 66 JJ. PPRNS O A2 8), 5 L O
PPRNS DM AR ENDHEAE RN O W TH S 2T L7,

2. 7 &

2. 1. PPRNS O{ERk

EIRZ BB W72 PPRNS OFEE TR Z kDY) TdH
%o 16mg/mL®B-CD % EARPIZMZ, ME#AT L& T
PRS2, ZDOP-CDHEAKBHRZ HIICEL
72d & 4mg/mL DTl K A VK ¥ BBILEO,; PO EO,s
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(EO7PO4EO;;-COOH) % i S &, KHMEET 5 2
& TPPRNSE K #kill 2 /FR L 720 X 7 PPRNSi £ %
e L7232 R D X ) IR L 720 O BEIC X o T
PPRNS % il &2, 75vol% ® LiHEAZ LT H I LT
PPRNS#RE & 4 B 12 U720 o> 1-4HFF & 16 0 B g
HOFERRTIEIZ DPPRNS 2 v/, F72WK 7 I/
L EOQ7POy%EO 5 (EQ5PO%EQ,;-NH2) & H v» T PPRNS
A2 BRI EES L. B RIANDONEERTIEZ O
PPRNS # f\v2 7z,

2. 2. PPRNSADESFHEFEREEE

PPRNS~NHHFF S L EF V4T L LT, #E5TTH
50—%3IY(R)6G. R123. R590. Uranine. RB. R640
% PPRNS O /B 2N 2 THOGHMEEBIZ 27w, 2h
5D FEDH,O-PPRNS~DOHFO W T2 {72, 72
R6G & R590 3 HE K @ PPRNSIZHHFF X 720 T, 3.0
SEEC XD IEREE LT L, 7B A E SRR A )
2 PV (UV-vis) Ml T 5 Z & TR6G & R590 2SPPRNS~
HE N -m2 X7,

2. 3. Mzl &3 PPRNS OAROMEE

PPRNS O H K5ORS 5 2 & THMT 5. i
FEIZ BV T PPRNS O KBS K LT 70 b %A
gk ("H NMR) #ll5E 2479 2 & T, M2 & 5 PPRNS 2
5 @ B-CD & EO ;3P0 EOQ;-COOH O ¥ fift & o & & % 17
5720 XA VEREEMEYE & LT L. PPRNS%
e~ A VEBERBEIRA L2V &) IS5 NMR &
(ZHENMRE) # HWTHEEIT o 72 NEIAEOTL
A VB E O R Z . JMEIZ 600 uL © PPRNS &
KROWMEEZHATH I ETHHEIRE LEWDT, 551758
HWEZTHTAHZELLS'HNMRZHZET A ENTE
%o E0;3P05E0,;-COOH 3 X U B-CD Dt s D I &
725 Tlx. EO,;sPOwEOQ,;-COOH ® PO &z A F L H12
H¥k$ 5 lppmfiEn¥—2 &, B-CDD 2 2o® 0 JET-A3
WAELTWABCIHIZHEKT % 5-6ppm D ¥ — 27 OFE/E
ZHWz,

2. 4. PPRNS O#MHRENDFHE

PPRNS % 7V — L £ 74 2% (BD) %4 1.43um ®
RYZAF L VR KR oMY - fim e A3 AR
FIZPPRNS %75 &, SEMBI% % 7213 AFM Ml & % 1T
9 Z & TPPRNS DA #5258 % #i X7z PPRNS % #4413
AT S 2 HEIEROMEY) Th b, BD : BDEEOD
T AN K ZREFEET — T THA L, T4 R 7 REE & B
X HPPRNS DfF %574 & L 72, BD % PPRNS K4 #ifi 12
2R L7, RMEKT2RMIZERE L., HESE
2o RUYZAF L VER: BY ZAF L Y EROKGE (30 ul)

ZSIEMEICFT Yy 7% v 2+ L, KIZPPRNS K5 #
W30uL 2 FLTRY 2AF L 8 L IZPPRNS % #+4 72,
KKz : PPRNS K7kt 30 uL & KRz B T Lz S 872,

3. & R

3. 1. PPRNSAD{ES Fi8#% *

Tl % O 65T % PPRNS H RGBS 7N L 72 1% 0 s
JEHHMSEBIZHG & Fig. 2 1R T HEEATH WAL TR #085
T % 4HF L72PPRNS TH 0. HEEE ORI HO65F
EHRLTOVAIEEZRT, TROHDOREL S, Lk
DT D% E N L o TPPRNSANOFFOW KR4 5
ZENbhr ol

PPRNSIZHHFFE N 72 RG £ R590 (2xF L, RO &
NI 24T 5 720 Z D%, RG & R590 »fHF# 12 PPRNS
ZHET A CD O mol K L TFNRZN2.7mol% B L O
4.3mol% TH - 720

PPRNS N #1650 F O FFIZB W T, Fig. 2 ok
REE ISR CR LB HE 2 - LTnwb L
EZONbL, INODOERELIIARNI/NE LBKYTH
%, PPRNS ® 212 CD O s IC k5 2 5014
A ZDZRIDPHET D720, TS D2l L BEREFRIHI L
ER L7z % 2515 (Fig. 3)o w1139 4 08N
2> 5 PPRNSOWERICEAT A Z LIZHE L W20, K5 T
IIPPRNSORHBOARIAHF LIz EZOND, ZNUTD
MboITERLEOGFHFEFZHEIITE -2 LI, Kk
DD TREVF ) ¥ — MEROBEES 22 Y,

3.2. PPRNS D&z °

PPRNS (ZDDSH##7%2 EADOFHANBE SN T WS, #
W DR % HIB 3 5 72912, PPRNS O W ff B o 31 %
EEETH S, RFFETIE. PPRNS2SIIZIC X 0 5
BEROMERE % "H NMR 2 X 2 HE AT 0 FE 2 #5513 AT
FH:Z TR,

# 7k (D,0) % H v THER L 72 PPRNS 4 B 12 3 W
C. PPRNSIIIM#IC X 0 &9 %, PPRNS 2 & %% L
72B-CD & EO;;PO,EO0,;-COOH D & % E &3 % 72012
"H NMRMlIE % vi7zo 'H NMREIEIZ & o THME L 720K
S SN B A5, ERTH 5 PPRNSIIMII S hzwn Y,
PPRNS 25 ## L 72354, '"H NMR A X2 h VD B-CD &
EO;5P0,EOQ,;-COOH ® PO ERALIZ KT 5 ¥ — 7 OFf 4%
fEDBEMIZ. PPRNS A 5 D& 2717,

Fig. 4a, bl Z 1L & 1 B-CD & EO,;;PO,E0;;—~COOH
ZIRG L7 EBOBWRE RS 1 E MRS L7z BB
O'HNMRAXZ MV TH b, B-CD & EO;PO,EOQ;;-
COOHICH#¥T % ¥ — 27 OG- MHEAREH & & 12D L

=25, PPRNSHTEK L2 E5%b A5, KIZ23°CT
1 HRIIEK £ &7 PPRNS 2 90°Cl2hn# L '"H NMR #ll5E 2
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Fig. 2 {EFBEN R & 5 HIHF & PPRNS DEUKICHRDN U 7= O R BRMIRE R

Fig. 3 Schematic illustration of the interaction between the
methyl groups a and ¢ of R6G and the PPRNS surfaces.
Only the movement of groups a and ¢ are constrained.
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17572 (Fig. 4¢)o B-CDOCIHZ T b ¥ & EOQ7POyEOQ5-
COOH®DCH, 71 b ¥ DY — 7 OFEEIZIEIC X ) B
ML7ze & 2T, 23°COIEHBHLARE (1= 0) I BT 2 HERD
B-CD ®» C1H & EO,;PO,E0,;-COOH @ CH, » & 51 %
ENENTL v [ & Ly RG2S 1 EME OB RIS
BWTERENI, (23°C). L, (23°C) ¥ 5, FAkICHE
JETIZBI 2 ZNZNORME%E [, (T) BL UL, (T) &
T 5o #IRIEIZHBIT 5 PPRNSHIOB-CD & i O MR (X
(1) Xpae (TN EUTDOEITIRENS,

T 2Ty LT o (23°C) ] o (23°C) 13, 23°CH2
$ '\ TPPRNS % # 1 3 % B-CD & EO,5PO,EO,;-COOH
DN T Do F 7210 (T) -1 (23°C) s Ly (T) 1,4, (23°C)
& FIEAOIMEIC X ) PPRNS % 5 #%f# L 72p-CD 3
X O'EO;5P0,,E0.;-COOH DK IET 5o Fig. 5 13 Xop
(1) & X (T) DIREIZHT B 70y b THD, ZHO7 0
v %5, PPRNS ® B-CD & EO,5P0,EO,;-COOH i I
BACI DB L, 80CULET Xy (D) & X, (D) 1Z131T
100%123EF 5 2 & Ab Db, S 5IZPPRNS 2 M3 %
B-CD & EO,;PO,E0Q;,~-COOHDEZE KD B Z L HTX,
18.8mg mL ' (16.5mmol L") ®B-CD & 7.0mg mL ' (0.83
mmol L") ® EQ45POwEOQ,;-COOH TH 5 Z EASbho 72,
PPRNS ® X (T) & X, (T) OEEEICH T2 70y b
Fig. 4 'H NMR spectra of PPRNS (a) immediately after (Fig. 575,23~ 35°C DRETid p-CD & EOr PO EOr-
mixing B-CD and EO;sP0,0E0:5-COOH in D,0, (b) 1 week ~ COOHEIEM L&\ 2 &Athh 2 —Ji il (35-55
after its formation, and (c) heated to 90°C CTITIE Xop (DE17% X, (T 13 1.2% (B3TC) &2 o
720 B~CD 2SEOQ 45 POy EO ;5 ~COOH 12 He~ T 11912 7
LTHBY, PPRNSHDOB-COP A SRAE L2 %
RIET 5, SHITMELTH5°CULEIC%: % & B AN
WL, 82°CTXep (1) & X, (T)1Z1FIT100% 123 L
720 S OHEFA S, PPRNS OB 3 B (23-35 °C,
35-55°C. 55°CLLI)IZIT b Z Ehbhroiz,
PPRNS D #3525 1L % 47§ 5 7212, PPRNS @ ik
S WOE % 300 50, 60, 70, 95°C LI Nk L T 5 43 A K5
L. PPRNS % Si #2112 #¢ SEM Bl£2 % 47 - 7= (Fig. 6)«
PPRNS 14 30, 50. 60°C Tl ¥ A} 5 M7 % KWL L 7= %
BB S, —JTT0C TIXEBMEIEL, 95CT
WEHEERDNIE & A LI SN )5 725 PPRNS O 528
L% ERIIANT T 5 72012, KD PPRNS 122 WT
300-400 DKL T-% 717 > b L CFH MR % Ko
WMLT7ay b L7z (Fig 6). P2 50°CETIRIZE
Fig. 5 Plots of Xes (T) and Xo.. (T) of PPRNS D,0 A EZALET. 60°CTPHHBIZMA Lz AT N
dispersion as a function of temperature. TR DR HEAT L 722 L 2R LTEBY, 70°Cl2mzE L
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Fig. 6 SEM images of PPRNS prepared at 30, 50, 60, 70, and 95°C and the average area of PPRNS

as a function of temperature.

(a) (b)

Fig. 7 (a) WAXS patterns of PPRNS D,O dispersion at different temperatures. (b) The relative
peak area of the 020 plane (R0, the initial value is 1) as a function of temperature.

72 PPRNS O PR IE S S I12A L7ze 95°CTid, 1T&
AETRTORNTBEWRPICER L. Tho ORI
PPRNS O AASRIEE D F R > TRHEL 22 L 2R L
THEY, '"HNMROFEREEAL TV 5,

&2 X 2 PPRNS @ ##% AL EE D 2 b2 WAXSIZ X0l
5£ L7z (Fig. 72).30°Cl2BWT20=7.3°, 9.8°, 12.0°,
14.6°, 15.3°, 17.7°, 19.7°1CH#F ¥ — 7 s s /-,
INSHDE =7 ZFNZFIB-CD OB 5% E o (020),
(200). (112). (040). (310). (240), (241)HIZXHIET %o
ZFLTMEICE Y 2RS¥ — 27 HfEIRHA Lz 2hb
DY — 7 MO WAL B-CD A5 AL F 7213 L 72
Z L %R T, PPRNSIZOWT, 020 O AHK ¥ — 7 ik
(Rysn 30°CIZBUF % 020 D ¥ — 7 Tk 2 Wi 1 &5 %)

ZIREEICH LT oy L7 (Fig. 7b)o Ry lE55°CET
A L, 55°CULE TR EBICmA Lz, 65°Clc%
BERpFIFEALEME L. H55°CRIEIC Ry DIRIE
IRAFVEDS A2 B 2 & 70 5, PPRNS O B-CD # i D 1% 12
2 OB T 5 2 EATRB E N,

AN XL (SAXS) il % % FH v T #E K o @ PPRNS
DRETE & INEA X 2 RS2 & 7z (Fig. 8). 30°CD
PPRNS BN SAXS 72 7 7 4 MIZBWT, F/
¥ — b OBIRE T 28I S u/ze PPRNSIZE W TB-CD
HMBOBFEBENE WD, SAXSTE 7 74 VIZiX
B-CDAE MR ICHET LT ICBNE NG, ZoZ L
S B-CDEREAF / V= MERE L 5o TWE 2 XD
Molze EHWXTA VT4 VTICEY), ZOF ) T—D
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JE &34 10.5nm & §#Hfi S vz,

PPRNS H K 75§kl & 55°CIC A L7z & 2 5, BIRIN
T07) vV (FEHiAA) OfE L high ¢fl~NT 7 b L7,
T4 T4 72X ), PPRNS D B-CD#E b E DO & 23
10.5nm %* 5 9.0nm 24 L 72 2 & A3 A 5 72o PPRNS
H o B-CD A58l & B3 % & TB-CD &S 5 g A3 <
oltEZONb, ZOMEIZ. "HNMRHETH S
7z, i (35-55C) Ti&B-CD @ A ASPPRNS % & ¥

Fig. 8. SAXS patterns of PPRNS D,O dispersion at
different temperatures.

3 b EVn)RiEE —EH3 5, PPRNSHEKSHLIE % 65°C
WZn#s 2 &, WERTFICHRT 5 ¥ — 27 258l S iz,
TRE—Z DO gEIZ—RE— 7 DgED 2ETH B Eh
5y A THENERENTZ Ehbhole EHIC—K
¥— 27 OfE (g=0.0099A™") 2 & M EA63nm T 5
ZENDbA o TDEIZEO,;PO,EOQ,;-COOH Dl tr
XDHETHL63nmEHL VI ED 5, EO,POwEO -
COOHMPP U & 5 72 IREETHE L TWa 2 LAURIE S
%, 22T, 65C TIZPPRNS®B-CDIBIZIEHETH 5
T L ASWAXSHIED b5 TWwb, B-CDEAIEMLT
5ZEIZED, B-CDA PO TR L EOMO—H b &
WV, BRI L 72 B-CD St 2 B A L 2 5
N5, 95°C O PPRNSH KK D SAXS 717 7 £ )V T
F Y — FORKRE TR L low g5l (¢ = 0.02A™
PUF) OFELIRIEATK X <R L7z FIFIZ, ¢=0.02A™
70— FRE—2 28l sh, BtF /2 A— bt —%
—DILVDBBE SN EBRE SN, EB FWL
HJE D EO 75 PO, EO,;~COOH I 122\ T 95°C TSAXS
WEZAT- 728 SARBOEEL N — B S iz,
EO,sPO%EOQ i3 KH T, POSHOBAKEEIZLS I L
EWET A ERELMbRTVS Y,

N#IZ & 5 PPRNS O35 281b D £ & ® % Fig. 91278
¥, 23°CH 5 30°CTlt. PPRNSOMEEILIZIZE AL
Rohzv, hillid (35-55°C) Tld. PPRNSHI® B-CD 2%
EO,;P0,,E0,;-COOH 7 & il 4% L T¥## L. PPRNS®

Fig. 9 Schematic illustrations of the structural changes PPRNS in D,O upon heating.
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FEEE & B IR SN T B b OO LA EST
3 5o 55°CLLLETIZPPRNS D& S PEAMET L. M
MR E LN, EO;PO,EOQ,;-COOH & B-CD A3z
RKELBWRT 5. CTOZEROSHIZ. PPRNSIZBIT S
B-CD® bR T I H N D F ) PEICHS {, PPRNSD
WAV RO 53R, B-CDD A S 123245 Z &ic
XVELZZD, LYVEWERETEZ 52, —H CHMNIIN
DRI, B-CD25HN 1 CRERE L7247 9 & F — i aEtk (B
10> B-CD A H K %) IO KFERA % FFFICYIRT$ % 26
EhHY. p-CON1IOFTOREET L ED b HVT AL
F—DPUETHD72D, IDEVERETELS, 2512
B L T65°Clc% b &, PPRNSH D B-CD EidIESAL L 72,
ZOL ExB-CDIFFEICPOSH LIS, —EBIZEOSH EICHFEL
THEY., EO;POLEOQ,,-COOHWIFI ST h/iza v 7
F A=Y aree), MERE63nm DT X FfEEZ L
725

3. 3. PPRNS OMHEREADNFE "

F 7 = PRI A TN & < SRR
WHIENTE DD, NEEI BN EFHON TS,

(a)

PPRNS & AR, ™Yo & B BRI 10 L C Rk 3t
AT BRE L, BB Z RS e snsg, A
WM (BEoX Y v 7=25nm, ¥ v F=200nm) %
HI BT NV—L AT 17 (BD)EMRIZA 75 L7z PPRNS |2
xt L CAFM Ml & % 47 - 72 (Fig. 10a). ¥ 72 AFMA{%Hh o
MIZiho 2w & 7a 7 7 4 )V % Fig. 10b127”9 . PPRNS
FEIOMIMIBHE L TR > Tw 5 2 & D0
AENTe HOBED 7 4 v 74 272X 0, PRI
200nmTH LI ENbh ol EHITEELIA3um DR
Y AF L VERICPPRNS 21745 S ¥ SEM Bl 2T o 72 & &
% (Fig. 10c). PPRNSIZ = KIcigZ il LERISH L T
AT 52 EDVHL NI o720 4 IZPPRNS % KK
24 & ¢ SEMBi% 2175 72 & 2 A (Fig. 10d). PPRNS
E7 Uy AanMMEE T ARMICHENRT S Ehbh
572 PPRNSO#IFOBREIIIE, Fosm AR C O AAGE T
EENICH 77 Y TFNVT = VAN EEZ BN D,
PPRNS XA W T — MERAMFCTEZ 213 0M X %
HLTWBAS, FEBEEMmISHNE Lz 2 IZi3ERTIZhh
M72556 2 ENTELBMELRFWMMELAHL TV 5,

Fig. 10 (a) AFM image and (b) height profile of PPRNS on a BD substrate (1D bending); (c) SEM image of
PPRNS on a polystyrene spherical bead (2D bending) with a radius of 1.43 um; and (d) SEM image of

PPRNS on a rough pork skin.
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Skin aging is one of the important problems in the cosmetics field that is difficult to control or improve. In recent
years, it has become clear that the functional deterioration due to skin aging is due to the SASP factor secreted by aging
cells. Therefore, we decided to search for a plant extract that specifically removes senescent cells in the skin by means of
senolysis. In this study, we screened the senolytic effect of many plant extracts. Among them, we focused on the ginger
extract and performed a detailed analysis, but unfortunately, we could not clarify the selective activity of senescent cells.
However, it was suggested that the combination of some flavonoids and the anticancer drug dasatinib has a senolytic effect.
In the future, we would like to further search for the remaining plant extracts and contribute to the development of cosmetics

that are useful for improving skin aging.
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U. DNA O % 1d U KMl o 2L 25 TE i 12 &
L TWb, T, LA ML AL BEEOZLIZTT
Bl BBV INERTAZIERERRIZT A2, H
BEFIkOZ®Y, HegEZ XL, HAZEITS L) 028
RICBUIF BB L o T D, ABFZETIE, TAEFH S
NT& TV b E LBk 22 (senolytic drug) & 9 &
. HEOBLEEICHETT 22 LICk ), Bl iEE
LGS A % KR 5 &2 IR 2 LA TE 20T
BV EE RO MEZ L2z SRETORE
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Search and functional analysis of natural
plant components that improve skin aging

Hitoshi Kotani

Department of Immunology Shimane
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2. 5 &

ARIF7ETIE, HALE RO 55 7 4 P EHWT,
MBI EALZFHE L, in vitrolCBWTHEILr IF /%4 b
LIEBALT T F 7 A M B M AR AR M L R
TEPEZ T 5 2 &2 & ) BRI AR R 0 LT At &
(RALMINAERZ) 3 2 RIRRMI 55 % ¥R SR - BRREFNT 35 2
e L7z F/20 I TOWZECTHUEAIEEME: DML %
b3 v MEMERIZE L T RMOMIZ B %9
Z LIk D, BALHINEBR G % R0 RIRRIM 3 DAL D
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2. 1. (EFAMR%

Wibshze b 95 /%4 FTdhsbHaCaTMMEIZ
A MR 7 Vet v 7 — X AT L7z %
& LTS 4 b MM pRIZARMIgtk C & 2 A549
M & 7213 FLHE ML bR 5 MDA-MB-231 Al g % 1 L



720 HaCaT #ll 4 3 X 0" MDA-MB-231 #fl 2 {3 DMEM %%
W (7N a—2)I210%FBS EHUEMED Y v 7~ 4 ¥
YEBRMUZE % HWT37C 5%CO, A4 F TOR %
B 7%o7. AS49 KL IZRPMIL670 55112 10% FBS
EHUAEWEOY YA Y YRR 725 & T 37
T 5%CO, AT TOREEZ B o770

2.2. EAHEMIFR

ARIFFE T A = 21%, A3 150 Fif o 2 &
=it = F 2B KO, LFEBFSEEIC X D RIS fuzzip
M EEERD T F AD 0% A%/ — Vi T & 2 %
B L. 100ug/mL &7 % X H IR L T, difakfisRzig
& LCIERibiifle L Lo iEra b 2% ) Z & I2 &
DB 2R A 2 ) —= v T LT

2.3. JIAREZ>70OYNE

MBI L. PBS TPk L 72122 RIPA buffer % &7
L. KET3092TFTy v Hba B otz ¥V
NI EREBIRW, ME 7@ ELRLEIICEYT
JIONVT I FTFVERCWCESK 2B kol TDHK.
PVDFIRICHEE L, 5% AF LI NVZHEETTaA Yy F 27
L7z, LIRPUARB X O°2 kPR & ROS S8, B{IFNT 5
B Amersham imageQuant 800 (Cytiva) 12X ) # v /37 5
Blz2E L7z,

2. 4. Senescence associated beta
galactosidase (SA-p-gal) & FACS il
SA-B-gal fett & ZDHIEIX, 4% /8T KV AT IVFE

KRl L7z il 1c 38 <& % SPIDER-BGal ([A11L4%)

ERMUL7HB, 79—4%4 + X —% — (FACS) CytoFLEX

(BECKMAN COULTER) % JH\W Tl L 720

2. 5. RNA#HErealtime RT-PCR

MIBL Z [ L. Nucleo ZOL (Takara) % f v T RNA f
Hz2BIZ%wv, E5IZReverTra Ace qPCR RT Master
Mix with gDNA Remover (TOYOBO) % M Tz s %
B v, B L72cDNA % B\, realtime RT-PCR
% B Z 7 o 725 Realtime RT-PCR & THUNDERBIRD
SYBR ¢PCR Mix (TOYOBO) % A \» T Thermal Cycler
Dice TP900 (Takara) 12 & D i#lls€ L. AACt#EIZ X Y &
mRNABHEOEN 2B % - 72,

2.6. HROEFEEDAFE Cell Counting Kit-8
(CCK-8) assay
HfE oA OMWEIX. 96 well plate & FHWTH > 7
WIMLEELZ20L, MO A - 72 well 12 CCK-8 583 ([F]
7Ab%) Z @I L. 1~ 2 BRI well DWROLE %2 < A

EEECREERZ R ORREMAR S DIRFR EHERERET

707 L—F)—=F—=IZX ) EL

2.7. MREOFM AnnexinV&PlI#E&EEFACS
AR
FRLZE DR e 1E. APCHILT NIV & M7z Annexin V &
Propidium Iodide (PI) % X L 7=/ ICism L. FACS %
HWTEEBZ o7z,

2. 8. HREE{DFERE

e DiFFEE I & 0 BELC HaCaT Ml T oML ZAL 7 E s
s 8 T v % Bromodeoxyuridine (BrdU) OEIITo i
BUTBIR) Tk Lz, AWML BrdU 45uM %
GULREMTT HHE#RZ2B2 %) 2L TRl bz FE L
72o MRS & § B MR O MNP EALFEEIC L Cid,
& OWFERE CTEEICHEY. L TWADNAKRY X 5 —EHE
# D 1 >TH % aphidicolin 500nM % & 35T 5 H MK
BEBIL) ZETHREBMLEZFE L2, ZhooMleE
IEFHBE SN2 L OERIE. BILHRORE L 2% p21
5 7 OB SA-B-gal Gt MIBOMKRILZ: &I X
DHEREB I o7,

3. & R

B2 DAL EAEH 2 X% 72912, in vitro TOMIL
HALFEEC b 5F ) H A FTh S HaCaT ML RIS
LCBrdUZ#RML. 7 HHEELZ B 2wtz
FEL, ToOMRER, BILHBOEED 1 >ThSp2l
D F X7 FEBIA BrdU O ERAITEEILL Tw b 2
LOSHERR S L7z (Fig. 2)o S 512, B LM LT %
SA-Bgal D IEI % R Y & 7 % SPIDER-BGal & H v THERE
BT holzl A, BrdU 45uM Rt 7 H oMilic B
W T SA-B-gal GO L HER I N B & & BT, ELH
FLOHsB T H 2 ML DR KRAL A HERE S 7z (Fig. 2)o 2D
MR ORERALIZEI L Tk, SR CoRRBIZE L FACSIC
X 2 A4 X% B 53 forward scatter (FSC) Dk
THERR L 720

WA BACRIBE R 206 2 FE O KRR = F A DA 7 1) —
V7 EBIRIICHZY, HaCaT 72 CTH { Mo
AL Z WA 2 ) —= v 7 LT, itz Fohh o
WO RAAREBIZWRT T4, ¢ MMkt
% AS49 ML Z VT, BEICFR A O R R T I L Tw
% aphidicolin FHEMMEE L2 FIHT A2 & Lz, 2D
aphidicolin i3 7 7 B ART L - 774 V35 L) HH
POMWMBEINPAEYWE D1 2THY, DNAKY % 5 —
YHEEH 2 F21b&8WTHh 5. A549 ML 2 aphidicolin
500nM Z L, 5 HHE#ES 5 2 &2 X Bt
BABIhol, ASIICHE L THMMEEILOMHED 7
B, SA-B-gal DFEHFER L p21 ¥ ¥ 3 OIRBREE B
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Fig. 2 BrdU #FH0C & v #EE/LEE U /= HaCaT Mz DT
A. SA-B-gal &% - B 1 XD FACS &t B. p21 & > /N7 IR
C.SASP 8L UM 7K b— 2 X% /370 mRNA ZIRAENR

Fig. 3 Aphidicolin ZFINIC & V) #FZEILFHEE L 7= A549 B DEEAR
A. SA-B-gal J&1% - #ERZ Y 1 XD FACS fEHfT B. p21 & > /N7 FIRRRM
C.SASP BELUMT K b= X% /X7 D mRNA FIREER

o572 (Fig. 3)o & 512, MEAL%E FE L 72 HaCaT M factor) ” ® mRNA % Bl 2 <5 72O ICRNAHIHN 2 B2 %

BB X OVAS49 MIAICEE LT, MO T 2 = 35 W, realtime RT-PCR % H\» T mRNA B & % JEE1L
e b EDRMEN TS ELHI W R T (SASP Ha & el U7z (Fig. 2, 3) o ZO#E4, HaCaTHiIZ B W



TRALFES N[BT A > ¥ —a A %2 (L) -1p. IL-6.

IL-8 7 EDHRIEMEY A b B 4 >~ O mRNASEH AL LT
WnEEHIT, MBANICEDZp2l RIT A F— A
5 X0 THAHBel-2 B8 X UBel-xL &2 £ mRNA %3
BAELCTWD 2 EDBW SRz AARIC AS491ZBI L
THZLMINETIL-1B8. IL-6. p2l 7 &£ ® mRNA F 31
b 25HERR S L7275, Bel-2 % Bel-xL @ mRNA %3113 &

AEBILL TR o7,

INS DM HEALFEE L /- HaCaT Ml & A549 fllfe %
HAwT, FEEbME L RikA2 B 2w SR+ 2
100 ug/mL % 48 We i L 72 B o Mg o A= 453 % CCK-
assay il L W A7 V==V 7% B9 2 & T, ZiLM
B 5 S (MR 5 2 7R 3 & v S BALMIRE B 205 1k % 55
OWMTF A ZFEHRTHIL & L. BU ORI T
&, HaCaTHAZICHOE Y v X7 @ W S8, Rfax
xRy gty VN BB ST, JEE
1Ll & BALMIL 2 0 Ly [ C well I CTHEY) = F 2
W& B2\, $Ey V87 oo R T2 & 4
RIS ST 22RO DR KT L FEL LT
W7z2S, HaCaT MLz AF3 2 DICIE- 25h o 72728

CCK-8 assay &\ 9 fliffl e Mg A Ar 3 2 %2 3 % i C

A549 cells (Human lung cancer cell line)
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VI = % 2 150 Fl¥H & AESEPERN 80 % £ & / — VAl
IXFAS560HEHTHY, BAEDBAZ ) —= 07 &5%ETLT
W W EERL 80 % A &/ — VA T 2120\ THE
R EBI o T0Wh, A2 ) ==V FOKRE, &
P F A TIEAINT, h vy, hrFay, Vv
4. 77T ET, HaCaT ML o ZA LML T o AEAT
BPMEVERIE SN, (Fig 4) & 512, A549flii
BT B LML TOELEEPIMREFERIG LN AHET
F2Z, A rFauvPRB I,
CoAVFavbwHERIENTHONSLELEED L
ELESRETH), MUAEEEZDLELEZYayFavk
ﬂﬁ’“fﬂéﬁi%kliﬂ']b“(ﬁbh’(b\éo vavFaunli
I iEd T Y LML & FEBALATIE T O EFRICE LT 2 <,
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DNTVEEHTH), REIFTIHHESELLDET 3y
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FavLIFATYS, T, TOHET L V) W T
2o TWVBENITOWTEED, HEFEIZEL & F b gingerol
EWIHLEW A, T OMLERIZ X Y shogaol &\ ) LA
1b#ZE4b L. shogaol D& HE RSB T 5 L V) DA S
NTWwb, 2T, HrFarvBIPyavsavoltig
L TR A Z EATE S 6-gingerol & 6-shogaol
% HvC. HaCaT a0 I LMNE & BN I3 3 5
apoptosis FEICEH L CTHlKREZBI %) 2 & & L7 (Fig 5)o
ZORER TR b= ZAFFI L DIETEILT 5 PARP &
annexinV DI 2w =X ¥ 70 v k& FACS THAT
L7zEZA R ) ==V 7 OROFERIZK L, FEZIL
MILCTOT R =Y AFENS v F a7 TFATHR

LN, E5I12, A rFavilg{&FEN% 6-shogaol TD
apoptosis A% annexin VOB G %2 A 5 &, Ziti#ilzo
139 2513 A DA L apoptosis DEE DL W5, FEZALH
T IEERAIZ apoptosis SFFE S, 7T 7 IZIFRe#
ENTWZRWAY, 6-shogaol D 40uM TlEZ DT LA ED
A apoptosis T AIZETHALZ ENHSL N E -7,
WIS, BEEMP X AIBIT LA ) ==V TiERD
— 2N B EEMY = F 213560 HHEIZEDH D,
Z O 6O 1Z ) THIBLAEFRIME oz b
NI, AN, TAF 7, FFV5, FvA/~xT%
79 7 CTxR¥ (Fig 6)o TNHORY T F A 2B 2 7l
BIRNT 2 BT %) BN D LA, NS OTEERY T F

Fig. 5 £Z&H K% (6-gingerol $ & U 6-shogaol) M HaCaT #FZ D apoptosis 558 5% M S
A EZEFR D DEZEE & &7 (boil or steam) IZ £ B1E%Z1E
BAZIXX(H>F3V-2a37F%xaY)EZDORPICLS PARP DFEMILD Y I X470y MNEM
C. £ZEEMKHIC & % apoptosis #Z (Annexin V BEE#EEI) O FACS 247
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FAREBWR L THA RfNT 2B %9 7201213, BET
ORI E B %2 ) BESHTL 52205, BIEOH
BaaF 4 )V AEGZ D HHEETES DS, HWERIO
DICBETAZ ENHEL W LS, BRI ENTIZ—H.
WHEEL, Ko TV AIMERD ZFADA I ) —= V7
DTN T L E LT

51T, BACMBERR L0561 2 Fro R RAL AW % 1R
T 572012, MOWEEI X VEEICHRE " 2H b, 79K
JA RO VT v EHIEA O T F =T OMAGDE
EBEI, MABTIRIA ey FoToMAEDYE
TEALMBBREIE 2 FHO L DD ViR s 2 ek L.
Z ZTl3, HaCaTHM & AS549 41, & 52k b FLdEHM
Jakk ® MDA-MB-231 122\ T CCK-8assay |2 & % #ilfi
HHERPBEE Lk B2 o7 (Fig. 7-9)0 Z D%
B RYF47aryba—né LTHH LA ABT-263 O
LA 0§ 5 4 B AS MDA-MB-231 Ml TH &
WZEPHLRE R o7, 3512, HaCaTMIZIZIEEAL
MM T d ABT-263 (Z i EEARAE I 2 AL AP SR IPHIRN R 23D 1
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LTwa s o, La L. HaCaT Mg R A549
Al T LAE & 0 I LML T OMIE AR AMET 3
LEDZ oI, ZOFBROBIBEHEL W L Lo
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AWFETIZ, A7) —= TR PLDOE Yy P XA E
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FEHNCIRNTT BB, F722h % 3 v olEAD SR
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IFEZATOMFNERTTEEBZ o725 D TOFLIDL S
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S H & oz ZALHIBITMIBZ R 251E £ 0 B L 7% <
0. ML D IR T 2 A%, FEBILHII ISR i Hske &
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Hydroxytyrosol (HT) obtained from olives is an antioxidant with multiple health benefits for human. Because of its low
content in olives, fermentative processes with engineered microorganisms have been developed as alternative sources. We
for the first time succeeded in HT production from glucose with Escherichia coli engineered an artificial pathway employed
tyrosine (Tyr) hydroxylase (TyrH), dihydroxyphenylalanine (DOPA) decarboxylase (DDC), and monoamine oxidase (MAO).
In the pathway, central metabolic Tyr is converted into HT as follows: (i) hydroxylation of Tyr by TyrH, (ii) decarboxylation
of DOPA by DDC, (iii) oxidation of dopamine by MAO, and (iv) reduction of dihydroxyphenylacetaldehyde by endogenous
alchohol dehydrogenase(s). However, the productivity was quite low. For high HT production, enhanced Tyr-supply in the
cells is needed. Here, we established a Tyr-supplying pathway using a bacterial phenylalanine (Phe) hydroxylase together
with a cofactor-recycling system in £. coli and the titers of Tyr reached 2.9 g/L from Phe. Even though the strain was applied
to the HT production, the productivity was still low unexpectedly. We therefore need further improvements to accomplish

practical HT production.

1. #

LraFyFuy—VHT, M1)iE, FV—7%EI
EINDBNLRBILWE T, ZOREIIEYr I CO
10f5 & dbwvbhd, PIRILIEHOZA. BURAE - PR TEH.
AT = VRN X 5 DNA HE O IIHIR) R4 &
moi, ALBERR A X U7 T OGRS LT S
NTWB Y, F72, ROMID ST TR EIRT
VFIA DY TRIRENFESNE T A FELT, N
S TIZHFHENT VS, E5I2H Y 4V A6
LMOENTBY, BTIZEAENSNYTFTI v 725 &RILT
VB HT T AV A EGeE (COVID-19) O &G Bi%h
REEHERTHS Y,

ZAIZHT ZAFPSERL TV 5, FRBIGEIZ N —
VUF ) =T A NTHIED, EHEMRTZD T
RRIEPFONTE ST, EEORBENOEI I OH Y.
TR 7Y A2 b & LTORHPMERL TS,
BAEIX, ) — TR RELF 2Z0REW S ShTw
%o Ll BAROKE, MW ORIE. FE - Fir =
VT7ICLBNTDOE, TR ENS. BHETORAR
WAEDREMIRHE YD D, T2, HTIZF Ly oA
YOS E LTAERKSNS 20 (K1), IikG#EL
WS B LEADH Y, BETELY X VHEMCT S Y, Eil
BEim D IRIE ST B 25, LA B CIER (SRl 72 720
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Development of production systems of a
powerful antioxidant hydroxytyrosol

Yasuharu Satoh

Division of Engineering, Hokkaido
University
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%o FRIIEMREEE O b BN WEAH R A G L 72
HRWEERE L. 5% T3 FTEREREMIR 2 &
ENb, 2OLH) BER2L. HT 2 B Ch 5 R
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BFEIIMELBALKE LTy o2 AT I BTHh LT
oYy (Tyr) ZKBILL, YeFaFy 7220752
(DOPA) 24335 (X2 LB, ¥/ afkFusr—+¥
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Wb IEER SN Z V5720, Rkt hgs
B%E HEE SDGs O E O BLE D HUEITRKD H b,
FITEAL, AR CTREMEI LN, < X
RN, FiR - IR T TWEAEES R R BAEMIC X S
BWAEFEEORBICET Lz SRETICHT BAEE®
WM E e o 72720, HTAGHRE 7 9238 L 7zE = T4
a2 RIGHIC & BIEEAEFEIC DOV THET L7ze KIBEIIZY
J AERREETREEICETAHMAR EFTEL, 561
TITAI KR T —RBIETFTA 77— EDEETL
Y —VOEE, BETEARHBENES R L, 1ILOTE
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41 Tyr 2 BURHC B EE & 2Tk 73 VKoM
b. ER L7 VT FEOBETLDZFETF T Y — b
ZHa DAY B X O SR EESE & v 72 AL 2 (3
R E G L. AUEMEN T 70— F TR ANFLET
LI LTWY(03), ZOREICHESTE, Tyr
It 2 CDOPA # B L& L 5 2 & THT 28GRl #E
Kb EEZ, MEELZZ Y (K3). F1 Y — VK TR
L 7z iy i3k Tyr B i Bk 3% (TDC) 13 DOPA i ji g I
B S 2 720 HT G ICHIHTE 5, LA L. Tyrds
FAET 2 RBENTIEF Oy — VSR SIS, Biko X
912, TyriZDOPA G OIETH H ) HTIEHEOK T %
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L& L BOET % BB R 2 o720, BiHk
DOPA ¥ 59 bi e W% 3% (DDC) % v 5 2 & T, HT#R
PR % S L 720

BTy KB H ToODOPA &% 2 #at L7z, DOPA
HEIEEE D OWR L LTl Fu s F—E0H 575
DOPAZHMATH Y, SSICBLINFF ) U %
WIS ALENH L (M2). ZDENIC, BWrthRsE
WE RV T7 FLF) Y OEERIZH WS Tyr ki
1Ll (TyrH) M SN T W7z, L LARBEFZIZBIWIC
B MiECcHLT b Far 751 v (BHY) %
PR B 720, AR X AWEAEICRAH SR Twa
Molze TOEH)BERT, FAlZ~7 AHKRHEL K
WCHRAE ERH S MG L2 25, KEBWICNTE
A7 Mo FuEF 771 v (MH4) D3uifgd & LTk
RS2 EZWSH,IC L2 MH4 % BHA XS DH#EFTIC
OB EINWWHE SN S, L MEBHAFAERZ DL D, 4
KPIT O Tyr KEEALSOG DO HEFTIZ I, Z O ) 23 JH T
Hbo T TBHA FAEMMRRD KW CHBEH S/
#4. DOPA A BB ARN RN HELTT 5 2 Lasbh o7z,
WAIZ, ETOBRMRTEEALLZRBR T/ VI—A%
JERHCHT OFBEAEICK I L7z (K 3) o I U2l CTH
AR (7 Vv a— A% &) R R, BERLEY &
MR, Wi - WIE T CHEET 2R EL 7T A TH
bHo L L, BHIROAEFEMIZ 12 meg/L (0.08 mM) & IEH
IV, 22 TR T, HT Atz dE L, FEHE
PE DT BEVE 2 MREE L 720

2. /5 &

2. 1. 75AINHEE

5 v b1k PheH#E 1T, & FHISEPCD B X O'DHPR
BEFIZ. KBEOa R 2@k L2 CEEFE
% LIS U720 S Bk PheH 15T 13, 4282 DIRAE
PRE DB 724 7 2 DNA 285 & L 72 PCR THE L 72,
BONTDNAREYEORMT I AI FANETREL 70—
=7 L, FRBRICHER L7z,

2.2. XEHABR

APERERIC IS, MOY R (0.1% [w/v] BERET ¥ 2 % &
HMIRAE M, REFRE LTI Va—-2FE 7%
T—)L%1.0% (w/v) &) 125g/L Phe B X U8 20mg/L
FeSO, M L 7-85 2 fEH L 7z0 Z OB # 3mL 1S
—WREEAE L 7ML 2 KIG W ES 28 % OD (B ) £80.15 &
A X HWHIE L. 30C, 200rpm TR L 720 7 ¥ /%
BRI HET L0, BG5S R RS
AVTFaENV-B-FF K527 FES ) ¥ FeRKIEEDN
0.5mM & 7% 5 X H IR L 720 BRI ZHZ T > 7
V7 L. WARREIZOD M, AW X HPLC fif##r L 72,

U TVEIEN=3 & L, 7F— 713 = AR TR
WL 7

HPLC##7id. GL¥ 4 = >~ Z 4% InertSustein C18 7
F 4 (15cm X 2.1mm 1D, 3um) % 3 L 72 5 a3y 8 /E i
WHPLC ¥ AT A Tlro oo FRFARMIL 1 NIERRKEH T
SEACHML, 2uL %24 Yoy v a v Lz, {LEWIIT
FEOSKMTCTHEEL, 210nm DWW X ER L. B
A A 1 0.1% (v/v) FHAKEH. BEFHB:0.1% (v/v) ¥
MEaAH A =, Ji#E:0.2mL/min. » T A% 35T,
75Ty MEM 5%, 0-2min. 5-30%. 2-22min.

3. BREER

3. 1. HTAEILHIIHBEERICOFRAE Tyr #4850
vk

TV a—2Z(1.0%[w/v]) »5OHT A PR 1 12mg/L
(0.08mM) <. F 72 Tyr% 181mg/L (1 mM) &L
7R 2 F 7234 T3 29mg/L (0.19mM) Ao 727
BECBOTC Tyr ORAEVMHER SN2 L5, Tyrh b
DOPANDOEMMEOMIPHFINE # 2 bz, RJUBIE
TyrHAMH ) A5, KW N TS % #47 S & 5 (I3 RREE
MH4 O it b K A2$, TyrH & #ilEEHA RO ) O
W% RIS 2 LB D 5o

WA OR R Tl MRORAZ RS 5720, Bk
B b A& 28R R MBI L3 %, L2l Tyrok
NDOEMEX 453 mg/L (2.5mM) W78, EiEE Tyr
TN 1 o0 B IR IR I AE T H B o AAIRENE, L
BRI Tyr 2813 22 OB Mk 55 & F I s Un 25 S 2§
72OBMHATE R\, B MZE o5 TPheldWHT7 X VB TH
BH, Tyrl3FELET I VB THbH, Zhidk FAPhesk
L% (PheH) #d B, Phe S TyrZ2 8K TE 205
Thbo K% ) PheHd TyrH L [F L 771 VHAF
MWHFRT I ) BAKEILEEZEO—FTH 5. Phe DAND
R 1 26,900mg/L (163mM) & TyrdZh & i LT
FEFITE V. 2T, KEEE T V72 Phe 5 & Tyr £
BAREET 52 LT SIRETO Tyr R RIS 2 5 72
FC% < MHA FAERORSGG  WHEIC 2 5 & & 2
FEL 720

MH4 FEIC1E, E bHET T VY -da-HVE ) — )b
73 VBAKERE (PCD) LY Fu sy Y rEni#
(DHPR) % 720 AR fz 113 PCD-DHPR DD F <1
YERBEIHIT, MAE—RZ ¥ —Tdh5pSTV28 D lac
FaE—F—Fiwliczra—=r 27 L7 (pSTV-BH4R, X
4), BELIZTIAI FTCRERERERERL, ¥ ¥ 8
7 B35 B% SDS-PAGE f#HT L 72245 W72 /8 ¥ Fidhgak
TExLhor (M5A), 22T BEEFIIHT 2Hk% 1
W Western blotf##T L 72455 5B B L OCIZR$ L 912,
WYATER T & 287 B OFHD R T E 720
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6 75 X3 KpQE1a-Ratd~ v 7

5 KIBETD PCD & & U DHPR FIR D&KL
A : SDS-PAGE ##f. B : #t PCD #ifk % FH\\ /= Western blot #&#f. C : i DHPR &
% B\ 7= Western blot 247, empty:pSTV28 (3> O —JL), BH4R:pSTV-BH4R. M:
AFE~Y—H—. W: EHEERY. S W ORLAMES. |1 W OREMEED
Western blot 4 T &, BN L BRHIFET 2 0B ES & .

W2, PheH & D5 % Mt L 720 PheH X KB T
DRBDPHERINT VDT v bHERBEEZEOMMBE N 2 4 5
WaEma¥—~r7 ¥ —pQEla®iili % tac 70 E— ¥ —
Ficzu—=v7L7z(M6). OB, IBEHADEEL
72 Tyr DR AZ MEVF 5728, Tyr &R0 % TyrA #Eis
T2 L 72 KW (YORR) 2 vi7ze Z 0%, Phe (4
FH#165.19) 2 5,000mg/L (30.3mM) &40 L 7235 # 2 1
WIRER L 7oA R, RE 2R 48 BT 79.7 £5.4mg/L (0.44
0.03mM) @ Tyr (5F# 181.19) AL FED TR S N72A5, &
1313 1.6 % & Ao 720 DHPR G MH4 T4 B (2 Wi 32
NAD(P)HZHWA, ZOMGICIZRKERE LTI Lo
— 207N —VOHIELTWDE I ENFMENT
B, Zra—2 2Ty ka— g HVEEGL 72,
ZFORERE, TyrEERIZH 2.5 (197 +34 mg/L, 1.09 +
0.19mM) (2[f) L 72. SDS-PAGE fi##7 T PheH D Fg B 75
MERTEZZICOED ST, ZHEIL3.6% LKL LT
Morz7zo, \IhOBEEOFI % ME L7z,

—WOMAEW D PheH%E 2, 22T, 7THOME A
5 PheH#EA 2B L, Rid& MO FE T L 72,
ZOFEF, UIFFEE THEE L 72 Gulbenkiania J& MW H k&
PheH (GsPheH. [ 7) %53l L 72M8 Tk b W WA EE D HE
AEN, B 72 T 5,236 £ 598 mg/L (28.9 + 3.3mM,
X8 IZEL7e L7255 Ty IO M IZ1X GsPheH %
w7z,

2Oo07 5 A I FOMMAIE, 2HOBAWE~ DL
R 75 A3 FDNAGBIC & 5 &4 (FCHEAF) B
$0, BWMBEMETTE2IENMONT VWS, FO8%
IR 5720, 79 A3 FpSTV-BH4R (14 4) f1dlac 7
O E— % — L i A B E R (PCD & DHPR) % &
i 2 PCR TR L. 79 2 3 FpQE1a-Gs ?® Nhel %
4 MIZHFA L7 (pQE1a-Gs-BH4R, M 9)o A7 F % 3
FCHREER L 72 YOk Tyr B pE &3, 828 72 T
5,852 = 471mg/L (32.3 = 2.6mM) I3:E L 72 (M 10). &
O TyrAFEEIZBEML7ZPhe 2B LTV 52, KBH
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8 pPQE1a-Gs & pSTV-BH4R #& A L 7= YO # D Tyr £
HER M :Phe [1:Tyr, O:0D

HY DL L72Phe WA I N ENENEE 2 BN,
T2, KD2O0DOFTFAI FEEALLK NS &Ik L
Ty BB 24K M 5o Tyr B EEDP R E CHWINL Twiz,
CHET T A I FEEIERIC X o THREFEM SR L. B0
HENHELZ20EEZ b0, E5I12, TyrmEEED
MR SN2 &5, HiRERTAR D AT IET 5 2
LG0Tz,

79 A3 FpQEla-Gs-BH4R &, BT HT 4 R %%
CHESE L7 TyrH%H8 75 2 3 FpBbE1k-3" (K1 11) &[]
FEDBBBIAE M (ori) &2 D D723, KB N TR H
SHDLILENRTELR V. THTAEIZIE. E5I2DDC
LTI VLR (MAO) #fnT-OEADULITH Y
ZHOT T AI FOMHIC L D18 E~ORH AN OB KA
Beshiz, 22C, TyrEpEICBE-9 % PheH & #HilfE %
HAEBETIRER T A~ HA 22 E Lz, 79 AR
F pQE1a-Gs-BH4R % & PheH, PCD & DHPR # 1%+ %
G (Tyr EPEEET k> M) # PCRTHIREL, Tyr
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It was reported that polymer particles of ellipsoidal and needle shape have high UV-ray scattering effect. In most cases,
polymer particles prepared by emulsion and precipitation polymerization are spherical shapes, which are thermodynamically
stable shapes. To obtain nonspherical polymer particles, complicated methods are necessary. In a few cases, the ratio
of several kinds of solvents, monomers, and emulsifiers are precisely controlled to obtain nonspherical particles during
polymerization. On the other hand, nonspherical particles are transformed from spherical particles by complicated processes.

Polyimide (PI) fine particles prepared by precipitation polymerization has already reported. Recently, it has been found
that the PI particles transform from spherical to ellipsoidal by stirring in a solvent. In this study, the stirring conditions for
transformation from spherical to ellipsoidal were investigated. Furthermore, the thermal stability and optical properties of
the resulting ellipsoidal PI particles were evaluated.

Various kinds of stirring bar were applied, and cylinder-shape stirring bar was most effective to transform PI particles.
Destruction of particles were observed when the dispersion of PI particles stirred with a glass stirring bar in a glass bottle.
Transformed PI particles were not obtained in chloroform, ethylene glycol, and isopropyl alcohol. These results suggested
that PI particles transformed at the clearance between the stirring bar and the vessel. Ellipsoidal PI particles with around
0.6 times the thickness and around 1.3 times the axial length of the original size were obtained by optimizing the stirring
condition.

The shape of ellipsoidal PI particles was retained after heating at 150 °C for 2 h. The dispersion of ellipsoidal PI
particles showed lower UV-Visible transmittance than that of spherical particles. The transmittance of acrylic polymer films
with PI particles dispersed on surface or inside was also measured. Under both conditions, ellipsoidal PI particles showed

lower UV transmittance than that of spherical PI particles.

1. #

PAE KEGICE 5850 (UV) BARICEZE %
JAF$ Z EDEME N, BRI OEEEIIOWT, §E
WREE o TWh, BUE. LA, BB EA & L
Ty BAbTF & ¥ R $ 70 & O MEERIR T8 L VR
FHEER N VT 2 ) VEFEAR G EOFRRIKG L EWH
R ENTW S, AR 13, SEIRBI A . UV ik
GLANC SN, UVERELE 23 s 85 2812k D
Bifiis & L CHRET % Lo L. RGN 7I13E I sE)sE
<y AR R E LTS5 SR ET 5720, 20
MR & L T—REMYIC 100nm DL ORI A H v 5 1
%o MFDORAMEIZAECEHEDSELT LR < KR &
WLy — KB OIRETOSHHEEL < 2D EIHREG
BRI T 5%, D720, PHH 2 #EREDR T 2 1LPE
HZics &, 205k RIIHICH > THERT 5729012
. X0 E L ORMEERPUELE R D, FOME. MR
W LCid, RN R B BAL 2 5 S & 2 W ReED R &

il

Ellipsoidal polyimide particles for UV
protective agents

Akiko Nakahashi

Osaka Research Institute of Industrial
Science and Technology
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DOWINDKEHETH B, T/, PIEKIZ A B AL
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7oo F 7oy ERIRPIGK F A IRIRICER T2 2 A =X
22OV T, HHEPIZR-TBELT. TDORA N A LDR
HIASUV BELFE O W 42 2 1) EICEAS S 2 L3P TH D .
AN = X ADFIHICONT H AN T - 720

AT Cid. T3, BRIRPIAK: 1 % F5 HARIR PToA: 1
NER R D72 DS OV TEHMICHE L7z, X512,
5 5 N 72K IR PLACK: 7 D iy B B X OS24 % 3
R, ERINRBE AN OIS O REPE LSO W TR L 2o
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2. 1. EKIXPIMHIFDOHRR

XHK6 ZSEIC, FFEIRPIMA 2B L 72, 3.3,
4,8 -y 72 ) 5 b I HNVE VEBEZEKY) (BTDA)
DT & b Y. BTDAICK L 80mol% D 4,4 -V 73/
V722 )V —5 )V (DPE) D7 b YEHPB X U 20mol%
D246-F ) TI/EYVIVY(TAP) DAY )=V /T
b B EREA LR B L, BRIRRY 73
v 7R T 2R & LT, o R T Iy s
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BB - % K77 2Ly A I MMEzATw, BRRK
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2. 3. PIhFOER
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T5IET, AR EICHEEREZAT 2T 7)) VR
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PIfH 1% #d. PAEZ 25 LR T2z, +401C
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=1 IR PR FABURD IR SRR

run stirring bar vessel solvent (ml) PI particle (g)
1 10mm YA —8 20ml T ILER acetonitrile 05 0.05
2 YJARAYFEERF 20 ml YU TR acetonitrile 0.5 0.05
3 RSATUYIILEERF 20 ml YU TR acetonitrile 0.5 0.05
4 HJORANYREEF 2ml HUTILERR acetonitrile 0.2 0.02
5 10mm YA —8 20ml 2T ILER acetonitrile 25 0.025
6 10mm YA —8 20ml 2T ILER acetone 25 0.025
7 10mm YA —E 20 ml YU TR water 25 0.025
8 10 mm YA —8 20ml YT ILER hexane 25 0.025
9 10mm YA —8 20ml 2T ILHR chloroform 25 0.025
10 10mm Y5 —8  20ml T IL#E  isopropyl alcohol 2.5 0.025
11 10mm Y5 —8 20ml U FI)L#RE  ethylene glycol 25 0.025

N A AERAIRPIBOR F o 70y Mo LIZTh b3 e,
AR R), ThDLLERIRKECIERBOOLNS,
runl ~4 2BV T, runl OEEDEDEHROBREIK
XL V) Uy ETEAHOCEEAICROIELILE
B rZdbhol. 200, DEOKHTIEZY) ¥
T —RIBEE 2R U7z 23 BT DB EE MR A
run 1 & UBIBETFEAREZHVTIEREI NSV L
WEEH 57z (F 1, runbe K 2(e)o I, T AT
N T T ZARBHT 2 W 2ERIZ O W T oM 217
5720 TOYE MR T 2120, BHIE 3 2K
IPIBR 72315 SN e o 720 —Ti 7 v MR (PFA)
b, PTFERBTF2HVTHELZEAIZITIEALE
S S %otz VLR S, PIMK T- 0L
BEE, BIRCHV 2 BEDOIRE L UHMEOEEL K X
K ZWFBZEDPWLP R ol TD280, PIK T O
ERIRET LR EOMTRI > Tw b LRI,
WIZ, T b= M)V e RS D 5 EIE O T & S
S, BRBEEZ T o7z EIEE LTHWRED
EEMELR2ICF LD, BTN AFY
Yo BIUKEHOLEAIHEHARRPIMK 72375 5
7225, zuukiva, £V 7FaELTILa—) (IPA) R
FL 7)) a— )V (EG) 2Hwizga, BESITIEALE
Tl h ol Z070, FEHARBEF2MES 2 LT
SEEORE D B RIZT I ENHL N L o7z, &
2756, 7auFRVAEZ, SRV ALO BRI LRI E
AR EL (d:1.48). IPAREG 3t o> ¥ 12 e ~kG g 28
BV ENDbL D, TNLDOEEETIE, BRIRPIBKH T 0
BRI Shholl &b, GHUEOILER X U
HPIK T OETIHEE G5 Z 5N O—2I1l k> T
HeEZONL, PIOREXISHRETHY, Zuakiv
ADHEITE W20, MOGEEIZ IR T aakn A
I PIMKL T 25TE B LIS WIREE L W2 B0 20720,
U U RV A EGEEE LA, BT LA L ORI
BRLF DAY AGHERP TR ) BE»HEE hoiz, &F

R2 AVWARBEOLE CHE

density viscosity

solvent ) (cp)
acetonitrile 0.78 0.34
acetone 0.79 0.30
hexane 0.66 0.30
water 1.00 0.89
isopropy! alcohol 0.79 1.9
ethylene glycol 1.11 16.5

ZoNb, F72, IPAREGD X 5 ITHEEASE W40 it 2
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%o
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BBV TIEIBREN S AT E A2 2R T
Wb,
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G RIR PIIR T- O i MRV B R ETH - 72 (K 3) o K
W IV QOEBFENEEIT-72 (K4, TORTIE
400nm & ) B EOHB CIZBHE L ZIRON 272
A ERAVOGHEIE 0 o7 8 3 I AR PLIR, F  J5 A3
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Recently, Raman microscopy has attracted much attention as a label-free technique for observing living cells. We
have focused on intracellular water, an intracellular molecule that cannot be labeled, as a label-free detection by Raman
microscopy. This study investigated water molecules around biomembrane interfaces using Raman microscopy. The states of
water molecules around biomembranes are proposed to be important for membrane functions; however, the detailed nature
of water around membranes is still unknown because of insufficient measurement techniques. In this study, we constructed a
total internal reflection (TIR) Raman microscope that can selectively observe molecules around membrane interfaces. Only
molecules near the interface can be monitored using evanescent light generated under a TIR condition. The microscope
was constructed with an objective lens-type configuration using an inverted confocal microscope and a high NA objective
lens, which enables the measurement of a living cell incubated in a glass-bottomed dish. The absence of spectral distortion
associated with the TIR condition was confirmed by the fluorescence of the nanoparticle. The constructed microscope was
applied to the observation of water on a self-assembled monolayer fabricated on a cover glass, and the C-H stretching
bands of the monolayer were observed to be enhanced under the TIR condition. We then measured TIR Raman spectra of a
cultured HeLa cell and the obtained results were discussed based on the previous report on the TIR spectra of water using a

prism-type configuration.
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Transdermal delivery system of cytokines by calcium phosphate (CaP) nanoparticles would be useful in the cosmetic
and medical fields. In this study, we aimed to fabricate CaP nanoparticles containing a clinically approved cytokine, basic
fibroblast growth factor (FGF-2). First, we used cytochrome C as a model basic protein, which has similar characteristics
(isoelectric point and molecular weight) to FGF-2. Negatively charged heparin was co-immobilized within CaP nanoparticles
as a dispersant. The CaP nanoparticles immobilizing both cytochrome C and heparin were fabricated from a reaction solution
containing calcium ions, phosphate ions, carbonate ions, heparin, and cytochrome C. The immobilization efficiencies of
cytochrome C in the CaP nanoparticles with heparin were about three times higher than those in the CaP nanoparticles
without heparin, indicating that heparin improved immobilization efficiencies of cytochrome C within CaP nanoparticles.
This might be due to the interaction between negatively charged heparin and basic protein, cytochrome C. The role of
heparin as a dispersant was also confirmed: the cytochrome C—CaP nanoparticles with heparin were dispersed in water,
whereas those without heparin did not. Next, we fabricated CaP nanoparticles immobilizing both FGF-2 and heparin in the
same manner. The resulting nanoparticles slowly released FGF-2 in a culture medium for at least two days. These results
indicate the potential of the resulting nanoparticles as cosmetic and medical materials, which are capable of releasing FGF-2.

1. #

BN RIS % 3208 S BRI EEY AT 4
(DDS) %, RRETHL I Lh 5, EELR S PICERD
GEFCHEH S NTW B, #iHESF MR 5 K F (FGF) o
YA DA A Y GlRED S 5w S, MR O Bz E S
5955 87 8) & MBMEREEHSE2 AT 2
EDS, ALMERREEMOE T E LTOEHTHSL, L
L. BUKMEDH A S B A > Oa, MFAEE G OV [E 72
2N THERE R RO R K OBUKE O M JE & & 5 DI
BHTE R, FHEEBRTLILDOTELT /R T%D
Fx ) 7 QR 129 A4 M A A v EEAS L TEIE, A
FHACERERBETHRY) I GIENTELEHHFEINS,

VUYWAY AE, WREFOFEERN S THY., T
FUF—YarvEOIAA MY —FEHE LTS
TWho BN EREMYE & ARIRUE (B4 3 0 ) 2R
L. WHZERIEE KOATERTEL I Eh 5, 2l
THEMIZENRASDDSHOF v ) 72 LTEH S TW
o HEHEHIIINET, VYBAINVIYILEZFY YT &
3% DDSIZDWTHIZE % D, k4 R BEBEVEY & (DNA,
WAL gk, 7 Wi, SR R4 28EL L) Vi
BN bR OWAHGEBAN Z L. o/
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J RO DDSISH O BRI O W TIREF L T & 72 17,
AIFFETIE, 14 MMV EEEEETEDZLZED
TE LR DDSHESEICINT T, UV VEBEAVT A LTS
A Y DOEEF I RTFOEWE AT ZEHELOY) VR
ANV WF KA RN & S S, R RS R K
WA R 5 2 & T, DDSIZH#E L7208 2 R F o
FERHIE L2 A M4 v E L TR BB ORTH) -
B8 BRI L L CHIURIGH ST w5 FGF-2 % 3%
W7o F720 WT OGN L2 fEL T, ABNEA
L. Mg E LA & L CTRRIGH S TnbE A1) Yo
LT RKA2 Y, T, FCF-20FF NV vy H &
LTy 7Ol (FGF-2 LML -EEN - nTEEA
L. ZAli TR R i 08 5) & v 72 F 00 2 51
BT 217V W TFGE-2 2 Wi 2 170 720 & 512,
BoNF 2 RF 05 DFGE-2 IOV T, Pl
Y 72 BFAM 2 47 - 720
2. 5 &

2.1. dOLcBHEIVCBRAN LT/ HFDOE
B

WAL AV > A (500mM) ., ) YERKE A T A
L (500mM) . ZEFRAIIK (0.9w/v%) 1. MERYE - =~
FhEI 7)o ZehofEik sh Tw B EHH
EFHEZE iz KEBF N T A, AR YF YT A
A REEE v, Fhen, Bk, AsaiiKicE
i KGR 72 GREEF U 7 2GR 0 500mM. N
NYYF M) AWK 5mg/mL). T3, HibAa vy
LWL ~8) Y MY A AR EZRA L
AW (AN DA F VHREE 80mM. ~ /%Y YRR 0,



1.0. 2.0, 2.5, 3.0mg/mL). =5, U YBE_H) Y
LW REET N AR ERAERKERES LB
() VEEA F VIREE C 80mM. JREEA 4 IREE 1 80mM) &
L7 70 VMOl AEMAEKICHAM S S
Wiz Cilie Lz (Y b2 o Aci®l¥ : 2mg/mL), 15mL
F 22— 72, Bifi ImL. Ci#{ 1mL. A 2mL ® I
A LHIARNVT v 72 ZTHEE L%, IRE 5 H (25T,
150rpm) TO. 1. 3. 6. 24, 48, 75 BRI BUG S¥720
L% RE S FE 0 B TIRIE L 5 3% T Q).
FOBRIEIC X DT 2 B L 720 72, 0RO LiE A
ZARL (EEAGRE) . ¥ M7 ol cofdfFagabicH
Wiz (FElZ 2. 3.,

2.2. FGF-2#FUVEBEHINVILT /) KTFDERK

Az 5 IIBIE, 2. 1. & AR L 720 FGF-2
MG THMAMEZ LT 720 3 8K (s - 2
B R EA) % AR AKICHEM S 2B E Cile L
(FGF-2 3% - 0, 10, 20, 50, 100pug/mL) s SIS DB ¥
VTR ENED 15mL F 2 — 7 2 w2 DA, 2. 1.
RO FNETRIG 217V AT 2 [ L 720

2. 3. & - HEHE

BonzikkE ) a v ERECTERsE, EEET
SRS (SEM) 1527 & OIS T 3 L 3 — 43808 X i 45
(EDX) 12 & 2 ICEGM %47 > 720 SEMBIZIZEB W TIE,
AEHNCEREAE T o700 ¥ M7 u b iR Tk, %4
MRS & 0 L AR FUE O WG (409nm) %
WEL, MERETHCTLEEAIEENLIY M7 Al
ZEM, SHETOY M7 ci 2mg) & DS
e LT Lz, R, ricHEsnszy by
Thch) /(BB OY M 70 hch : 2mg) X 100 (%)
ELTHMB LA, T2, B0 2 8K RS <2,
KA B L O — 7\ 2. BIRYEHGLEE (DLS) B &
OV SR EDGHEELE: (ELS) 12 & ) f#ix7z,

2. 4. FGF-2 Ot e sTE

2. 2. TR O NI 2 MRS 22 ORI iRE L, I8
WY (OB 2 5 ONI2 37°C T 24, 48 Wy F & 1212
B4 R 2 B & 72 FGF-2 @ i % % ELISA (Enzyme-
Linked ImmunoSorbent Assay) THlllE L7z

3. X

3. 1. MOLCBFIEBEANILT/ KF
3. 1.1 "NUVOBEEORE

AR Y OFENY N 7T L c OIFFER RN T 5 5k
WCH 2 5Bl T4720, ATOANN) ViER 2.5
mg/mL (Hep (+)) A \Wix 0mg/mL (Hep (—)) & LTk

DBRAIINY TLF/RFICED YA MO DREFESRT s

BlES, RE DRI OREM S 5 v i 24 BEfE & L7z
Pk ) BRI O BRI Tld, A~ Y OFEIZD DD ST,
— UKL T8 50nm B D ERIAE WIRIRD F 2 KT A5 5
n7z (M1 E)s EDXAXZ bVTiE, WTERORFHID
ANy h(Ca)y V) v (P), BFE(O) DRELRY — 7 H
B, AR VYERMLTHES B TR, A3
Y DOILETH B (S) NS R = bk sz
(2o THITED, A BTN E DR HIZHHFES
N7zl L xR TE T, KFE (C) D/NES -7 D—FIid,
HIFF SN UV b7 b ciCHETHZDIDEEZ
bNb, ¥ hrahclHERIZ, ANY YERINLTES
N7AEHT37%. IO NZRETI3% & A
XY RIS LY RELWIMLZ (K3), ABMELET S
AR e MRS VXS THDL Y NI A cORE
BAEAEHICE D, ¥ M7 albcediasNy ek

1 B5h 80 SEM &

2 {#5niF D EDX XNRT ML (1) 22 (Si) I3 EARBR)
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M3 \Joniafny 704 cBREE

1 BONAHABOFHRFRESLIVE-2EN

HFIMPTWIREE 2D, L VELDY bralcehsid
REINeEZONZ, DLSHEICL A E, ~AXY U %
WL TR 5 N7 3R O R 7813 140nm FEEECTH -
7eHS IR S N EHIK P TR L R, R
FHTE AR TFERIEON LGP o2 (F ), 72, AN
CERMLTHEONABOY =5 EMIZ-15mVTH D,
BEFICEONZREO+6mV X ) bHEHEAK X <
ol (Do ~N8) Y2FIML TR O NIZAETIEL K
T OEEN SRR DS HF G Lz L E 2 bhiz,
L DB 24 BE Tl A% VORI h 2D ST
REFRORTFHHSNZ (K1 TF)e EDX AT MV T,
P& ) B O BRI & WARIC, Ay A4 (Ca)y ) ¥ (P).

% (O DRERE—=7 IS, ~ANY Y ETINL
THOLNZRBTRRE (S) /NS R —27 RS R
(K2)o A8 YZHRMLTHELNAARHZBIT S S/Ca
TEHI (EDX ¥ =272 X D8l &, RE 5 R 0 RERH (S/
Ca=0.068) & 1 H k& 9 K 24 KE [ (S/Ca=0.116) TK
XY, 0B AN YPHEEE R EE L BN,
Y Mz AcHEERIZ, AN U ERTIL TS R
T76%. WMEFTIHESLNARET23% &0~ U
IMcXpREIEML, SHITIRE DRI O X 0 b4
mL7z(X3)o DLSHIEIZ X B &, A Y E2HRINL TR
5N HB O PIR F1813 160nm AR TH o 7245 Tl
PG SN BHIKP TR LR, BEHTE 20
TREEON P72 (R Do AU YEFRMLTHLOR
72RO =7 EIE-22mVTH )., BmIneEFicHEsh

4 ANNNY VIREEE(ESETES h-EHO SEM &

5 ANUVEEAT(LESETESNARMOY hIOLCHE

T2RB O +6mV X D SHIHESIKE o7z (K1), ke
9 I O e[ CfF & N z3lB L Rk, ~ %) U &RRINL T
O NRE T BT B OFFE I RO SR T O 2k
FELIEEZ SN,

Dl A8y v, Y b7 cofERm RS
VAR T O8I FICK & K FGTH I EREN
720
3.1.2. "\NJVEBEDOFE

AR Y DORED T N 71 L e OIFERR T 5
ICH 2 BHERWET 5720, Afio~8) ViEE% 1.0,
2.0, 2.5, 3.0mg/mL (Hep 1.0, 2.0, 2.5, 3.0) & 21t
TR ZH72 BEIEMIZOBME L,

SEMBIZIZL B &, AR VBB 2PDLT, —K
T8 50nm B2 E O ERAE W BIRD F 2 KT 03 S vz
(K4)e ¥ b2rabciHEERIZ, A8 VRERRINT 5
o TheMIHimL7 (¥5), DLSHEICL S &, 1%
SN AR O IR T1813 130 ~ 180nm F2 )%, ¥ — % &
fiE-17 ~-16mVEETH ) (F£2), ~/8) VREIZX
DRELREVIIRONG D o720



£2 ANULBEERTEE U TESNARBOTLRT RS &
V- 4B

PLEE Y, SR LS 72~ Vs #PAN T,
AN VIREEIE Y b 7 8 A c OFFRRLR TR &
BB RE N2 W EAURENT,

3. 1. 3. IRESHEBDRE

REIDERMAY PO A cOHFERICE R 5 HB2 M
AT A0, KL IKEM A 0. 1. 3. 6. 24, 48, 75 F¢[H
EEAL SR THZE 20 ATDOANIN) VIEEEIX 2.5mg/
mL & L7z,

P& 9 WEH 1. 3. 6 BRI T & /238 SEM #5212
oL, e KM 0K (K14 L) &bk, —KA £
50nm A EE DERILA T IR D F 7 R F A sz (1X6),
Thbb, e ) WREH 6 KEM 25 24 KER (1A TF) 122
FTARERICHRDIZAL T 2 E2 5N, ZORIKREL
OHHD 1 2L LT, RIFHOKBICE A Y BAVT Y
LD DOZALS R SN D Z LS. Stk T
R % AT FETH Do BB, ¥ b7 aicilFFRIL, 0
e[ 2 & 24 R CUE AR & 9 eI ASBIN 3 % (2> T
L7275 24 BRI LARIZIZIZR U THh - 72 (7)o

PlEX o, RE M4 HNIIZ, Y bralc
RS TE L EAURENT,

3. 2. FGF-2 88UV HIN LT/ KT
3.2.1. FGF-2REDEE

3.1.0Y b7 B AclZfRZ T, FGF-2 O3HFF 2 il A7z,
ZO, CHOFGF-2ikE% 0. 10, 20, 50, 100ug/mL
EEAL SR THRE 220 ATOAN/Y VB 2.5mg/
mL. k& 9 R O BERT & 5\ id 24 BER & L 72

FGF-2 i 100 ug/mL T S 2230k Tl k& ) I
b 63, KB THBELLT <, DLSHEICB W
TRBETEX 2R TEIEIEON L H 572, FGF-2E 0 ~
50 ug/mL T S N7z30E Tk, IR E 9 KRR 0 BE ] TFY
AFEE 140 ~ 220nm FEEE, MR & 9 e 24 KEf C PR
2150 ~ 240nmFEJE & e o 72 ($3), ¥—F BEALIE,
EOMM O T-18 ~-15mV AR, k& 9 B 24 B
M T-24~-17TmVEE L % D, FGF-2 DK\ A
¥ — 7 B O EAK & L B BN D - 726

FGF-2 i 100 ug/mL T & N7zl BF 25Tk e L 23 A
o7BHE LT, FGF-2 R E LTHWA#ANICE T

DBRAIINY TLF/RFICED YA MO DREFESRT s

6 k& HFFEEETLE € THES N ZHAKD SEM &

M7 RESBEMETIES ETESNARNOY hyOLcIE
R

%3 FGF-2BE#Z(ts ¢ TESNMARBOFIRTES &
Ut — 2B

DI (7 FEEF b Y v A KA DENE 2 Sh
bo WMWY % & F % WEGF-2 % fl W72 a5 % o E
L L7z,
3.2. 2. FGF-20HZEE

CHiH DO FGF-2 % 10, 20, 50 ug/mL T 5 L7z 308
122V, Kb TOFGF-2 BUBZE) % 53l L 72, k&
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9 BER] O BER CAF S 723l BCld, R T2 B S B2l
OF 2, 14ng/mL (CHH FGF-2 )¢ =10 ug/mL) »*
5 70ng/mL (C# ' FGF-2 i =50 ug/mL) ® FGF-2 A%
MiE iz, L2l WFhoik T, 24, 48 Hi#4
I E AL FGF-2 s e { e -7z (M8 4)s &
i, B sl S 72 FGF-2 A2 b2 2 L7z
LIk EEZLNS (FiHirp CTFGF-2 23R 2 b L.
ELISA THUB SN B IEENZRT L 2 MO TV 5S),
o Ty L D B 0 BRI T 5 72k T3, FGF-2
ART LRI SN2 b D0, Hikih 2 FGF-2
B ol b2 bz, —J, ke D KRR 24 KRR
TEONHBTIE, 24, 48HRIETH - TH FGF-2 %%
BOHOI & AR ORE TS N2 20 (K8 4H).

FGF-2 OJitas, 24, 48 W& CTH Mkt L Tz & #F 2
LNz, BHEORETIZ, BRBMOKSIZE 5T, #li2E
TR S HERIC S FGR-2 OEES 7)) VAV T 7 A
FIIRADPERL-EHEEIND,

UEXD, ke HEEMIZE 5 TFGF-2 O Z 823k
ELBALT AL, O, HRE DB 24 BRI TH S
N2 BCTIEFGF-2 247 < L & 48 IREfIC b 72 - TR
T&AH T EWRENT,

4. 8 &

FELDY VEEAIN YT AT R AR E D &2,
WHEMY X2 ETHEHY V7 asc(FGF-2DEFIVY
XL UCERMBGETICH) 22 5 NCFGF-2 ZHFF L
T VAN T AF IR R AR LT, AR v
OIAHFFA, & VX7 HoHEFERN L (RFZETIEY o
T L ¢ TORMERR) RPF ik LICKRELSHFET LS
ENHLNE 5T R NT2F 2 KT, FGF-2 % §
BRI CTE 22 LEh b, ERREROTHE~OISH D
WfEshbd, SHOMEE LT, REoEMICHE L2
J RS O RGBS O b,

8 FGF2REZZELIETHESNAHABD FGF-2 IMHE
)

%El

2
RFZEIE. ARMHEAT—E—a 2 X oY -5l
MO %2 2 TiTbhiz b DTH 5. MDY
o Tld, EFEEANRR AT O RRIGE T 1L 735K
TR BT A FRZIE LD, BREMIZT
B - S ETHC .

(5IAXHER)

D A B, KRB #F, [ v BAav S 7 A )
IR FDWEHERENAF AT ANVEH], T3y
2 A, 55, 189-192 (2020).

2) A B, KRB T, (IR 1R Al & Ml ~a%
ETLH) VAN LT R OBE - e VR
MOB% ], NEW GLASS, 36, 22-24 (2021).

3) M. Nakamura, A. Oyane, K. Kuroiwa, Y. Shimizu,
A. Pyatenko, M. Misawa, T. Numano, H. Kosuge,
“Facile one-pot fabrication of calcium phosphate-
based composite nanoparticles as delivery and MRI
contrast agents for macrophages” , Colloids Surf. B
Biointerfaces, 162, 135-145 (2018).
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In this research, we carried out internal and surface modifications of liposomes to prepare nanosized capsules with
various functional properties including improved incorporation of active agents and controlled release of cargo in response
to external stimuli. For internal modification of liposomes, anionic polymers were generated within liposomes by living
radical polymerization. The obtained nanocapsules showed good absorption and retention of chemical substances depending
on the binding ability to the incorporated polymers, and the absorption capacity could be controlled by the length and
dissolved state of the polymer chains. In addition, surface modification of liposomes was carried out by the layer-by-layer
deposition of enzymes and polysaccharides to prepare capsule walls with enzymatic degradability. First, lysozyme (Lyso)
and phosphorylated chitosan (P), which is cleavable by Lyso, were deposited over the liposome. Then, hyaluronic acid
(HA) was deposited as an outermost layer. The degradation of the inner layer consisting of PCHI allowed the release of the
outermost layer consisting of HA. Also, degradation of the PCHI layer led to the exposure of the lipid membrane, which
facilitated the release of cargo from the inner cavity of the liposome. We expect that polymer-deposited nanocapsules would
open up application potential as a carrier for delivery of active agents to the targeted skin region.

1. #

F IV A ZXDH T eViE, MEEA~OREEITIMZ T, A
TEIVBENTKOF Y ET 4 NOWHEORFEEZ AL TE
0. AiE. ARk, RRE. Bk, BEhEEzy—T v hEL
EFXVUTHEMELTCEISN TS, # T, VU VIEE
ST % AMBNNL() Ry —2)1E EREEMEICER,
Hp 228 ORAD I AKEE O W & BRI RSO Y
B RRICH AT, Edm, hkabB X aRlflo
T NFEME LTS fThITwb, THE TIZH
BHELOIE, VRV - LARMICRRYWE (R)~v—BX U3
%)) 8 (layer-by-layer, LbL) 5 Z & T, TN
L FHREM LSBT EVEM()EF I A TEV)D
MIEEIT->TEL, ZoNER, R~ —OMEL WK
FHO®R - JERE - DA OMETH» D, WAEBOREA, HKAR L,
T A= VBT BB ORHE % TH A Y ATRET
HO BEk, e, WRIRRE. BRI
CoRREEMARLZ L (BT O T I V) ETH
b0 72, ZOMBEMEICER LERREIE LT, 77
YIVIEDGE - FIMEC X ZHEFEFWE oML, KWTEIRD%
1t. BLONEWORBIZOWTHREZIED TS, FEB
W2y AT RNVBIINA TR v — & FOREEE E A
bbb LT BREICIENA TR v — D5 L FHEC

il
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System
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XoT. A7 VORIIRELY BREIIELTE LI L%
WELTW2 Y, ZomfE, S, 7 7R VEOBREINE
L 72T X - T W OR AR B ERALICHH 5 %
T 74 =T 4 OEMILR & Vo 728 LW ERER S BLo W gt
ARSI NTz

REFFETIZ, VEY =L ERY~Y—DEAEF /TN
(VRF 5 7 2n) oLk ¥ v ) 7 FE O IR E B
I Ty ) ERF 2 TV oDFEEQNEBOLEIC &
BHEERERIRICHEIE L 720 M LISRT L9112, 9, QUK
V= ARENINA + R v — & 205 RE 2 fEbs %
T LT BMIEEOBRBIINE LT, MBI 5 - $EE
ERRITIEIWCEIST, VRY =2 EA TV ENS
DEMES ORI DOV THE 21T -7z, S 512, @V K
V—LONWIKR) =2 HELTHZ LT, R)~v—¢&
DT 74 =74 BFHA LA ORFFEDON 5217 -
725

2. 7 &

2.1. VRV—LRENDHEBROIEERDIEE

7 =F M) VR Td % Dilauroyl phosphatidylacid (DLPA)
i) VR T & 5 Dimyristoyl phosphatidylcholine
(DMPC) & HiwvC, HARAEE =7 A bv—Y 3 ¥ ik
(pore size: 100nm) 2 & V.7 =F YD) K — 4 (Lipo)
PR LI A FF WS ETH LT MY (MW:8.2 X
10'Da, pKa=6.5) 12V YBEZHEAT 572012, A5 ¥
AWK VB T CHBRIL =) Y2 UL ST Y1k
F MY (PCHI) EEHEK L72. RIZ, Pon 23H F 4 MR IR
I pH3.0IZBWVWT, 7=F Y%V ARV —24 (Lipo) ®FKM
(2 Peyy DA %47 5 72 (Lipo-—Pe) o Pon DA R, 7 3
IIOERFETHDLINF LV AA I Ve HWTHE Lz,
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1 URV—LORBEERABADRI)I—BELICLB)RF/ ATV OERED

ZXF Ay TF VN =S ZF LADNSH

WAy Poy DREEFR & LTV V' F — 4 (Lyso) & #IR L,
pH7.4128 T, Lipo-Pey DK IZ Lyso (pl:11.10~11.35)
DWW % 4T - 72 (Lipo-Pey-Lyso) o Lyso O W # & 13 46
TR L7zLysoll Lo TR L7z, S 51T, ZOXM
PIEEM 2R TRAEICBNT, 7= vkoe7vo Vi
(HA) OWes % 47 o 72 (Lipo-Peg-Lyso-HA) o 55727
TN, BEHELE IS X B KRR E, A
VKREPDEHELEIC L A= BAE, & HIEBRIE T
8% (TEM) I X 2 TEIRBIZE 2175 720

2. 2. FBEEEOSE - FEICESMEOEILEREY

BOME

LysolZ & % Py OB 55 PE % -3 % 72 9. Lipo-
Pey~Lyso & Lipo—Pey-Lyso-HA % ff 4 ®pHS: F (pH5.0,
6.2, 7.4)12BVT, 37TCT24MEMA ¥ F2x—1 L7
ZDH% BRI X o THE L P WiFZEIXL, 72 ¥
7 ALH ) A E T Py BT RIM M L7z E 72,
T 320142 2 Lipo—Peg-Lyso-HA O 238l # B4 5 2 &
T, FEELZZHAZBINL, FYVizEr 0~ T 7 14k
(GPOIC & > THTREROMEZAT - 720 KT, BERS T
B oY & L, 1,6-diphenyl-1,3,5-hexatriene
(DPH) % FvC, SO GHE NS X 0 RO i E)
PEZ2 S L 7ze KIS, 7 = ko # e o HPTS % 3
A L7 LipoxE# L., ZORMIC Py LysoB X WHA
EREEAL L 7o, T2 O T CREESMEZITV, S
N7-HPTS OHOGHEENE & V. b2 8l L7z,

2. 3. URV—LAREBADODRIT—ESILEDERF

HEED S

2. 1LIHEFAMOKETT =4 YD) KRV — 24 (Lipo)
RAEB L 720 RIS, VR Y — AHWERISE) ¥ v 7B
HThorA =7 7= —,T7=FME/—Th2
2-acrylamido-2-methyl-sulfonic acid (AMPS) % # A
L (AMPS-in-Lipo). UV B4 (FHEKSAT) 12X 2080
VYT SIVNNESGETo. BONTZAMPSEY v —
(PAMPS) H# V) &Y — & (PAMPS-in-Lipo) {22\ T, K
R R E, E— 7 BAUNE., BXOTEMIZ X 5K
BB a5 720 WIC. WEOPAMPS 2 FIH L 7-WE ®
WL & RFFIZOWTIRE 2170 720 3, WINZEH) & K
9 572012, PAMPS-in-Lipo #2774+ v W
% (Rhodamine6G (Rho6G). Acridine Orange (AO)) &
7 =% %W (Hydroxypyrene-3,6,8-trisulfonic acid
(HPTS)) ZM A\ Fix DEMETA ¥ Fa =23 v 247
5720 EAEEIZ X 5 TPAMPS-in-Lipo % [EX L 722,
SR % 2 T PAMPS-in-Lipo % gl S &C. #H A
ENTZHNWEDOERZIT 5720

3. & R

3. 1. URYV—LEREANDRBERDIEZE

PEBL L 72 Pogr 1T (pI=5.0) TH V. K pH TIEE M,
EpHTHBMAW S, 22T, 7 =4 ¥ D Lipo (hifk:
90 = 31nm) 2K LT, Py AN IEBM 235 0% pHAMEIC B
WCEAEE T 728 2 A, HHARD Pey IR LT, %
AR L7z (Lipo-Pey) o BIFINAE & %2 % X 9 IT/ER
L 72 Lipo-Peyy D RIAEIZ. 90 £31nm A5 141 £ 30nm & K
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EL otz 72, B—FEMIZpHE L BITIERA S AN
EBALL MMt ZRT 2 ESb o2 (K2, k). & 2T
Lipo-Pey BWEBEM % 47 O 5 54 (pH7.4) I2B W T, Lyso
DWAEEIT 5728 T A, Lyso DALARBEE I U TG
EAWINT 5 2 &b d o 72 (Lipo-Pey-Lyso) e 7 7k

JVFEE O 100nm® 2472 Y 12 1.4 48 Lyso 234 L 72 Lipo-
PorLysol2BW T, HifFi2169+32nm & 4 0, &8N
1¥Lipo—Poy & 0 d EpHENZ Y 7 b T A5 Wb h o 72 (K
2. #fh), KIZ, Lipo-Pey-Lyso 2SIE®BM 278 L. Lyso
DOFEWPH & kv pH2.0I2BWT, 7=F YO HAD
W EfTo72e 2 A, RfEIZ124+62nm &R D, £—%

BRI MEE L 72 (Lipo-Pey-Lyso-HA)o T 72, 155

72 Lipo-Pey-Lyso-HA 1, WFN DO pHEBEIZBWTH

HAHROHBEMERET L L)Xk o72 (M2, ), 2

n& by, REPHATEbNZZ LAVRENTZ, TEME
B0, ERLZF 7 TEMIZ) RY — 2HEOHET
W2 A AR L Tz,

3. 2. FBEREOSEE - FBEICHESIMENTLERATY
B0
K, BRI DA T VBOGREMRT 5720,
Lipo-Pcy~Lyso & Lipo—Pgy~Lyso-HA % i # @ pH 514

BEESF/ ATV ERWEIARX Ty T TN =S 2T LOBE

T 24 Bl #E L7 & 2 A, Lyso® F i pH (pH5.0-6.0)
FHEIZ BT & B I Poy DA S 720 Lipo-Pey
LysolZoWCid, ¥— 7B (pH6.2)A5+4.5+4mV 25
-45+2mV E EPSRICKIE L7z 2. ED 5 Poy
WiF2s9dE L€, IRERSBEHR L2k peEZ6N
720 I, Lipo-Peyr-Lyso-HA IZDWTid, BEEGRIC &
> THAWHR 2#EE L. K5 TFRILL TWD &0 HER S
nizo HAWRXSTWIZ, LysoD#EETHLN-TEF IV T
Va3 VEEEELTWALD, Lysoll & o THFAS
YWEhs, INODORENS, BESML>TH 7L
VIBICHFF LW o Th b LRI L 2,

W2, 3. LETHER L2 F 7 5 7RIV OBEE I AE
9 W VE RN % 1T > 720 FREBEOTREIEIC X 25281 >
WT, #t7a—7TH 5 DPH % T, 9O6MR M
HEIC X ORI L7z DPHREWHIROGFTH 570,
PR 51 05 T8> TR %0 TRE O BB 30 S
NTWw 28413, DPH O SOGRG (HOBR ) 3 R7-
PRE BB DS EASE L ORI ER EE S ND . &
i+ 7 5 7 VIZDPH &0 2 C. G m Sei 2 Ml e L
72T Ah VRV —=LTIE, HiT 5L 35-45°C THL
BHOZM BRI ERON (M3), Zhid, 2ol
FIRCTIRENLD 7V h S BE N OB ). BEANO
DPHDOEFHWA Ao LICE B EEL NG, —,
Lipo-Pcy-Lyso (B3 53 fi# 1) & Lipo-Pey-Lyso-HA (FE#%
SRR IS DWW TR, TR W IR EE SIS B TR Tk
EUVEE 20 )R Y — AL L TR BITE AR IR
Lo TWL I ENbrolz, ZiUd, IREBER K
X=DWAETHI LT, IREROREIMEAMKT L2 &1
Y2605, X512, Lipo-PeyLyso & Lipo—Pey-
Lyso-HA {Z2W T, Lyso®DZE#E 5 (pH6.2, 37C) s
ICBWT 24 A VF axX— 270722 A, REE
DIV — AR M ISR S s X )2k, ok
BFUIPMET L7z SO EDE, B T ENVIEOREEG R
2 & o THARBIPEARIK 5 2 LAVR S 7,

3 EARABHBATEIC & 2 &IESF / 7 7 IV OERENED
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M4 E#H3pHERHETICHIS Lipo-Pey 75D HPTS K% HggfﬁépH%#TﬂﬁwéUmr%miwovemHmsmﬁ
Ep

WIS T2 VEDORER RIS WEOBITIZOWT
MRS %# 4T o 720 Lipo il E TH 5 HPTSOH A % 17
STtk DT ENVEOWEEIT > 720 Lipo DA IZIEHE
B i i, 24 BRERI I IZROE 2560 % 12 5E L 72,
—7J5. Lipo-Pey TEpHIZ X & F 1% 5% LU (2 #0H]
Nz (M), Lk L7591, VRY —AKMmITKRY) v —
FWET LI LT, IREEORBIMEIMET 35726 (14 3),
NEWE O ELEMEAIMET L72Z L0k b &R LT
%o Lipo-Peg-Lyso \22WTid, Lyso D& @S (pH5.0-
6.0) FLEEIC B VTR OMMED R S5h, pH6.2 Tl 24
BEM 212 10%. 48% B #2124 50% D A Eig X 7z
(X 5)s FARIZ, Lipo-Pey-Lyso-HA IZ2W T, o
PRAED S N7z BERDIRIC X 5 Py & HA O 5305 &
o TIREBORBIMEAHA L (H3), 7 7L VEON 6 ®i&F /7740 Rho6G HAR
HEBMESHAR L EICLBEELZLNS,

3. 3. URV—=LABADR)T—EESLEMERTF
D rts ”
KIZ, VRV —LHNTIZBW T Y 7SI H IVESIS
FoTR)T—ZA&EHEL, COR)—LDODT T4 =T4
ERHLIWEDOH T VHANDE AR T572, VE VT
IV ANVELE BGES (BIGHD) O e EARERICX D,
R —O¥, $HEDB I L AR ZREICHET 2 2 7 Rho6G HAF/ % T &L
L ASRETH %o 'H NMR I & O PAMPS 0 2 5 22 ERLRRLEROER
T&. HAREMAT300 55 D34 O 55T 1% 36,000 g/mol
EHMEN, T2 BEERIRICBVWTH SV ORE RY =L EHET AHHTOY KRV — 24 (AMPS-in-Lipo) & kb
1284 +26nm A 5 84 +29nm. (- EALIZ-46+6mV A 5 # L C. PAMPS-in-Lipo ™~ DU 1 E Ml & 7% - 72 (4
-42 £ 4mV & 7% ), TEMBI%0 5 B T rh22hif s & HE5F 6)o F7-. EOWER (K1)~ —8E) 2 150 5 5 380 4
L7 THAHI EMRERSNT 2352 THINEDSEEMT S L bbororzs AMPS-
YE# L 72 PAMPS-in-Lipo~® 7 = % >~ ¥ ® HPTS ® in-Lipo 12}t X TPAMPS-in-Lipo® T 25l Je £ 5 2 &
IIZ DWW TId, RLBED ) AV — 24 X ) 3 PAMPS-in- PBIETE(MT7). F/2. M6 L), PAMPS-in-Lipo (&
Lipo D iAWl & % - 720 Zhid. PIERO PAMPS 12 & £ 380min) NFEBD Rho6 Gl 1, AKAH DK 70 f5
LRI X > CTHPTS ORISRl S Nz & 2 Tw» ERl, WOR) =12k > THWEZ SiREICHATE
bo —Hiv BFF YHEWEOWIPUZOWTIE, RULHED ) HZlbhol,



4. 1 1

AHFZETIE, VARV — L DEFENTBIZR) v — 2 HE
Ib$2Z 8T, 7BV EOSREHBEC X 5 RTTEIRD
AL WE O Z e L 3 AEEME ) 2 7 7L oA,
SHICHNENOE R DR E T 072, ThbH, UK
V= ARENINA + R v — & 05 REE LT %
Z LT REEMOGRRIEBRTIINE LT, HFAWEDIK
e AT eNEPSOFERS (HA) DR 2 Hii§ 2
ENMHEL e o7z F 720 KA 100nm D) Ry — 4K
WieBWC, 72F R v —FHET L2 LT A
KM L 72 h FF o b & % NEBICIRFi TR T H
LIEERMLA, DEDXHic, VRY =2 EHALT
HRY -0 EMARGDEERINT A2 LT, HIY -
HIBWZIE U727 7 RVHEM OREED TR TH ). RFHND
H AL AR 5 2 BRI T N — W[ fEZR T A X T

BEESF/ ATV ERWEIARX Ty T TN =S 2T LOBE

47 FIN) =Y AT AOEIEETE S,

B
AR T2 W E T LA ARMBEAT -2 —
B O B N R 0 i i L R QK : E A - o = S IS

(51FZHR)
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51, 1223-1230 (2019).

4) Fukui, Y. Fukui, A. Fujimoto, K., Polymer Journal,
published online.



77 2P (Propionibacterium acnes) ED
B2 1G5 AL G PE P 0 fot by

T R R AR BE B R R FE R

RT3

Propionibacterium acnes is a Gram-positive anaerobic rod-shaped bacteria found on the skin and in the intestinal tract. It
is widely known as the causative agent of acne vulgaris, but has recently attracted attention for its involvement in pustulosis,
prostatitis, hyperostosis, synovitis, sarcoidosis (granuloma), and implant-related infections. Therefore, it is an important
issue to clarify what mechanisms influence pathogenesis. In this study, we investigated the cytotoxicity of culture extracts
obtained under various culture conditions together with Staphylococcus aureus against human skin-derived fibroblast cell
line KMST-6. The results showed that the cytotoxicity of the culture extracts varied depending on the culture medium.
For example, S. aureus was active in LB and MH media, but not in GAM and BHI media, which suggests that the culture
conditions, including the culture medium, are important in the study of metabolites. As no significant differences were
observed in TLC and LC-MS analyses, it is possible that the compounds that are primarily responsible for the activity are
trace amount that is difficult to isolate and purify, or that the difference in activity is not dependent on a specific compound
but on the overall activity of various compounds such as lipids that have weak activity. However, as observed in the co-
culture in LB medium, the activity was stronger in the co-culture than in the monoculture, this observation may provide an

interesting feature for future research on the interaction of these indigenous skin bacteria.

1. #

bt OB RMICIEEEEAR &30 2 M EE R
DA L BIREE 2 o TW b, R HIER XL 2 551
IS, WEBE OB A LYY TR D % E 2 3
2. NTYADPEN, HHMEOWAL EITHET
L A2DKEREZTI &R T, REWRKEHEEE
F R T K KW (Staphylococcus epidermidis). T
7 A2 W (Propionibacterium acnes). 7 F w7 BRI
(Staphylococcus aureus) T 5 2, FF 7T B BRI
7 By ERE OB 2 B CHUR AT F FREE DN 7 H
REERHOL7 ) —VEEETLIEPALNT VS, —
F W7 R EREIEEE R AG I ObRE T &S
L. 77AWIE=FEOFERITEMRITE . LarL, 1
FEM & LTI 2N F TlZ histamine, tryptamine, propionic
acid 2 EDOMEIRIME 2 LA ME S T2 59 wih
bHPLCIZ L 2H 60 LOME L7 EmE DREKIZL 5 D
O TR RIE T Tld v, —Fh, BBz 07y )
LTLHIBTZE DR H— DR SM TIE—E D 2 AHRE
BT L2EHE L TB 5 TR TWwW b EIET (cryptic
genes) 0 HANK X HIZE KL 2 WARHTEY = FEA T 5
Nhd s Z EHHESN TV L, D720, Fik X o

[l

Chemical analysis of secondary
metabolites of Propionibacterium acnes

Katsuyoshi Matsunami

Department of Pharmacognosy,
Graduate School of Biomedical and
Health Sciences, Hiroshima University

BEMOEELMOMEY & O IR T4 & CRIREE T
DOIFHAL Y 2479 7 EFENC A EY 2 Wi 5 2 L2
HTHbo

DEoBE»S, ERZEOITARX MY —FHBIZB W
TEELRERETHL=FEIEHL, TOHEKRETHL T
7 AREW (P. acnes) R 7 N7 BRI (S. aureus) 122V T
Tl 4 DSAFTRERE (ks X OERE28) 2470, WML
3 AMfEEEEMT A2 L & L,

2. /5 &

2.1. HEIRSIUOBEICONT

W T 2 AW Propionibacterium acnes (GTC 00154,
BN 7 7 AR W) R RFoOmMAEmaL s v a v
P OG- nIzinTz, 77 AW (P, acnes) \SBEEVERTE O
TOMMY X — - U F VAT A (ZHES AL, A-41)
HBCIRAY F R (SHEH AL, A-94) ITAR, TR
Ny o v R (ZEA AL, BEREAI A-04) 12 X 55
BRI EERAT - 720 W T N7 BRM Staphylococcus aureus
(JCM 20624, FRAFfi 4= W 4 B B 5 =2 (RIKEN BRC)) 1&
IFRNED 72 DRI 1L E O IR T (35T, 150rpm)
TE#EEZTo 7. ABEOAIT. TNETNLORKE L
FUAPRIC TR ARG L. WS B S CR L 72,
RS 0, RSP A T A 8% (GAM @ Gifu Anaerobic
Medium) X2 — % 1 7 {1 B O B 22 12 H v 5 1 5 Luria-
Bertani Broth Medium (LB) ¥5#i. Mueller Hinton Broth
(MH) ¥5#1, Brain Heart Infusion (BHI) 5312 ~X— 212 A
TRARE LT FEROARDL DICTATF L3 Bl
B EE W) 7 0.5w/v% il LA 2E L7z, LB HE
RV T 7 AR E AT FYERE O EICOVTIR]
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W D7z o THEH—EBZ BN, i, 2 U TR
L. MUFIZRT TR bR RS KMST 6
W B A FEE 2 MTT 302 & 0 574 L 72,

IR RN L FR OB F VM. T #BE,
HEOK. AR SV Em s & LTl L7,
v TNV Ya YEBRLZEEMICOWTIZAZ ) 2 —
F v v T & REBAE 1A, EmOEE (2000rpm) 12X D
TS BT EEERL L., E T CEEE R
52 LTl A7,

F/o, KEFRIIOWTE, ILO=A7 5 23 2R(IC
ENENS00mLOEMHAEF L, F— b7 L —T12LD
W L7282 T T o720 £9, S E, OG22
0= —%, SBRER (2mL) (I L piRE R (A IC 28
H5H729S. aureus IR T T1H. P. acnes \3HEET T
5H, 35C) #11o72c €£®9 %5 1mL% 100mL 7 A3
(Bidb 20mL) (ZHRE L MR D S CHIIRE R 24TV, kfk
W OHEEEEY 10mL 2 # T 52T, LidlLo 7
I A% TREREZT- 720 MBS ROFERET 5
VEMZ, e — T BRELZOL, il L,
PG U T 01 (2000rpm) 12 & ) )@ % B 5
VATERmGE LTI L72e S 512, TNARL—% —TiE
ATV, BELAEKRGEFANVKRY T THRET S LT
Y % 15372,

2. 2. HPLC ALV A BERRICDOLT
BEBEEFRMEWIE A Y ) — VIR D IR L.
Sep-pack C18 #— h VY v ¥ (Waters) IZ#ii L72d D %
T nve Lz, HPLCOMEM # F A4 & Inertsil ODS-3
(6.5mmx250mm. GLY¥ 4 =¥ A) CTH#x 1T - 720 1%
5 N7 AW O ) %€ 1d Bruker Avance IIT 500 A% #5305
38 (Bruker) (JEFH9%L '"H NMR : 500MHz, “C NMR
: 125MHz) i L. ##H o D ¥ 7 F )V % internal lock
signal& L7z 7 I A VY7 MEDFIRIEHBIH W&
IRFACR D FRAFI K E Y 7 F VD 8 (ppm) THIIE L 72,
F720 N Ty FEVEESHT 2 A7 A LTQ Orbitrap
X (Thermo Fisher Scientific) Z il L &5 % 17 - 720
F72, WHEOR SN E DR OEREY D720
LC-ESI-MSIZ L 525 247> 720 A T 213 ERL & W
£ 12 Inertsil ODS-3 (6.5mm X 250mm, GL¥ A =~ )
R, BEMA0.1% FEE-H,0). BEMB0.1%F
-7t b=tV ¥##E0.5mL/min.0-10min (A : 90%,
B:10%). 10-120min (A:90%, B:10% 7* & A:0%,
B:100%. 79 Y x v M), A 4 »4b: ESL. positive
& — N, Spray voltage: 5kV. Sheath gas flow rate: 60.

Aux gas flow rate: 20 THOM 2475 720

2. 3. EMREBERRHFHEKICK T SRS
fili
THIRINGMACoRE2ERB L OWDEEE I E IIE TR 96 well
plate (Nunc microwell 167008, Thermo Fisher Scientific)
A L 720 & bR H sk e 250 Ak KMST-6 (RCB1955,
Riken BRC i fa #4 KB 56 %) 1355 #b & L C Dulbecco’s
Modified Eagle’s Medium (DMEM, D5796, SIGMA) {2
JE@) 1L 55 A 4 5 18 1 i 10%. Amphotericin B (SIGMA
A9528). Kanamyecin sulfate (WAKO 119-00703) = Z 1
Zi, 5.6ug/mL. 100pug/mLIC7% 5 XA 7zd D%
AL 726 5% CO, 37T, IR 95% D5 T TR 1T\,
0.05% Trypsin-EDTAEWIZ L a2 3250, 56
TR AR B LI OT v v AW L7z BEaEdm
HWIZDMSO IZER L, Bz iz 5 2 & THUEE 500,
200, 100 ug/mL D #EFEICHIE L 720 K well 1212 5% 10°
oM L. LEW 2 RINE 72 hr B8 2175 72,
I FE 19% O DMSO I D A TH; 28 L 72 well % Moot 4
LT, MW ofEIC X 5l Ee o 21 2 WOt
XD EHI L 7o BARIICIE, 72hr OO, L
W IBF L. MTT (0.5mg/mL) % & &k % 100 uL i
Z. BB 1. 5hr¥BEE I To72. ZOHREMERTIL, 4
B L72MTT formazan % DMSO 100uL Mz % Z & T&
L, ¥4 707 L —F) =% —I2L0) 540nm OWILEE
BUE L. 72, MOBBEILEZRARL -0, @ED
IR BIE N 2 T Mo gefaff s LTMTT 2 a8 -
BRLZHDIZOVTHEERFE 1T 72
AR TR oRX 2 HCTEB L, MiluEn: % 35
L7z
TR (%)
=[1- (Asample_Ablank) / (Aconro™Aptan) 1% 100
Agmpte * T TNERBMUCTERER L7256 OWOGE
A - Plate R HUC ISR 3 2 WG
Aonio - DMSO % 501 U CTHEFE L 72555 OB

3. & R

3. 1. KMST-6 ICX 9 BI85 EEHDZEFEL
T, WL MEHE M CTH L LBE M E H v, P
acnes & S. aureus DILFEFRGM T T BRHKIC X 516
PEDEALIC D W TR AT - 720 IR T30 L 72
ENFNORERWEZRAL (Dayl). 35COHSEEFETT
Day7 F THiFE Z kb L7z B, —H & 1285%
WO—HAEIL, FERTFLZIMATRAL, BELT
Bon LEARERETF VUGS & LTI L 72, 3%
JEFCTAHBBREEZREL, oo
KMST-6 Ml 123 % Mg s #p ) 5 2 MTTHEIC K D
Ko7z (1D o TR, FEMGEOWM (Day1-2) 1213
FNEFEHEEIIRON WA, BEARES2) THaok
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oo P.acnes+S. aureus (LB medium)

60

50

40
30
20
10] I
0

Day1 Day2 Day3 Day4 Day5 Day6 Day7

1 b MNEEERRHEFME KMST-6 (Xt 7 2 8EAEE
P. acnes & S. aureus EDHEHERBENDZEEIL(35C.
BSIEE), MHEYEE 500ug/mL, LB (Luria-Bertani) 3%
#

PR ONLEHITR), TORIITLALTEREOLE

B Zdro7zZ &b, BEIT4-7THTIT R XTI
PR RNWLZEIND T EAIRENT, £ T, GHROER
T 7 H ORI CEE 2T 2 2 & & Lz —T5,
500 ug/mL @i B TG PEA R S 7275, 200 ug/mL Lk
TTIREEERWEZ SN e dh o722 b, Z2RIT LR

FETIE R, S5, BHOLERBMERIZOWTY

e ThE 21T 2L e L.

3.2. BLADEMFHICH ITH2EMBELUOHEESEICK
ZEEDEL
FEREFMOE N L ) R ED ST L L abn
TWAZ e, LBEMICIA, B & LR i
3 @ Brain Heart Infusion broth (BHI¥;#h) A, # €

(%) LB medium
100

80

60

40

i i
0
SA

PA

i

PA +SA

%) MH medium
100

80

60

40

20

0 I
PA SA PA+SA

4 27 v 7 ¥ % 2 72 Mueller-Hinton broth (MH¥53h) .
I S T 3% H o Gifu' Anaerobic Medium (GAM ¥ )
R EHEAIKRE S BB b 0% v, s X oy
FE2A{Tv, KMST-6 12353 2 Mg a5l 2 17 - 72 (1K1 2) 6
ENENORKOB#E SN2 ER L. P. acnes Hifl (PA)
BEXOP. acnes & S. aureus DIRAH A (PA+SA) 1B
2. S. aureus (SA) I IFIEFE D RUIFR T TIT o 720 Kizeld
TR OFERE D L7 HH. 35C Tiro 72
LBEHCIEI 1 FARIC IR 22 Tl PE2S R 5 . 500 ug/
mL D% CHEHK 46.5+7.6% O EEMEZ /R L7z
5 S. aureus AT H 34.8+3. 3% DEMES RN S 2
LB FEIS. aureus \THR T HABENTHLLEZD
N7z (X2, 3)o —FH. MHK;HCTiES. aureus T 95.0 +
0.01% D FAEIEMEDS R S5 7255, 200 ug/mL TiXiG i
Rohhdroiz, —h, RSN (PA+SA) TR
WRONLNo722 805, S, aureus BT X 2 523
BRTHDEEZ LN, HIT, BAEEHE®LTH S
GAMB LTI P. acnes MBI D AIGTE R W72 S 7z
(PR 82.1 £ 11.9%) o F 3 TIIMIMLEENE 2R & 2 2
572220 S. aureus DIAFIZ LD P acnes 2 LB 2R
RFNTEIEDHR Z o 72h, S, aureus (2 X % FMEE 55O
A Z S 720 REUEDS D Do TDOGAMEHTD P. acnes
HRE ATl 200 ug/mL T 17.3 = 1.0% DM A 7R &
N7223100ug/mL ClxFHMEIER SN o 72 (K 2), F 72,
BGERIITEBE L e h o 7225, BHIKGHL (SA, PA+SA) T
MR OZLIZ A SN, FRDOEEZEIZ GAM (SA,
PA+SA), LB (PA, SA, PA+SA), MH (PA, PA+SA) ®¥;
BTHBEINLZLhs, MOEIPORELRITLTVS

%) BHI medium
100

80

60

40

20

PA SA PA +SA
%) GAM medium

100
80
60
40
20
0

PA SA PA +SA

2 BEEMICHTLIEMEZS SORBEERHEN D KMST-6 (C33 ¢ H1BEAEE M

PA:P. acnes, SA:S. aureus, PA+SA: &

4 1% % , LB:Luria-Bertani medium, MH:

Mueller-Hinton medium, BHI : Brain Heart Infusion medium, GAM : Gifu Anaerobic

Medium, 35°C , 4B E : 500ug/mL, n=3
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LB medium
DMSO PA
DMSO SA
X2 PA+SA

MH medium GAM medium
PA PA
SA SA
PA+SA PA+SA

3 BREEWICSITIEMEES LUHEELHHEND KMST-6 (I T2
PA:P. acnes, SA:S. aureus, PA+SA: B & 1 & , LB: Luria-Bertani medium, MH : Mueller-Hinton
medium, BHI: Brain Heart Infusion medium, GAM : Gifu Anaerobic Medium, 35 °C, 1 H 4 2 &
500ug/mL, DMSO : @%E DBAMRFERGE MTT &%, X2: PA+SA ICR SN 3HEET(LCEHAEE,
X 2152k, FHEDOREEZ L IE BHI 15 (SA, PA+SA), GAM (SA, PA+SA), LB (PA, SA, PA+SA),

MH (PA, PA+SA) ICHERER S h 3,

ZEDRBENT (K3 D EOKELS, HbHIMOHILE
FEOR SN MHREHIZ X 5 S, aureus DEAREE, B
LU GAMESHNZ & % P. acnes DEARG#12ER L, ACH
WZowThHEZTH) T & & L

3. 3. IEEMEMICETNSREHEDORENR
FAHIB DO B SN2 MR IC X 5 S. aureus Ki3%
WY (MH-SA). B X OGAMBHIIZ X % P. acnes ¥ %%
Y (GAM-PA) (22 W TEAH LSRG DL T %
1o kel 9. MHEHIZX 5 S, aureus DK
WMEOR, 5N HMEBWIZOWTY Y 47 )V TLC 5H
(CHCl,: MeOH=20:1 5 X 08 7:1 TRBI%. 0.5%[E
MEFEt) #47v. R EINZARY MO WTHEGHE
HE TLC (HPTLC) # W THB 5 &2 1T > 720 RIZHDH
NIZBAIZOWT ' HB LUV PC NMR, MS Ol % 11\
ILEMOREZRARIEZAY TR FOREWTH
LHlftgEnse SS5ICHPLC R ETHMEZ AL LE
B HH, FHoORMPE LTHEMEH TS Z L
5. S. aureus \ZHET 5D ONIZOVTH HOTESEF
AN T BN D S, —H. Ll 3. 2. OFFFR (X 2)
B, MHXHIC X % P. acnes ¥ 2e4iih Y (MH-PA). B
XU GAMBHIIC X % S. aureus ¥ 24 (GAM-SA)
WCHEEPR O N o722 s, 5V MEHRICK

HHPLCZ U0~ 277 ADEBIZE Y, {EMEICED 2085
BROHE L VPMET L2 & Lz, FiEmitie 2 5
J = WVIZHERD 5 Wi L. Sep—pack C18 7 — 1) v
VIGBETHIETAY ) — Vi 21572, 0.1%DF
BEET. 10% 7 =1 U225 100%7Eb=FV
FCHHREZ LS Tr I VY MR EIT o720 7
0~ 25 LI1ZLC-ESI-MS 2 & % TIC (Total Ton Count)
T7uvy hlLrzu~vwbhrsasurr 4 v e LD
DEIX4IRT, BHEER 43.6. 46.9. 100.5, 115.6min
L OEEL BT EEOR SN GAM-PA B X U'Ek
DR SN H 572 GAM-SA TILIICHFAET S Z &0 H M
BBl 535 L 13E 212 v, 20, <A F =14
IZOWTHHFELARZ LM L3EL <, Al
RO EBETT 2 8IS 5 b oo, HHEICERT S
B SN WREOMETH S 2 LAVREI N, [H
EBEIIWHETH 2 L FHEINDERE -7 (K4, 2B,

MH 5530 % FH 72 S, aureus DFVEE 5122V T H FIFEIC
LC-MSH W & 4T - 725 =R 2 W3 2 L IZWEETH - 720

4. &

Propionibacterium acnes (r'/ LMENTIZ LY Cutibacterium
acnes \ZEW ) 137 T ATEBR AR R T, RS %
EWCHET AL POEERO—DOTHbS, =F € (ZFENH
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4 S. aureus (GAM-SA) B &' P. acnes (GAM-PA) BEZERBMEND LC-ESI-MS 707 v 5 L
GAM 23t | H5IEE , 35C, 10% 7ERZRJILH S 100% PEMZMJILTT T I I MNEH, Hitdhid Total ion count DIEXTE %
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Small-angle neutron scattering, which has not been extensively utilized for foam characterization, can provide
important insights into the microstructure of surfactant-stabilized foam. Small-angle neutron scattering in combination
with several other techniques was herein employed to determine the microstructure of foams stabilized by homogeneous
polyoxypropylene-polyoxyethylene alkyl ether type nonionic surfactants (C,EO4PO,, y = 1, 2, 3), alkoxy-group-modified
homogeneous polyoxyethylene alkyl ether nonionic surfactants (C,,EO,OR, R = OCH,;, OC,H;) and homogeneous
polyoxyethylene alkyl ether sulfate sodium salt anionic surfactants (C,,EO,SO,Na, x =2, 4, 6, 8).
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Figure 1 Structure of C,,EOgPO, (y=1, 2, 3) and C,,EO4R (R= OCH; (OMe), OC,H; (OEt))
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Figure 2 Structure of C,,E0,SO,Na (x=2, 4, 6, 8)
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Figure 3 Schematic illustration of the sample cell used for
SANS measurements
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Figure 5 Dynamic surface tension of C;,EQg, C,EO5zPO;,
C1,EOgPO, and C,,EO4PO; at CMC
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Figure 4 Relationship between ratio of foam height and time for C,,EQg, C;,EOsOMe, C,,EO30Et, C,,EOzPO,, C;,EOQzPO, and
C,,E04PO, (a) 10mmol dm™3, (b) 50mmol dm™, (¢) 100mmol dm™
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Figure 6 Variation in viscosity with shear rate for nonionic surfactant solution at (@) 10mmol dm™, (@) 50mmol dm™ and (@)

100mmol dm™
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Figure 8 Effect of concentration on the viscoelastic modulus
E for nonionic surfactants(@) C,,EQ;,(@®) C,,E0;0Me,(@®)
C.EO4OFEt, and (@) C,,EO04PO;,

Dotted lines correspond to the CMC determined from
surface tension measurement
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Nonreducing disaccharide trehalose is used as a stabilizer and humectant in various products including cosmetics and
skincare products. However, its use has some problems. Trehalose is hydrolyzed by trehalase, a widely expressed enzyme in
multiple organisms including microbes on the skin and environment. When trehalose is hydrolyzed, two glucose molecules
are released, and it can be a nutrient of the microbes and promote their growth. It may disturb the microbial flora on the skin
and may be a cause of the deterioration and putrefaction of products containing it. The released glucose can glycate proteins
and lipids in the skin cells and accelerate the aging of the skin. New trehalose analogs that have adequate moisture retention
and protective activities and cannot be hydrolyzed and digested by trehalase and microbes are expected. More than 40
trehalose analogs were prepared including microbial metabolites and synthetic compounds. Among them, a mass-producible
metabolite of an actinomycete 4-trehalosamine and its derivative detergent compounds IMCTA-Cns (n=8-15) were selected
to be analyzed their properties in this study. Compared with trehalose, 4-trehalosamine exhibited better or comparable
protective activities on a starch, proteins, and microbial cells. 4-Trehalosamine also exhibited a high buffer capacity around
the neutral pH. 4-Trehalosamine was biologically stable that was not assimilated by microbes and not hydrolyzed by
mammalian trehalases. While IMCTA-Cn detergents could be effectively used in membrane protein extraction without the
denaturing activity, long-chain detergents IMCTA-C13 — IMCTA-C15 showed 1000-3000-fold stronger autophagy-inducing
activity in cultured cells than trehalose and are expected to become a drug lead and research reagent. These results indicate
that 4-trehalosamine and the derivative detergents are potential trehalose substitute for various purposes. They can be useful
ingredient of cosmetics and skincare products.
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With the advent of an aging society, the importance of prevention and treatment of various chronic diseases has been
pointed out. Inflammation and fibrosis control are considered to be important as the underlying pathology common to chron-
ic diseases. We focused on the wound healing mechanism during the embryonic period and investigated neural crest cells
(NC) that have the ability to migrate during the embryonic period. In this study, we focused on neural crest cells derived
from iPSCs to overcome disease phenotypes, and found that they secrete a secretome that acts in an inhibitory manner
against inflammation and is useful in disease models. Since neural crest cells derived from living organisms have a relatively
limited capacity, induced pluripotent stem cells (iPSCs) derived neural crest cells may be advantageous for cell therapy and
may enhance regenerative functions. However, there are some barriers to clinical application, such as standardization of
production methods, product quality control and standardization, and in vivo viability, when considering extrapolation as a
regenerative medicine product, but the potential as a new cell source with interesting possibilities is promising.
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Development of an Innovative Method
for Modulating Fibrosis by Human iPS
Cell-Derived Neural Crest Cells
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Keio University, School of Medicine,
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The incidence of hair dye and cosmetics allergy have increased considerably among young people. Contact
hypersensitivity commonly occurs with hair dye exposure, manifesting as urticaria or eczematous eruptions in localised
exposed areas. However, in some cases, prurigo can be diffusely occurred. Neither the histopathology nor molecular
mechanisms of hair dye-induced prurigo have been elucidated.

Basophil activation test (BAT) is a safe, ex vivo assay to confirm allergy diagnosis. In this study, we first examined the
utility of BAT for diagnosing hair dye allergy by analyzing the results of BAT performed in four cases (two cases, contact
eczema; one case, contact urticaria; one case, prurigo) that have positive patch test reactions to p-phenylenediamine (PPD).
Basophils isolated from two cases (one case, contact eczema; one case, contact urticaria) were non-responder. Responder
basophils from two residual cases (one case, contact eczema; one case, prurigo) did not respond to PPD. Therefore, in cases
of delayed-type reaction against PPD including prurigo, PPD and PPD specific IgE-induced basophil activation might not
be involved. However, the utility of BAT in diagnosis of immediate-type PPD allergy such as contact urticaria could not be
elucidated in this study.

We further showed the histological features of hair dye-induced prurigo, including the characteristics of an immune
cell infiltrate. The histopathology exhibited hyperkeratosis, acanthosis, and subcorneal collection of neutrophils.
Immunohistochemical staining revealed moderate basophil infiltration in subcorneal microabscesses with infiltration of
CD4+ cells, IL-17+ cells, and Foxp3+ cells beneath microabscesses and perivascular area in upper dermis. Together,
whereas basophil activation was not observed following exposure to PPD, basophil was infiltrated in central portion of the
lesions. Further studies are necessary to reveal the role of basophils in hair dye-induced prurigo.
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Measurements of vapor-liquid distribution coefficients (K-values) of compounds contained in hops-extract ethanol
solution in high pressure CO, system were carried out at temperatures of 313-373 K and pressures of 5-14 MPa with a
continuous flow apparatus for fractionation of hops-extract by using supercritical counter-current extraction process. Using
available experimental data for 105K-values, a correlation equation for the vapor-liquid distribution coefficient of solutes
was constructed based on entropy-based solubility parameter (eSP) and dimensionless temperature. The dimensionless
distribution equation that takes into account the eSP concept, originally developed in the previous work (Ota et al., 2017),
was also applied to the available experimental data, and four universal constants were re-determined. From the established
calculation methods, the K-values of solutes could be applied to the counter-current extraction systems with supercritical

CO.,.
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I, MRKOHTER A SRR S, RREERSIEE, mEEE
373K, 25MPaTd 5.

kB, dy TR RBEO05wt% & b X HITH
# & N7z ethanol A HPLC & v 7 (H ARG E#RE, PU-
2085) 12 & D FEEMNICHAR E B —T, CO, ITHHBERED
S N72HPLC A ¥ 7 (HAEHHE, PU-2080-CO,)
WCEDEENIIHG SN S, FERET TIPS L,
IFY—, RO HEE VAR ERM NI RRE SN, RN
OIRIEDFr BN T SIS, EIIDSVEB R [ FE 2 7
BLUEGATERICEIharybo—Lrihs e iz,
SR ONMEA—E IR E NS, SHlSB L AR
IV, FRENRT RN -FIATAADS R BEH
Ny TEHACTRNENS.

CO, MR HAMM TR A A =G, M TS
XA ZAGEFNCL Y ER L, ethanol IBHIZFEEIZL ) E
wL7 4B, ethanolEWHFDOAEBBEH I Ay S ¥
AEGEHWRTDI B, GAEMEDO K E W75 (myreene,
caryophyllene, humulene, cohumulone, humulone,
colupulone, lupulone) & L7z, &&FROWEFR%Z Table 112
AT BROBEXTEF, RiZENFNFlavor (FR) 47,
Resin(L¥ ) ligré L7z, ZD9H, myrcene lZ2WTIZLA
Hi %2 L 72 CO,-ethanol-myrcene 3 4 T i o STk fili *
E 0 Kue (FVoue/ Feoe) 2 FH L72. myrcene AL O 6 1%
2OV TIE GC-FID B X O"HPLC-UV I & A AfFETD
TS A AR O VB ST H K e Z B L 72

Table 1 Name and abbreviation for the targeted compounds

Compound Abbreviation
myrcene F_myr
caryophyllene F_car
humulene F hum
cohumulone R_coh
humulone R_hum
colupulone R_col
lupulone R_lup

FEERSMEIE 313-373K, EJ15-14MPa & L7z, 7
B, K CTORIMEL T57-DREIC X - THEH
FIZEZ 5. F72, Feed BENVRIKIZIAY ~free DET, Hli
ALREEEE LT, SR biRFE: Y ) — VO HEEREE
80:20 £ L, »2AE% 0.075mol/min & 7% % X 9 IZFE
L7

3. & R

Ty TEATHTDOETE CO,y-ethanol AR I BT 5
SACEfr e R0 B, 1#1& LTl 353K, EH
5-12MPa ¥ X O 333-373K, JEJJ I0MPall BT 5
Ko WEM R E Fig. laB X P 1blZZNZFNRT. Fig
lak ), K DIEIRAAEEESS & VY VTR
HAFEER L. Thbb, FRKGTRIENELED
12 Koguee PVHBIZHEIMS 5 —F7, LY Y5 Tld 6 MPaf)
T Kgue BN E 2 572, TS IEFig 2 ISR THBEED
KM (Keor BE O K o) 2 OHMTEZ D DEEZ D, D
T, FEESIEL Y VS LD ST TS W
729, Fig. 2D Koo, \CH O 5 X9 7% B 2 JE IR
ZRL72s, LY Ve CHH R TH B 2
Lo, WG THLTY ) — VDGR (Kethanol), ERRAS

O Fmyr A Fcar O F hum
& R coh 7 R hum & R col X R lup

1.0000
(2) A
0.1000 4 8
- Q
“tool00) O 9
5

0.0010 ¢ @
$e ©

00001 1 1 1 1 1 1 1 1
4 5 6 7 & 9 10 11 12 13
Pressure [MPa]
1.0000
(b) 5
0.1000 ¢ é é
£0.0100 ¢

501

0.0010 F $ B

0.0001 . .
320 340 360 380

Temperature [K]
Fig. 1 Experimental results of Ky in CO, (1) -ethanol (2)
systems ((a) Pressure dependence at 353 K and (b)
Temperature dependence at 10 MPa)
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— LOOF-------mer
Yy
=
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N
0.10 A
A A A
0.01 1 1 1 1 1 1 1 1
4 5 6 7 8 9 10 11 12 13

Pressure [MPa]

Fig. 2 Pressure dependence of K¢, and Kenano Measured at
353 K. Circle and triangle symbols show CO, and ethanol,
respectively.

bbEEEFESMPOLY ) — VKK T 288 % %)
T2bnELEZ 7.

WIZ, Fig. 1b &V, K DR EZ, FLEDB
XLV U k%L%Bwam%TLt.:niﬁﬁ
LERIHED) KABEOIT &, WE RS O H M BN
%ﬁtt%%k%ié.:@m%#%,&@15$ﬁ~
FBFy TITEZAEHEEDD K e DHBERALIZE LTI
SAMEE L EOFEWMMEOM, ethanol DA A ELIC & 5 5
BLL2ZBTLVLERHLLIDEEZS.

4. &

FEM U7z K e ZEBEOGFMTFUT 5720121, Ko
LEELM L ORI GHBRSLEE 2 5. FRIC, Bk
M 22 Il T F U~ T, X ) EWvE
B CORMFHILOMBE D LETH L. OB O
WZdH7zh, Fig 1BLU2XY), HFESFTE K, LY
VI TUE K opano DBV E TH - 72DT, TNHDE
BAMBEANICK S ENLEEEZT. ZDD
21E, WO S bR EBEO ERALSLE L E 2,
Hildebrand ¥R IE/85 A — 123 LT, EiREERA R
WZHERR L 72 eSP (8) il 7 1245 H LT Kyye DB Z AT 5 72,

exp< Ssv- SSSolute
_ Y'solute __

, Zo'y )
K solute — X0l -
solute 55L SSSolute
exp
< Ssy— 55501ute )
exp
7 _ Y'solute __
K solute — - )

xr
solute 65L 5ssolute
exp

_ !
In Ksolute,calc =AK solute +B

EFOBRTERTZEET 2% LW HH D BERMORRE

eSP i 1Z Maxwell R Z I L TEq.(1)TEFK S N, &K
WF92 Tl Egs. (2)-(8)I277r 9 Peng-Robinson (PR-EoS) JIKHE
FEXFPOENZERE—CED b LRETHRMD TSI &
THIB L7 &8, PR-ESSIZBITACO, BLULY /) —
VOFER, WORT, 2R MHEEEH ST A =5k,
BLOLIGVRNCHE LSk Y oz 2o F 7.

F 72, WHEIIAH % 0 TCO,-ethanol 2 553 Sk V- B
RICIIEBE5 2200 LTRHE T 72,

RS L 72 P L O % Eq.(9I2R 3. Kp %
Be L TR EMAIC BT 5 EHE free DBEHIZOWTO
eSPREIL DA, MEXKICILIE (T/T,) 2 w7z, %&b, A
DM T12298.15 K& Lz, T2, A4, Bk
UBIZ7 A YT AYTINTA—=FThH Y KWK LT
FEERE L OB X h P L7z,

P L72/8F A —% % Table 2, K. DB E% Fig.
3BLUFig 41ZENETIURT. KLY, K lZEq. (91
L) RIFICRBITETBY, EEOFMHIIBVT 2G5
%ﬁﬁ@ﬁ?ﬁﬁb&m@ﬁ&ﬁﬂ%t&ot Zhic
X0, BOTHEOFY TZF AGEHETBT HEEET
— 7 MNP 45.2% THBET 2 2 R TE 2. 72

a-@) -G, o
S 7 \ov/p  \oT/,
= RT _L ......... (2)
S v—b v(v+b)+b(v—b)
_ossaRT "
P
pOOTORL "
F,
a:{l_,’_m(l_]—;()S)}z ......... (5>
m=0.3764+1.542260—0.26992¢* +++++---- (6)
A, =Zinxl, (l—kl./.) ’aia/. ......... (7)
b +b,
”"X_szx (1 [ )( ) ......... (8)
gy
Ksu]ute - A7 [551: T(,)j (9>
(857 < O8Solute < OSL)  woeeeeees (10)
(Osv < 85L < 8SSotute) ~— veveeens 1
......... (12)
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Table 2 The obtained constants in Eq. (9)
Compound Ai[] B[] R2

myrcene 0.8371 2.2256 0.8222
caryophyllene 2.4664 2.5202 0.8555
humulene 2.5728 2.7430 0.9022
cohumulone 0.0729 3.6522 0.9435
humulone 0.1102 4.3055 0.9231
colupulone 0.0665 4.0611 0.9040
lupulone 0.0737 4.3372 0.8857
2
0 -
D‘ E-
2t e g
- g - DD H
g 4r il
2 .l o
K g
[=1 on
T 8r o 2o E
® 0 = Model with Eq. (9)
A0F wawnEY ©  Model wiht Eqs.(10)-(12)
-12 :

-12 -10 -8 -6 -4 -2 0 2
In Ksolute, Exp [']

Fig. 3 Kue correlated by Eq. (9) or Egs. (10) - (12

O Fmyr & Fecar O F_hum
O B_coh V7 B_hum <> B_col X B_lup

10.0000

1.0000

0.1000 ¢

0.0100 ¢

/(so/ute [_]

0.0010 ¢

0.0001

0.0000 . . . .
0.0 0.5 1.0 1.5 2.0 2.5

VI8 TIT, [-]
Fig. 4 Experimental K, correlated by Eq. (9)

2L, ZoOMBIIEHBEORENTREE 72505, #£EH
WCDETA VT AVINTGA=F R 2DELERI L - T
Wb,

ZFD—JT, LIRiICHESE L 72 CO,-ethanol AR IS

BUBERY FTLFAEGH TS ORMTPH O R V1,

BWEAMGET DT 4 v T4 T8F A= P Lo
BThb. I TRIFFETHE LEH105 DERET— 512
Eqs.(0)- 0212 R HES R 258 L T A7z

22T, EqU0B X OWEqU)H D gy, dg, B £ U Fssome

FENENGM, BHBLOBEDSSPEZRT. &b,
Eq. 10) B & 0" Eq. 1) o 53 BT AR, 0 F 135U
WEFENZFNRL, SHIIZTEE O eSP % HLHEIZ A
AR E D EBENTVSE, T0H L, Eq.U0TiE, %
B D eSPAEM & WA E N L5 E (651<05 50me<Js1) ,
Eq. 1) T, HE O eSPLISMEBMOZMEL Y b Zh
ZNREVEE (05/<05,<0s5) ERLTVD. b, K
HIZHET 5420087 X —% (0, 0, 4, B) IZKM V-1
HOEBRTFT— 7 I2H8bETENRETNRET HLEND 5
A, S/ EEICE Y EEn (5682.8, 522.6, 13.9,
-11.4) EFHRETHIENTE, 0k XFEBRMEFE
I BT B TFIIRAEIF 149.9% & o7, Zhid, BE
#t (Ota et al., 2017) OHEFEAE (308.1, 167.7, 16.6, -7.10)
BARER T — I EH L L & O SR 356.8% %
KIFIZTHIZEAETH - 72, 155 N7-FE8E & EHREMEO I
BB % Fig. 31K T

ChoofRzTros s, #ERICBWTHRELL
NT A= iRz (149.9%) &, Lo TcoiE
(45.2%) IZHARTRE D 57288, BiZ OMERTIZ—HEES
FGA—FHROTLIAEINSZERE LTS 2
ERTELENAY) Yy NehD, Thabh, RAOWEEHE
ELTZGES, TOWEDeSPIEE 2 b, 5 &l
D eSPIEZ EBREME LTANTHAIENTE, e
L CTEqgs.00-120#5 & ) S Pk # 5t c& s 2 &
27 5.

5. # #

ARFZEN THEEE L 7B CRARFFE TR R & L2k
WKBWTRERBELZFMITEE 252 Ldbhrolz. £
D—FT, BEFWAGA—% L LTERZ Rl L72HEER
TlE, BEDeSPIHE 2 b2 L, FME L WA D eSP
fili & A S CTRICFArL 2 ERYICHIBRTE 2 L) 1k
LT lhbhol:.
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t MREDOESIN NS — L DI & S in vitro #ERTETET A MEDHHFE

R BAFRHER AP EA / N—2 2 Y HIK

K iH

Safety is one of the most fundamental criteria that cosmetics must fulfill. People, who may become pregnant, are
concerned about the safety of themselves and the fetus. Recently, human pluripotent stem cells have gained attention for
developing in vitro tests of teratogenicity and malformation because using animals for testing cosmetics is prohibited now.
However, the effect of toxicity on the whole body (teratogenicity) is not easy to assess because it is difficult to form a
macroscopic spatial pattern from human pluripotent stem cells (hPSCs). The cause of the difficulty is that the movement of
morphogens, which are responsible for the cell-cell interaction and cell differentiation, cannot be controlled by a standard
culture dish. We previously applied unidirectional-microfluidics to control the advection-diffusion of the morphogen and
succeeded in making a macroscopic pattern where the upstream cells differentiated but downstream cells did not. However,
the mechanism is not well understood.

We made an "in vitro organizer formation hypothesis" and tested it. In vivo, the organizer secretes inhibitors of
mesoderm induction signal, which form a concentration gradient of signal, resulting in a macroscopic differentiation pattern.
To test the hypothesis, we measured the signaling inhibitors in the supernatant of the cultured hPSCs. We found that the
cells secrete a BMP inhibitor, Noggin, secreted from the organizer. However, the concentration of secreted Noggin is too
low to inhibit BMP action. Thus, we assumed that diffusion on the cell surface is slow because proteoglycans such as
heparan sulfate bind Noggin and BMP. Based on this assumption, experimental results could be explained by the reaction
advection-diffusion model, supporting our hypothesis. Moreover, using a potent teratogen, thalidomide, we found that many
genes, including cardiomyocyte marker ACTC1, were up- and down-regulated, suggesting these genes could be used as

teratogenicity markers.

Our findings may use to develop in vitro tools that help the safety test of cosmetics.

1. #

TaEME, RO T REEREMLTH 5, FFIC,
RO TREMEDH B LPEICE 5 TiE, HHIEZLHLAADS
&L BRAOEBEL IR D, Lizho Ty RO W RN
DHBEEMECHLLLTHALTH S ) 720121d, AL
LT TR ERRIRITH LT, ML %5550
B (ST 7 A PSR L %D, L IAHIEE, B
FHO D A OB EBRIIEEE TS, £2 T,
fa R DRI 7 2 55 (RS L) ShwEx b oe b
OB LR N 1% 65 (induced pluripotent stem:
iPS) Ml 7 & D% BEVEE (pluripotent stem: PS) #lllig % JH
WTIREZBM L, #E MO T X 235 HENER SR
Twz ', L2225 b hPSHIIE. 22 72 F A<
=W TEILKVEVIREDDH L, 2F D, EHOR
5 — VAN DZENDD L e\, FORMKIE, HEOR;
A MW, MM OMEERZED Wy > 37 %
EOBBIPLFROFIHATE R VD D,

il

Development of in vitro teratogenicity
test method by imitating macroscopic
pattern of the human embryo

Kiyoshi Ohnuma

Department of Science of Technology
Innovation, Nagaoka University of
Technology

AR, A 2 a i LHEAMIC X Y v b PSHNE 2 HE L.
BB DY — VIR E BT 2R A SR TV S Y,
FAedbIhF T, b MPSHIRE A EIERER <A 7 0l
BCHIET 2 PEEMELTE %Y, 2T, —Hlo
<A uiiE e, gk o e MPSHIE S D%
Wy o7 OBELELE — i b L. & MiPSHIlEA S E
IR 22R Y — V2 b o THMLER B LKLY,
ZLTULEOERDSFH 413, LT D lin vitro+ — 4+ 4
P—IRAH] 2Z2Tn5b (K1) TORITITET,
EfASBMP R T &L EiO e MiPSHIKL A IR SE S
SALT B RIS, HIREOMBEABMPILEARTH 5

1 [in vitro #—HF 1 ¥ — RS B =X
RN PRESES T FIVORBRELR L NIEERBTEET,
EHEATIIEE - BEOMARETDILIIC. YI17OREA
THEHRNY/ S 2—2PHIRT S,
COBRREFETRET. YM7OKBANTHREEMNRT S
“Embryo-on-a-chip” Z#82E 43 2 & P RlEEE K D,
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Noggin. Chordin % & ®» BMP BHEA 2 i L. +—7F
AHF—L LToBEEEHH, &FEIC, BRI WS hi
HEFDS, Fioe biPSHlLo M2+ 2, 2F 0,
RN BU 24 — T 4 =12 X 2R & MO
LAHETNBEEZTVD,

FFROHWIE, RELHFT220H5%, 12HIE, K
HOWGETH 5o MBS OFWIOENE, ¥ I 2L —
va v eI, [in vitrod —FF 4 ¥ —IEEAEH ] 28K
AT 5. 20 HIZMEHFEM T X FOYEIETH B, LML
FEBRE, V) N4 FIRNET W, ORI
e 2 & #9EAT B

2. /5 &

2. 1. ¥fREE

b M iPSC ® ;3 hPSC ML #k 201 B7% 1&. PLHFBRC
VN ¥ 2 (HPS0063, 2 < 1E) 5. LB #EDF > =3
FUNLFY Y =2 T T2y b e@UETAFL, #la
E. Y-27632 (1 v 7 BLEA], SRR 5uM. 036-24023,
7V 7 4V AR &) B XU 2.5ug/ecm® T 3
= UWiH (Matrix-511- ¥ Vv 7, ¥ 954 kA ath)
% &L HEFR L (StemFit AK02 N, BROFE, H5D) 2 Hwv,
BETOTO b IV TEEE L,

2. 2. IEHEEFEDEnzyme-Linked Immunosorbent

Assay (ELISA)

WY U 725528 B3 (120 ul) I3 S IR U 7o RO L 7285
# %, 1000 x g T 2 4 fE.0 58 L. Noggin il € H D
ELISA ¥ » b (SEC130Hu. Cloud Clone Corp.. & = —
A b vy kE) ZEGETTOT O N A MIHREWITE L7z, &
FEOMEIZIE, 4 7a 7L — M) —F— (EFI 680,
Bio-Rad. #Y 74 V=7)%ZH\T450nm TMEL 72"

2. 3. REia

Wiz 4%785 kL A7 V7 K (163-20145. fG) T
Bl L, ZBUE L, 0.2% TritonX & B X 1% ™7 I
W7 V7 3 v (BSA) (019-27051, A, KB, HA) A
DY) VIR ALK (PBS) TRy 7 Lis FEv T,
Mz 7ay$ o 7Ny 77 —T—RkB LU kPitk% il
DTHS RSz (HIRETS2), ML, SOLuEmME
(BZ-8100. F¥—x > A, KH)ZHWT#E L,

2.4, >Ial—>3r

BMP4 & Noggin it 1 xf 1 Tt (BMP+Noggin < BMP-
Noggin) 5% & & T, BMP4 ® {48 T & % BMP4-
Noggin # & (BMP4-Noggin) = £k L2, BitiLgk
9 %, BMP.Noggin.BMP4-Noggin D& % =21 [B],
[N], [BN]TZT &, LTFToXE% s,

2T, HIWERL Dy Dy B L U Dyl F N Z M,
Noggin, BMP4, 3 X ' BMP4-Noggin # & & @ 5 #f#
BTH, i3 —HHOER~ A 7aF v v N—=Z2H L
2L EOWRHETH 5,

Mot M OBMP4 2§ S M7= RS E [
% BMP] (h ng/mL) 2SI % 88 2 725 T2 2 % L AGE
L7, [#EEZEBMP] X, & (t=0s) TEO L L. BMP4
BEE (ng/m) ORER (h) THRALTVWE, ML LTED
72100h ng/mL BMP4 # & 2 7= & %2, filao it~ —
h—5 v BOBBNEAT B LMGE L7z, BidE LG
W Noggin 1, Kb oo T IR Gl 2% 1 o 91k ik o # il
WD LER. y=yu) 205 EIR GFHER, y=y,..) OHO
Noggin D22 34 L 723 ([N (ymin<y<y,..) 1) & LT
R L 720 x & yld, ZNENREEAEROKFEH N & EE
HicThsr "o,

2.5. Y1) R<A FO7H0

Kb ® hiPSC % B — M B 12 58 L CHRE L 720 R
SALhiPSCOB 4. D1 HED»S5H Y P34 N2k
MU. 4 HHECHEINL 7220 IRZESAFECId, 1 0%
284 % 50ng/mL 7 7 F ¥~ 3uM CHIR99021 (R &
D Systems). 3 & OFY-27632 % & » hESF 6 1% #b 12 3¢ 2
L72(B2A), 1 HHIZCHIR99021 Z k2 L. 3HHIZ
Y-27632 %KL, OHHIZ0.1% Y AF LV ANKFTY R
(DMSO) THBL7-%Y F~A Tz e L7, 5H
H Ml 2 W L 72 ¥

2.6. RT-aPCR7 L1 %R

FHCL 247> & RNA Z dli L. cDNAZ A L 72
. RT2SYBRGreen ROX qPCR Mastermix (330404,
Qiagen) DA% RT2 Profiler PCR7 L 1 & M A T4 5k
P (PAHS-092ZE-4, Qiagen) ([Z#M L. 7900HT
FastReal-TimePCR (Applied Biosystems. CA. USA) T
fEMT L 720 45 1l © hiPSC i# {5 1. 16 1l » ESC#t =T 4
BONKIEEET. 6 MOPRIERIET. 9 HOIHRZE (i
L % &) BMIEF 72 2 &t 84 (s 2 1 &
L7

—110—



3. ® R

3. 1. #HRERHSOZBMDER

BMP4 ORI & 0 0ALFE S L 72l 85 28 B2 o0
WX 1% Noggin # ELISA # W C%E# L 72o Noggin %
BE VN7 4 —%—7 ) =% F <. BMP4i&m-
HERIN O IRAE T, A 5 B 168 4 1 (1 < 10" cells/cm®)
& L SRR 421 (5 % 10" cells/cm®) ThPSC #¥5# L.
ITHZEICEZE SR CllE L. 3 HHIZRE]RA
L CHINBAREE 2 F 32 L 720 BMP 4 13 AR %5 15 5 A 4= 1)
THIBL L 2 F5E L 7253 (SSEA-1 ) . il 2% FE %
SR (SOX2BtE) DT EFTHo72 (K2AB), =
DOFERIE. MBS LB ER Z W L TB 0. Sl
TIEZ DHLBRER DML 2 #I 2 B DI+ 57 i EE
ELZEZRBLTYS Y,

Z 2T A RSO & &2 RN E
N7z Noggin % ELISA ll %€ L 72 k5 %, Noggin @ F 345 i
X BMPA DE I b 5T 6 DDFEMAFTXTOFIHE
1320.69ng/mLCTH 5 Db hro72(K2C). 6 2D
OFHMOMICEZEEZ T R h o 72 (P=0.54~0.99, AF
2—F Y MME)s L7255 T, BMP4 OF#ICERZE <,
AL H 12 0.69ng/mL ® Noggin # 0 L Tz 2 &
ERBELTWS,

Z D Noggin Dk lx. FHAKESTRHILZEDTH-
720 WHN L 72BMP4 12 50ng/mL I2%f L T, 0.69ng/mL
® Noggin LRI ENTWARWnzd, BEENTO/RD D
5o IR OFEETIZ, BMP4 O#EEH 10ng/mL TH [FE T

B MNEDOERK/NZ — > DEMIC L B in vito @FMMET X MEDRR

L BRERPELNTVDEY, TNTH UKEDOELD S,
BMP4 & NogginiZ 1 % 1 Tt L CBMP4 254G ALK
REIZ7: 5 (BMP4-Noggin) ¥ 4. Z ® Noggin D H =1
PRI, BMPAIC L 250225 2 3LV E
FRENL, EBE, 32— aryLTATDH, R
AL P2 % 720121%, Noggin DB EN R D 7%
WIEDBHS R E RS2, LA Ty bbb A LLE)
RS L7z &9 Sl B < oL o3l 2 — o
<4 7 ORI X B T RO 4 & DI,
HiffiZe BMP & Noggin O HLfl 2 FUG - $LH0E 5o L CLEEH
HHASD D270\

3.2. BEEEICHIZLHEROREE
AL G & S 5 DI F 7 Noggin D 43 h &A%
JEY R EICRLS 5 720, MR T E L 7
LHLICEH L, MifAaoEXMIE, AT Uiz &
Fex by VN7 AN EEL THB D, BMP X Noggin &
BULEL DY T FVEESTRINS AT S, &
® Noggin & HSPB O & 13 A YRR B CTIEIEHE ITHm W
M ALTOTEM - BEERYETIET HRELT
Noggin %W - < ) LT 2 Mo AN V2 BHi L2 Y
— X M T Noggin DL #ARENE. A & g LT 1/400
(0.2um/s2) KT 52 L MG SR TWwD W, i,
t FPSHIFLOMIE a0 =— %2 HWw TR ) Noggin 2 & %
AR R ZFHAR T DL 7NV =78, HEEZHTT 572
DIIIIEFOEE 2 KD 1/10 13RS T & Bw & o2
LTwb Y, 22 T4 13, THSPG % & DMl 1 0 i

2 _iEH O Noggin @ ELISA

(A) EERDBIFEX, BMP4 &0 (2).
(ZELISA FICEZE#EUNL /=o (B) BMP4 &0 ().

|AM(B) DEHT. 1. 2, 3HE
#EAN (/) T3

BigE L MIRORERE,  KRH{E~T—H D SOX2 (), hIEFE~—
5 D Brachyury (7). &~ — 5D DAPI (&), (C) ELISA DiER, #t
#hid EiEPD Noggin iBE, BLh2MXOEL2MEESE,»S LFEIN

£ U7 (TP SE. n=4),

KFEDEFIE, ©€F—2DFH (0.69ng/

mL) Z7R L TW 3,
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GO E LT 2 8T M 50w S
N7z Noggin IIMMEETAFE R - WiRETLE EE 5720,
BMP4 12 &k 2 M0k 2 33 % & & HITHE Rk o
Noggin EMMEL 7% (R 3A) | & OVESENGH % Friz12ar
T7

OB EBIET 572012, 20D EZHH 7212z
TyIalb—Yaryzli, —2HDEZEIE Noggin.
BMP4, B X *Noggin-BMP4 # &1k & J5 5 4R B A3 H e
FMTL/400127% 5% L L7z 22 HDOIKEIX, HIEE
(Day-1) TIiEBMP4 # & F Wi CHIRL 28528 L7272
B, LB (Day 0) I2B W Tl LD BIHIRE SN
121 Noggin ® ADSFFE L CBMPAEHEL THh e L
2o TOFHLV2ODREZBML TEHEE L7z, il
(A T AYBMP4 HSHE 8% S M7 A S (LRI 3% BMP]
=100h ng/mL VL E Gl 515 %), #MEdng Ny 7 XD
Lo NIZB T S Noggin @i E o 3 ([N (barrier
thickness<y<y,..)] =0.69 2SELISA &) & L T, &M%
MRE 7oy L2 (K3B). K4k - 5 LB fE O il
M (BB BMP4=100h ng/mL) & DML, /N TH%
WE &K 70ng/mL 72257255 N THAEL B BHITHEN
ETLT, 160um /N 7IZBWTIZELISA &% (0.69ng/
mL) LIZIZF U E o572 (KI3B)o L72A%o TIESED |
MM 2EM O HSPG 72 &2 & ) Sk oSl iR S v, 75l &
N7z Noggin 12 & ) BMP4 12 X % 5L % ¥ < & % W Rk
IR E N7z,

3. 3. ERBERICHIS. HRREOILEHIFHIOHR
A CIE A, — AR~ 1 7 0 F v YN — 2 AL

TR TOMIEL TH7z. FAzbid, & MPSHILE & &~
I EHF NS H R S B — HIERRE T * N =
TBMP4 & & HITHEE L7MHR. oI ) 2= VA
OHMAHAL L. FIROMLAIESTHZ 2R LY, &
OFERZ . P OIIHIRERE 2 & T SUS - BRILH O T
HHATE 2 %EH Lz (M4AB), §iEOFHR CHH
L7220 EIZH 2 T, HSPG M T® Noggin D it i# &
KD 1/400 12T B E V) IREZF721BML 72, 2
DB D W TR 2 2o 727280, LBk & kR A3
HEL72(R7VEHN—E). MlED 5D Noggin 7-#h ik &
. HESREOKEN, S 2X107 25 2x 10 amol/cell/s
L7

ZOFER, PO PR 2 WA, 2 x 10 amol/
cell/s ® Noggin 77 EE D & &3 RTOHEWH 5L L 72
A5 5x107% 1x107% 2x10 *amol/cell/s ® Noggin 45 i
HMED L X EROMBOK 5, 2. Imm 251k L7z (K
4CD) 7z %, i #iFH o Noggin 73 B C B s AT E M
MICHHTELZLERIRLT WS, TR LT IEHD
PR &2 20 um, 40 um, 160 um EJEL AR BIZL72h3->TC
Noggin 7 E NV LT 57217 T b T5E0DE
EWKELEATLE DI BT O HPHNICRE Sz
(M4CD)o & MEDKE EHHKE UM TH Y, TOHI K~
RIS ML - RE SN 2258, ZORMLEENL
3ELAAEKPICEWELZRLTWA I E LD,

3. 4. HYYRIARZRWE DBFMEADEE
P P FIMENEEH L LTHGES 22 AR
PEATE 7280, 1960 A A LS, &, &

X 3B/ T 2B A BNEEND I 1L—2a >
(A) ANNSURBEEDNY TEENHZN, MBEREIEIANNNSOHREBICE)BEHONTHY). Noggin. BMP4, & U Noggin-
BMP4 OHLEUEEL. ~NINTUBREEDARTIE 1/400 IZEXTE Lo (B) #MEEHIEIN/INTUBRBAED/NY) THEED EIZH B EMADFS
Noggin /BE T, KFEDEIFIE ELISA TOHEIEE(0.69ng/mL) =R Y, HEE#IEMAZH 10ng/ mL O BMP4 (2 72 BFEIBRE S h /=18
HET EEOSRIE. HEMEOBEEZRLTEY. ZOAAITIIAREY HMET 3. NSFURmBLEEDEZIE, 0. 40, 80,

160, 320um & L7,
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4 EROIME EERL —AREREENY I L—Ya >
(A) HSPG %#{FERLENUTEENDZAFT—L, B)EREENII2AL—Y 3 OHKEE, THICEEBEINAME(y=0) 3EHTE
HbhTW3 (y> 0)o HEIE x=0 THAL. x ARISHEAT B, FEAFIE 20um X 20um. FfTZD4EI IS, HiEEFh» 1/400
THH DM B EZRL TV S, (C) ERPSOMELA-MEEOEEI RINT WD, MEISILAOIMFINEZX 0 (KEH).
20, 40, 160um, HE#EH1EL-MEOEE, (D) t=72 BRI TOMIRE BMP4, #tdl5E Y BMP4, 8 EiRp S DiaEE,

FOHY <A FOREEELZ T A MT 572012, £< FABP7 M Z B DICHET L2 L 2RBL TV A, BT,
OF V=T FPSHINEZMEH L CTwa Y, FTex BLEL  PIRESMEEETRE L UML) B L EETE LT,
F) P4 FHRGEo e s PSHINL & IR EE (O~ D5 Il & 7z D1 EMX 2 (empty spiracles homolog 2
{LDOFERE) D7 B P —Y AZWINE €2 E2RLEL BLYA— R 5, MOMREME L MM, & X O
721599 L, RT-qPCR7 L4 2 LT, & »PSHH DB T 2) DA 57225 THEES Wi 85T
fao L aetkisiii~ — 7 — L st~ —h — % 5t 84 FACTCI (DT VT 7T 2 F ). FOXD3 (forkhead
HOBIET- OB 2R, EOMETHRIZ BRI box protein D3, & MPSHIfi~—H —D—2>ThH 5ix%E
PEZTRD & R a BEt Lz, W), FGF4 (GAMEFMI RIRT- 4. BFo%Ez o
ZORER, ROILMEFF TR E C @RELLE) 2L L 72 FEYEICHE, v N PSHIl~—A —D—2). CDHI (K45
MIEFE LT, BRI ESNADIZLEFTY2 (%4 fbe b PSHIBL MRS 230D E- 4 KA V3B OM
WCEEL TGF-BOWH 7 » 32 &) £ SOX 17 (BN ), FOXA2 (MM oONKEEGb~—%) Tho72. DL E
Gt~ —D—) D 2OoTHH (K5A). FhHHHIHAIN L0, LHEEDOBIRTTACTCI 78KE L T hHHIM S
72DIEFABPT JRWiBAS G 5 V0T 73 —D A LI ENWENER ST,
IN—=T, BIWTHEBL, LF /A VBV 7 FIVICERL,
RIS G 2) 72572719 (5B), Bwi-Z ki, 4. % =5
FABP713% ) F< A FIZ X o T CE¥YTH 300 1) LI O TIE, 220 HEZ EDTWz, 12H
THBEEINTBEY, ¥ <4 FA2ES5LhiPSC TH OHEZ, fMErooswhosEiE, YIalb—v3
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M5 ¥4 K31 FIcLBRME - HEv—H—DE1E
Kbk e b iPS #EA2 (AB) & PIEESE L 7-#B2 (CD) IZH W T EA#IE S h 7-i&(=F (BC)

LT AHFE S h7-&=F (BD)o

v e T, Tin vitro 4 —# A F—TEEAGE] 2 MEES
5L ThHolze ELISAICK Vi zRELZEZ A,
BMP4#iifil > 7 F v & L d A 7% Noggin 25K &
720 L2 LZDOHEEIZIBMP4 ORMMNIZEFRZ < 0.69ng/
mLTHh Y. PHI)HHRCIRESZ 72, 22T M
Ha FR RS IE VG (HSPG 72 82 X B556) D3 b & D
WHOTFTYI2b—Yary LR EBEEEZIHHT
ELZEDVHLMNE L 570 BMP4HES T2 LTI
Noggin UAMZ D 73 L TW AW R DSH S 72, T b
OPEB UL 7D, F 72, HSPG % & M Ok
DBEWEICE L TIX, EBICENTZTDOIERD D 5 Dl
Er LB, FOHRTOY 7 FIVGT O BB
ERLEL LD, INODORTIEH 572D m 0 s R
LIFV 2 VA, EEMICIER SRR I B W THREES
BIZHE W THIRIES L Y 7 F L O BLERI A G S v b F —
HFAF—DEEND Z & LMD &AM TR
ZoTWwbZ e, 2% Y [in vitrod —#F 4 ¥ —IEEAH

EEHLTWAE VL B,

2OHO B, HBET A N Tholze BMWEAE
Pz 2% F~ A FaOia b (RIREESE) (2am
T5Z LT MAEHORBIMEZ 2 L) K& HEHED
ZALY DR T 2R Lo TOME, LHLIcET 5
BIETE LT ACTCI R & TS G 2 & AsH
SirE ol SRIOWHEEIIIBEL 2o /z25 b
iPSHIE A S0 k% L7z & & A BMP4 5k & 72 B1%
BEBEENTYD Y, L5z, Wat ¥ 79 v
DIEWAL & ZTHE K B EETH 5, Rz HIidHg
AWt ZFVoMHES » 287 (DKK1, DKK4, CER1) %
GWLTWE I EE, ZRBLHMEEREL TWEZ L
EHLPII L, 5#E. Bk~ A 7 aigicB vy T
itz L, ZOMETACTCI = EORMEZREIC TN
L LIS B A EEEEE R RWRERD L
BFEEND,
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Rfgecid, 4 7ok s v MPSHINLE AN L TR
ML CHSEEOT A N2 55 HEOW%E - ME%E
L7ze 2L T, ®A 7 0jiikevor MPSHIBD 5L %
WAS[in vitro F —# A4 W—IEEAH | CHATE 2 &,
DF ), IWIEEICBT B & FFEOBL R & Tw
5T EEHOLNILI, 2 MWEFEMEEZ L OHY R
<A RERRIML72 & ZI2, (kA BRI 562 L %
HEMI L7z MOREEZEEML, #HFBELZT AT
& % ¥ A5 A “Embryo-on-a—chip” ®FEHIZ—HIED) 72,
ARG fkfE L[ T XRTOANICRE - OB IAXA PO Y
—0EHO—BE L2 (H6).
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Recently, it was reported that many cationic drugs (e.g., antibiotics) directly activate connective tissue mast cells, which
leads to drug-induced pseudo-allergy via Mas-related G-protein coupled receptor X2 (MRGPRX2) in humans and Mrgprb2
in mice. On the other hand, a variety of cationic peptides/proteins (e.g., host defense peptides and neuropeptides) have
been identified as endogenous ligands of MRGPRX2/Mrgprb2. Of these, many show a significantly lower EC50 against
MRGPRX2 than against Mrgprb2. Accordingly, we hypothesize that unknown cationic molecules contained in cosmetics
or foreign matters which can come into contact with skin could activate connective tissue mast cells via MRGPRX2,
resulting in skin pseudo-allergy. The objective of the current study is to develop a screening method for the identification of
molecules that can induce pseudo-allergy in skin. For this end, we used newly-bred MRGPRX2 knock-in (MRGPRX2-KI)
and Mrgprb2 knock-out (Mrgprb2-KO) mice as well as wild-type (WT) mice. We found that peritoneal mast cells from WT
and MRGPEX2-KI mice, but not from Mrgprb2-KO mice, degranulated in response to stimulation with compound 48/80,
a known MRGPRX2/Mrgprb2 ligand, although MRGPEX2-KI mast cells more strongly activated than WT mast cells. In
addition, WT and MRGPEX2-KI mice, but not Mrgprb2-KO mice, exhibited skin pseudo-allergic reactions in response to
intradermal injection of compound 48/80. Moreover, skin pseudo-allergic reactions were stronger in MRGPRX2-KI mice
than in WT mice. Thus, we were able to develop both in vitro and in vivo methods to identify MRGPRX2 ligands, which
will help uncover the molecular mechanisms underlying skin pseudo-allergy and test the safety of cosmetics and therapeutic

drugs.

1. #

IEFITL L D FF VA (LR IE R &) B H O
ARLARI ~ 2 MRS 2 AL (BERD) S/ TRE O
RIERDPWAZFETLIENAMONT WS, TN
TULF—=LIFENS DX, ZOIEIRDIGE EHEIZ L 5
~ A MR O EAL (BLEARLD) AR 2 B 7 LoV
—DIEREFM T AH7-:0TH S, &L, 7 ZADFEAH
A~ 2 MHIIIC T 5 G ¥ v o3 7 LR Z 41K Mas-
related G protein—coupled receptor b2 (Mrgprb2) (&
TIZMRGPRX2) 254 F 4 Y PE#FN X D iEEL L T
TLLVX—%5|&RIFIEHBLEY, $72. &
MRGPRX 2 (= Z Mrgprb2) &% < ®NRHRMEY) 7> K (F
F A DR R T F FRMERTF R E) 26T 52
EYWSRITHh o727 TRODOREIE, RHICHA S
NHALPESL R B JE A 25 2 B s oI b7 L v
F— AT 50 FHPAAET 502 R L7,

MIED HIE, & P MRGPRX2IZEH LTBT L VY
—EHET D5 T % in vitro N in vivo TAZ ) —=2 7
T EHREMY LTy RIFICEAT HEHREN - (UM% 4

il

Development of a screening method for
the identification of molecules that can
induce pseudo-allergy in skin

Jiro Kitaura

Atopy (Allergy) Research Center,
Juntendo University Graduate School of
Medicine

MEMEIELZETH A,

Mrgprb2 / v 7 7 7 + Mrgprb2-KO) ~ 7 2 & fif #1 1
MRGPRX2 D # it # € 3 5 DI L2 2% & b
MRGPRX 2 O AR REZ HIH T 2 1CIEAT5TH 5.
¥ 72, MRGPRX2 & Mrgprb2 (23t 5 5 B # > F
W23 % MRGPRX 2 @ ECs, 13 Mrgprb2 & Lbi#k L THWw
Z&hB, MRGPRX21kk FOKETE L DY F Y F %
ISR LTIV EELEEHEZH) LEZ OGN, £
2T, HEEE . RIICEERIT TMRGPRX2 / v 7 4 ¥
(MRGPRX 2-KI) =%  (Mrgprb2 & ftb h 1= MRGPRX 2
BB L~ ) 2 FH L 72, RIS TlE, BAERI(WT),
Mrgprb2-KO. MRGPRX2-KI~ ™7 2 7 & f& & ik Kl <
A M % S - BB LT o~ A ML oo B R & FE A
& LTMRGPRX2 Y # ¥ F%&in vitroCAZ ) —= 27
THLROMETEHIBELZ, 512, WT, Mrgprb2-KO,
MRGPRX2-KI® 7 ADHEMNIBIFHET LIV —=Rn %
2L L CMRGPRX2 Y &Y K& in vivo TAZ ) —=V
735500 E HIE L7 % < ORI - LR OB
REFINET MRS EAT ) —= T TH L
LD, BT VIVF - 2R B0 FORENTTREIC R 5o
720 B O 5 MRGPRX 2 W 7 R A3 E &
NI, FEFIZBUT 2 HHER 020 A O Fr HUIRRERE P O i
WZD%N 5, k% BRI, i vitro O in vivo D A 7
V==V 7R % MM LTMRGPRX2 ) & ¥ F&HZEL T,
KBIZB T ABT7 LV —DOFHiiEzETAZ L TH A,
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2. 5 &

2. 1. IIOAHDSEREYAMIRPEFERFE YA M

ROZEE

WT. Mrgprb2-KO. MRGPRX2-KI~ = X ® JIg & %
PBS TP L CHREL L 72 5 e i 2 IL-3 (10ng/mL)
& SCF (100ng/mL) O fF4E F T 10 H M 78 L 72, flow
cytometry {2 X 0. HHE ® 90 % L I 2% FeeRIa By 7% -
cKithp koM~ 2 ML Th b 2 & ZiER L 72 WT,
Mrgprb2-KO, MRGPRX2-KI< ™ X D J&45 7> & FFHL L
72 B BRI %2 1L-3 (10 ng/mL) OFFEAE F T 5 A= L 72,
flow cytometry (2 & 0. Mg D 95% LL A3 FeeRIa B -
c-Kit Btk & ik~ 2 bHIIE (bone marrow-derived
mast cell: BMMC) Th 5 Z & R L72Y,

2. 2. YAMHBRDOERFERERD in vitro AIEE

E410> Mrgprb2/MRGPRX2 ) #' ¥ K % & & H 4 04
T (#H & &) T WT. Mrgprb2-KO. MRGPRX2-KI
< AHKOWE A ML d 5 W IEBMMC & fll# L 72,
F7:. Eito~ A MK % anti-TNP IgE (0.5ug/mL) T
J&1F (24h) L7z, TNP-HSA (10ng/mL) THIFL L 72.
W R R o~ R MRS O LR 3 A B-hexosaminidase
assay GHHAZ P72 S M AR IS i i & 7172 B-hexosaminidase
DEE # RN 5) R flow cytometry (= A I FE 12
CD63 ZHH T 2 MM OEE NI 2)IC L DlE LAY,

2. 3. HEICHEITZB7LILF—0in vivoFHiik

WT. Mrgprb2-KO. MRGPRX2-KI~ 7 2 ®H 42 BE
M Mrgprb2/MRGPRX2 V) 7'~ F % &t 4 D40+ (3
Al &) % TEF L, 20BEBKIC, AR (TN 2TV —)
A EIRES L7ze 1RERIBRICEIRINL 2B Eh btk

e E gL L G OZBMEET 74 7% —
FUS ORI & kR o @RI, <2 Mg
FRC &) EAS 2 &R L BT 20T, B7 LV
F-OREZFITE %,

3. & R

3. 1. MRGPRX2U#>R%Zin vitroTAY)—=

U BFROMEL

WT. Mrgprb2-KO. MRGPRX2-KI~ Y A7 Lk L
7o~ A PRI BT 5 FeeRIa % c-Kit OFEH LN
WVCHBERAEE o7 (M1, FUMRGPRX 2 HifkiZ X
il £ & ). MRGPRX 2-KI~ 7 A HiRIEIE~
A RIS FR 1A 2 MRGPRX 2 DSBS S 7z, IgE &
PURTHIBL L 72 & X o~ 2 MO PR I H &
ZEFED SN h o7z M5, compound 48/80 (BEHI D
MRGPRX 2/Mrgprb2 Y #' > V) THFE < 2 Tl 2 51 ik
T5 8, WT LO"MRGPRX 2-KIJEFE~ A b NG I8 EEAK
FEC R L7z LA L. Mrgprb2-KO e~ & bl
oo R RO SN oz T2, WTHEE< 2 Ml
B & ki L C. MRGPRX 2-KIBiE~ 2 MBI [ Ui RE
@ compound 48/80 1Zxf LT & U ik < BERR: L7z (M 2)

WT. Mrgprb2-KO., MRGPRX2-KI~ © A » & i
L 7 BMMC 1 12 B 1 % FeeRla % c-Kit D 5 Bl L X
WICAERE R EZ1E R0 5 720 PUMRGPRX 2 HLfkIC & %
Jo Fm g2 & . MRGPRX2-KI~ w7 A Hi 3k BMMC
ICMRGPRX2 DB IEBO SN o7 DF D,
MRGPRX 2 i3 #% A #H#k M ~ 2 M T I 5B 5 25,
R A< 2 I (BMMC) RIEICEB L AWwWI &
DHEFR S N7zo IgE &P CHIEL L 72 & & @ BMMC O
TR RIS B R ETRO SN h 572, 72, compound
48/80 TZNHOBMMC A I L THOFER L 22 &

R~ A Al e

WT

Mrgprb2-KO

MRGPRX2-KI

c-kit

FceRla

X1 WT. Mrgprb2-KO. MRGPRX2-KI ¥y XAHEERE~ X MARIZ$1F5 FeeRla & c-Kit O (R E) SEERL NIV
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80_ * %k
o Wr
O Mrgprb2-KO *
601 o MRGPRX2-K

40

el

compound 48/80 (ug/ml)

2 WT. Mrgprb2-KO. MRGPRX2-K| ¥ XS iE
< X ~#l B2 ® compound 48/80 (Z 3¢ 3 % R 58 k1 &
(B-hexosaminidase assay)

BigERi=E (%)

10

DR E N7z,

Z® X 912, WT. Mrgprb2-KO., MRGPRX 2-KI
XU AN OFHELIEES A NI O BUARR 2 8RR,
MRGPRX2 V) 4> N FET 272D D in viro A7) —=
Y TEEDHEN. E N Mrgprb2 ) Ay FELTHERL %L
WASMRGPRX2 ) A~ K& LTIEH$ %%+, Mrgprb2
VA RELTOERIZEEVAMRGPRX2Y 7Y FE L
TOER DR\ T-% in vitro THET A 2 LAl 7

Of:o

3. 2. MRGPRX2VUA>K%&in vivoTAY)—=

VU BHROMEL

WT. Mrgprb2-KO. MRGPRX2-KI < ¥ 2 ® W § -
BEIZEZIBDON Loz T2 EHWIREIIBIT
% (% A M % & d) 1fERR ML O M A R B A
BRAEFBEO LN Do Tz KIS, WT. Mrgprb2-KO.
MRGPRX2-KI~¥ 7 A2 ® H 42 compound 48/80 % 2 T
S L-ERICOEZFRES L. 1EHZEOHFMICE
At FREREEZERIL L. ZORKE WIXT 2D
FiacTo b7z FE KR IE Mrgprb2-KO~ 7 2 Tl
LALERDON P oT2s T2y WIRTALHEKLT
MRGPRX2-KI~ 7 ZADOEMIZB T 5 F KB =124 )9
572 (HM3)e TN DHHIE, compound 48/80 12 X %
(HAro) M~ A MO BERIC X 257 LV ¥ — K
J& 23 Mrgprb2/MRGPRX 2 KA TH 5 2 & HEARNT
MRGPRX 2 & Mrgprb2 X 1) $#1Z compound 48/80 % 7%
WKL CHBT LV —% 0T 5 2 EAURENI, Z0EH
12, MRGPRX2 V) # ¥ F& LY 55T % in vivoT
FE$ 52 EAMEEIC R - 72

BEEDBETLIVX—%FEBTI2HFNDIT) -2 JERE

B7 LIV —Ki (w7 R)

0.4+
I o 0.3 °
H -
i @) - ﬂga—
[e)
’tEJ 014 J%_._E(D'r
0-0 T T T
& \
& o 8
& &
3 Q
s &
R

B F#5 (compound 48/80)

3 WT. Mrgprb2-KO. MRGPRX2-KI ¥ 7 XD EAN I
compound 48/80 #FE T#H5 L g2DBETLILX—R
I

4. £ &

v AR FO< A Ml (Kk) OfHT. Mrgprb2 %
MRGPRX 2 % — @ (2@ ) 5 Bl S & 72 /1N O fifdr 7 &2
5. (compound 48/80 & &ir) % { ILEY) & ¥ FITx§
% MRGPRX2 D ECs, 1Z Mrgprb2 & ) w2 & 295 &
M7zo 4, WT. Mrgprb2-KO., MRGPRX2-KI~ 7 X
HkokE~ 2 Mz RS % vitro A7) —= 27
TIZEY, W USEMT THSITMrgprb2/MRGPRX 2 1)
HY FORIERTY F Y F e LTOMEDFEMATHEIC %
o720 JEHE= A NI B B BLR 0 iR X 25,

(OMRGPRX 2-KI=WT >Mrgprb2-KO

@MRGPRX 2-KI >WT>Mrgprbh2-KO

3MRGPRX 2-KI> WT=Mrgprb2-KO
DAL EDIMEENS, WTFhd MRGPRX2 ) A~ F
THHH, QDOWHIIL NTOAREELREAEZHET L LE
AbNb, Tz, B~ A MIBLOBLER 2 F538E L 22w as,
BMMC O BiSER % 55353 2 6. € D45 F1EMrgprb2/
MRGPRX 2 & 1358 7% % 28k (R~ A N MRl 533
L)) Ay FE LT A Mg % BER S8 5 &g s
N5, Mrgprb2 % MRGPRX 2 O 383 & 13 M EILRICIEE <
A MU ABER S 2 36, €O T R A HERE < X
NI 56 B %) Mrgprb2/MRGPRX 2 & 13572 5 %%
ko) 7y FELTHERTAEHESNS,
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512, MRGPRX2 V) H Y KDin vivo A7) —= 7
BEOMETIZE Y, ERROin vitro A7) —= ¥ 7 TRE
ENT) A R DHEARN TMRGPRX 2 AF- 1 2 5 7
LIV — %8S 060 %5 T 5 2 & HRIC R o 7o,
7 LIVF—DiR & 2SMRGPRX 2-KI > WT = Mrgprb2-
KO, #04Tide b THHA MRGPRX 2 HAF1Y 2 %
T UIVF—FFET LR E V. ). MRGPRX 2-
KIME <~ 2 N AIIE 2 B A & 2 72 W55 F 2% vivo T
MRGPRX 2 AT LIV EF— %2 FHT B4, 20
ST E T~ A M LA ORI IC/E LT, 2T
HE N5 NEYEMRGPRX2 ) 4 > FASHMS <~ 2 bl
W LTk 251 &R T EE2 O L, ERE ¥F=
WZEEND 70T 7 —EAHRHIC A L. Wb L7z
MO T 247 2 7 » 2 PASHMAE <~ 2 Ml %
LR, S C, M RIEZMESE 2 2 LM ENT
w5, F72. MRGPRX2 Y 4> FDin vitro % Win vivo
A7) ==V FRIZBWT, ¥ 7 X% APl compound
48/80 £ 13T M U & 9 7% m) (MRGPRX2-KI > WT >
Mrgprb2-KO) #/R T EPFER SN TV D, WIhilt
X, RBFFETHESL L7z, MRGPRX2 U 7~ F®Din vitro &
Bin vivo A7 V==V 7EEFEHLT BT7TLLVX—%
FUT 50T ORERCBT LIVE— D5 THFE OB H
WEsha (4, 5),

5 #

WT. Mrgprb2-KO., MRGPRX2-KI~ 7 A H 3k ®
BE e < A b SR o B R & FE B & 35 MRGPRX 2 V) &7
YRDin vitro A7) —=v 7 WT, Mrgprb2-KO,
MRGPRX2-KIX T ADBT LIV - Inz s 35
MRGPRX 2 V47 ¥ KD in vivo A7) —= v 7 ENRIE SN
7oo BUE, BRAGHEMBNNIGT FEZAZY) -7 LTED,
St EMOBT LV —OERERALPIZTILFETH S,

FAZR I8 AT S N ALRE I3 LA TR LA HE R 7 28
WA REGAETHLBP 2T, BT LIVF—%ifFET
LA ORAZ T HZ LI RTH D, o T KA
FROWEAT AR M a V=i - FEICEHKT 5 2 & H°
LR (W
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Iontophoresis is a non-invasive transdermal drug delivery technology using weak electric current. Although
iontophoresis is widely used in beauty field, its safety has not been investigated. Based on the previous our research, it was
predicted that iontophoresis will induce some negative effects such as inflammation via activation cell signaling. In this
study, we tried to study the effect of weak electric current at iontophoresis on the safety and functionality of each skin under
cathode and anode. Morphological damage was not observed in the skin after iontophoresis. The amounts of mRNAs relating
inflammation, tumor necrosis factor-a and interleukin (IL) -6 and anti-inflammatory cytokine IL-10 and transforming growth
factor (TGF)-p. The amounts of these mRNAs were not affected by iontophoresis under normal conditions (0.34 mA/cm’).
However, iontophoresis under more intense conditions (1.0 mA / cm’) showed an increasing trend of IL-6 and IL-10 mRNA.
The skin functional components collagen and ceramide were increased by iontophoresis under normal conditions. From
these results, it was suggested that iontophoresis under normal conditions does not induce any inflammation in the skin
tissue. In conclusion, iontophoresis is a safety and useful technology for transdermal drug delivery and skin beauty.

1. #

AF Y M7+ LY A M5 % EiR (0.3 ~ 0.5mA/cm?)
HCTRBPICA + U EOWE % 55ET 280k & LTl
KPBHBNT WD, BEEBICBWTIE, [[4 VEA

EWVIH IR TRIMSNTEB Y, B4 T34 ZADFFE S,
ERFBEENB R ETHYLNRTWS, AF Y 74 LT R

T BRI, DERPISSRER 7 & OIGT-3W 2 x4 &
L72dDOWEANATONTE T2y N DOWIFE T, B
RO BLOTHRO e MR E 7 T v B VI
HL. FRBISRM L7252 %2 &8 L C PREIcBT§
LEEERTAHI L THMEBRNLFMT 2070 ETH
5720 MA T BUEL D LBEf IS BT, Bk
EHOWIMENERTE 2WRRICH S5, TD2D, Fh
SOOI FEA LB % LN TW5E, 44~
b7 4 LY ABFRICB T, K OWANIEE IS %M
FEBESTH LD ARG & 5D 72D BB 7 2,
FRICHRIEMEY A S A VIEER Y P IVRERSY V32 H
DFEHAL R EZBBRTHI LI TER V. L NOEHTE
S —EAI AL REEROFRR L S L1aHlis 2
ZERTERV, L2LEadrS, A F Y7 LT A
T VEA) B BMESER DO E DB Bt 572
O, TEERENIZ WD 2 EBWETH Y, KTk
T AR R BEA DB Z O W TR L NV TR 5 2 &

[l

Verification of skin safety and examination
of cosmetological effects by weak
electric current of iontophoresis

Kentaro Kogure

Graduate School of Biomedical Sciences,
Tokushima University

MWEETHD, WEBRETA + VEAICHT 50%H%2 H
W50, TDELLBTEY I VChREDERETZ RN
WEATES] L) oAb THY, f4
BN (PHES BRI ASHE 20 L CRIZTEICET 5 D
DIFHETH L, ThbE, HEMBIEE X OFH M
DEEIZBCTIE, A+ VEAOEFIIRIZTTEEIIOV
Tk, BEALEFENITTHo 72
Farlx, SNETAF P74 LI AL FVEA)ICE
% SIRNA R YUk 7% & O &5 13 O B W% ZWFZE 2D
HMATEZ"Y, BREBIGYSIE. WY -7 GEAT) B
J8§ % VT, PURIER 72 & OIS T-3EW) O B2 % 1 D
TR 21T Tz & A RN TORMBRN 2 Wi
LT, ERBMEEDHMF —<TholzF kT () F
V=L)AL F Y M T F LR EDOMAEDEOWE
ZBWT, BIWEARGE & 72 0) 2 VW 7zEc, Zh T
TT%E&%%%hwa%/ﬁ?ﬁ A7+
2k o TRMNEZTRETH S Z L2 TR L2, ek,
41/F7%V7X_i%&W%%LéfﬁwZAi‘%
e R L OBSAWIEL A 4+ L OB X I KD
N (BRBRER) THAHEEZONTW, LML, E72
HWFEE LI L ARET O E, MEgERIC L > THIlRW
Ca” BN AT 22 LT MM Y 7+ iz
FERDEMEA AL S AL, MIBERIBRASB T A 2 LI2X D, BH
FHREDPENIRETEL L)L EEERLLY
T bbb, MIGERIC X 5 RO AR LA, ff
FUEBAMAF Y P T7F LY )X BES T DRNIRE A
HZRALTHLIEEHLNIZIL TS, S 5ICFHKA I,
B 2 W72 & o T OSSR RIS, R
AR BR Z BRI S 5 221 T . 2 =— 7 MY
AHKERE (Y YA P—Y ) ZFREL. Mo Ez
ARSI AFE2 & LB, MK RS ELZE
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BERLTWE 7Y, Cho0HMA»S A+ 741y
A (A A VEA)ITB BRI, R R - M
B ST 7P MREREZ ML L. MEkL v 72T
ML XV TOAEIIERELEZILE L2 LT B0 T
7 DR EEDSTREIC 2 5 TWA I EATRIBENT
Who, INHDZ ENSIHTAIL, Y RE D DM
TFMEFEDANZ D . ORI 4 % 2 7 F IV nE, FF
WZHEMIZ G 5 SERE Y 7V B ERIET 5 0Tl
b EZ T, TORFIIEDE, ED05EHEO/NE
it 2018 AE PRI M IRV 7272 & B R x5
HAF VB (MEGERAUH) 12X > Ty KIEWESA M A A
VEAERKEEMMRE R CROBBIIFEIN LN &,
DF DA F VB ATREMEDEEEY)RESAMN T H D W HE
xR L7z, TREMZEIIMER TS, MEyEmRLEIC X
LEEEFI A MG L7728 2 A, W5 B & R
CBWTRIENEY A MO A V% EORBDER L L HEIN % B
WU 7z GRscdefmtiefih) . o2 &g, BHEEICBI %
S>TEBY, B - BEBOT TR 2HR 2 MY T 5
PVEEERIELTWD, TD70, [REeZ] EWET A7
OIIE, LR RIS LETH L EEZ T2 £ TR
F7eCid, EREER ETHH SR TV S A F VA (1155
BN & 2 L) 2B WT, B - BREBRIENY TORET
ERNCHZ > TV B HERZ IEMICI . BEMEL B IR
AEL72WEE R T, 8612, B2 AMEE o/ EIX, 2019
SEPEITA & 8 (TSR X 2 B R G (FRIC =R
) hoE T INROMINZ R THOTRILTYS Y,
T/ IhEFcogeWF MBIz ENas—7r >
ARG R Ko THZ AT REMED R LT 2GRS
i) o ZNHOFERIE, INF TRITFREBAIREYIV Ch
EOWE DR PEETME L TIRZAOSNTEIAF VEANAF
YRTAVVA) BN FNHAM TR S o gEE e ) Ex
FHENRE R RN L DR E RIE LT\ 5, KT
. PREGE AL IR O 2 &M O REE R FEM & FIRES, K E
FERETEICBE 535N as—7r v BIXON e SINEAEFES
FERMNFEM 5 28T A48 NI R RALEL) 3% &
DEVERFMERVELZEZHM LI nEER T2,

2. 7 &

2. 1. WHERDIE L =K EOHEBFHZTLDORE
Wister 7 v NOWHEEOEAMY, B L7-EE
WZPBS i SEBEMmM 2 ML, 2o kice MOE
BIH O Ag/AgClEM % % LT, WEDKREFATHWT
X2 ESM (0.34mA/em?® 1THERT) 12 X 1 £ 59 78 i
PAEAT o 720 PRESTETALEL % 0 U 723050 O B 8 2 [ L,
OCT a2 » %%y v FHRTHHEEILZI b DE T T4+ A
Zy MZX bR & Lz, Bonhizbih ez~ b
VY XYY HE) Ik o THB L, REBOREIH

T WIS TRIE T A 2 & T B OMBEEIN 2L 2 5HI L
7o B ORI, SRR 3 b X UF 24 B ]
e L, ThZNEILL 2B 22 W THE Befu i, Ak
IR BIR 24T o 720

2. 2. WHEERLELEZERBICHITEIREEY A b

H4 > mRNA ED#st

Wister 7 v bDFEZ AN » 7275 E Lice MOEKH
Ag/AgClEM % #%iE L. MEEITLH (0.34mA/cm’, 1
W) 247 o 720 TRESEIRMLINEL, Bkl X OSRem i1 55
SOREEZFENENLRILL. F v bEHWTRNA ZHiH
L 72, Real-time PCREEIZ & o THIEWES A b A A U %
& (MEHHSEN T (TNF) ~as £ ¥ & —u4 %> (IL)-6) B
X OHIETEY A A A > (IL-10. i ER T (TGF)
-B) ® mRNA & % E RN L 720 JE ORBUL. RISER
JLPRSE 3WEI B X OV 24 Wi & L. B L 7ZZRNAIZD
W 24T o 720 S 512, BimmEL MK I E7250
(1.0mA/cm? 1B IZBWTRI L7225 v PEFIZO
W, bR e RIS X OSBRI R0 B2 i % [a1T
L. JLEf% 3WEI & 24 BEMIF2\2 B 0) 2 RFEES A b A A
> 7% ¥ (IL-6, IL-10, TNF-a. TGF-B) ®» mRNA %38l %
Real-time PCREIZ & o TEREMEN L 720

2.3. WHEERVLELEZEEBICHTZIS—TVE
kD%t

Wister 7 v bOEZN - 72 EHEH Eice bOERA
Ag/AgClEM % Bl L, MESETLH (0.34mA/cm® 1
B 24T o 720 BN EIHALES. Bk X OB R s 55
FOEFEENENEILL, OCT I ¥ /37 ¥ FH Tl
ELE 72 D%E 7 FAFAY v ML Y ERETT & L,
BoNLWRICH LT, Ezay Y ALy FIEEZ RN
L. 60 0 BSIRTA v Fax—FL7, T0H%, BiMB
Ty =T L, F L U154, 3EET
L CTERIHEZT o720 F 3L v L RNk~
VMAlERT ML, IN=HFATEALLZ, 7V b
Iz tete, B RIBEMEE 2 VT8 27572, Boh:
BRIZOWT, WIURIANT Y 7 M2 W T a5 —4 VIHY
T AR EBMEC L2 o IT—F VOERST
HreruxFirso) yEziHiis s/, A4+ b7
A LY AMIE L72Ty NESALEF AL, e o
Fyra) T oL Fy FEHWT, FHoOL Fo
Frru) rerEs L. MERETHCTERE»S e
FaF 7oy VgEANEL

2. 4. WHEERUELKBICE TSI NOEEL
DFIERIEDIRE
Wister 7 v b DE&E X - 72 HHH Eice MOEXA
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Ag/AgClEM % kil L, MESEMLH (0.34mA/cm’, 1
WEf) 24T - 720 SR, B X OBamlG T
DOREEENEFNEILL, OCT 2 ¥ /877 v N CHE
BEALS €720 D% 7 FA4F A%y MV EREUFE L
720 BONZYFICH LT, 1kPikE LTHE S I Pt
Rz v, 2Pk e Lot i A PileGhukz v
Ty B A 1T 5 72, et th, LML — 9 — B
FICX VYR ThoEEE IS L. HSNZERICO VT,
WA Y 7 P2 HWTE T I FICHYTH08R2H
AL L 7ze F 720 B3asHiie 2 My B it L (0.34mA/em®,
1543 /) L=, B L 72 fifg s 2w T LC-MS/MS 12 X
B E RGN 21T\, ESERIC L > THIML 72€ 5 3
R OG- TR E % A 72o

3. ® R

3. 1. WEEERLIE L ERBOEBANHRELORE
Y EITALB R, Pk ds X OBERAG AR 2 5 X L 72
RIEIZOWT, HERGBZITWIHBEBRSE L2825, 5
HTRY L), T9muyEiiLs 3 R OB bR 1,
Pty 35 & OV RE RIS T DR & b IS ARALBL JE & W] U
TH Y. SRR X 2 KRN O H o 725281
MERIN o7z (1A S 51T, GBI 24 I
W DB FIZOWT b [AERICHE et L 7o Mk v Big2 %
T o 7eh% 24 RER R IZ BT b il T 8 X OBt
T ORE OAMGIIRLBEZE L CTH D BESER
JLERIZ X % BRI OB I - BBtV s B » T
bROOLN L ho72(M1B)o RIS EIHE (T b E—1EE
J§ RRTCHRE, BRIV E 2 &) TiE, REBELSHE S

X1 HEEERALIET K E OMERBFRE(L
H/N—13100um &£7R ¥,

NHZEDMENTWED, SRR L7z E ) IS ERL
HEOKRFIZBWTIZ, RECIZMER SN2 572,

3.2. WHEERLIELEZEBICHITEIREEY A
H4 > mRNA ED#st

PSS F LI A OB A T B L OB T 0Bz F %
FNENMILL. RNA Z i L 72#%. Real-time PCR{%:
WX o TREWEY A b h A V% EOSIERM MR T (TNF-a.
IL-6) B X U &HEMEY 14 b7 4 ~ (IL-10. TGF-B) @
mRNA & % & s L 7zo s BB 3R %ICB
VT B Bt A N B X OSBRI o % Bz LR P o> 4% IR
FTmRNAZ BT 2L, 3625055500, IL-6.
TNF-a3 & O'TGE-B 2oV Tid, Mk X ORI b
L3 AV o EEBTRD SN L7z UL, IL-1012
DWTIE, BB TR S Tk, ZBENI R SN o 7225
Rt T O ICB VT, MEHICHEETId R ws, ¥
I3 B EAAFED /e 51T, ISR 24 KF[H]
BB LA T B X OB TOREICB 5%
¥ mRNA IZDOWTER L2k %, IL-6. TNF-a3 X O°
TGF-BIZoWTid, 3 & MRk X OB 2 B b
59 H - 2EEIRD SN oz, IL-10 122V T,
SIEM] &, BN TR M Tl ZBiE R sz b
5 72h% BtREAE T O IZ BT, BEHICAEETIE R
WS, NS AEIN RS bz, AT, @EOA F v
BALME LY L2450 (1.0mA/cm®) © 1 BERJRLEE L
72HE IOV HRH 2T o720 T ORER, MygHEITMLEE
SR BV TIE, IL-6 25B Ml B X Ot G 1)
TOWHORFIZBWTHEIMEm 2R L7z, €OMmoIL-
10, TNF-a 3 X ' TGF-B 2oV T H IL-6 [ E Tl W25,
BINOME ZR L7, &2 AD 24 BrRII1E, Bkt
TFTOEMIZBWT, EH2EX0KEVDHOD, IL-10 K
ELBIMLTwWiz,

3.3. WEERLELEZREBICE TR —TVE
kD&t
PRES TR ALILE O R B T B X OB T OB % %
ZFhENENLL, MTTicowTteEzay Yy ALy F
et 24T, AR RO ER O BIGRTS 3T — 7 v
BErERLZE A, SEMBOBHIMA TRFICBITS
A= VRPRUEEE LD DT TIED 2580 L
TWVAREENES Nz, S 512, 24 BRI O BtabE AT
BLUOBBEN TEE PO -7y v RmE2FM L2 25,
SIRFIHIRE FT & Tl e W SBEBAN A TR I B VTl
LEMDFED SNz EHIC, IT=7 YOG E LTH
bbbk FaFs sy LiZonT, BRI T B & Ok
WS TRETOEREZTTo/282A, ¥2a v YT AL
v PR ORI R2 ), 3BT T RH 2
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BLTHEMLTWS ZED MR I NI LA L, 24 FERH
B2k, BB TOREICBWT, AETIEEVwae F
O3 7 a) rOBIMEIN AT S zhs B o
KJETIIRELZLTED LN d o7,

3.4. WHERVIELEZRBICHITEIREEYA b

74 > mRNA E0&5t

PGS TE T L% O BB A T B8 X OSBRI T oo Bz g &
ZRENEL L, MR oW Tt 2 2 FHikE v
Ty M2 I FROZBILA N L7z, Z 0%, B
Wit FTORMIZBWTIE, MSERLEERZ2OET I F
AT AEIOAFED SNz, —T BT o Rz E
ZBWTid, 3EHBICES I FEOBEIMERAE S h,
128 tR B L 24 BRI ICI3AE AL T 3 FROBMNAS
RS N7z, BB TORMIZBIT2 1T I Fatld, &
KT2REHICFE TR L7z, KiaeMilaz <. ME5ER
WFIZ X VEERT L5 I FoSFRE2ERESTTEICE
ST L7 AH, REHI6DE S I FPHEICHK
THIEDHLP L 572,

4. & %

AT, A 4 8 A G (LSS FEFLE) R 2B 5.
FE DR % je T A 72, B T B X Ok
WG T OREF I T, ENENDORFIIBT 5 MRk
BZAb, SREMEY A A A R EDRB, a5 -4 U Bk
Pt T I FOREEIZOWTIHFMERE 217572 T3, M
STETALIR L 72 2 1§ DMK A AL OGS 247 o 7245 A
MO EILALEE 3 P R B X N 24 BRI AR 2BV, Butiilh
B X ORI T O RGBT % kil 2 13380
SN, FRIERERICECLRBEOMELD 4RO
SNADole INLDOI ENS, METERLAIL, KE
NOMBRAIELZFE L 2V 2 LRSIz,

S5, RIEWEYA DA A v EORFER#IN T (TNF-a,
IL-6) B X OB &S 1 7 4 ~ (IL-10. TGF-B) @
mRNA &% @i L7228, Sho o#EE TR
KREGEHIZD SN Dol b, WHEDOA
A (0.3-0.5mA/ecm?) TiE, 1 REFEIC R SLPTH -
Th, RIEWES A A A~ (IL-6. TNF-o) EHFEIZR
ST, KRELADEBIIRERVWI EARB IRz, &
SIS, PLRIEES A M H 4~ IL-10 OFEHAS, BRIk 5
TRat & Bk & d B o 7oA, BWhEm 2R L7322 & H
5. SRR ISREZ 2 5 KA CTIER § % W REMEDS
RNz, SHIEFEDOAF VEALELY LN R4
7 (1.0mA/cm?®) T 1 BB L 72354, TRES R i 3
R IC BV Tk, Kl TREEIMENZRL, 25
24 BRI BRI IE. BRI T o IcB W T, IL-10 78
KRELBEML TV, 202 Eid, @FEDAL F ¥ EASH

X0 DRI I CMESERLE %179 B h . RIS
fHFORFICRIER Ex2 BT 2 REE AR L TWh, K
NANOWEREX. BICREIKRGET 5 L EZH5NL D5
WHEREXICHET L 7-DIEBREEL LIF5 2 L1k, B
sk 2 i Bl B Z LW Sk o, BBR
TEWEIE, BEROBEWICE ST, FRINLPENEL D
ZETHY, SROMEFICE TR LD THLN IR o7
ZLETH5bH,

Arlnl, PRESTEFALELIC X % B OBEREME~N O B % Mt
T 5720, MR EREORERRICEE R T -
wOEALE M L7z 2 OfEH, HES TR AL o Fapsih
IFORFZBNT, IT=F YEFDTNHML T
2o $720 A= UG ThEe NuF Ty et
Bt T OB IC BTN L Tz, Wb ngo
LD, L VFEHLHMEAPLETEDH LD, IT—F
R FEF 270 VEPEAT 2O TIERSEMLT
W22 ERS, A F Y M7 F LY AIBIT A ER LR
WX o THEOBBEMIAOEELZ T e, &
ENBHREEIVRES N2,

T/, MEERLEZOEMICB T 2Pt I F=
OZEALZ B L7245 H. 9 3 FEIHINT 5 2 & 252
Sz FRISVEBBIEF T ORFIZBW L. 7 I F=id,
AT 2RHEICEITWRT LI LWL E R oT. £ T
I N NoRBICEE 2B L RI2TI D, A4
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Heat-treated cells of Lactococcus lactis strain H61 have been reported to exhibit anti-aging effects on human skin and
being considered for application in cosmetics. However, the mechanism of the effects is not clear. I have been studying the
antioxidant effects of various dietary phytochemicals using zebrafish as a model animal. In this study, I tried to evaluate
the antioxidant effect of Lactococcus lactis strain H61 by utilizing zebrafish. As a result, I found that strain H61 exerts its
antioxidant effect in zebrafish larvae, in which the relationship between biological effects and genetic mutations is easy to
analyze. Using this system, the antioxidant effect of strain H61 was shown to be not mediated by the Nrf2 pathway, which
is the master mechanism of cellular antioxidant response. Furthermore, we generated zebrafish mutants that disrupted key
genes in the mitochondrial biosynthesis pathway or the innate immune response pathway, paving the way to identify this

unknown mechanism.

1. #
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Elucidation of the molecular basis of
antioxidant effects of lactic acid
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LRI nfe212a™" i " % I 720 FLERTH I3 EL AT RS HE -
ARICHE L5 S5 W2 72w H61 Bk & G50 HRo iz
HRK O BAET R 2 VW72,

2.2. CRISPR-Cas9 &35/ LiRE

CRISPR-Cas9 12 & 2 7/ A4 II/ANG S 0 )k 1Y CFfF
5720 FEEHNZAHAE 22 crRNA, Cas9 & OFEA L3
ZttractRNA, Cas9 7 328D 3F% % 1 filio¥rss
T4y alRIZEAL, EARZEA T THEK L. PCR
MODNAY =27 A2 HWY 2 2 A7 THW
OBETRIECEI L-FO R Z EBOH L, B4R
EORBTEL AL ZEH L 72,

2. 3. E=FRIHEHR

ABRHEZ WL 78T T 71y o flc B 5#EET
SEHZ B % qPCR LU RNA-seqll L7572, WTFRHHL
TR A 45 & LB L 7o e f oo Sl total RNA %2 w72, qPCR
13, total RNAZ R E LTEKL72cDNA ZHWTSYBR
Green % T1i- 72 RNA-seqld > < i¥i-Laboratory T
L7z —RIANI T —2 % &I, FFAERE Nrf2 28 55
Hefaoi ) T O ba—L Xk Dy 1.5 50 EossHl
FEABRONIBETICKEB L. SoEZ e NEIE T4
WL, DAVIDIZX B8R = A N 24T 572,

3. ® R
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FLEEH H61 MR 12 BERIRTLEE S 2 & A I AELFRD L

X1 ILEREMSROREILIER
FARIS5AMAICHBI ¥ E 2 13G504 D 125ug/ml iB8& %
12 BEREETLIE L /=15, 2.8mM BRI KE S REBES L 12
BRI EICERERERTE LS, * p<0.05,
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Proteins synthesized within the ER is exported via COPII-coated vesicles to the Golgi for secretion. We have found that
TANGOL1 is not only collagen cargo receptor at ER exit sites but it organizes the formation of ER exit site via interacting
with Secl6. In this analysis, we have found that TANGO1 is phosphorylated by casein kinase 1 and dephosphorylated by
PPI in a cell-cycle dependent manner and the phosphorylation regulates the organization of ER exit sites. CK1 activity is
involved in the regulation of circadian rhythm, so that our analysis would lead to the future investigation on the regulation of
collagen secretion with circadian rhythm.
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1. #% B Sarl OIEMALE T TH 5 Sec 12 %543 %5 2 LT, ER

ZRROBBEZIZ LD, Y FNIZEBI Y KA b exit site {281} 5 Sar1 ORFEW 2 iEEILE L. ER exit
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(TANGO1L) & %85 (TANGO1S) D 22oDF7 4V 7 + —
APFEAETHIEZW SN, MH A Seclb & A
52 & T, W LTER exit site DG EIRET S+ —FF
AHF—L L ToREAEETLI AW L2ICLTERDY,
F 72 ER exit site Z @B RBEMEIC L VBT LI X
. ER exit site DR TR KA A4 V2B L THEET
BT ERWLMILY,
RITHIDIIZCKLS, el2 &k 5 TANGO1 @) Y BiLIC
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w2, TANGOIS®OPPSHICY YLzt = 7 5

S VICHEBR L 7IRY) UL SRR (SAZRER) B, 7

VI VRRICER L) BRI SR (SEZE 2 AR)
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Sec16, Sec31 OILJFIEAMAE L 720 —H TSEERMAEE 5
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FFLhos, 7o, SERRKEFET M TII/MM
K25 D VSVG DMk ASIEIE L T\ 7zo LLEORIRD 5,
TANGO1 ® PPSHHIE AN YL X5 Z LT, Seclb &
DFEABANEDES L. ER exit site DAREE & 5l O fHE
BELLZEZREL TV,

3. 2. CK16IZFTANGO1 zE#) > E{L. ER
exit site ZREIEEES
WIZ, TANGO1 @ PPS#ilgx ) Yt sAFF—E%
WR L. BATmR & LTCKLAVNafk- v IR o
LAV T 23 LR N N Y N SN QR AV AL SR
CK13823TANGO1 # i #: ) Y HAL§ % 2% y*P-ATP %
H 7z in vitro DM R THGE L 72 TANGO1 X PPS
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BEAFHM L7z CK18 % BB 53 S & 722 Tl Secl6 &
Sec31 1ZEHE L. TANGO1S @ SEZE Bk % J8 Bl & €72 1
R OFRBMABIE SN2 — ), FF—Yiitz A
ZWWCK16 K38RZF MK Z Bl S ¥ 72Millg Tld, ER exit
site DTEHEIZFED LN o720 72, CK1SOREHA T
HHIC261 FAML72MNEB L CKISB LU CKle % /
v 7 &y LMZ B W T, ER exit site lZBRILL T
W7z (M3)e DLEDFER LD, CK18AF F—EBiEEIC X
) ER exit site DTEREICHE L 52185 Z LWL IR

572

3. 3. TANGO1(EPP1IC&KoTHD VE{LZhD
H61 BeDHEBALIE A E D X 5 Ak %2 /i 5 H
FHNRD 02, HEL BRILBLIC X ) L3 2 85T
H % RNA-seqiECTHRE L 720 F0PEP ol THE%
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YR B R D= FTHBETFHOL BT L Tz,
MEED 72012, WO bay FY T 37 iz
TN LT qPCRINT 24T o728 25, 50 adis b H6l
FRICX D BEBF LI N WD S L25bh b (IX3),
I MY R TESEIILHE L TW AR R RISz,

BEH U X LICL BT -7 > bR O AR

3. 4. HRESRPICEITHTANGO 1 DUV E{LTTE

IZ&>TER exit site I$FAET 2

MBI BT, WO FEIRICPE > TER exit site
b L. Secl6 & Sec31 134 Z4uiiH 5 6 BT H 1T T
RIEDVTEHET 5 2 L HE SN TwE, LarLl, 20—
B9 72 ER exit site \EED 3T X H = X MIAB7Z 5 72,
Sec16 & Sec31 OFekEIX TANGO1 D) » BRALEL R Z Bk
ZEHER, CK18 0 MFIZEHEE, PP 1 OHHIIHIEIC B W
THEEINIZZ &, PP 2N — B9 I IETEAK
TTAZEnD, FTATHRSEMIIBENT TANGO1
DPPSHIBIZ BT %) Y ERALDSTLHE L. Sec16 & DA
s Z L DER exit site DO R & 7 BHIFLEE 2
ZOMGERIT > 720 T3 BRI ZhENIIBIT 5
TANGO1S®» Y v kb & % phos-tagll L Y B& L7z #
DEF nocodazole THINE 2L FIFH S & 7B 28w 12
BWTHARTANGOLISD ) Y ELE I L TW72 25,
—J7 CTANGO1S SAZRMAKITMESRIIZB VT
VEALEDEAL L e hr o Tze Leht o T M2
TANGO1 ®PPSHIBIZBWT Y YALDSTLHET 5 Z &8
B 520272 5 72,

S 512, BAEATANGOLISH 5 Wik TANGO1S SA
LRAEZ BT 2 RERBIMRTOMBIRIZBET 2
ER exit site D Bk F # #1% L 72 AR TANGOIS %
T HMBETIE. BARO HeLafiile & FARIC, 5245
WIZBWTSecl6/Sec3l DRFEDTEHE L T 720 —H,
TANGO1S SAZEMAKZ I T LB TIX. H2P s
W Seclb & Sec3l G T 2 ML ERDO b7z,
C ORI, M2 3B B ER exit site D HIEEICIE
TANGO1 ®PPSHHIBIZBIT A VERILDLETHDH T &
EEERL TV,

3 CK16/e D/ v 7 &7y &) ER exit site IEKRIET 3
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4 CK18,¢ I$#fa R HFHICH 1 5 ER exit site DERIRICEETH S
CKIs LU CKle &/ v U A LMl TV FIDVEICLIRAS €% MEIRAOMREREE
B (X —Jb/N— 1 10um), FVFRIE Sec16/Sec31 DMfEE L DHB/BELEERT,
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CK18 2B 53 2 WM 2 M3 5729, CK18/e & 58
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DRDHNT (K 4) . PLEOREREP S, Mgz siy
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DY) VEALIZ X o THE U 2 W HeE2E < R S 7z,

4. &

AWF7e12 & )., TANGO1 @ PPS#il # CK187%1) >~
At L. PPLASHEY YBRAL$ A 2 DSBS 2 2% - 72
CK1soEMITMBAM 2B L C—ETH S PP1D
WGP A > 212 Cdk 1 -CyclinBl AKX 5 TY
VHALEND T ETWIIT A, L7zt THIMIIZBWT
TANGO1 ® Y ¥ EEALIRfE X, CK18IZX %) ¥k &
PPLIC X Y ¥ BALDFHIREE I & 2 A5, a5 248
IZBWTIEPPL OBLY ¥ BALTEE DO ADMKT 3 5 7212,
TANGO1 V) YEfbATilET B L £ 2 55 1Y,

F 72 ER exit site (ZHBABEEERHE Y A AIZS L TE
DR KE SRS, HWERET 22 LGS
TWwb, TANGO1 & Secl6 D #E A1 ER exit site DIEHK
LD Eh s, MRS OER exit site D58
IS A 1 = X LB T DS EE 7ML & RO I E R
ME53 2WHEENE Z 5N d, FFICCKLS, eldfEH Y X A
OFECEES- L, CK18, exflE Lz~ ATIIMH Y X
APBEEINL ZEPHLNIIE TS, XoTHEHY

A LB U7 TANGO1 Y B bIRAES: % Mk LT\ ¢
ZEIZED, S, X5HIZER exit sited Y FIVICE B
TR Z I ST I LN TEDLEER D,
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Collagen XVII (COL17) is one of the major components forming hemidesmosomes in basal keratinocytes, which
functions adhesion between the epidermis and the dermis. Loss of function of COL17 due to gene mutations coding
COL17A41 or autoimmunity to COL17 both read to blistering diseases including epidermolysis bullosa and bullous
pemphigoid. In addition, COL17 is known to play important roles for keeping stemness in keratinocytes. Therefore,
identification of genes regulating COL17 expression must be helpful for developing new therapies for blistering diseases
and elucidating regulation mechanisms of keratinocyte stemness. In this study, we tried to identify key genes upregulating
COL17 expression by CRISPR/Cas9-mediated genome-wide screening. First, as a positive control study, collagen VII
(COL7) promoter was introduced upstream of the destabilized GFP (dscGFP) gene in HaCaT immortalized keratinocytes.
This method was able to visualize COL7-related GFP expression in HaCaT keratinocytes. However, COL17 gene expression
was not high enough for performing FACS-sorting when COL17 promoter was introduced upstream of the dscGFP gene in
HaCaT keratinocytes. Therefore, we are analyzing HaCaT keratinocytes in which COL17 promoter was introduced upstream

of the hygromycin resistant gene.

1. #

B2 DFREIEEMLA I F AV — AR T OO D
THhHXVIIH a5 —4 > (COL17) &, FEHEIEMEEIC
BEELAEHEEZHS T0 b, BRI REETFERICHE)
COL17 DFEREREEIC X o THS AL % 4 U 2 HE AR
FRAKIEHE 2 569E L. COL17 120 A BRI 2% HE 0
BOGASE T % & KRV RIEHE % 50ES 5. F 72 COL17
& RO E OB ST 55T Th
V. KRBT COL17 HEBEAHIM LEMTE %5 &K
i PER 7200 Th L oPiE b Uik 2 s 28
BfFCcXx %, S5IZCOLLT I8 Rz o @i~ —
H—DOEDTH A%, COLLT ZEHE ORI T &%
MR DRI 2 B2 A~ E T 2 etk b P S
bo BIZFORBEIZITOE— & —EWIRGET 5720,
COL17 71 & — & — {1k O fil i 551 O [ 2 13k % 76
PRI TX S5, 22T COL17 3B 2 ItiE¥
BT R. FIARERISGH LR AZ) —= v rp Y
Tl 2058 % 5T L 72,
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MFER) 7/ DRI L o TLMES 72 ) 18 I=F (55
#5 20,000 #15F) ZREFENIZ 2 v 7 T b L7=&KBE2 AL
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Regulation mechanism of collagen
XVII: elucidation by CRISPR/Cas9-
mediated genome-wide screening

Wataru Nishie

Department of Dermatology, Hokkaido
University Graduate School of Medicine

MR #E8 L, COL17 7uE— % —{GEAs8ahn L 7224
FAERZ AT L 2 v 7 7o b 3N@a T2 FET 5 FiE
ZEME L 720 iAIS, lentiCas9-Blast X\ 7 ¥ — (Addgene.
Blasticidin it %) % 293 TN Mg ~@ 1T EA LIEK L7z L
YT AN ARTF T G EE AL T 3 % HaCaT #ll
fa~Ege 84, Cas9 ¥ v /387 g 5B HaCaT MlHa bk % 1
®$ Ho WIS, COL17 71 € — % —4fik (- 1251 to +379)
% 71— = 7 #pGreenFire lenti-reporter X 77 % — (SBI,
puromycin fif %) ~3& A L, COL17 #fxf-7maE€—%—T
T destabilized GFP (dscGFP) & Luciferase = 3¢ 3 3 % X
7y —%ERT b, TORS VIR 25—~ (COLT) &
ff7a€—% —4H (- 1351 to +145) kI 7 B —=
YL BtEay b= E LTERLZZ (M1 A) X
LIZHHImEORAZE T 2. vru~ A ¥ ViER
¥ (HygR) # M KEICCOL17 7uE— % —FIZEA LD
YANT 7 PHIE L7z MRS ARETH WS
20,000 FE D IR T ZAEN LT 5 gRNAKHI VA M7
M3, Ly F oAV ATEARKpuromyciniC X 5L 7
Va v gLz, fE L7z COL1T & %\ i3 COL7
BHVR—F—a AT 27 b&Cas9 ¥ v /37 % [AkE
S8 3 % HaCaT M A~ puromycin % iy & 4 5 gRNA
(5-ATCCGGACCGCCACATCGAG-3) = #1fx & A L
puromycin SR Z 15 5. B, /v 7Tk gRNA
54 751 — (GeCKO v2, Addgene) # i £ (MOI=0.2
~0.4) DL ryF 74 IVATEY S, puromycin T L 7
v a Y& GFPHEUEAH R L 72 MlafE 2 FACSY — 74 ¥ 7
45, HygR#COL17 77U E— ¥ —TFIZEBA L2V A
Fo 7 MEAMIIETIX, FACSY =714 ¥ 7 Tldeies
u~A Yy RGN UERE L7 29 YIRETH
%o COL17 71 E— % —ifkAs bas- 2z MifasE 2 o b L
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Fig. 1 GFP &% F T COL17 3LV COL7 7OE—42—F 4%
AIfRIE T 22X b5 M (A)o COL7 7OE—2—iEME %047
1bL7- HaCaT #ikg, MILTE CRBEHIEIML TV B(B),

72DNA%Z 7 7L — MIHW, EAEN72GeCKO v2 D
gRNA BLFI 5% 2 PCR L TR, KAy —7 04—
Miseq) 7 ¥ 7N AV =T VAR )0 V=T VAT —
% (FASTQ 7 7 4 V) % MAGeCKFlute? Tf#thr L. COL17
B H\WIECOLT ZEBIERICRI G- 2 BT 2 FET %0

3. ## R

2= VELTCOL7 VA=Y —a VAT 7 b2
LoF A4 IVATEA L Cas9 B HaCaT ML TlX, =
T = — D% dscGFP Z 3 s8R L - Ml B DshE il s
72(M1. B)o —J/. COLI7TVKR—¥Y—a> A +F2 b %
A L7z Cas9 FE Bl HaCaT Ml Tl PRI L B %
GFP#0E% 389 2 M3 i % 22 o 720 MR L 72 COL17
LR=F = AT 7 M 293MME~N—EEIZ + T~ R
TxrvarLizk ZAGFPHENGEMAE L0, WHT
THEFE W RE 2 SBT3 W REME 2 % 2 720 FACS Y —
T4 v 7 TOMB S EEASHEE & HWT L, PRI ToORL S
vavE#Ezl, #ZCTCOL17 7uE—% — FIZHygR
EHRMT DR TR L (M2, A)lentiCas9-Blast 5t
B HaCaTHII~NL O F 794 VATEALEZ A, LK
MEEEoe7av A4 vy T Ttk s ra—v 24
B #EHTOX Ly v a yHuEEE R L7z (X2, B).

4. & &

4LHya—=>27L72COL17 71 &— ¥ —fHikiZ,
HaCaT M2 TIXGFPH# % HHTE 2 WREOKL NV
ThabEPHINL, & CTHRAMNEEET (e o< A
¥ VMR EF) 2 v, COL17 7'a & — ¥ — itk Asbsin
L7zl 2 3RS 2 87z e Fiha e Lz & 2 A, o
AN 2 0 — > OB U7z A E = 1%
WhEtl sy ViREYRBELPES R, COL1T

Fig.2 COL17 7OE—4—TFCcke/O%1 Y MEEEF (HygR) #%ET35 1>
ZrST7MA), EFOYS UMM O— 2 #EHES L = (No.6, 10, 12, B),
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T E—F =G LA 7 MlEE A FACS Y —T7 4 » 7
XY)MEICTBECE A 2 LI CTE 5, AWFZEMMNT
THIEBE DRI E TES Bh o 7208 5BV HITE
Bk Lo nwEEZTWwWb, —J), COL7T LR —%—a
VAN MNEEALZHaCaTHIE Cld 2 0 = =300
MR BECRBAMRL T2 (K1, B)o APFTRIZCOLT
BIETHRBATGF-BTHIMI S N5 & v ) BEoWwEITF
JEE$ Y, K3 T T COLT OFHLE 2 MR\ #L ] gk
IR ERRTH . Stk MBLOBEEREIMEHRIC
BUF % COLT7 DFEREMINT 72 & Bh4 BBFZEICRHI S5 2
EMHIfEE NS,

5. £&B
A B L 728 5 F & HaCa T ML IS, 2D FEBl

WEELTHETEZ-0EFICAHEEDbNS, B
Cas9 % V37 B LT D20, L %5 #EET O
gRNA %38 A 2 7207 CHEN T ) ZRENTRETH 5,
FAHIZK LTCOLL7 7 uE— ¥ —{H ML GFP DL A W #
LM REZR T & Tld e d o 7225, P EnttEEET %
BHTLHILEMHETH 72, 5% eru~A T Vg
% I adAl L 724212 COL 17 38 BL % il 9~ 2 BBl {51 A3 1]
FEEINDLZEZWELTWA,
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Zinc is an essential trance element for life, and zinc deficiency causes numbers of symptoms including dermal
inflammation and immune deficiency, so that zinc homeostasis must be tightly fine-tuned via zinc transporters, however, the
investigations for the involvement of zinc transporters in skin and immunological homeostasis have not been conducted in
detail so far.

Previously, we have demonstrated that zinc transporter SLC39A10/ZIP10 plays important roles in early B cell
development and B cell-mediated immune responses. Further, we have found that ZIP10 is highly expressed in the hair
follicles, which is required for skin and hair follicles formation, however, there is limited information on ZIP10-expressing
cells about their physiological roles, their fate determining, and the molecular events controlled by zinc transporter ZIP10.

To clarify the physiological functions of ZIP10 and the profiles of ZIP10 expressing cells in vivo, we have generated
Zipl0-IRES-GFP knock-in (Zip!0-GFP-KI) mouse, which was further crossed with Rosa26 Tomato-KI mouse to generate
Zip10-GFP/Tomato-KI mouse. The GFP expression was detected in the hematopoietic stem cell and ZIP10-expressing pre-/
pro-B cell populations in the bone marrow cells from the Zip10-GFP-KI mice. Tomato expression was also detected in part
of the ZIP10-expressing pre-/pro-B cell populations, indicating that Tomato expressing pre-/pro-B cells were derived from
ZIP10-expressing progenitor cells. In skin of the mice, GFP and Tomato were detected around the lower and upper bulge
regions, respectively. The hair follicle stem cell populations also contained GFP and GFP/Tomato expressing cells.

These findings indicated that both Zip/0-GFP-KI and Zip10-GFP/Tomato-KI mice are valuable tools to investigate
the functions of ZIP10 and the fate of the ZIP10-expressing cells in vitro and in vivo, which will bring us numbers of
opportunities for better understanding of the dermatology and the cosmetology in the future.

ZIP10 25835 2 2 RN L72D T, UTIZZONEZ
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BICE DX ) BREZHLETWDO0] IZOWTHH L,
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How does zinc signaling control the
skin barrier functions?

Toshiyuki Fukada

Molecular and Cellular Physiology,
Faculty of Pharmaceutical Sciences,
Tokushima Bunri University

2. 1. Zip10-GFP-KIZ A& Zip 10-GFP/Tomato-

KI< 7 ADERK

ZIP 10 BB O % fNT 3 % 729012, EGFP-IRES-
CreERT2EIZT Xy V2 Zipl0) 70— ¥ — FHllif
A (knock-in: KI) L7z Zip 10-GFP-KI~ 7 A &R L7z (X
1:ARFER) o

ZIP10 BB O T Fffife 2 WL % 72012, Zip10-
GFP-KI~ 7 A & Rosa26 3% |2 loxp BL 51| T# £ 1L 7=
Tomato & Ax T % i A L 72 Tomato-KI~ 7 A % 2K L T
Zip10-GFP/Tomato-K1 < 7 A e L 720

Zip10-GFP/Tomato-KI~ 7 A ® ZIP10 FE Bl E, ¥
EF DT = MMRAFITIE AL S B CreERT 2 235835 %
720, UG TAR TRV 72 TS S L, ZIP10
FEHIMINLIE Tomato 2583 L ClRvtaISE L. ZIP10 FHANH
L 724D Tomato #5835 L7eh> T, Zipl0-GFP/

1 Zip10-GFP-IRES-CreERT2-KI (Zip10-
GFP-KI) X IADT ) =y T
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I2BF % GFP & Tomato D%Bl % FACS T#T L 725

2. 3. mEkRMAICEAT BERR
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Cutibacterium acnes is a causative agent of inflammatory skin diseases such as acne vulgaris. In this study, we
established a silkworm infection model to evaluate the host toxicity caused by C. acnes, and the efficacy of antibacterial
drugs. Silkworms infected with C. acnes died when reared at 37°C. The dose of injected bacterial cells required to kill
half of the silkworms (LDs,) was determined under rearing conditions at 37°C. The viable cell number of C. acnes was
increased in the hemolymph and fat body of the infected silkworms. The survival time of silkworms injected with C. acnes
was prolonged by the injection of antibacterial drugs such as tetracycline and clindamycin. Acute melanization, an innate
immune response of silkworm, was induced by infection of C. acnes, but not by that of Staphylococcus aureus that causes
a skin disease such as atopic dermatitis. Co-infection of C. acnes and S. aureus on the skin surface of silkworms led to skin
melanization. These findings suggest that the silkworm C. acnes infection model can be used to evaluate host toxicity and

innate immune response caused by C. acnes.
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evaluation system and a skin infection
model using an invertebrate
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Tyrosinase (Ty) and catechol oxidase (CO) are members of type-3 copper enzymes. While Ty catalyzes both phenolase
and catecholase reactions, CO catalyzes only the latter reaction. In the present study, Ty was found to catalyze the
catecholase reaction, but hardly the phenolase reaction in the presence of the metallochaperon called “caddie protein (Cad)”.
The ability of the substrates to dissociate the motif shielding the active-site pocket seems to contribute critically to the
substrate specificity of Ty. In addition, a mutation at the N191 residue, which forms a hydrogen bond with a water molecule
near the active center, decreased the inherent ratio of phenolase versus catecholase activity. Unlike the wild-type complex,
reaction intermediates were not observed when the catalytic reaction toward the Y98 residue of Cad was progressed in
the crystalline state. The increased basicity of the water molecule may be necessary to inhibit the proton transfer from the
conjugate acid to a hydroxide ion bridging the two copper ions. The deprotonation of the substrate hydroxyl by the bridging
hydroxide seems to be significant for the efficient catalytic cycle of the phenolase reaction.
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BoHNMAER, LV EEREYOFEO Ty IZBWTH I
WLTWDLIENFTFHEN, € IO Ty 20 RICLR)ER
M2 HERBS ISR EEZ BN,

2. 5 &

RIFFECTIE, MO B CIFAES 5 K51 Wat4 (24
BLZ (M2, BMETYIZBWT, ZORSFIZEIS2 &
N191 FRIEDMEE & RFEREA L T B0 AR I RIS i
DT I BEH 2T 5 L HBGRE Ty O E182 (2553
LERIBI NG I VBTH Y BEIRA IR TS, —T,
NI9LIZHIE S 25313, Ty CRIEESN TV AHEHLS
WS, COTIRZ Y ¥ Yo TWABENSE V. 22T
N191 532 7)) ¥ VB L 72 N191 G &R 2 1EK L 72,
COERMKOBRIELZRET S L LB, ZO XK
RESEIRNT % EhE L 720 B, ABFFECEH L 72 NH,OH &,
BERITHEA L7284 F v 2@ d 2EM 2 F 0720, 451
WRERFHAIETTNH,OHZ MR S &, +F VRRERELEL
KB ENTE D,

K2 Ty Cad &HICH T3 Ty OFEMRLDBE
Ty&4L>TT Cad%Y7>TRLTWVWS,

3. # R

Cadl AL TR WEARMTYIZHE T X2
N19IGERA Ty I TE L h oz €2 T, Cad L
HHREEE L T BB S L IENIIIGERA Ty 2,
0.1mM CuSO, & 1mM NH,OH % &/ L. 30°C T 54
BiES 52 & T TyZiGt b L7z, 20k, e ORI
DOEEZMA . 470 nm OWIGEE OB % FER IR E L 72,
BB, T/ NVHEELTFII V., ATa—VIEEE
LTR=NI Vv EHw, BNl A 2T 47 AT R
— 7 —%F£1ITRT,

P AERBEAARE X O'N191 GZ BAVE SR O b % 1Rk
L. 1mM CuSO, & 10mM NH,OH % & T T 24 I
My —F v 7 LRI 2 e L. £ oz
R L7ze ZORER, MEAHTY 98 FRIEITH§ 5 Pt

R1 TYOHART A TRINT A =2 —

Parameters Wild type* N191G* Cad-free Ty
Dopamine catecholase activity

keat (1) 42 +£5 2.6+0.2 135+ 9
K (mM) 14+3 4.5+0.8 4.1+0.8
keat/Kon (mM1 1) 3.1+0.7 0.58+0.12 33+7
Tyramine phenolase activity in the absence of dopamine

keat (1) 0.047 £ 0.002 0.038 + 0.004 9.7+0.9
K (mM) 3.9+0.6 4.4+1.6 14+3
keat/Kon (mM1 1) 0.012 +0.002 0.0084 + 0.0032 0.70 £ 0.19

Tyramine phenolase activity in the presence of dopamine

keeat (s71) 3.6+0.1
Ko (mM) 15+2
keat/Km (mM-1 g71) 0.23 + 0.02

0.073 £ 0.009
79+ 14
0.00092 + 0.00020

* HIEREARE SR Cu(lD) & NH20H #Ein L 5 /5% I WE 2 3m L=,
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3 Ty - Cad #EAMKICH TS Y98, CU* LUV CLE NEFEE
(A)IZBAER, B)ENIIIGEEROHDERLTWS, Ty5FL>>YT. Cad YT TRLTWS,

HITLCWD I EDBESNZ (M3 LALAENS, B Lo, —H. FAEF Y 2EIIBVTIEX, CutiZILofr
AREARTIE, Cu(D AR F— eI %/ v 2 g BICR D, 72720, 4 2 VCHES T E/AET 5
Mk L . BUGERALICAKERIL 1 4 » 2 FD 74 F ¥ ik FAFIRTIE 2 O0MA F Y EOGNEG THKTH DD
(74 % 2 2) OAFAEDTRIE S 7zA5, N191 GA RS WXLy A Y 2BITIIKBBILIA v TH D, Cutk
RTINS DOPRBEBRWIZE NG h o572, Cu* DM O HEEA L %2 %o
Ty DEFIVEEARZ R L7225, Ty 72/ 55—
4. 5 ® BiEER, B0 7 = 7 — VKIS 7a b LT
Cad EFEE LTV ARWVWEAM Ty ZH Wiz & & X, W ERICRERICMBEINS I RIS TWS Y, &
CadVHHETAHETyO AT A5 —EEEBIVN 72/ 5 W, 7=/ 9 —EEEIMEVNIIIGERKTIE, Cu(D
—ViEEEA Lz (B 72720, 7=/ 5 —¥iiho WEM =Y IF ) v 73 v 2Pk SN
WYPORPEHETH D, —H. F=nI v a2fFsdsL, Mol 2O, TyD7 =/ 7 —EEEIRFE L L
Cad fFAETICB I ZH AR Ty D7 = 7 T — BIHTEAHN 453 % 7201213, BAGHLE S KBRIL A + ¥ DEAET B
L7z Cad & Ty 28l Z ik 3 5 7217 T% <\ IGtkhO% FhF Y 2B RIKO AR ALETH Y. T O EKROK
PNV IRTLEEEROLEZOND, Thbh RER AL A 4+ 25, DT = ) —VEEER 7T s LT 5
R, 72/ =R T a— Vo ds, mtduiae OTIEHRVHhERBEENS, A TYIZBWT, Wat4
BCH B Y=V IR % B X IR DSV S & 2RIR IZE182 & N191 & E MHEAEH LEwfb s b & &b,
LCTWwb, F/220ZLid. TyDRALOREERICE WHEDREL RoT0d, T2 72/ 9 —BilHEofli
WT, T I—VEEPEERAGRT Yy MIBAL, ¥— HA I NTREAFTVDBELE, INHDOZ L xHbE
VRES R BRLSERZRSZE, BXU, Y=V N TE2 DL, BAERTIE Watd DA TREZUSHIZAE T
SOFTIEDEFE O AT L OFE R RMEIEE 2 RITT 2 ToRFA & VHRFES I, BUGEAL ARG TIEBm SN D
LERLTWS, —F, NIOIGERMTyldA5a5—+¥ DEPFF T L RN SN S, —J, N191IGERAETIX
AL TV 00, F—=83 ViRIMOAEICED S Watd O CTKREA + v 2RFFTET, T F 28
F. T2/ 57— Bl EO TP o720 2O EF, ¥ RN R L. RN S 1 2V EERTE RV
=V FERG720Th L EEROEBEIBY 2 K5 T 0% TRV EEZ LN,
EVE - WD . REERMEICEEE RIZLTWE IR

RS %o 5.8 #

B S DT o 72Cad DY 98 FRAE TS 9™ % I ] 73 X AWge2 T, 73— WMLEWD Ty DAL 2 42
SR Y 25, Tyo7 2/ 9 —EilFHICBV T, #LTWE I &, BIO EMEH LG OKRGS T OREN-
F 3 VRIREFR T X BRI IR BUE 1 Cu (ID) #5E 8 N — WEMEICXY, Tyo7 =2/ 7 —¥EESHEI N Tn S

NEIF ) UDPEL L, Z0%, BTBBHZE-T, 74 TENHIShERS72Y, TS ORRIEEA LSO
FU2WME F—=3F ) UNEEWEIND Z EDURIE SN, BT Db DEEZ bINA,

Cu(ll) fHEEM F—r3t I F 7 VOERIFIZIE, 220084

FrDH)BCPRELMBEEEZ, KEOKEILD T~
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The naked mole-rat (NMR) is an African rodent that forms a eusocial colony in subterranean environments. The NMR
shows an extraordinary longevity with a maximum lifespan of more than 37 years, although its body mass is similar to that
of the laboratory mouse. The NMR also displays delayed aging phenotype and cancer resistance. Cellular senescence plays
an important role in the aging and carcinogenesis processes, suggesting that NMRs may have species-specific mechanisms to
prevent the accumulation of senescent cells. Here we show that upon induction of cellular senescence, NMR fibroblasts pro-
gressively activate cell death including apoptosis through activation of the INK4a-Retinoblastoma protein (RB) pathway in
a mechanism we termed ““ INK4a-RB cell death”. We show that INK4a-RB cell death is independent of p53 activity and not
observed in mouse fibroblasts. NMR fibroblasts uniquely accumulate serotonin and are inherently vulnerable to hydrogen
peroxide (H,0,). Upon activation of the INK4a-RB pathway, NMR fibroblasts increase monoamine oxidases (MAOs) levels,
which oxidize monoamine including serotonin and produce H,O,, resulting in increased oxidative damage and activation of
cell death. The INK4a-RB cell death may potentially contribute to the suppression of senescent cell accumulation in NMRs.
Our findings provide novel insights into the mechanisms of delayed aging and cancer resistance in NMRs.

1. #

AKEFZEIE, WREHF OB Z RO RE, Ny T
34 X 3 (Naked mole-rat; NMR. [X 1) 12313 5 Bz 8 fii
FHRLOZALHHIRERE O Z HIET DO TH b, T O
Wiz HI$ 5 2 & T, RMICH ORI ELFBiE OB
BB HLEEZLND,

NFATNAAIE, HEETIIHMOTEB LY, BHo
T RNFIHEP L 7 BEAL SR ] LN 5 40l ot &
2B L. TFAET - F=T - IURYTOFNFOM
T PUANVIROEZTER L TEBITEREL TS, Z
DT b AN, B & - TIIBEREEIH 7% & 7%
5720, NTHTNA X INFMRBREREISHEOLTBD,
MBENEERITTADIND2ME LKL, ANEFOE Y
OEEZBFVEDRE V. ZHITHRE, NF A TF8F X 3k
R IOIRE IS 2B Y. TV b= AR EEH
W B IERERACH AR T B 2 EAHE SR TS Y, NS
HTFNARXINGITRALABEOKRE SRS, RRFm
M37TE(ZDITEDNY A F8% X IIBAE D ASF) &3
HINTVLEFAOEFHYTH LD, BLREZ LI, M
T TONA R I TIEIINEIAE ) SETRD LHAIRBD bk
W EPREINTED, SOIEFEHB O 8 WM.
B2 & Gt BAEMEE - IREF OB LR BRIK T 2 5 2w

il

Development of a new method to
prevent skin aging using the longest-
lived and aging-resistant rodent

Kyoko Miura

Kumamoto University, Faculty of Life
Sciences, Department of Aging and
Longevity Research

RFa (RKAFWMITE)
ZALmiE - EAAM S

K1 REHFBEENAATNXII

AL E 0 2V, F72. 43 THRRAEAH
BIL 2 RERR S N7z 2 LA\, B DALY Z RS Y,
FRICBWT, a7 —7 VEOMIANER % AT 58
MESEHIIE, ISV DNAHB SO 4 R A I L A
BN 1) ol 2% | el G A B el NI B a3 e R 3 R
FTIEVHIENT WS, MBI ERE RMlaszh Dl L
GRTHIEEZCEETH D PAMHIREE L LTE)<
CEDBHSNT WS, S5ITHABBICBVTHMBEEL
PIRIERICHFS T2 L7, HEBEBRICBNTHE
ALHI L o 13 PDGF-AA (platelet-derived growth factor
AA) DS~ D b2 T ZR I3 L THEE
BHHZENRESRTYS Y LirL—hT Bllicbz:
D ALK ASHME P ICAETES 5 & B UHIIEIE SSRETE B A
b H A4 RefENEESE (ROS) 5% 77#Wh3 5 SASP (senescence-
associated secretory phenotype) &IN5 HE % 5] &k
L. SRS D M ERE % T T, Baker 5
Mgt~ —h—THA 7)) VIKFERETFF—¥ L v eEs
—D 1HTHHInkdad 7T E—F — T, FERxEGT
TRV AZGIERITHEHEFLZEK LN T VAT 2
Zy 2 ARER L7z, SOy AT, B
ETREPM—VATHRT A2 EI2LY, FROZLD5EYY
T5ZLaiis L. BILAROER & MARBIICEEN
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Mg b E2RLETY, 2ok Hiz, BTk
AR D EAL - BEREIR T R AALICK & e E 2 B2 v
ZEDRHLNE RS TET

Tl BALWEEZFONT A T30 X3 ML E
I TWVWBEDEL YD TNFTTIZ, NFHTFTINARXI
DFMESF N 25 A ST DA, BRI X ) M
EAERRI T EBHEENRTVS Yy =, AT HFN
2 X I ORIZBTHENCHE D INK4a D53 F A% 2
DI VT EDPRERTVS Y TS DRSS A 1T,
NG A TONE R T BIESER E U WA =X
ARDHEDOTIE VI EEZ T,

INFTIEEA X, BILENT 7 7N X3 DR fE
MESFAIRLIC BT, MIRBALTEIC L DT H TV R X3
FRHIRESAE LS 2 L2 A Lz, CoHSIde MR
ST ATIEELEDSNGE V. NF A TF/NA R I T
B RABEIC L) B ARE S 2 & T EED
ZAPHH SN TVwDEEEZONDL, LRALIONT AT
PN X IR IS O X E LA TH D
fEIS % 2 & T L HHOEE BT ORI IC )
09 %o ZZTARIFETIX. NF A T8RRI
DA A=A - SFEBETEHATLII L2 HE L,
Iex 47> 720 F 2RI BAER CHERRTh CH 56

2.5 &

2. 1. EBEHY

1-2 R DBARN T B TN F X IFREARF THERE L, 6
HE DA CS57BL/6N< ™ ZIZHAZ L7 h LA L7,
COFZEIE. RERKRZEMERBHRIC L > TRR Iz
T I — Ve THERL 720

2. 2. HERMHFHRROBILE XU HRE/FEE
1-2DOBARNT B T8 % X3 B X U6l iGo Ak
C57BL/6N~ 7 A DIFEREL I 2 $RAL L. #IAK K2 g Hihde 2
M2 8L 720 MRkIZ. 1% R=V )Y AL T b
AV (BLT7ANVAIAL) BLOET7T 747 Y VB(E
L7 AV AR ZELKEGLZPBS (F AT 47 27) T
PRI MIWT L 720 fAk T % 15% w7 ¥ B R (FBS) (NMR
FHESE AL ) £ 7213 10 % FBS (= 7 A #ike 3 i) %
L DMEM B HICRE L, £9F 32— b L7z 10cmi
Fa s (IWAKD (24%8E, 32T, 5% CO, 5% O, &tF
THAE U720 #7E LC & 72MMERMI 2 MR L. #01CHHE
L L UCfA L 7ze MUHESFMIIE 5 MRk LA Tl
L. $i3 2 HB &Iz
PFTAVTINIY M olzR T ABLONT 754
A I MAEFMBIC, DNABGEHTHL FFYLE Y v
(DXR ; L7 4 VAFE) % 100nM ORE CEHELR %
WML 720 24 Rl B5iba2 3 L <R L 72 DXR &4 5,

WL, SHIC24REE L. 20k, Milez ik
L. LR C21 HM, 2 H LIS scif e L
BoHEEEZTV, ML EFEL .

2. 3. HERHEFHRNDOEEFEA

RYABLUONT 7N X IBHEFMICL v F o A
NWANRY & =% HCTRIETEAZITo 72 HWEIA I
BRI 4 —BIOIANANRy r =D 0 IRy 5 —2H%,
HEK 293 #lif1Z PEI MAX transfection regent (Polysciences)
EFHWCTENI VAT 27 a3y Liz. ORFRBRICE Hizc
ATV, TOH 24 FEHET#E L7252 HiE% 0.45um )
YVTANE—(FIVPYTRA)THEHBEL, VA VAEE
conditioned medium & L7z, Z @ conditioned medium %
FAER M T 2 AR L. SRAHEFE R~ D 7 £ b 2 G Al
H L7z

2.4. JxRE>7OvTaY

MMz PBSTH# L, 2 X ¥ 7Ny 77— (125mM
Tris-HCL pH6.8, 4% SDS, 10% sucrose) TH#fE L. 57+
Mk L7z, BCA Protein Assay Kit (TaKaRa) % JH\ T
R HBEZNELZOL, 10ugD ¥ VN7 ExEH
W T SDS-PAGE % 47 \», Trans-Blot Turbo Transfer
System (Bio-Rad) # IV CTPVDF X v 7L YIZ b T v R
77— L7 PLFITRLZz—&PUKIZT4C Tover night
Bt &4, TBST Tk L7-0b, —kytihz b S €72,
ECL Western Blotting Detection System Z 7z{Z ECL Prime
Western Blotting Detection Reagent (Amersham) TH#i
EL720 ¥ 7 FVRIICIZLAS-4000mini 4 A—3 ¥ 7 ¥
A5 4 (FUJIFILM) %, 5 — % f#Fri2 i3 Multi Gauge V3.0
V7 b =7 (FUJIFILM) Z 8 L7zs —RPUfkiCid. RB
(CST; 9309; 1:1000 for NMR, CST; 9313; 1:1000 for mouse)
pRB (CST; 8516; 1:1000). MAO-A (abcam; ab126751;
1:1000). MAO-B (Novus Biologicals; NBP1-87493;
1:1000) 3 & O° B-Actin (CST; 4970; 1:2000) Z i L 7z
TRPUAIZ, HRPEEGRPTY 9 (CST; 7074; 1:1000) ¥ 7=
Pt~ A (CST; 7076; 1:1000) IgGHifk % i L 72,

2. 5. RNA-sequencing&Metabolome analysis
MR ALTE BRI N A T340 A SRR IS S

HEMBETHEZIMNT 572012, NFHTNANEAZXIBL
V= 7 A B 8 ARSI A L5 3E (INK 4a 2 8 58
H) % 4T o 72 TRIzol reagent (Invitrogen) (ZiAfi# L 72
RNA %I A 79— %%, Novaseq 6000 (2T RNA-
sequencing % %2 fiti (Novogene Bioinformatics Institute) L.
B IR FICOWTH B K Z T o7, £/, —#&WIcE
ALHII CTIIABIREAYR & SEB T 5%, BlbNT I TN
AR IMNBIC BT B REBIRE L BT 572012, NF AT

—152 —



PR Z B LU R AN A L
ARSI CHEE BRI A 5 7 — LG, A 51— 4
T 2 17 - 72

3.% R

3. 1. MBEFLEERDONIDT/NZAIMADEEE)
RYABLONT A T8RRI HRME S AR
(100nM) ® FF¥ VL ¥ v (DXR) ZikmL. #ila &tz
FELTCZOBROEEHZRFMICIHBE, 21 HF TR
M L72e ZORER, NFHTNEAZXI, w7 AL HIHI
AL~ — 5 —TdH 5 SA-B-Gal By VMBS O B0, Hl g 34 it
DR ERT BrdURL Y AR DT, Mifaglb~—» —i
1 THAHINK4aB L Pp2l OB LA RO S,
BIREWZ 212, w7 ATIIMEo LRERS e wo
XLy NF A TNR A I TIEDXRALH 12 H H PARELIZ
MINAEAA B LA L2 (K 2A, B)o F72. MifgsEo EA-
EINK4aDFEB EAPFERHISEZ 5 Tz, 561N
FHTINAAIMMESF ML CTINKda% /vr 57§48, DXR
WLEELC 21 HIEOMIBBIEAA BT P Lz NSO R A
Oy NT AT A XIS BT, INK4a D5 1
ADHRLIEDHICHF G L TWwb L EZ bz,

>

Mouse

N
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]
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o
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ns
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o
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o
L

Ctrl 3d 6d 9d 12d 15d 18d 21d

DXR

RBRF  BMEEREEFAL T LLEBEOEBEFHAEDORE

3. 2. INKAaDORR EFIEINTHT/NRAIEHEF

HRRICHAEZ5 |1 ZIY

INK4aDZEBLEFANF J 78 57 X3 HHESE A L2
b %5 &R T ORERRDL72DIC, Ly F 7L VAN
75— HWTI I ABLONT TIN5 X 3 HHESE N
\ZINK4a % @R FEH L7z DXREHER & FERIZ~ Y
ABIUONT B TFNAR X I T, SA-B-Gal B A
B, BrdUIL D ;AR DT A58 Sz, INK4aldd A
7)) MM FF—¥THDLHCDKA/6 #HETHZ LIS
0. RBOBLY v b GEMAL) 282 L. A& ek
ERIERIT, v RA¥rTay T4 YL YN R
572l TAH, ITABLUONT A TFTNAXIMMLTRBO
iy Y BALDSH S NTz0 20X ) IO/ Tl
OFFY IR — . NFHT3% X I MO A THINLIED
LRHLZ3). o 0HHEL S, INKda DFEH LAH
NG T TN R I M IR A B & 5 a8
HONE o720

3. 3. NEATNXAIHSFMAICH VT, INK4a
DHEBR EFIEpS53EIFERMFRICRBZ 7 U THIAIE
Z5|ERIT
— R HNSH LN DT A= T HRECE EISMIIE A, /N

B NMR
25 -
*kkk
8\"/20-
<
(U 15-
S
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X2 #EEILFBREONT HT /N2 X IHBREDEE)
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SV E DTSRI SR Y F4AAITRT I,
AWK BIE T THDp53ET R =Y ADFHIZKELH
HLTWwWh, RFFETRONINT AT NA RIS A HING
WS PO AL T DN %A RD72DIZ, A NVAHKD
SV40 Large T antigen (LT) #2372 DZE FfRk%Hi ]
L7zo WARILTIEp53 ERBOWM T #EL, D% R
LTA434-444 (LTA)IZRBO A%, LTK1 Z %4 (LTK1)
Epb3 DAEZMET S, INHEINK4aZzNTHTIVARXI
FAE I B R S B S MIE AT L7z DR R,
LTELTAZEZF LA IHEIL,. LTK LI585
HLZ2o7z (K4B)o %720 DXRLENS T34 X3
JAlZBWTHHBROFERIEGONT. INOHDOFE RIS

NN HTFNLAIOMMIBEALFHERFOMIEIEIEp53 #%

), RBARAERIIC
CTHAIZZOMIBILEINK4a-RB cell death®#y

3. 4. \NEHTNZ%

HZoTWBLIENHLNE STz, £
‘I}%Lf:o

AIMRHFMBRICEOT BHDH202

ADfEFEHEHINK4La-RB cell deathicHFE&5L TS
INK4a-RB cell death® 2 # = X L %M 572012

X4

A

Senescence
stimuli

Tumor

/ Apoptosis and senescence pathway \

NG T TNERRXIB LUV ARSI INK4a
WEFEBIC X DAL EALFEE % 1T, mRNA-seq % EJifi
L7z NTATNAXIDOEBANETHBE LA L TwicE
& 7B 122\ T gene ontology (GO) T 24T~ 72 & 2 A,
FZALB L OB Z KL TWb &2 515 GO term
“SASP” R “aging”. “positive regulation of cell death” & &
12, “hydrogen peroxide metabolic process" D B
BT B SN T2 (M5)e NTATINAZXIEINE

TIZ hydrogen peroxide (H,0,) 2% L T8AZ% %= Mgk '
EROZENMEEINT VL, RAINTHT /AL I
MESEAIE S~ 7 ZAMHESEAINE & e _T, 2 F ToHa
Dy BHFICH,0, I LTEssTh A e R L7, &
DM, TAEINTHTI/NAZXIDINK4a-RB cell
death 1213, M{LA b L ZADJLHEHNEG L TWVWDDTIE%R
Wk EzZ 5N, EEL INK4a-RB cell death %2z L
TWANT TN A X IMIBIZB W T, 2, 7'-dihydro
dichlorofluorescin diacetate (DCFH-DA) % Flv» CTlE iz
FHE (ROS) 28I L TV A &N L7z 2 A, ROSL
NV D EFRDFRD H Tz,

B N.S.

N
N

)

Cell death (%
2

suppressor Cyclin-dependent
l kinase inhibitor (CKI) 5
Tumor (83—
suppressor; .. CKI 0- < T
........... & N
l ........... N l \Vvog Ib\\/ ’b\é \\S%
Apoptosis Senescence NN R
N NG R

INE AT INZ X IGHEFMABICH VT,

A\

INK4aDFER LR 3p53¢& FEERARICRBE L (HIfEE 25| I ¢

response to inorganic substance

SP_

Lysosome 1

Rheumatoid arthritis |

Transport of small molecules -

response to toxic substance

HTLV-I infection

collagen metabolic process -

cellular response to hormone stimulus -

multicellular organismal homeostasis

hydrogen peroxide metabolic process =
aging

respiratory system development -

regulation of secretion by cell

response to fluid shear stress T
positive regulation of cell death -
sterol metabolic process T

angiogenesis
platelet degranulation
cytokine-mediated signaling pathway —

0

X5

2 4 6 8 10
-Log10 (p-value)

INK4aBREIFIBNEHT/INZ X IR MAZDgene ontology (GO) f##f
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WIZAZ R — AN 247728 2 A, BRENZ L12,
ZALL TOB WA 7 78R R 3 BRI s By
\Zserotonin 2SPHF ICE R L TB YO, BILLNFT A TN
A X 3Tl ZF O Y T 5 5-hydroxyindoleacetic
acid (5-HIAA) %A B IZH I L T w72 Serotonin %* &
5-HIAA ~ORFBHER T KREDO H,0, Z AT 5 2 & 23
LNTEY ., FOMHEHEE 213 monoamine oxidase (MAO)
WHEHLTWS, FiRd mRNA-sequencing DFEHEIZB W
T 3 “hydrogen peroxide metabolic process” 1Z1Z MAO-B
PEENTwi, EHICINKdaZz #HEEB S E2NF T
TN A I MR CTIEMAO-A B L 'MAO-B % ¥ /%
I DRBUPEHA L Tz INLDOFERNL, NFH TN
X3 DINK4a-RB cell death iZiEMAOIZX %5 H,0,®
FEABHFG LT LRESEZ 5N, H,0, 28T
ROSOEIMAINT 5 778 % X I g (T INK4a-RB cell
deathZ 5[ EH I L TWADONEHLNMIT L2012,
INK4a-RB cell death % #F3E L7215 #7340 2 3 fifgic
YU L#I T 5 NAC, Trolox. Tempol Z#5- L7z ZD
FEH, INK4a-RB cell death i3 AEIZWIG L7720 ZhHD
ZEDRDH. NTH TR X IS4 RO H,0, ~D
Maggtk &, M EILRC H,0, 2 KEICHEAET S L9 2R
HIREBADZEALIZ X o T, INK4a-RB cell death?3#2 & T
WaEEZ LN,

4. EREFEYD

FRALA b L ARFIEEEALD A H =X LD 1 DL LT
LMo nTwd, BALA ML AR & 13, ROSICE %
ALY 7 A — V5N & & DICHER L. ZIUSRN ST 2
fabs E D HEARDKBERT 237253 WIEX T TH b,
NTHTINA R IFAL B TH S Z L5, BRILA
b L ZARFNC D W 2 RGE AR B AT LT & T2 A8,
ROSIZ%f L CH|IMEZ Hr o TV B &3 2R ROS 2%
T2 iR O S 2R 3RS & v o AT B R R AR
EHEEINTBY, INFT—ED0RMIHOLN TV RN, K
WEZElE. N 780 X IS B W TINK4a-
RB#EE2SWEEIL Ly H,0, sEACHHR B 2L T % 2
L& NFTH TN I MBS R FEOROS @ 1
TTH 5 H,0, 12T 2 HaggPE 251 F L CTINK4a-RB cell
deathZ 7 [ZERILTWAIEZHLNIILz. ZORRIZLD,
INTIATINARUIBN TR LS., EEZIELDHE
THMAEDEACMEICEF G L TOBED T RWILE 25N 5,
REFRIZ. N HTFNRRIUIBIT B H,0, 15T 2551
AT R D 72D TOMRE TH Do IT4E. ZALR Ik
LU AL R 23 % “senolytic drug” DBIFEAEAT
WBDS, AL ERICE > TH R M E b FF > THY, &
AL DB 23 A BN R BT DO DB DO R DB Do N
AT NP R UNEHEAL O #@FE THES L 72 “naturally senolytic

phenotype” ¥ ->THBY., SHMNEZEDSL L T, K
247 “senolytic drug” @ FIEICH 53 2 W HelEDH 5,

(5| FA>Z#k)
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Sialidase is a hydrolase that cleaves a sialic acid residue from sialoglycoconjugate. We have previously developed a
fluorescent probe (BTP-Neu5Ac) that allows highly sensitive visualization of the enzymatic activity of sialidase on tissue.
Staining of the rat skin using BTP-NeuS5Ac revealed intense sialidase activity in the lower layers of the dermis. However,
the role of sialidase in the skin is not well understood. In the present study, we investigated the role of sialidase in the skin
and developed the transdermal delivery technology of sialidase. We first examined changes in sialidase activity with aging
and found that sialidase activity increased with growth and decreased with aging. Next, to investigate the role of sialidase,
we delivered the sialidase to the dermis and studied its effect on elastin which gives skin elasticity. The barrier function of
the skin is high and cannot allow substances with a molecular weight of 500 or more to pass through. Therefore, we used
choline and geranate (CAGE), one of the ionic liquids, to deliver sialidase transdermally. CAGE can provide the sialidase
subcutaneously while maintaining the enzymatic activity. The elastin level in the dermis was increased by applying sialidase
from Arthrobacter ureafaciens with CAGE on the skin for five days in rats and senescence-accelerated mice prone 1 and 8.
Sialidase activity in the dermis was considered to be mainly due to Neu2 based on the expression level of sialidase isozyme
mRNA. Transdermal administration of Neu2 with CAGE also increased the level of elastin in the dermis. Therefore, Neu2
would be involved in elastic fiber assembly. The reduction of elastin in the skin causes various skin diseases as well as wrin-
kles and sagging with aging. Thus, transdermal administration of sialidase is expected to be helpful for the improvement of

wrinkles and skin disorders due to the loss of elastic fibers.

1. &

YT UF =B, By N R 7 & OB
o YT VERE BIHES IR EEFETH L. FIEREDS
EINFTIT, ARRICBWTY 7)) ¥ —YOREEE~ A
A=Y V7T HIENRNTELZHENTE —T
Benzothiazolylphenol-based sialic acid derivative type 3
(BTP3-Neub5Ac) # B3 L7z (1M 1) ™7, BTP3-Neu5Ac
PR EFIH L CH 37 H a2 R § 2 e illfkgeto & &
By, BEEELsMETESHMES”H 5, BTP3-
Neu5Ac lE AL TKIZHEMETH B25, ¥ 7V F—EIZ
X BMAKG % %5 &EBTP3 %3 %5, BTP3 I
BOnmBEOKRERA =27 AT 7 b & b DU Rk
TETH Y, KIINETH 5 720MMRIIEAETHZ LT
ety SN b, Feft FE T BN METH D, BTP3-
Neub5Ac (10-1,000 uM) 2 & &7 < 30 AR BEA ~
FaR— L7tk MBSO 2BERCTHREITLHIET
SETT 5.

BTP3-NeubAcT7 v Mz gth 35 &, MELHIL
EVvo o EEES R RSN D, £70, RLREERTD

il

Role of sialidase in the skin and
transdermal delivery technology of
sialidase

Akira Minami

Department of Biochemistry, School of
Pharmaceutical Sciences, University of
Shizuoka

1 BTP3-Neu5AchH#EIE

BHERIC BT, F 8 B PR C B 2 B IR
DR RD R et SN D, ZDE) BRWMCBIFA YT
) ¥ —BiEHoSAEREZFH LT, Y7 ¥ =L
BRICATRTH A ZENRRVESRTWSE Y, $72,
BTP3-NeubAc T~ 7 AWz feta L7z 2 A, 4 VA
V) Y RGWT AIERD T v AN v A BRGNS T
) ¥ —BIEWENH B 2 Dol TDA A=V VT
MEAHLC, 7V —EDRAL YA Y OSWICES$
HZER, V7Y F—EHEA 2, 3-dehydro-2-deoxy-N-
acetylneuraminic acid (DANA) 54 ¥ &A1) ¥ 43 & 12 ik
T5ZENRMENT, DANA KB A >~ &
) VNI L T S ARIAUKE O BIE ] & S
% ENTEDHERBOWEHIEL LTHEALTE 5 LR
ENTWVE, INE TIREREmN Y 7)) ¥ — Lk %
FoZ LhMirshTwad, 2 TBTP3-NeubAc Tk
FORBHERRE L E A, K2 SEETRIESh
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727, BUE, WNHRSETHEME DN IEMICREDPITL S
EWlEoT, WA EZIRD RS I E LRI EDNTES
PO EHIEL TWwb, IETIZ, BTP3-NeubAc
WA VTNV AV AN &G L 7=/ o #H R 3RA i
MRROBRIITIEHT 5 2 LB TEBLZ Do,

K% 224k 7= BTP3-Neub Ac THA 9 % BT, KiF
DEBEIZHNY 7)) ¥ —Eiirdh s 2 L x A L7z, B
M, as—FrRe7rua s, =95 AF 0 oMl
M= by 2 ARG THER S NS, Mgk~ b v 2 2D
OERZHEETTT AF T KM, M. Biike &M
MICEBEICHFEL TS, RUROHBgEC X ) #HEE%
SR T, T AF Y EAMENERICERL, &
BT MED RANZ R B OtAl) o 12, KBth o 1
EINRE TR =T AF VRN E & D ISR L.
YIRH B REEEDORKE RS (K2), =T AF ¥
DY — 2 —=N—=IZFREVREEP» 2700, Koo F
AF v aHETH EITHL V.

RO > 7Y ¥ —+¥ (21 Neul. Neu2. Neu3. Neu4d
DADDT A VHFA LIFET S (K3)e TNHDL4DOD
TA VWAL A, BT MR MBNRAE, B RE
PMpHN R b, FICY VY —=2IZRAETAHIT) ¥F—
Y74 VYA ANeul &, MIlBEHICBVWTZI AF U#
&5 7 B (EBP) L HAKREZIEKT 5 2 i & T
Who Neul 2532074 7)Uh5DY TIVEROE
Bk, 2o RFVEGERET L, TOZLn. B
BEhs o7 7y —Eiftkid, =9 2F Y EAICEYS T
LEEZONL, BRICBITL YT ¥ —EOREE% ffH
THBBRET, REICBTA YTy —YinEr s &b

WHELLBETTAIEDRHLNERoTe BRIZY TS
—EARFEETLHI LT, NS =7 AF Y0l % b
BEIFLIENTEDLEEZLN S,

ARFZETIIIOIT, BEICBIT S 7)) ¥ —EiitEos
i LIS X % 2 7 ) ¥ —EiEEOEIT OV THRE L 72,
F720 YTV —EOREEENT T AF VEAICRITT
WBIZOWTHGT L7z, #BRPG- CIRABEEHEE DY)
TR, IS TR 500 DL EOWE & E H?ég
EDTE R ZIRN DO IR IR 2 FER I D 728
%ﬁ&ﬁ&%ﬁ%ﬂ@%ﬁﬁ%%a&%o4%yﬁ¢u
WaA & v EBaA 0o 2AREEHRE L LTSN T
Wb, A F Vififkd 9 B Choline and geranate (CAGE) 1
BOTFALEW D SRTF Ry V7 Bz EOESFLs
W Th & AR OSEH 2 R RIS TE 5 (104),
T BRkEIAIE L CCAGE R FIH L7z,

2.7 &

2.1. P7VE—EERDAA=D0T
Wistar ZHEVET v b (1238H#6, HASLC) 25 E2 8. #iA.

ST —EDEEICH T B AR C R R ER M ORI 3

K2 REOELICEIIZIIFLEDRD

M3 MHIHEMOITIVE—ETA YA L

M4 FREREERFCAGE

Bz T HEW % 2 Co IE A SRR 2 $REL L. Tissue-Tek OCT 2
VRT Y RH TG TIA YTy VX8 y) T L7z,

HRER. 100-300um E oY ZE# L72. 1mM BTP3-
Neu5Ac (27C) THefa L 724, PBS TP L. dOGEHM
3% (ex/em: BP330-385/BA510IF. Z 721X BP340-380/
BA500-550) T2 B8 L7z, H A 5 OMHIERE 3G
LTWhRWEETR Oy 72759 v Fiokziib L aw
LARWICERE LTz BERER- 2R, AT A% 4% /%7
ANWVALATIVTFE FCTHEZEL, AY MYV - ZF T T
Yeft L7z,

2.2, I7VE—EEEDAE

Ty MNEEDREI A= 2967 = V7T L—MIBL,
10uM 4MU-NeubAc = &3 PBSH T 27C. 6044 >~
Fax—FL7 KEET MY T L8R (GO0mM,
pH10.7) #INz 7%, 42707 L— 1Y —%— (ex/em,
355nm/460nm) % F\ Tl g L 72 4MU @ 530658 B % il
EL720

2. 3. CAGEHD 7 ) E—EDRE M

Arthrobacter ureafaciens k> 7" ¥ —+¥ (AUSA) %
10mU/mL TCAGE 7213 PBSIZiEM L. 27°C T 28 HIH
i L72e 2D, 4MU-NeubAc TY 7Y ¥ —EDOREH
EPEZ E L7,
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2.4, D7) E—EORKIRES

5 v MR SAMP1, SAMP8 D EHIERD K iE % #E L 714,
CAGEIZER L7237 1) ¥ —+¥ AUSA (1U/mL) % 1 H 2 [,
5 HEIZ D7z THAT L7z BEEAMMREZ ML, RETFHA
ALz FEV A= MO T &= LGtk 4MU-
Neu5Ac (40uM) Z HWTHIE L7z BEE2HM LTS
2F vafFaid, emfFEo, 10, 15, 20-tetraphenyl-21,
23-porphine tetra-sulfonate (Fastin Elastin Assay Kit) %
FIH LTl L7z,

2. 5. REEBLCEEE

R OMBEY R 2 4% /37 RV AT VT N CTHEELZ:
%, 2% VY FXIMFETTayF 7L, T AF DY
TR U/ Z Y9 FHL 5 AF VR 70—+ VIgG(Bioss
Antibodies) B & O'FITC ik ¥ ¥ Pu 7 ¥ F 1gG (Jackson
ImmunoResearch Laboratories) (2 & V) #ef L 72, Neu2
O TIE, Yz oY FHNeu2 KXY 7 0 —F )VIigG
(Rockland, Gilbertsville, PA) 3 & (*HiLyte Fluor 555 f&
WY PS5 ¥ v b IeG (Anaspec, Fremont, CA) THefh L
720 F72. DAPI(1g/mL) TH LGt 247\, HOLHIMEE
BZ-X710 TBIZ L7zo DNy 77T KLV,
ZkbEROR TR LU AFIH L THE L. $XT
DARA=T 734 Ed 2MERKL. FREZEZRL
726

2.6. IZAFOEREXRDOHR

BRI R 4%85 7+ VAT VT FCREE L%,
4ot B % 85 (BZ-X810. ex/em: BP450-490/BA500-
550) THREOLZBIZ L 72,

2. 7. V7IVE14LRT-PCR
TRIzol &% (Life Technologies) # VT, v FDJE
MR O Kz [ R BENi 7 & OMLER A © mRNA % fili L 7274,
Y —< V%A 75— A5 4 (Thermal Cycler Dice Real-
Time System Lite, ¥ ## 5 78 4 %) & One-Step SYBR
PrimeScript PLUS RT-PCR ¥ » b (Perfect Real Time,
FHINAF) ZFIHLTmMRNA 28& L7z, 7Y kL
7NLVFe F-3-1) Y5 FKua ¥+ — ¥ (GAPDH) ®»
mRNA & WHBEE#E & LCRIA L7ze BTSRRI L7272
A< —DORH &2 RT
Neul: 5 -CCCATCCCGAGTACCGAGT-3 & 5-CCCGGC
CACAACTGGAC-3
Neu2: 5 -GAGCCACCAACCATGTCAAG-3 & 5-AAG
GGACATGATTCATGGAG-3
Neu3: 5 -CGGAGCTGTGAGCTGAG-3¢5-CCTGCTGG
AACAGTGCTG-3

Neu4: 5 -TCTGGAGTGCCAACTGGC-3 & 5-AAGGAA
GTGCCTTCATCAGCAC-3

L FAF:5-GCTTAGAGTCTCAACAGGTGC-3 & 5
-CGGAACCTTGGCCTTGACTC-3

GAPDH: 5 -TGAACGATTTGGCCGTATCGG-3 & 5-TC
AATGAAGGTCGTTGATGG-3

2. 8. Neu20ER#rE

FITBSL72T Y FNeu2 # BB TH5C6 7 v b
) F =< 55w sz Neu2 &, BRALAHET 4 L
% — (Amicon Ultra) = v Tl L 720 4MU-NeubAc
TNeu2®d > 7" ¥ —EiEM: %% L 72 Neu2 (21.3nmol/
min/mL) & CAGE % 3: 7 D# & CTRA L7z, BTk,
Neu2 & CAGEDREW 60uL # 5 v b (12 #is) oM HEER
FERGIC®AT L7z F 7213, Neu2 2 18ul ¥4 L 72 2.
CAGE % 42 nL¥Ai L7zo ®AE 1 H 20, 5 HFAT - 726
HRICEIFNATIAF VIE, 2. 4. LHAKOETER
L7

2.9. WEtEER

HEHENTIX. Bonferroni % H L ME % 1 ) — ol iE
N, BIOHREEZFA L7z 2REH O AT R 2
56, Welch OH#IE 2 2 72 t g 2 FIH L 726

3.#% R

3. 1. HEMBEICH IR T7)E—EEEOMEICH#

ok X4

FRICBITAYT) 7 —EEEOS A ZRRE 72012,
12 8o 5 v b EMEZ 100uM BTP3-NeubAc THefs
L7z N bFVY ¥ - 2V URB TR INIERET
R BRIV 7Y =i E 7z (K5A)
/20 FEICBIL YT F—EELONEIC X 521tz
PRIz ZA FBAELIH2S 12 8EC )T ER L7,
21 » HE DL ED T v PEBIZBIT B Y 7Y ¥ —Eiitkid.
128D 7 v MEFITBIT 2 & LB L TF L < R55
L7-(E5B).

3. 2. JT7VE—EDOREREEICLKDIREBIZFAF

EDEM

WIS, TN T —ELORBEEGHLTT ATV RICKITT
HEIZOWTHET L7z, PO, ik IE#HI CAGE 12
X o TEREHEUDZAL L w2 E 2 MR L7 (M6A). K
(2. R R I CAGE i LT 7Y ¥ — ¥ (AUSA)
Z1H2Mb, SHEEBICEATHE, Ty MEBIZBIT
YTV —BEESHEM L7z (K6B). /2. T v Mk
BICEEINL PARILIAF U 2ELII AT VOB
WELEZA, T AFEIPBEMLZ(K6C).
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X5 SvhEBICHIBZLTUL—EFEDATEIRICES T
(A) BTP3-Neu5Aclc &35y hEBDA A= 27, (B) BILICEIEBS 74— EFEDHEE

X6 JTFUL—EDREIFEICLSITIZFDEM

(A) CAGED Y7 U A —EEMICRITTRE,

BTP3-NeubAclZ & 57V ¥ —EiHEDA A =T~
ZIZBWVT RIS, AUSA 2 53 5 & B2
W T S —BIEESBIg S (MTA). E72, Y]
Fr okt B L 0T 7 A F Y HRELOBEITB W
T AUSABRGRBROBERIZZ T AT ¥ DRI ED
LN 7BBLTC),

3. 3. Y7VE—EDRREEICLDELRETIA
DEEIZAFEDENM
ZALRAEE 7V~ 7 A (SAM) &, Fpai <. BALE
ROFHIMH & BHE R ETEZHHET LT ATH Y,
AKR/JAREOLBZIIZ L D SR E T2 9RO EL
fEfe~ 7 2 (SAMP) & 3 R DELIES M~ 7 X (SAMR)
DHEL STV %0 SAMPL Rild, #L7 304 F—3

(B, C) Y7V H—tEDRRERERICHIIZEED
STVA—EEMEB) BLUTTXFE(C) DIEM

A L RBERENHETH D, SAMP1 AL, 12-18 # H
MCITI ATV ERBEOEAHIML, HE2RIT A b
— Y AZHEREL, FORMI bOXBELEFEBLTVS,
SAMP8 Ak, TV I < — ik DM T & 2R HkE
EBIOMHY) XAREEEZRHE TS, SAMPE Y7 A1k
PRI 2 DAL & R IFDL L 72 B LER 7R §

KEF%ETlE. SAMP1 3 X UOFSAMP8 ZJHWTC, =5 A
FrmIIKIZTT AUSA O EE 2 G L7z. AUSA % &
CAGE#Z 1 H 2, 5 HM#&ERk#&5 L& 2 A, SAMP1
BLXUSAMPS T I AF VENAEREICHMLZ (K8A
BIUB),

3. 4. RBICHEIZITVE—ETMI/YM1LOER
FRICBT BT 7 ) ¥ — BB 7 ¥
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X7 JT7IVE—EOREZFEICLDIISIXF L DEM
(A-C) ST VS —tDREFEBICHIBDERD O T7US—EFMA) . BLUISXFUB(B: REHEBLRE;
C: BRENLER) OHEM

8 Y7NA—tHDREFEICLIIZBILBEETINTIIDE
BICHTBISXFDHEN
(A) SAMP1 (B) SAMP8
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—ED4DODTAVFAL LOHN, EDOT A VHFA LNTER
FTE2ONEHONITEHZHNT, 7y bR THBKIZBIT
LHYTVE—ET A4 VAL LDOEBE KL 720 Neu2
mRNA OFH T, R L D D EESLH AL &0l
MCHFIZE» 72 (M9IA-D)s — . Neul. Neu3.
Neud OFEBIRIE, B EHAZ O L D IR

VC“%VJ)O f:o

3. 5. NeU2ORBRRIRSIZEBPRBISAF > OEMN
JERIERIC BT 5 kg2 B W T, Neu2 3% TR
I HARERE ERIcE < EBLL Tz (B10A). Neu2
WILTAF VEEICKRIZTREIASNHTHL Z 2D,
C6Tv M7V F—~<HMlaTlER LT v FNeu2 & Hw
Ty Neu2 O LI AF Vmll JITTRELZ G L7z
Neu2 DREEFHRG5 1BV TIE, Neu2 2 &t CAGEZ 5 v
MREICEAT S F72013, Neul2 2612 % 128 A4
L. TO®%CAGEZ®BA T 5 K028 THL 7
Neu2 %A% 1 H2MH, 5 HEA T - 724&8, EH 500

ST —EDEEICH T B AR C R R ER M ORI 3

HETOHEOLITIAF LV LARUPB AT LI EARBEE
N72(K10B)s 72, DI F AF > mRNA LNV,
Neu2 @ L CHHEELRBEEZ T 20> (X 100),

4. & %

AWIE T, EBICBIT ALY T ¥ —EoREREED S
MRFEWHT 2T A VA L, MiEIHE ) BB 0L % &,
T —XIET AN AR R, 7y MUBEERD
MMk % pH7.3 DBTP3-NeubAc THf 3 5 &, JEIALAE
LB L TEE EHRIZHWY 7Y =itk & h
720 BTP3-NeubAclEpH7.3 TWE I 7 ¥F—ETA VW
4 2 D Neu2 & Neud I2 & » TEILWIINAK SRS I,
Neul & Neu3 2 X o TH S IR SN2 ¥ hE- T,
pH7.3DEZ EHRIZBIF AW 7)) ¥ — Bk,
Neu2 2k rdp b, £/, pH4.6 1XBITH ¥
7 F— D5k, pH7.3 1B 254 L K& %
EW I 4 H o 720 pH4.6 Tl BTP3-NeubAc id Neul
ENeu3 2 & o TR X <MK HES B D, Neu2 &

MO REEICHEIEIT7IVE—ET7A IUHT A LORBILER

10 Neu2OREHREICLZIEBEISXF > DIEM
(A) EBICB1I3Neu2MFIRA#(B, C) Neu2ORBREHREHN ISXF(B) ®TFXFmRNA(C)

DEBRICKIZTHE
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Neud 2k o TH 5 EN% Y, pHA.6 THRHICHIT S
TV —BIEEDA A=Y U ZIZIE T Neu2 2355 L
Twa tiEbhs,

RO, BEEoas—yy, T5AF, Yo
I TV AR EORN - BRNGEISERN L Twb,
TS AF v DRWPIZE - T, EFHOHAER b D,
AWFgeTlid, 4AMU-NeuSAcZ HHWTpH7.3 THIZE L 72
YT —BHEUPEC L o TERT T2 2251
L7ze Y7V —FXIZTITAF VERZRETLZEDS,
sty =5 2 F v omdid, 7)) F—EiEEoRT
EHRLTCWL RN D B,

CAGEZHWTIY TV ¥ —EE2REHRGL-E2A B
BB Y77 — B 55 5%I i L 72,
CAGE 2SI A MR L 7o F MR ERLHRGCTEL S
EERIBELTWAS, Gl 7V ¥F—Y¥OREEx5I12L -
Ty O AF vaaelimsgs 2 enRvniEZahiz,
Neul Z=F A F Y OFEEFERET L7217 THL, TT A
FVHRRTF ROSEREICES T 5 2 LG ST
Who Y7 Y —EOREHRGIZE ) T AT L RAHN
L7zZens, WMDY 7Y =BT 5 AF ¥ D53 #
RAETIZRL, ZIAF VEGOREICTEIIHGTHLE
Abhb,

N2 FVTHEDY T Y F—¥ DA% 5T, Neu & #%
Bi535Z LI CLoTOHEDOLT AF a7z,
IS5 AF VEAIZIENeul 7217 T% < Neu2 b5 LTw
LrEZoNDL, HEFEHDOI I AF  mRNA &% Neu2
BAICL2EBREBRIRONE» o7 0T V7Y
F—XIlLBZ I AFoMNE. 37074 7Y 90
DY TIVEEBECE DL AF V DEGOMEIZL D LE
AbNb, Neul i3V VYV —2BETHY., Ei#lipHIZ
4.4-4.6 TH b, Neu2 (3HE S 32, F V) T 7~
TVF Y REMAKGSMEL, 2@pHIZ6.0-65THh 5.
Neu2 IZMREA O P pH TIEH 3% O T, Neu2 &R
545 LA EROI Z a7 4 7Y V5T T VDR
RIS 5 & b b, Neu2 2R HG L72 i EIC
BWT, BELEEICRONS L) ZEEOKRFLS A b
— Y ARBEIN L o7 L2L. YTV Y=L
ITAN—VARFELRWI & 2B T 572012
. XD EEICRE T A LEND B,

IIAF VI, BEOENIS - TP T 5, oIz
A BE R iR E <2 5P R AE R AR B S iR, Williams—
Beuren SEMEHE, WX D2 ERELREICL - T, HH
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EETLHN, VTN —EOREEGIZL VLTI AT VR
MES 22 L THRHRENUHESIND LEZOND,

5 #% #&

FE OB IZIE Neu2 [ISERT 250V 7Y & — Lk
HHY, MEE & HITHEPMET TSI LIRS NT, F
7oy B EH CAGEIX. Y7V F—EomEkints
MEFE L7 F TR T E 2 IR S /2o CAGE
37T —ERET TR, HA RBFEORERGICHM
ThorbeEzbN5, 8512, CAGEZHW2v 7)) ¥ —
YOREHGIZE D, BFTT AT 058d 52 & %21
LI L7z T —EORERG X, T AF VO
ML BV IREEREOWEICEHTH D LIfFES N5,
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Inherited GPI deficiency (IGD) is caused by the mutations of the genes involved in the GPI biosynthesis. There are at
least 150 kinds of GPI anchored protein in the mammalian cell, and they play various important roles, such as neurological
development. IGD patients are often suffered from developmental delay and interactable seizures and in severe cases, some
of them have ichthyosis. In the skin specific Piga KO mice, secretion of glucosylceramide (GlcCer), packed into the lamellar
bodies of keratinocytes was impaired, leading to disruption of skin barrier function, which caused the early neonatal death.
PIGA is the catalytic component of the GPI-N-acetylglucosaminyltransferase, the first step enzyme of GPI biosynthesis. This
phenotype is similar to ABCA12 KO mouse model, in which GlcCer could not be packed into the lamellar body, leading to
the defect in secretion of GlcCer. To elucidate the mechanism of the defect in the secretion of GlcCer in the Piga KO model,
we made the P/IGA knockout and its PIGA rescued HaCaT cell, a human keratinocyte cell line. We also made the ABCA12
KO cell to compare the phenotypes. Anti-GlcCer antibody could not show the clear localization in the either cell, however
anti-ceramide antibody showed difference in the localization of ceramide between in Piga KO and its rescued cells and more
clearly in ABCA12 KO cells. According to these evidences, we will further investigate the pathogenic mechanism of ichthy-

osis in PIGA deficiency and develop its treatment using synthesized GIcNACcPI, the first step product.

1. &

W LA T 1% GPI (glycosylphosphatidylinositol) & v»9)
PR GBI D SN TWAGPLT » =Rl 5 Xy
H (GPI-AP) 2 150 I SN TH Y . BEERZHE, #
AT HARRIBIN T2 &, IR, fifsE, *
VR L EICBVWTERELBH X L Tw5b, GPI-APIZ/h
fafk (ER) T% v 787 Ei#f5 L GPIH 2 \Z& i S, 5
W U7z GPIASGPIfM N Y 77 F Va2 FoOmuik ¥ v 8 7 ED 7
VERF VRIS NS, 2% b /MafkE T Ik
T2 2T, MO I L 250 — VI8 G E
N5, ZTDXH 7% GPI-AP D AE R & 154 12 30l o & fn
TGS LTwD Y, J KM GPIRIESE (IGD) 133E4E o
Do EBVERIEIERE T, SHOOBEFICERSBIY
HEELKREZHIELAOGPLT v —H ¥ 87 8 (GPI-
AP) OMBIRE 1 O BUL T SR E IS L D AHHEE) 5
EOEN, TADA, ZHEGEREZRT Y, BES
TIZHEAL TR 400 B, EIPNCTRIS0 BlOHEE DD 50 JES7
BB B ORI X VB A F 54 V2R L.
2017 48 & 0 4REHER ISR S, 2018 4E & 0 /N R e AR
TEPIRE > T D,

AT TIEEIER) T LI LI R S A ek o B F iR
%Y OIFREMNT & BHEORSEZ HINE Lz DRIk« 1.

il
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associate with Inherited GPI deficiency
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KB BIFHGPLT v —ok#Ela b 7012, K5-
Cre~¥ ™ A & Pigafloxed <7 A& W5 12X ) Fik
¥R 7% Piga /7 v 7 77 b (KO) =7 A2 E L7, 584
RIBEBRDFADI T AR L BOL VEFER L,
EBBHTHRE L7z, RO THREEOHRIZ L - TK
SREFFREDMET L. AL O KIS HE SN THWAY
JEAEAN R W2, AEFELLRELTW Y, 20
BOMATICE D AEMBENIZER S L5 RE R ER
(lamellar body) ® ¥4 %243 & 1L % lamellar body OH %
7% & GPI-AP 7S, FERDIEH LIS TH % 2 & HH
S oY, TORIRG., EELZEEERETDH S
Harlequin-type ichthyosis DJEREIZHD THPLL T 5,
Z OFBIZIRE D lamellar body ~O ik Z B4 % ABCA12
(ATP Binding Cassette Subfamily A Member) '? #{£F o
ERIZE>TBI2ZEMMONTW2 Y, MEAEOET
23 B KB IEAE $ 5 lamellar body i&. TGN (trans
Golgi network) ICH¥K$ 5 & ENTWBHY, ZONERIZT
Vay k73 F(GleCer) RAT7 4 ¥ TILY &R
AA, ffE L HERE ORI T 5, Kihdhirva
YIVEFT IR, AT74yTI) VL, BEMOB- v
aklL7uyy—EAT7 4y ITITYF—XIZIDEFRN
FINKGREE 2, 2T I FICEHRS L, ERLt
53 FRIBEPHBRPILATa—L e T X FHEBEKEZIED .
TR BB TEREET ST TS DIRE DA & 55
HILZ GPI-AP M S DTl b o T b EE X L,
FKIZIZ BT % GPI-AP OHERE DO MEIIAS, T .0 35 HE i 1
WD %A DM REMED D %o
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2.5 &
2. 1.

PIGA X GPI AR DIRM D A T v TIZHEBRT 5 X Gt
R FOBET T, FOERIZEVERMETN T2 L, $X
TOHOGPI-AP OMINE R BT 2B T 55 Vs 4
YOTNV—TLDIEBEIZL ) PIGADEW TH 5
GIeNACPI % A% L 72 (I 1A) . PIGA K48 @ HEK 293 #
Ji % e L3S RS HbIZ 2 uM @ GIcNACPI % Il 2. 72 X5 2. C 24
L, 70— 4 X MY —I2X ) GPI-AP D538
DR % N L 720 GIeNACPLIZZIHF X RO AT v 7D
PIGLORZ & L TibNGPI-AP T3 4 CD59 & DAF®
FEHAFEHD60%F THELZ (K1B)Y, 7u—44 b
A MY — f# B 12 1 mouse anti-human CD59 (5HS),
-DAF (IA 10, Biolegend) & 2 %tk & L T Phycoerythrin
conjugated anti-mouse IgG = L 72,

FEXRM GPI RIBEICEH T2 2B OREBENOIABREDRRE

2. 2.

I3 PEEAMIEK TS 5 HaCaT M2 % fli> Tin
vitro D FEERR # B L7z. Cas9 & guideRNA 253§ 5
N7 % — (px330 Addgene #42230) |2 PIGA #I&T- D ¥ —
7y MEEF) (ACACTCTCTCGGGTTAGCCC) 4 A L 72
T AIFR%EYRT 2”7 ¥ a v (lipofectamine 2000,
Thermo Fisher Scientific) (2 & ) HaCaT flifg 2 A L T
PIGA% 7 v 277w bL, PIGAKOZu—>#11,12%
BN L7z 70— A4 b AN —RITICE D, BAEROM
JaFMENCHI T 5 GPI-APAKOMETRIBLTWSL 2 &
MR L7 EHIZKOMMEIZ PIGA cDNAZL ba A
WV ANXYZ % — (pLIB-hyg-FLAG-PIGA) % fli-> CTEA L
T2te. A< A v 200ug/ml % & BIRNE i TR g
LTLAFa—MfgzfER L EFa Y ba—re Lz (M
2)o RICGICNACPIOR R 2 FEFRT 272012, 2. 1. L [FH
B 5 P TREA SN 2 Rl = o> GPI-AP o [nlf§ %

E1A &mKGICNACPI (18:0,18:1) DiE&

CD59 DAF

100 . 100

g0 & % 804 ¥
604 ¢ i 60 +
40! i 40+

20 A 20

0%

Wild HEK293
—— PIGAKO +GIcNACcPI
""" PIGAKO +DMSO
PIGAKO

— — - ; T —
o 10? 10° 104 10° o 102 10°

7 T
104 10°

H1B PIGAKODHEK 293#ik2 % & Il ;& 511 (22 UMD GICNACPI % Bl A 7= 35 & & T240F
EEERT7O—Y 1 rX M) —IZKYGPI-AP (CD59, DAF) O%BEOEIE & /BEMH L1z,

CD59 DAF

FLAER

CD109
HaCaTififa

—— PIGAKO+PIGA
— PIGAKO

Wiid

Isotype control

B2 PIGAKOEPIGA%E L ZF 12— L 7zHaCaT#ilaD 70—+ kX kU —f#df
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7 —% A4 A MY —THEH LK), FLAER
(fluorescent-labeled inactive toxin aerolysin,
CEDARLANE) 12 GPI-APICHi AT A E DL RAKIC
Alexa488 DHILT XNV AN L7270 — 7T, GPI-AP
DFEBE %R T CD109 ® % B X mouse anti-CD 109
(Biolegend) % ffi [} L CTH#HT L 720

2. 3.

HNE A GleCer D E R & I BI42 9 %729 HaCaT Ml fa D
ABCA12 Bz TOKOMIBIra—>% 2. 2. LRBDO KT
YEBL 720 # =y A ME 2 BT i%5H L (5-CAAAGGA
TTCG GGGCAATAT, 5’-AAACAGAAAAG TCGT
CAAGC). KOMilgru—>afrLizobiz, 7/ AOBLY
ERATRELRKOMMTH 2 LR TE My a—
#27,30 # ABCAI2 KOMifg & LT L Tw A,

2.4.

Z o 3HFFEOMNL (PIGA KO + PIGA rescued, PIGA
KO + empty vector, ABCA12 KO ) I281F % GlcCer D)5
TEMERT 572012, ML LS5 &2 Mad L
720 HaCaT #liNaidim Ca DB THA{LMINIZ LT 5 2 &
BHONTWS Y, B2 Ca B THMIlBZ K L ORE
B LR ER, At s g5 EmCad & %
2.8mM & L, b L WK Cad 5% 0.03mM & L 72
1B Ca D 413 Ca RN 72 v» DMEM ¥ #5812 & M7 L 72 FCS
2 10% Nz 72d D2 CaCl2 # Nz T final 0.03mM & L7z,

2. 5.

IS0 3FDOMAEL%E, poly-L-LysineZ 2 — b L7275
N—=7F A LTHERL, HCadDS&cafbtiiiaicsibs
72 1 C. rabbit anti-GlcCer (RAS_0011, Glycobiotech)
mouse anti-ceramide (-Cer) (C8104, Sigma), rabbit
anti-keratin 1 (Biolegend), 2 %$ifk& L TFITC conjugated

CD59

DAF

donkey anti-rabbit IgG (Jackson), Alexa488 conjugated
goat anti-mouse 1gG (Biolegend) Zffi-> T, #DRFEDE
W& SRS CElZE L 72 (KEYENCE BZ-X800), A%/ —
WHDHWIFNT FIVAT IV K (PFA) CTH%E L 72HH
13 Anti-GlcCer, -Cer IZ & 2 FERMITHE S W2 L%
Po7-OT, MO FEERHEL CHEBETOLI%
TritonX 100, 1% donkey serum in PBS CTALEL L T 1 kPt
Ry 2RPUKRT2EBRECTHt L. 4% PFA CEEE L CTHl
L7,

3. & R

3. 1.

PIGA %80 HEK 293 il O35 3812 4 L 72 GleN AcPI
Z2uMMNZ72& 2 A 1BD X 9 12 GPI-AP T& % CD59,
DAF#%, & HICIEHWD60% T THRIENEHE L2, Zh
(B 2 A5 B3 L 72 (ACS Chem Biol. 2021 19; 16
(11): 2297-2306) o

3. 2.

HaCaT Ml 11258815 % GPI-AP A3 PIGA KO 7 1 —
YTCTREEICEDORBASHE L L, E5ICPIGA cDNA %
BATLHILIL > TR EEICHEL TS Z L &R
T(X2),

X512 3. 1. L FARICARIEE GIeNACPT 3 uM DM
X9, GPI-APT# % CD59 & DAF ®3BIASIEHR @ 10 %
FET CHBT S I ERbd o, HEOEEIZHEK 293
FRIC R TR o 7225, ¥ — 27 & 2 BRI 24 B &
MLTho722 b, WY ALRDRE, H5HWVIT/MMafk
TOFMHAORFEANHEK 293 filgIZ bR TRWEEZ S
% (X3),

3. 3.
ABCA12 KODIER L 5e47 ) v 777 PR TS %

—— PIGAKO+GIcNAcPI 3uM
— PIGAKO

PIGAKO+PIGA

Isotype control

3 PIGAKO HaCaT #if2 % & M5 32 #1(C 3uM O GICNACPI 2l A /=35 &R T 24 BsEEEL. 70—
1 hARMY—IC&V) GPI-AP (CD59, DAF) DRIBEMENL 7=,
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ey LARHIOBATIC X )RR L 72 (B0 4),

3. 4.

KIS & % &IEF o AL T GleCer @ 43 Aii A3
HARIZHA L TW B0 Ly ABCA12 #1A IR
% 3 - Harlequin-type ichthyosis ® B# & f 24 Tl
GlcCer A% lamellar body (2N FTIHDOFPHOIL & LT
AL, SAICRELZEL LTV,

L 72 ABCA 12 KOMIKL D GlcCer & & T I F D434
% positive control & L T 3 OMBB D REGtad 35
— UL 720 GleCerlZKI5A D X 95 12t 2355 <,

Wild 27 30

FEXRM GPI RIBEICEH T2 2B OREBENOIABREDRRE

ABCA12 KOIZDOWTIEMHo 77— 7 oF\IEIZH O
9. PIGA KO LV AF 2 —fBOMIZHJRIED /Sy — »
WWERRON -7 —hHt T I FOSAIITDWTIE,
PIGA U A % 2 — il Tl — 5B 2 kAR 0 Gt 25 H 37
OMFEIEH B A5, FITHIRREL & MBS dot IRIZ 34 LT
WBDITR L. PIGA KOMIRE (#11, 12) TIEHER DG
8% —  OMBOEEREINLTEY., ABCAI12 KO
(#27, 30) TIXIZTTRTOMBLATHY H IR O 725
MEROGef )Ny — V&R L Tz PIGA KO IZ
GIcNACPI 3uM Z R4 %4 5. HEEZ2ZLiZA o N Hh
- 72 (data not shown)

ABCA12 KODHERR

Wild type&L B LY A4 XTH 5 A
A #27IEWTR DEICHEAL #3013 LIRE DR K

D oEFOL -2y FH A FTHE S N
Wrh kT CIEE L7707 Xk

X4 ABCA12 KOMRID T / LD R =y YA MOBET

PIGAKO+PIGA

PIGAKO+vector

ABCA12KO

K5A PIGAKO #f2(#11). ZOLX¥ 21—, ABCA12KOMAE(#27) #=CanEETHIE& ¥ Tanti- GlcCer #ii&TGlcCer?

BEEEE L. O I7O-bRAKTH 7,

PIGAKO+PIGA

PIGAKO+vector

ABCA12KO

H5B PIGAKO #lR2(#11) £ZDLX¥1—#f2. ABCA12KOMAR (#27) £&Cansf TH LS # Tanti- Cer antibody TCer®F

TEERR L, OO HREKRTH o0
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4. ERE XU

I3 MMtk calash, £ i/MMaiskicky o
2 /ﬁi ZHEIEN, MM T GleCer I2A K S LTI IE

D77 MIZEITNE, —FHDETF I F & Ceramide
Transport protein (CERT) 12 & Y /NAKREE A & 5] X i
NTIVIHRITHE TN, AEICT7) vy T LZOBICAT 4

YIIT) VICHEEENT, MRS Z 7 M
N5, lamellar body (X TGN HISRD/INMNETH 5 L ST
WBD, FONFIZGIcCer R AT 4 v TI T Vi
LTBYARBICWMINZOLICEEICLIYVHONES I F
Lo THEBEONY TR Z BT 5, ABCA12 1

lamellar body @ Fi2d - TGlcCer® b 5 ¥ AR— % —,

H %\ 13 GleCer & TV IR O MR Z AN 2> & IPEMNIZ
THENHLEENTVLENY, FHESRTELT., £
DR BB IEH & Th v ABCAI2Z SKIET B &
lamellar body {2 GlcCer 25 A A F N T, ZDiERMARED
T I FARBELEFEONY) 7HEIEES L, K70
Yz FTlke b OREEOAEMIEA S8 S ik
HaCaT#lfaZ =X Vlla e LCTHMA L TRk k5123
FEOMBIRZ B L, EIZGlcCer &£ F I FORIER B
BYHLIETEDT ) A4 TEN L7 GlcCer DJF
B L Tid, PURICRIED D 0 TSN EE T - 720 B
WL 5L ABCA12 & 84 H Mg Tld GleCer I3 ML D%
JHPICRAET 2 L ShTwb Y, kL7253 N2
A MA S E, ZEAICERT LI EPME SN TS
A5 FO5AEIFCERT D454 lc—5% T 5 s Thbb
FFHOERBIZ TV IR TOEBOWEEMEDE Ve TGN 22
54U 5/ME, Lamellar body 12 GleCer 28 A 2 T 7z
TNWTHDEEEZEZOLND, —HTRVEHEIRD et Ny —
> %R L7z ceramide DJRAEId. EROWHEMESZ 2 515
MERY —H —DRIELE KT HUEDND 5. GlcCer D
KEFEEDIZOIZFDOHDAT v TDXT5 I Kok EE
SNTVEIEREYRD 5, AEICEENE THOELT I
6O NV IAaI Nt I NETINIT VAT NET IR
(Epidermoside) 2> S EAE SN LA, A7 4 vTI ) v
PO 2oL I FoRELIcEETE, Fvakl 7o
VE—EOREIID T 2HIIBWTE I Vv vt
I RPOYT I FERETETREEL NN 7OBHEAR
ERIYT, —hAT74yTIT)F—FYORFIZLL=
—< - ¥y ZiEc
ThbbLEINVaATNtT I FHEDOELT I PN T
ICHEETHLI DDA DL, GleCer 7 5 PEE SN2 i &
DT IFOT I FEICHMENTWDIEHiIEIXZ 8
C22%4 5 C26 DESMIENIEETH 5 "o GPI LA O ¥
D EARTF O RIBMNL T RBRDIEE % & T GlcCer 2594 L
TWLEWHIVERIZADT—=7HHD. GPI-APH %

BT HEREHE STV,

VI GPIH A L GlcCer D ER 2 & TV IR D iy 3 A3 78
BLCWwaREEZRIBL TV Y,

S %IEHaCATHIRIZ B 5T I FOGAIDENE,
FNVA AT =K —%IMZTHH L GPIRIRIZ X 2 g%
RIS %o MBI ML, AR, Bk, A
BRI L 3L LT < A5, lamellar body % 73#Wh9 % D1
TR ML T 5. HaCaT I e MM LAtk T, Al
MM, BRI, AEMBOVWFRIZLMETE B E SN
TWb, ZNENOHL~—H — DA SN T 5 O THHE
FRE Iz b 3¢ 72 EC. GlcCer®tF I F, ABCA12®
SAEBIEET H L L DT, western blotlZ X D FNHOE
T 5, 2B TSI LD lamellar body DI JE
# 3FTIET S5, NBDIRLDOELTF I FEINoDOM
Faic#x5- L. ZDRIER &R GlcCer ~NDEIME A HEFRT %
HaCaTMlIfEIX 3K TCHEH TEHDT, XTADT =/ ¥
ATV HHTEE2»%2MHERT 5, 4 Iin vitro TD
GIeNACPIDHHGIZ X W RBRR % dp 0 72DT, =T A
DFEERFE TIEMD e h o725 LRI X ) RN 25 D
i R BOREN LV IE-EDVTLOT, Tzl
(2 GIeNACPIDFHAZ & B 16 2 il 5o

%lzl

i
AIEZ BT HI2H2) ., BRI ZH Y T LRl
FiEANa—t—azxx ta Y —El ISR CE#H 2 H L
EFEd,
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Skin is exposed to various environmental factors and various stresses in addition to natural aging, which in turn causes
various types of damage to the skin. Ultraviolet rays are one of the environmental factors well known to cause skin damage,
and are known to induce skin keratinization and melanin pigmentation, resulting in adverse effects such as wrinkles, spots,
and freckles. It is also known that various heavy metals contained in drinking water and food can adversely affect the skin.
In particular, arsenic is contained in large amounts in marine products (especially hijiki) that Japanese people consume on
a daily basis, and many cases of chronic exposure of arsenic inducing skin keratinization and melanin pigmentation have
been reported in the whole world. The purpose of this study was to ‘clarify the expression pattern of miRNAs related to skin
keratinization and melanin pigmentation in body hair and the relationship between UV irradiation and arsenic-induced skin
keratinization and melanin deposition’. We focused on 11 miRNAs and analyzed their expression patterns in mouse body
hair and cultured cell lines derived from skin tissues. In body hairs, miRNAs showed characteristic expression patterns in
response to UV and arsenic exposure, and common expression patterns were also observed. In the cell culture experiments, a
human skin keratinocyte cell line (HaCaT) and a melanocyte-based cultured cell line (B10F10) were used to analyze miRNA
expression patterns. Keratinocyte-specific or melanocyte-specific expression patterns were identified, as well as miRNAs
which expression was significantly altered by combined exposure to UV light and arsenic. These results suggest that analysis
of miRNA expression patterns using body hair may contribute to the prevention and therapy of skin diseases caused by UV

and arsenic exposure.
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The skin is the most external part of the body and is strongly influenced by light. Previous study, the effects of light on
the skin have been evaluated mainly in terms of the biological effects of UV light, which has high energy, but the mech-
anisms of skin tissue response to visible light are still unclear. In this study, we investigated the light response of skin, a
non-visual tissue, focusing on photoreceptors. Photoreceptor expression in skin tissue and skin keratinocytes was evaluated
by RT-PCR, and multiple opsin receptor mRNA expressions were found in rat skin tissue and FRSK cells. The expression
of enzymes related to the visual cycle, which is involved in the maintenance of photoreceptor activity, was also examined
by RT-PCR. The results showed that all enzymes involved in the visual cycle were expressed in rat skin tissue. Retinal me-
tabolites in FRSK cells after light exposure were detected by HPLC. The results showed that 11cis-retinal was converted to
all trans-retinal by exposure to light. These results indicates that photoreceptors expressed on keratinocytes are modulated in

their activity by exposure to light.
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We conducted 1) a prospective observational study of finger nail findings, skin around nails and quality of life in breast
cancer patients undergoing pre- and postoperative adjuvant chemotherapy, and 2) an online nail care intervention study to

evaluate the impact of the study.

A prospective observational study showed that peri- and peri-nail skin symptoms appeared before the start of cancer
drug therapy, increased during treatment, and gradually improved after treatment, and that the course of nail symptoms dif-
fered according to regimen schedule. The present data could not fully explain the relationship between nail symptoms and
quality of life, so further accumulation and validation of data is necessary.

In the online nail care intervention study, there was not an increase the Quality of Life score at each time point after the
intervention compared to the pre-intervention time point, and the study participants' impressions indicated that they enjoyed
performing nail care, felt more positive about treatment, gained self-care, and gained more consideration for their surround-
ings The results of the study showed that the Future studies of the effects of this study in patients of different ages and under-
going different treatment regimens will help to support cancer patients in clinical practice.
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chemotherapy
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m7 Y NIRRT mRFY LT

time

M6 LIXALARFT 12— EDHEEEROHRE

n7 Y MTET maFY T
60
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time
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2 JVEKK & QOLDEE

=2rN| Hem| FEHE EENE P ABER
H#EE P& HEE P& HEEE Pf& HEEE P& HEE P{&
BEEE | —0.88453| 0.134 | —0.70761| 0.045 | —0.63129| 0.073 |—0.87188| 0.039 |—1.59526| 0.025
JUERSE S | —0.30752 | 0.011 | —0.01145| 0.885 | —0.10562| 0.177 |—0.13377| 0.157 | —1.12141| 0.025
254 UERE QOL h—%JL 2% k=% HAPA =2
HEE P& HEEE P& HEEE Pf& HEEE P&
KEEIE | 0.278141 | 0.516 | —1.57665| 0.358 | 0.278141 | 0.516 | —1.82737 | 0.455
JERB S | —0.79677 | 0.409 | —0.85627 | 0.015 | —1.11529| 0.01 —1.12141| 0.025
TS, ZFQOLEBENDN—X T 1 L EBATHIME L - —RIGHHIFHE T IVIC & 2HEE
R FLFALFXAIVTTHA NEEOHRE N .
BRELE mE THERE
HRE N 30
30 1L 2 e
40 1€ 9 .
TR 50 1€ 8 .
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R 3 9 FoTAFANTTRATREDOEETIE BT OEsR
TINEA L 12 N
TERR IN— &AL 7
ES 5 4
e x 17
I/ % T 13
s MR MB LB E 10
N T = HRE
. . 7 NTRE 4
ERARLUAL LT ";f’ﬁ” 9
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6.2.2. FORBENMOEIRDIREIZEL
FVIGAVRANT T HZTIZBMED. M AHIHEOIN
JEHPH O Gz 1, MR O fEILEOA M, TUEIRDE
Mz L7, B OB X OB OB LS 255
O HLNDEUII 2, FIESIIA AN A BRI L
HLTw22(29-11),
6.2.3. A1 7EQuality of Life DZEA{L
DEGE
B N R EHE L VT4 VR A VAR RE D
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HORREOBIF TR EF I > THRAVELTVEL
2o SARICERIZR DEMERE R P> 72DTETH X
Motz]l LVHEEBHY. VT4 Y ARANT T ORER
BHETARA VT TEIT) T EIERICRDBEOT L
SRR ENTE VW NERE 572 A7 T —THBEO.OE
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WFENWIZEBEBY) LG50 %>THEXTHEET, &t
W) e ST TEDP oo JE NDELZ HN—=F 5 L\ )
ST EECRPDO ANFRETE 5 2 & OBIFIZO A>T
Wit AT T —=[NOX N7 7 7 HiEOME] Tk, %
BEINABERICT S P RANTTHEIA VT T
BHEIC 7L LTBY, [FIRHZTDH S o720 TH:

FHIZHFANZESTNTEHIHNCRY T LI e HE
HEFEOHRTAANT TEITHOREINTE 2L ) BEND -
72 (F4)

7T.E B

RIFFEDBIEN LD R E L. FLAAMHI R OHB L
WiLEZT LM TH Y. WIFETHE L7z QOLF X
B X ZRIER. WEHEE 2T 52 LI X B EFOEEAK
EHBAINZLOERMLTWEEEZ TV, T20f
ZEDOHWE L72NOIERA QOL & DB M % Mgt 3 % 729
R EBE I ENRT, RORREEZ D,

7. 1. ADAFENEMFEROMEQuIity of Lifedl
MERBMAICHTHIER
EHRBHAG T & HE Uit ia i i O BE MRS IC B WV T,
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ZETMB I OMNEAHOELAEE 5 IS TVE 2,
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ADREIZ L) C a2 —foFE NBHIRO 25 ¥4 b
DIEHALR BB X 2 INF oMK O BFELAE. NPT H
MARENEZLNT VS, FRNAEYFEOY A 7V
D% D Z L TINDIERDEENT A Z EHHEEhTw
53570, TYRNIHA ) YREHEZGLHEHRL Y X G
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HEEHPISRZ 22OV TERIRA 2179 2 EARE S
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XbLEZD,
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ARSI S DEBIZIZ[EEL S R4 VT T %
19X C%o7z] LY. HETORLV 777 OEEIZ
DHEDo T2 AWK TIZFEEMA S OINDZELIZD
WTOREHIRMEE A4 U 2 2S04 7 HEDFM R NE
BEFNTBEYN, BIMEOXN 77 TAOBERT &%

— 188 —



BN D e S0 T2 8 E R Do A ABFZEI X %)
BOBDOWALTH - 72037 7 2 ki35 2 & TORREOMK
AEDHLEEER D

H[E AR
ikus [RIEFEE 7 THIGES

(51 AXHER)

1) W EEZ N &2 E8EH SRR E T 2016 45U

2) Ralph Peter Braun et al. Diagnosis and management
of nail pigmentations ] Am Acad Dermatol. 2007 May;
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In recent years, the population of people with thinning hair has been increasing due to a variety of reasons, including
stress from work, relationships, diet, etc. Since hair greatly influences one's appearance and age, interest in hair growth in the
hair care market is growing among both men and women. Since the psychological impact of thinning hair is particularly seri-
ous, the development of an effective hair-growth product will contribute to the maintenance and improvement of consumers'
mental and physical health, and thus an epoch-making hair-growth product is expected to be developed. However, in reality
there are few products that provide sufficient hair-growth effects and for which the scientific basis for the hair-growth effects
has been clarified. Moreover, the problematic side effects caused by chemical substances in ‘hair growth products’ remains a
serious issue that cannot be ignored.

We have been paying attention and researching since long on the hair-growing effects of cactus cell extracts obtained
through low-temperature vacuum extraction. Compared to the conventional steam distillation method, the cell extract ob-
tained by low-temperature vacuum extraction is 100% plant-derived, and we believe that it can contribute to the provision of
materials for hair-growth agents with high safety. Since ancient times, Japanese women have valued the beauty of their hair.
Since beautiful hair has always been a longing of women, we hope to develop hair growth products that also care for beauti-
ful hair by clarifying the mechanism of action of cactus cell extract on hair growth and the ingredients involved in nurturing

beautiful hair.

1. &

VAR, HFER ARG ED A ML A X BEE AL
BMLTwb, BR2IEIRHEREREELT D720
T THGHCB T FEHEEOMLEBE LM bTEE - T
Vo FRICHENRITTRHMENOREIZEL T, 3RO
H 5 ETHIHBFE S NAUITHEE OO B OREREHER: - ik
WCHEMT A2 oWl aEERPHEFEIN TV S,
L2LBo o RBEHENEON. SHICEEEHD
FHARARILATH S I S TW BB 7% L bl
WKEBAEHZ EORED BB TE R VWETH %,

FAZDaT & D R E A TR S N R T e
IFXFADNTZ POBFEFRICHEHLTE 2. ERDOKER
R L ~EH 2 L e v o TR E 22T S
NHEVIFZANS 7 NI 100% I HEKTH Y, et
DECEEROFEMIRIICHMTE L EEXL TS, ik
IVAROEM/2BIIRZOEL SERYICLTE, EL
WEITWODORRBENRTH AL LS, P RTF LT
FANSG Y POBFBEBEHA I = X LREZICHWGT 5D
AT A 2T By T OHERAFEENOMIEE
HigghiZeE 2 Twa,

il

Hair Growth Activity and Ingredient
Analysis of Cactus Cell Extract

Junko Shibato

School of Pharmacy and Pharmaceutical
Sciences, Hoshi University

2.5 &

2. 1. Y IABEFEEER

FEERIZ1ZH T (Notocactus ottonis) 7 S KRB 22 fl 1
# (Yoshimi Medical Farm Co,, Ltd.) I2& W 557zt
IF¥FA M2 F(N-CE) # HH\w7zo C57BL/6]J i~ i,
22+2TC, 6:00-18:00. 12 FEF[H /12 K5 DB /G H A
JIVCTHHBIICL VTSN, 37 F YY)V (MXD)
B EREDOEHICHH SN, L OEEZMATKRI 747
ayiha— e LTHHEINTWEZ b lbike LTH
Wiz, 7a¥l yrya—)v: ¥ —):K(5:3:2) %
Vehicle ¥ fli#E (VC) & L. PRz 17T-72& ZAN-CE
0% RETREZ2EF BRENPHERINTL, Lo T
C57BL/6]~= A% N-CE 10%. MXD 3%. VC®D 32D
TN—=T 6/ T N—=T) 203, BT ADOEROER
FloTlLHEABBICHEEZHNS 2 E TERMZ &L, M
R 200Ul 2 H IS4 LBIS B L OG5 EHE Y
1o/ BEMGIZImage] V7 b7 = 7 %1 LI {5§#
W L7720 =% ZOH BT 2 FEBHEBOHE &8N
LEER (%) 2 HE L7z,

2.2, YIVAETHE

C57BL/6] i~ A DR TE R k% 4% /37 F )V
AT NVTF e FIBHRTCHZEL, PBSICEHL 720 /8574 ~
BT L7201 LF L ViRESE, 5um DX
74 VPR EAR NV vk v A, B
KOBEBBML A N—HF ATHEHAL. WG,
BZ-X 710 BI#HEF > 2 7 2 (Keyence) 12 & - T x 20 5% T
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A7 IVIBGEINTEWE L ODRERELIT- 72
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L-80C CHRAEL7z. MRS RNAZMHL, 4271
7 L A f#HT1& Whole Mouse Genome + V) TDNA~Y A 7 1
7 LA ¥y b 4x44K (Agilent) % v Dye-swap 12 X 1
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Fig.1 YU XICLZBEEER

YRTLEIIFINS T NOBEERERD P
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YA MELZZBIEF B L O Vo3 7 o B RREEE 7
73— (=¥ v F X ¥ M) EFTIE Database for Annotation,
Visualization and Integrated Discovery (DAVID) v6.8 %
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3.# R

1. YOAERICHTAN-CEOBENR

% AR AV EBERO B SAI S 14 B L0027
H#%OHEBHEMOE &% Fig. 11K L7 14 HETIZ 3%
MXD & I# LT 10% N-CE DH EBRIFZRL LD - 7255
27 A TlE 3% MXD & AR 0 i E BARERD 2% 7
T&72 (Fig. D)o & 51277 AW RERE L EHRO Bk
1% 3% MXD X ) BEIICH 5 & & A5HERE T & 72 (Fig.
2)o

3. 2. N-CEDOBERS
N-CEX&EINAHEERT DX ¥ Ko — LEITIZE B A
)=V T MORERN S, BERR Y Y v T—R D

AT T EEICHEE SN TOW B WS & L7z (Table

Do BEAWHETEZT T/ Vv, TEFA YV, YNL

VU, TURAY TSV VE2OMIZYRTISE Y, =

IFVEE, VN T U B FEY =L, Y PR3

VL B RFIUREEYIVBEENAZY - T &N

7z (Table 1),
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77 IV —Ah, BEICHET 2BIZTbH o7,
3.3.2. 3% MXD 7OF#—LER

WA S 1AM BIZBWTIEY A M4 >, IFhEk, 7
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DEBIECBRICE 2 DEEZONT, LELEDS
LN-CETIIMXD &3R5 773 =% R TE
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77 Y IR EERVE R A3 B A, [ R I A
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Aim: Because painful skin tears frequently occur in older patients, the prevention of skin tears is fundamental to improve
their quality of life. However, a risk assessment tool for skin tears has not been established yet in Japan. Therefore, we aimed
to propose a risk scoring tool for skin tears in Japanese older adult.

Methods: We conducted a prospective cohort study with 6-month follow-up in two long-term care hospitals in Japan. A total
of 257 inpatients were recruited. Patient and skin characteristics were collected at baseline, and the occurrence of forearm
skin tears were examined during follow-up. To develop a risk scoring tool, we identified risk factors, and converted their
coefficients estimated in the multiple logistic regression analysis into simplified scores. The predictive accuracy of the total
score was evaluated.

Results: Of 244 participants, 29 developed forearm skin tears during the follow-up period, a cumulative incidence of 13.5%.
Senile purpura, pseudoscar, contracture, and dry skin were identified as risk factors for skin tears. Their weighted scores
were 6, 4, 5, and 6, respectively. The area under the receiver operating characteristic curve of the total score was 0.806. At a
cut-off score of 12, the sensitivity was 0.86, and the specificity was 0.67.

Conclusion: Our forearm skin tear risk scoring tool showed high accuracy, whereas specificity was low. This tool can con-

tribute to prevent forearm skin tears in Japanese older adults.
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Fig. 1 Kaplan-Mejer curve for forearm skin tear incidence in
a sample of Japanese older adults
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Table 2 Participant characteristics at baseline
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Table 3 Skin characteristics of participants at baseline

Table 4 Logistic regression analysys result

Table 5 Prediction of skin tear occurrence by the total score of risk factors

Fig. 2 Reciever oprerating characteristics curve for the forearm skin
tear prediction model in a sample of Japanese older adults
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In recent years, video plethysmography (vPPG) which is pulse wave derived from the skin video image has attracted
attention as a non-contact heart rate measurement technique. vPPG may be used to evaluate not only heart rate but also local
hemodynamics by simultaneously obtaining vPPG from multiple regions. In this study, a two-dimensional evaluation of fa-
cial subcutaneous hemodynamics was performed by means of the features of vPPG. The facial video and ear PPG were mea-
sured before and after facial massage in experiments. The facial video was divided into small grid regions of interest (ROI),
and vPPGs were extracted at each ROI using repetitive periodic component analysis (r-PiCA). PiCA is a technique to extract
the most periodic components from a set of multichannel recordings. The three features which were crest time, the time to
reach 50% of the pulse wave area and lag of vVPPG from PPG were calculated from vPPG of each ROL The feature values
wave changed significantly with facial massage. The results indicate the possibility to evaluate of subcutaneous hemody-

namics aspects of face using vPPG.

1. #

WAE, WBEDN T —h AT T SN EH R EDADIL
OWUEH O BEHOBOELZRNTT 5 Z &1 X > THRDE
1% (W15 0R 3% Video Plethysmography (vPPG)) A5l
WHETH D & 20 OB IR I BIRIRE I 72 & o A4 B4R
B35 AR SN, R4 ZISHPHIFRE STV,
I, ETORORNEORNEZRH LD TH Y,
FIZRGBIEGTDH By AEZ T Y VX BWINEFDE W
KRR (G) 13 T DM AR DO ZEAL DB Z R 2T TE
6T B 728, FRMLIT DIREIZEALIT RS U C il M 72 v el 7
4NV E BT 5720 TP EohiRERs L
ARETH S Vo

VPPGIZZ DRI D JFEH A 5 iR R e 75 B TR &
NTW B EMXOARBIRE I VIERESATVRSLZ DS
WfFc& 28056, b LHYEIRIEATEEE X {1556 i,
BRI 2> S5 55 Kk 4 7 A BRI ASIERE AN T S e, AT
BHREOFMICFATE 2D H 5. 720 vPPGOF]
JBUE, FEEEMEH AT BE 2 721 TR L BMRIZE ST b
BEOMMONRBE 2 FRICROND 2 ETH Y, AT
T, B B.OHE (ROD) [ DR D157 = Ik
WIEROEALN X B3N E v o 72 MATE RIS 58727
THHRAI CE 2 HEVED B 5

L2 Ly MO T o MATE)E % i CTatili§ % 729121,

il

Extraction of multipoint pulse wave
and evaluation of subcutaneous
hemodynamics by analysis of facial
videos

Akira Tanaka

Faculty of Symbiotic Systems Science,
Fukushima University

FFie R O ML 2 Ml 2> < 50 L T2 S Ok TR
AT 5N D LAY MDA S G TH - T
b, WEBEELDLORBIIFMLIC L 5 TRAR Y, E5DOSN
HBGIICE o TRECEL D, 51T, IRIEDHIEHEEE
B 2T OURRLERE 2 EORERRESSRTD
el MATENEZ N 57201213, IREDTE Z #EF:
L 72 L O HFEPLETH 5,

AWFFE T, I3 HT (PICA) Z IS L7z, vPPGHl
M52 OWHMRIZET L. 15 5172 vPPG OFF i % 7
ML 7zBRIm OB T OMATENERT 2 HIvE L7z,

2.5 &

2. 1. BRSS9 FI A U=kl

TR L7z & 912, RGBEF TRtk S Nz lomfgizix
RERE G EENTBY, ThailTs I LIl TH
FEIRP I N EZ 5 5N AL D 50 ENEH 2
b MBONRYE > W 2 B RIEIRE L TW5DHZ EITHY
L. B7% 280 Z RSS2 8T RO
FRUEVE R R O3\ 2 BRI VTG L 7238 72 70 I A T B e A
MOTREED H 5,

L2 L. vPPGIZZ OHEERE AL, S S I3 kE) 7%
EOT—=FT7 77 VOREBERELZTE720. /4 Ak
27 EDOEBMHBIIA K TH 5 A5 BAFIR o i smE 7
ANF R EDLHITHBER T 4 VI RIEIEIEEZETE T
LEWV, BROVE LAY HOMEREEEOLDIZEEN
LHERRERSPRONTLE ) WHEESR D 5. Lizh> T
HR I FEAT LRI T & BAEEECTVPPG 215 5 720121, BRk
D EHBILS % TE DR MR LTI S 2068255 %,
WGEE 7 4 vy DAoL E LT, S E T,
73 v AICHEB LRGBREZIIHT 2B EHZ v
5H 0%, RGBEZIZH LTI 50#T % 8 L CHRIE

— 201 —



AX X AT -7 E Vol. 30, 2022

W S 2 058 Y e A S Tw b,

Z N R G = S 2 v 1 S R O Ay o = AR
vPPG 23 %o WIS 44 (PICA) & id. BEAIOAAH
Tz LI, ARSI NZZF ¥ VA NVDEFITH L
Ty BT 2 BH S5 2 128 - T, BEHd 5 0»
FADE SN A RINGE RS %% S E 50 SIS
SEETAFETH S Y, Reza 513 PICA & W TR S
BB T v v ANV OLERETED SRR & BIR OB D
DEMEEEZ M TE S L, ICA(JADERE) 2B 5 —
ey 22 T B 5 5 BER 5 DIAF O ENEZ M TE 5 2
LERELTWS Y,

JE IR 5353 AT (L SR S B 1k L Cl I W RECld b %
A B O UMM 3% b b LR O
BChbo I TARMIETIE, WO EFH L,
PiCAIZ & 2 Rkt & O S B3R O S0 & 4t 0 o L9247
THI LI o THRERMICVPPG 215, #1 & Uk
5358 (r -PiCA) & Flv THIt§ 5 7,

RFEEOFMEZ K1 ITRT . 3. BOHEE (ROI) OF
YRGBEHIZOWT, GEHFD/INT—AXRT ML b
TSN DT P E B E A el T 4 L 8
WX o TR S 2 L. DR ZHECRkD, 2hz
WL &5, kIZ, ROI % # 5 o #Hi% (subROI) (2
SEL, FNENRDsubROIIZE T 5 RGBES THINE S
N7 M VEBRT S, L2 TESDOF ¥ ¥ 32 VI
subROIDH X 3 L 72 B WDITRKD 7ARDLJE I % F
L CTPIiCA #47\, 5 NAZEHAZ 5 O h 5.0 OB
GERROELELRINEEINL, TNEvPPG LT %, 1%
ONTIRIE &2 FLICHETRE S0 EEHRE HeTHY
PiICAIC L > TR ZEH T 5, ThELAHOIZSD X
W HFEENORT 5 F THED R L TR % vPPG % i
T 5,

2. 2. FAOMGIREIC KD TOMITENREDFE A&

HE R OMATHIREZ 55 572012, 9. Homgz
BTRICGE L, 2O loii: % B.GaEE (ROI) & L,
#ROIDRGBEFIZOWTH YK LPICAZMEH LT
vPPG Z i d %,

15 5 N2 MR VO BE 1 S & F 5 IREDR 5570 & il &
ND7z0. EOWIETII, PLoOWBOGERE. DLo> 20 s
RAATDOREREDOFEEZ A, Lizh> 7T, vPPG
DO EEDO T A > TIIATEYE 2 5Hl 3 5 S8 33E 5
WUETH 5o AL TIIIRILDOTZIRIC BT 2 RER I HNUS
HHT 5. T4bb, K2R TVPPCOZKIADIRD I
EAS) MERMALERERE LERICOWT, UT03
DO EEZHEIT 5,

(1) 325 L25) Bef (1)
WRIE DB EAY 20 5 F ) O MK i F TORER (crest

( Bk (RoODRE) |
| Rmoeﬁ%#abé%wm%ﬁﬁﬁm |
| ROl’&subROI[ZﬁJ‘%'J,* EENUMLEER |
| P@A@%ﬁu%ﬁ%%wmm
| vEgosHE shEomE |

ETR

K1 #&/)5R LPICAIC & 2 BUYSAR:EmE FIE

vPPG

~V

X2 EHRERR U -BURIRE CAFEE

time) o

(2) DRI THAE AT 53012 70 B g (T)

B 2 IR TIRIEIC BT, H L) 2 5RO FE 53+l
A DONRIE R D F5312ET 5 F TORER,

(3) A DIk & DIEER = (AT)

HATH A1) 72 X o L AR Y (PPG) & vPPG
& OAHANBIBIELA & 5 S 2 BLRIR I O R,

2. 3. EOYyY—%FIRA LA EERER

FEEF L 21 A D 221 F TO/RTH 10 % (B4 4,
w6 % EHER21.6=05) THH., TRENIE
WA~y =V 95T A E Yy V95 ITD 2
OB % i L 720 EBROMEZK 3R, WhE
A TICHEED . FHAEAICEE TRFICL T 5w, 12
BElty M LTEHZIT- 70 BHIEIE, <y =
HOE AR (PPG) B X 0% TH ). PPGIEZY >
7)) v R 1 kHz Tridk L7z BRI A T —H X 5
ZHWT, 7L —24L— b 100fps TH L 720

T3, EERY A OGO 720 ElCIiUE Z 5L .
L UHEEE LB vy = VRIOREIREZFHIL 72,
ZoH%, KAITRT EH1E, FlloEoAZ < vy —Y 1

—202 —



BADBBEHRBENIC LBIED S mtmt & KT OMmITENRE OFF A DR 3

PPG

Ny

LED
light !

camera
(100fps)

M3 EEROHE

—ITC, AL HOTOMELY L TIZ20H~ vy h—2
iTolco v =T3S WIE) ZEEE L. —HEHY
DBLZ2BTIT) LR Lz, v v =%, B
PHEICHEREETLOW, vy —IURTHRLI TS 14
BEICSEOFHNZT o720 512, 225 IO
Ha <y — V5 BMARDEREZIT- 72,

SN BR O TIRD % ROIT Lk o B % 5
L. &ty b Q2FBH) OFHizRkDz, T/ v ¥
— VOB HEICT H72012, HAITRT EH IS A
DOHDTIHIZH 3em X 3em D ROI % 7% ). Him 0¥
EEHEBEL, ~ v 3 =% L7225 LThARnwilofiz
WU EAEZFE L, SOMED~< ¥ —JRih 5 0%l
& G L7z,

3.# R

M5EH2EHEHEDOT Y —VHIHED T ToB L
ATOBEEROGAERLIZBDTH D, ¥+ — VRO
FERTIE, Tow ToBLPATRWEDH 72 ) THHE L,
FCRERMIZHE->TBY., IRAPFZEROICES T ToIM
BA V=V AB X ORBE BRI S N TV 5D,
FRIZAT I ONED S OB IGFE ST 5720, FHTEfls
ToTwbeEzbhb, o, AEBE TR, ~vH—
VHITH o TH T TIILAEAZER R 2B OE AL T
WD EDn5, % ROIOZE I O 4L M O 4
IROFEDENHTHNTWDL EEZ BN b,

< v =V RIIENEFNORHEDTY v = VTR
LTBEY, JEZh THETHIERIKRE VR E L7,
it HIHETYy =y u—S0MEIR L EL &
STWAHZE, B EHEEREEDMOMBEDIEM L & i
ThbHEZEZOND, $72, v —VBMGRE-THE
BIZTEITR S e\, DWW E ST LATK & < 7 1)
NRTENS,

PPG

S ?? o

M4 vy¥-—VRHBEEBEBOLEAL
% L/=ROI OAIE

6 (a) ~ () (XU DD IS O MDA 7%
(ZoyH =YL TuhwhEiiEL L7z oZbeRr L7z
bOTHb, v —IV#TEE» LR ORHLE & 312
WA EZRLTBY, vy H—JHEB L) BEGHEOIT
DS Y = VHNI AR TEM A LT b, Ih
. vy = U T oMfTEEE Z X2 Ly AT
BNy — VR THROIZB LRI TR I L ERLT
Who L L. REBFERS S, SO L DORREERK
WS B PIIAHTH > 72,

4.

B 5 ORI, BHOE T ORIz MATEIES R 2 h
TWAHILERRLTEYD, v —VHOLREIRETH -
TOHRHEIIRITNICR 2 2 ->TED, &d LD
BETOMBEDRY % EZRZ ONLWREENH S, ¥~ v
—VORMETIZ, oI —=Yu—-FDMEREDENE R
DNAEABHANTBY., @G~ vy —T L ZORED
AT 2 5 WTHEVEDSD % o

M5BLUTH6DRERNLL, v v F—=JI2EoT, Te
TeBL AT OWLHELT2e —BICT v =T ORF L
LCHATAHL 5 2 DRI 5N D0 IROEIERME %
RCEIEIZ & 2 b EBA OBREBEE TV (O —/82 7 4
WVE) TRETEDEMET D L. REERED, FAHALIC
5 MR A L. b EAY) Bl o (B o
W) &y b T HEBOBINZ L > TELEE XD
ZEEFIFELRV,

= AL CTRA L7255, Ko mTE)aE72 0y
T DMRRERIME 2 EOBL T2 L b, BN
DA 22 B IZ RN O MATE EDE N & L CEHiT & %
A5, FERR OMHED SO MATENEE KT 5 2 LIEH
WCThbo Gtk BRIED 2 BEMSE T % Nk BEAR D AT
(2 &2 UK O OIBH R, BB B A S H D

— 203 —



AX X AT -7 E Vol. 30, 2022

EyHY—UHl 1534 35t By H—TH 1534 35tk
05 05
04 04
TC 03 03
02 02
011s] 0.1s]
06 06
05 05
TG 04 04
03 03
02]s] 02[s]
80 8
40 40
AT ’ '
40 -40
“fms) - ‘s
X5 BEOMUKIED SEHIhEFHEDO Y v - JHIEOZE L
| — =7y y—v — BRI vy—|
) @ 20 @ 2
g |[@) E 10 £ |
— 10 A 10
A ~ M
~ 2, ~
> B o 2 /L
-}g( O A— ‘><<\ 8 ., N ﬁek( 0 \ T +/4>
w7 N Y T e Hy o <
.I;[ I > 'Iﬂ -20 -IJ;I >
i -20 e I -20
e -30 55 ¥ ¥ e -40 W ) e -30 *
-40 -50 N -4
0 1 2 3 4 5 6 0 1 3 4 5 6 0 1 2 3 4 5 6
s s . * p<0.05
T Y —T R OB [min] ** p<0.01

X6 FEOEMEBOLAAZEDEENZE ((a) T, ) T (C) AT)

WM B IFEMITHT ZIBE TS 2 % L O LR E
TH5b,

5.#% &

AWFZE TR, BTG L L2WEIRIE vPPGIZ X 5 2k
TR BT OMATHREFT 2 HIvE L, o<y H—T12
LB MATEIREDZALZ ., EHZMAVROLIZSEI L, r-PiCA
Z e Tl U 72 vPPG DRI > 5 B2 F O IATE)E 2
Al L 720 BHIEEEE S LT, vPPGOILE LAY ) iR, Ik
WHIRL D 50 % & 7= W%, B RO & D IR
=T VTR L7z 2A, vy =10k - THEAF
BRI Ly vPPGIRITIC X o TR T o I kL
DAL Z Bl T & ZTREMEAVRIR S N2 720 < v —

JHITH o THHEOTN & o TIHEIEHRMI 23\ 25h

D, M4 OLRREMEDEN S FHMi T X 2 TREME D RSN

720 L2 L. RIEZIRIEEMIMAERFEZZ T TR <L DBRRE.
M E TCOMERRBICMER EH BT LEEZEZON

5729, Gtk HOM G720 T < ROEHED

WHEF N ZZB L LBSLETH S,

(51 A3HEk)

1) M. Yoshizawa, N. Sugita, et al.: Blood perfusion
display based on video pulse wave, Proc. 38th Annual
Conference of IEEE Engineering in Medicine Biology
Society 2016, 4763-4767 (2016).

2) G. de Haan and V. Jeanne: Robust Pulse Rate From

— 204 —



BADBBEHRBENIC LBIED S mtmt & KT OMmITENRE OFF A DR 3

Chrominance-Based rPPG, IEEE Transactions on
Biomedical Engineering, 60 (10), 2878-2886 (2013).
3) M. Poh, et al: Non-contact, automated cardiac pulse

measurements using video imaging and blind source

separation, Optics Express, 18(10), 10762-10774 (2010).

4) L. K. Saul and ]J. B. Allen: Periodic component
analysis: An eigenvaluemethod for representing
periodic structure in speech, Proc. Advances in Neural
Information Processing Systems 13 (NIPS 2000), 807-
813 (2000).

4) S. Reza, et al.. Multichannel Electrocardiogram
Decomposition Using Periodic Component Analysis,
IEEE Transactions on Biomedical Engineering, 55 (8),
1935-1940 (2008).

5) A. Tanaka, M. Kumagai and M. Yoshizawa: Non-
contact Assessment of Peripheral Hemodynamics by
Using Video Plethysmography, Proc. IEEE 8th Global
Conference on Consumer Electronics (GCCE), 131-
133 (2019).

— 205 —



waal MEHMHRIFINC K 2 X4 7 7 TR OBIETIVIL

74— Y RFPLHEE, HARZAIRIS, AR O 2B T 2240 e A i geir

I

Millions of people wear cosmetic makeup every day to make their faces look more attractive, feminine, and healthier.
Accumulated evidence from research indicates that several cosmetic practices accentuate perceived femininity and attrac-
tiveness. However, the quantitative link between facial appearance modification through cosmetic makeup and perceived
facial impressions remains unclear. This study aimed to build a mathematical model of Japanese women’s everyday facial
makeup using a statistical image quantification technique (Study 1). In addition, it sought to identify psychological factors
underlying the cosmetic effect on facial attractiveness (Study 2). In Study 1, 16 Japanese women’s faces were photographed
before and after applying facial makeup. The facial images were analyzed using principal component analysis to quantify
the change in the facial surface associated with the cosmetics. The statistical image quantification enabled visualization of
facial appearance linked to makeup. It revealed that cosmetics exaggerated the luminance contrasts between facial parts (i.e.,
eyes, eyebrows, and lips) and surrounding facial areas. The validation test confirmed that perceived attractiveness, health,
and naturalness were curvilinearly changed due to the facial makeup exaggeration. Study 2 demonstrated a sex difference
in the luminance contrast of facial parts (53 women and 54 men), suggesting these traits are sexually dimorphic. The results
indicated that widely used cosmetic makeup among Japanese women accentuates facial features that signal femininity and
youthfulness by heightening the luminance contrasts of facial parts.
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Several studies have reported that wood odor has a relaxing effect on humans. This study aims to examine the effects
of wood odor on workers’ relaxation and the ability to maintain moderate concentration in an office space. Therefore, the
effects of wood odor on the performance of multiple tasks and physiological and psychological aspects during work were
investigated. Two commercially available essential oils made from cypress were selected as experimental materials. The ex-
perimental subjects were 20 university students, who completed five simulated tasks in the experiment. Autonomic nervous
activity and salivary oxytocin levels of the subjects were used as physiological indices, and the stress response scale and a
subjective questionnaire were used as psychological indices. A gas chromatograph-mass spectrometer was also used to quali-
tatively and quantitatively analyze the volatiles. The results showed that a-pinene and 1,8-cineole were the main compounds
in the experimental room. On comparing the rooms with essential oils to the control room, the number of correct responses
increased and the error rate decreased. The participants were more relaxed during the tasks performed in the essential oil
room according to the results of the physiological indice analysis. These results suggest that wood odor can help people relax

and improve work efficiency and can be used in offices.
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Maxillofacial prosthetic rehabilitation replaces missing structures to recover the function and aesthetics relating to facial
defects or injuries. Deep learning is rapidly expanding with respect to applications in medical fields. In this study, we apply
the artificial neural network (ANN)-based deep learning approach to coloration support for fabricating maxillofacial prosthe-
ses. We prepared 52 silicone elastomer specimens of varying colors and measured the CIE 1976 L* a* b* color space infor-
mation using a spectrophotometer and an application for mobile device. We constructed the deep ANN using Python and im-
plemented it using the Keras with TensorFlow as the backend. The deep ANN architecture consisted of three input variables,
two hidden layers with 1000 nodes, and four output variables. The output of these algorithms indicated the compounding
amount of four pigments. According to the algorithms’ pigment compounding predictions, we prepared the specimens for
validation analysis and measured the CIE 1976 L* a* b* values. We determined the color differences between the real skin
color of ten research participants and that of the silicone elastomer specimens fabricated based on the algorithm predictions
using the CIEDEOQO AE,, color system. The color differences (AE,, value) between the real skin color and silicone elastomer
validation specimens were 3.45+0.87 (the algorithm trained using values of specimens measured with a spectrophotometer)
and 8.9343.65 (the algorithm trained using values of specimens measured with an application for mobile device), which
indicates that the deep ANN approach produced superior results with respect to the AE, value. These results suggest that ap-

plying deep ANN is a promising technique for the coloration of maxillofacial prostheses.
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Recently, dental CAD/CAM materials with gradation have been developed and are expected to be used in the aesthetic
zone. In clinical practice, it is essential for dental prothesis to match the transparency and color tone of natural teeth in order
to achieve good aesthetics. However, there have been no studies that have mathematically evaluated the change in color tone
(gradation) of the entire crown of a natural tooth. The aim of this study is to analyze the gradation of natural teeth of L*a*b*
values by functionalization. The maxillary right central incisor of 35 adults without a history of dental treatment, caries, and
staining were selected as experimental subjects. The L*a*b* values of 30 points from the cervical to the incisal region were
calculated using a spectral imaging device, and linear, quadratic, cubic, exponential, and logarithmic functions were approx-
imated for each L*, a*, and b* value. About L* and b* values, the cubic function was the best fit for all subjects. About a*
value, the cubic function was the best fit for 29 subjects and the exponential function was the best fit for 6 subjects. In this
research, the gradation from the cervical to the incisor region of the maxillary central incisor was mathematically analyzed.
The results of this study were considered to be useful for the evaluation of the gradation of natural teeth and for the develop-
ment of new dental CAD/CAM materials with a gradation similar to that of natural teeth.
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Mathematical analysis of gradation of
natural teeth using a spectral imaging
device

Kazumichi Wakabayashi
Osaka University Dental Hospital

GHARA—T T L RWREBIIT - 2RI DI LDOTE
AW F 2 —F TN T4 VT — L MEREICT—F 2R D
CEDTELCCDEYH—I2X Y, WigELTF—%%
TR, FWRIIBT 2WENOENENOME IS L
T B SN REIC T A HAM CTH 5 (K 2). 554 2
— TV ZEAMN FEE O T F R IR R AR A A A
L. BERGEBROSHR. B CoMtE. 1 v 7 tos
WiZe 4 B TIBHENTWS Y, g A=Y
FEEETWV, £ 7 LOEEREFHIT S 2 & T,
BIRFAIZ BT % CIELab %22 o La*b* . B £ U8,
ERET 5 MW THAHXYZMEZHM L, 0z 7
FITTHERLIZY, SRR IR LD T4 L5
BEE B0 TDh, REEIZRIKE O EHE A O UIREEE
I TOrIF—2a v EFITLDICENTHL L%
FACY (W

KT, A A=V v FEEBEZH T, RAKO
s 247, BSHER A S U EB I AT COmBMDOZEAL (7
SF—Yav) BT A LT, XY EEEOEVER
HMEBZREAORBRZEL 22 HIYE L, RAREON MG
BATolze LT, 97— a v OREZ Z2REIZEHb
T 5720, MHOZLEZEECH TIED, IR 217

272,
2.5 %

2.1. RAWOAE

A G & LT BRI s I REHA IR R A )
IR, Hxfd Lev RS %354 (BiEk12 A,
23 Ny SEIAER 24.7 £ 2.1 %) 2RI L 720 SRS
ZOFEEIE YY) 3= TEAHEHM (SVFT 4 v b,
KR, 5UEF) CTHISRE L-0b, AFBERMZER L /2.

—221 —



AX X AT -7 E Vol. 30, 2022

1 55— 3 5 SN =mRECAD/CAMME (Hid X —H—DAKXHP & V) 5| H)

X3 EHEMKEDLEZEES)I-CILHRM THIRFEL. BEGET
AEEBEFH L, (FRUVCATEETHERICAWNSYIXH—FE
RS 720

2 2¥A*x—I L THEBE (1#XH)

R L - BB 2 O CL JTERFICH W A SRRy
WOBMIEHOAY Y -7z, JEE 2.0mm Ot L VR
< AH— K (Erkoflex ¥ 27 F 74 b BIL T4 —
775 v 27 ERKODENT. & — A b5 7) Z1EH L 72 (14
3o AMBIUOEM< Y A — Feigtk, HEERH
ARICHEBIOTHZEZ L, V7 bi% (OptraGate,
Ivoclar Vivadent, HE) TIUE % #kbk L 72 IRIET. o6
4 A=V v rEE (BRREHET T4 X - D T—H A4 TV X,
MZN) 2 HOTHE 2T 72, WEOBICE, WaEe
KRG OB AT E % 5 £ ) WCEHIIN R E OB % M4 EEEO¥ET
BEL., # AT ERNEEOHEEIZ17.5mmE 22 L9
FLiE U7z HEEHIZ A KB BEBAT (SOLAX-O0, &V v 7
MRt W) % 2 A BEMEIZ30EE L2 (4),
DA A= ¥ FEEE T W THIEASR O 756 2 SR
By W L7727 — % 25 MY 7 b (Image View, X
A T4 R AT A A, WHEI) #HWTL a*
b*fiti % B L7z (I 5) o
%B. AR KRR bt e PR B H 2 0 5 g

by

— 222 —



ARET CTHEME L 72 GKFEFF 5 H30-E6) .

2. 2. JZ7=a OBIEREHE

FHA A=Y U FEBETUR LEONT =00, B
SHE A S EIREEBICNT 7230 oo L* a* b iz SR L7z Z
LT, HHLA30 Mol E, a*fli. b* iz 757 Lic”
Oy bl —KBEE(y=axt+h). KB (v = ax’+bx+c).
W (v = ax’+bx +ex+d) . FEEE (v = ae™). %t
BB (v = atb-log (1 +M-x)) OB Z B Y . FRAEF
FREH», EOBEPRLESLTWELaairo 7
(12 6) o

3. *R
AT L DS 2L, at . BX U DT — %

M6 HEFAMOEHAE

X7

NI
|
Ny
EX
=i

PRAA—V L TREERWERRED T 77— 3> OHIEHEN

SRR TIORT . LMEICE LT, & ToRHIIx$% T+
i (max : 80.37. min : 45.58) TH o 720 ZDIHITBESHAER
A HYIFREBICIANT TN L 728, WA L7z a*HICB LT,
31 B OEHIR G E Tld. BSHE 2 S WARIR IS A T
Lt 4 % OFHIRE T, REETHEML T2 0N
B 5 N7z (max : 12.51, min : -4.74), b*{HIZEH L T,
31 A OEHIR G E Tld. BSHE 2 S WARERIS A T
Ly, 4 oM RE T, OBETHEIEMLTw5
OHFED N7z (max : 31.42, min : -0.45), MA T, &
HE 271050 FH 999 FUTL atfilil, b EE DICHETH Y.
RS 17 4T GHIRNRHE T LI R_ > TW 25
WEMORE 5 M. A1 RICBWT, a* A -fH. bl
+ETH o720 T, EFHIHEE T L /ITBWT, 250
Ta*fids—fl, b*MED-fETdH -7z,

BUFEAHICBNT, EFHINEED S b, — kB =
WL, ZRBEEG TR, WHEBEBO R T, BEREY
DD /N E Do 72 E NEE RS B L UK 11RT,
L. b METId. =K TORAEE S Ll 4
BTRO Dotz a TR REFE DR S /NS H
S BB OFHIN R EBIZ. SRBEAT29 4T, R
64 Tho7zo ZRBEN IR D BES L TVl R
H29 % 18 %, AEMMA T, at i, b EE HIC+TH
572 FR ) D11 Ak, FHINRHE T LR L2505 &%
50, A 1MHT, a*fli-. b+ T, Tofliida il +.
b*fli + TH o 720 FEBED R D #A L T zihilx g
6 %M. 5HITBVTIE, FHIRBE T L IR R D D5, &
%55, w2505 atli-. b+ T, ZOfllida ki +.
b M+ ThHolze RV D1 4 5Aa -, b i+, 2
ESat -, bE-. Fofllidat i+, bME+ TH o7 (K
9

— 223 —



AX X AT -7 E Vol. 30, 2022

M8 LEMEIMKREDLME. a*E. BLUDLMEICRBEY TRDLHER

K1 BREFAMPRH/NE » > BHAHOEHRANRER

18%
LME : =REE

a*E . =R
b*E : =R

1%
L& : =REH

a il 1 =REHL.

b*E : = REE.

2Tt
BT

HRT—,

ZDfEIzE T+

27T+

9 EBENEEH

— 224 —

5%

LME : = kBE%

a‘E  EEEH AT
ZDhize T+

b*E : =R, T+

1%

M@ =k
a*E : R EAEH
b*E : = RE9¥

a"f@+. b+ 2=
a'g—. b'g— 2=
a"E—. b*fE+ 4=



4.% =

EBR1. PRAA—DVIREZRAW I ZT—3Y

THEDERAEDRE

O’ Brien 5 ¥ % Hasegawa & Y I KR H O LB S 4)
I CoOMMMoEETHE L T, I B Ik
EOEBZRE L L2d0TH Y, HiE oMk
DEALZRZ 2D DT RV, 22Ty AfZETlditkl4
RO CIERZBRIT 5 2 & T, Yy 72 3 3t A3 g
BRIA A=Y Y TEMIER Lz TNE T, 55064 2
— VRO ROGIIZE T AR IEERS S nwiz
D, DA A=YV TEBOATBETLIEDTE LM
DN B AR L, B E W TRRED 7 T 7 —
¥a v OBIRENT 24T o 720

RIRBNEML L 72 ki i f 2 2 E 5 5 7201213, 1
eI BT B KRB O B SEHRA 5 B e 72 i 2k
RN ALEDNH D, Wangb i3+ —VvtI3I vy
77 v TIRALHAOA I X0 #SEIRA T O iR AE 2
D BRSETRA T TIZBHEE & 8RN L ARERASEE N3 %
EHELTwD, HELRTLMEO BRSSO U
MU ZAIE. BESEE D S U I T SR BRI B
MUz, WAL Tnizs RERIZBWT, S 58
IR T 72 LHE 0 28 A01E. SRS 1 B0 B B
BLEHPLTEBY, LMEIREEMIIZIROEZEZ 21
LU RN D B L EZ SN UL, WEDE T 5
WX, EHEE E ZERN S OWEER, MEIZENS AT, b
DD FEI 5 Z LK DRSS b,

A 2R a Ml b*EB VT, a liid. W
TR, BB L. b iEiE. kBB
WA L7z a*fld + oA R, - OfEANRE, b Elx
+OMENHEG, -OEFFOERTI LN, WHET?S
YRR 22 THRR R IR S o T, THIE R
SREGICEIT A R0 B 2 EmmIcELE L2fgEiEch
FTICRWDS, OPENOMBIC A AT S LT\ 5 hE
WAH5HZETMA, TFANVE, FFEOR—AL %D
i & RIS IS LML LT 5 1 REMEAS
EZ2 bz,

5.# &

ARFFEC & P O WD S WA A 72
AL & BRI S % 2 L3 T & 720 ABFZERIRI,

PRAA—V L TREERWERRED T 77— 3> OHIEHEN

KRB BT 5 2L ORHli . KIRMISEBL 727 7
7T—varzH3T5CAD/CAMH 7y 7, T4 A7 D
FIICAEHTHLEDEEZ BN,

E

AIFFED BTN TG D F L 72 KPR K A# e i A1
ZER s 7 7))y VRS WHEWRE, bRaatt
FTAR DT —H AR KIERZ o0, &
TR EF LA BEYREAI——axX Py —
Wz FNC, = CHEFLHT L R E 9

(51 A3HER)

1) Baldissara P, Wandscher VF, Marchionatti AME,
Parisi C, Manaco C, Ciocca L. Translucency of IPS
e.max and cubic zirconia monolithic crowns. J Prosthet
Dent., 120: 269-275 (2018)

2) Ueda K, Guth JF, Erdelt K, Stimmelmayr M, Kappert
H, Beuer F. Light transmittance by multi-colored
zirconia material. Dent Mater., 34: 310-314 (2015)

3) Kolakarnprasert N, Kaizer MR, Kim DK, Zhang Y.
New multi-layered zirconias: Composition, microstructure
and translucency. Dent Mater., 35: 797-806 (2019)

4) O’ Brien W], Hemmendinger H, Boenke KM, Linger
JB, Groh CL. Color distribution of three regions of
extracted human teeth. Dent Mater., 13: 179-185(1997)

5) Hasegawa A, Motonomi A, Ikeda I, Kawaguchi S.
Color of natural tooth crown in Japanese people. Color
Research and Application, 25: 43-48 (2000)

6) WY, KfEREZ, MR, St FEE L Ol
TGRS AT 12 X VLA R O BB oG, HARfR
Fipait, 38: 394403 (2014)

7) Lu G, Fei B. Medical hyperspectral Imaging: a review. ]
Biomed Opt., 19: 10901 (2014)

8) Chlebda DK, Rogulska A, Lojewski T. Assessment of
hyperspectral imaging system for colour measurement.
Spectrochim Acta A Mol Biomol Spectrosc., 185: 55-62
(2017)

9) Wang J, Lin J, Seliger A, Gil M, da Silva JD,
Ishikawa-Nagai S. Color effects of gingiva on cervical
regions of all-ceramic crowns. J Esthet Restor Dent.,
25: 254-262 (2013)

— 225 —






V., 2AX MY —HEBIKE =T




aX X AT %S Vol. 30, 2022

AR MY —FEBIRZE 521 T

B

COEIZ, a—tk—a X +a YR F OB
WCHRL T 7272 &, MBI OISR E O 7 % 123 &
HLEFES,

104 AH1. JHMF LD 10 HOBFZEB R % 521,
B b ) 7 ZBCRRL T OB ik & & OBERETEREAM 1 B 5 % B
FERfTVE L7ze S HNE 20 HOWIZEBK & 2 0, $FRIRw
7272 2R SE RN AT I R AR L SRS - RIS B A 08 T
HY . ACEEREIERH 2 SbhEmE LTHIA L F
HENBLMILF ¥ >~ OFEBIZET 28T L. BER O
I EEERER A ORI LY, MHRICEITES
F—AWH Y 35 ALBEREM & L TR S B BRI,
FEM DRV - ) A7 OB LSRR L KD SR
TBVFET, REDDOMIEETIIREIIRS LW ) =
7t A&, BfA TR BERAR O T RE A o BLBR 8
INERREDE 21T TB ). FIH B ORISR

o

WTHEANTHIZEZEDTEY 9. (LHERMEMICHET
DRiA = — RIZHIB A B2, SR LT3 % Bt
L. AL - W3 - 1% - RFOHRE B4 - IGHT5 2
LT XD AbRES O L BREEAT & Bk L o phe R
MOBICD 7+ —=AALTBY T, GHIIHEAT =4
YEWI VT MNOTT, BRER 7Y WL F 5 v
DABLZEII L TH Y T LT, MPHEZIEH L, ki 22t
O JHEBE A FL R BERL O 25 4012 b a8 9 A W REME & ARGE L.
B4 R BRE B M BAFICI ) LA TV E v v 3,
WIS, A2 BT H12H 720, ELEFEEIT-> Tw
BIFREA Y v 7RI EH# T 5 & IC, Sl I3
D F LA 2ROTHEALHL LI, BWHoE3F
TOTHEZ LISV LET,

(ALK AL e B R F 980T

IAR Y =R E 2T

E#

COREIZI AR MO Y —FIREICERIR V7272 & B ) A3
ENTEVFE Lz, MEFEOHSTRINGZZE, 20
BIFAMFERICTRA K7, B H50%Eb o> T T
HODZEL THHTE2MEENIILEALED) FTEAT
L7zOT, HELMEEEE LRSI Tn2EF L,
ERATEILP L RIFE 3,

MG ZEE O R UM B CH B BIRE ) ThE (2T
FAMN))DBELF /=M EERIB IR F Y
— b)) d AL ORISR LR T, 4R
DG T — <X BIFRFEICTEAIITDODNLTWARY O ¥
FH Y (boPRGTICOORGTHEMLIZA Y 7 LA
KL 2 AT 80T W3R o mm b2
M aHETH). F /=3l cli, 4
WMREETIIINFETF /¥ — MIET LRI TONITE
DFRHATLZD, BURA ) I8N ) U — b EBKT S
LWV T EMN2019FEICH B SN TLRE, FWIZbii%Ex

L N

BT SETWZ2WTBD Ed, RS 3E /LT,
R IR R 2 1B F > TETBY 9, AZaA X b
Oy —OHEMITERETIEIH D 545 BRRA Y THED S
b)Y — bOMROMITE L DT, ZOMEO T AR
Py —LtoMEORSZEFTEFTERLTEY 9,
“F = MIEOESI L, MERImITH L TE WA
BHVEERTIET . SO 2RI 2019 4F 12 M H
HEETWAREE, ZLTRINVAZEF L, S (5
LYY BAH T, WHIZ O W TR ERWIERDIZ E A
EhpoZIlbMbLFANO X ) IR E THIR 272
F7eZ L3, EBROMEITIZT TR, RELDRIAIZE D
F L7 48 - IS OWE A 558 2 fel ) TRiE L
TEOD/VEEZTBY 9, KB, ZOL) HHEE
BRSOV FE LA, AL BT E T,
(RHUR PR B S A R P e R B R 20

— 228 —



XA MO —HRBIKRES T

AR Y- W5 R%E 2T

NS T

FI K IR OBEREVE R 5 DR FE < fopis 2 & B & L 71
e INFTTBIRoTEFT LA, L2L, ThE D%
SR IARX PO T—IRICEEICHELTBY., #Hk
LR A 2 7 7O OB SIS L 5 2%
ThbIlr, TNFTTHEVEZLIHRENVHY FELAT
L7zo BEIEIRENZKADOEID TH Y OMENE L
AA AT —~DFRBIZEDD L) BT -~ E2E R,
INEE L7 2Ah, THICHIRIRL T2 &, EFo#
YkErR T LR 2 ERTAILICRDE LA, &
DERMOELL V) DIE, EREREIIBVTLZ L oM
PRI BT =< THE7ZT TR, BHITLE > THEH
L BICEALT A ORI, EERO ) B2 TH RN
CEIBRENATT, TNLEZYET ST LD HEL iU,
ANADENVBE, Bl THHSHELHE, &

EWGERLATENTAZENTELOTE R EER
TWET, MRS O Z 783 % LT, K¥BTBZ
%) T ENTELNEL, BEERMRE o 720780 FEERE)
W2 T L LitdE, B b B E o 4
HTIE, EREYE RN E B hbhwnt
WO D Y . KRFOWIEE b B ERE BT 5 X
9 72 in vitro TOEREZELET L LI ICHEDSNTETE
NEFT, TOLIREPLL. TP LOMEOMED T %
EZZETIWEKRCO o BnE 3, SHBgW272
WgE T —<Id E 2R T Lobr Tk, Thnbdd
AOIZAA B I—MEOADE LTESHELI &R EBE
SETVE, IREREMZICEICTAILENTEL LY
WKLTWE 7w EEZTWET,

(R R A7 R A2 B IR S L SR 2 2l 2 )

2019 £ HiZEBhRk

JA XY —SERRE 21 T
fice HETh

ZOEIX, a—t—a 2 X oY —FEY B O
WCERIRL T2 &, BRICH DAL ) TEFE L7z, Bk
HOBERIIZIE LR L LIFEd,

2019 4E 11 ISP S E L7248 30 MR - 20T,
LGTIRED L) BRI TOREZRLZHBAM ORI X5
BHAENH ), REAERGHHZBTTIENTEEL
7oo AEDSHI, AAERYICHIZE & BHAA L7250, BIE D UK
DOIRLPRZZVHR I TS 7 4 VAEGHED /XY T3 v
IAEL, MBI NTETERIRLRLEIA TR
NOBITEEELRL SN Lz, ZOREHEOHEREIZ, K
FTRFHRY RECTEEDOERYP L RHEROF T4 1L
BREDOIIBARD I, FNTEDNLHAPHNTBY F
¥

LRI 72720 72 P T — <. BRI R PR b E e
FafxyFuv—iv (HT) OZREAEEREOMIETY, HT
MR A F v 7THBOAERIK G L LTREIT TR,
ENRT v F A T TREPHRE SN T )XV R E

LTHRHENRTE T, /20 T A VRGNS,
B TIEFT o a5 v £ )V ARG O G T FiRI R b 3R
SHEHINTWES, B, HT 2 iR g cf
B 540 =7 RIRE T 20D ATHR I T
FTo L2l BHROKS, M ORE. MfE - 35
V72X BT 0&, FBEMR LS, EHENOZEM
WIEEEDS D ). A IH 7BV — b & U CHsEA e
EERZELE Lz, BERASBR N TOHT I
A FREDOLARNVICIZE->TBY $HA HTIE T A X

MY —GHOREZT TR, ooty 4 v R EG
FEDIRY T3y 7 OREEMESELLEWE LTHIRES
NFEFOT, EHEREORELZERZHIEL. 5HBIRD
LTFWwDH F5,

W) T L2 SR EE2HI»E LA LI
YOTHALPL LiFFg &3k, EUROETETOIH
BELIVFENZLTEY 9,

(i3 R 2E R 2 e T4 FeRe)

— 229 —



aX X AT %S Vol. 30, 2022

AR MY —FEBIRZE 521 T

HiAG

COEIZT AR MY —HFEIEIC TRV 7272 &,
WZHYAEH)TEFE Lz RIBEIZOVWTIE, BRI
HEEZMD . BIRIFICHEEL, SRRV & LA
Py AL — RITHEGENC AR T &, UEFE 2 A HE IS
DL ENRTEE L7

Kifger —<THW TRY A I N, Beekre L
TEFIBHPLMEFEHHRETIIZLAHH IR TV T T8
IZAA MO Y =GHAORHIZOWTIIEL RF S TE
FHATLZ, AHIETIR. REHDOINFETORY A 3
Nk 7129 2 F9E RIS, KU A 2 FAR o TIdo UV
WIEEZ A G HLESL I E T, TAX MY —3HICBI)
LRVA I R T o2 ERZ BB LE Lz, &I,
FRMIRAR ) 4 3 MRk 7 O SRAMRB B~ ] gt % 38
o7z R, L OEBRBEVHRE LRSI LN TET L
BB A 3 FRLT2 SRR Y 4 3 Rk~
ZIBAE A B S AT Ly ERIRDIOR T & A5 AR 1 0

%\:

UiNs

WD EREZRT LN TEE L

INFET. REESTTOERRISH 5 Tk 1 O
ZEIE R EICHEDb o TEF L2 I XX by =48I
BMLELTIE, EIRIED->72D00, #HELLEZITSN
FHATL, SHOBBICL), REHICESTDH, M
BT DI B X ORI EH] O 35T 58+ il 2 &\
BAOBOMBAZA2IETH2ZL EonF e, HED
EERELQIETFHLIERTELEELTVET, 5BV
AR EZRBRIIMCIZEZER L, S TiEI 3w
FIPVIAARA IO —FHOBEICHEKTESL L) IIED
ARl AT i S

WIRICR ) F L7205 A TOTTHRE V& T L
7B Ege M [ & PR E A AT D TREhN - L ET & 2 D
2. BEFEMHO IS ETOIREEZ BB L ETET,

(H 5 AR AT Bk AR B SE BRI FE AT )

2019 £  HiZEBhRk

AR O Y =R E 52T
HAR A

ZONE, RED [T~ B 7 AE
TSI A D K O IR BN | OffeiiE» 2 —k—2 X X b
O Y — e ORFZERICERIRL TW 272 %, 3ich Y
MWEH)TECE Lz BER. TRz I~ N F
ELTHEBEEN TS A A=V ZOEMEFE» LT,
fuFi e & TYA T E R WIEHROMBL NG T TN DK D
MoezitToTVET, IRUA A=YV T EHVLEZ LT
HHIBPINZ B B KD BB KRG T A 15 2 s
LI ENTE, BRMIE COKRDEEZIEEZ R MET
52 LI LT3, ABEENIIAE S KB EE LR
EBR L, [HIBENOK IR 2 HfFEST 2785 A — % —I2
GYZBIEERFLTVET, ROAT v FIIEATD
KTHDHEZZ, AR ERETHIZED F Lz, KRS
Yo7 B RH 0K (FEAK) & K, K E ST SR
L CHERERBICEETH L Z P RESIN, £ L D%
MPITbI T 3, ARBAERE S FOWHERFIC BT

b, BAOTREOKPEETH LI EPREINTVE T,
L Ly BRI 6254 00 2 N 7 S B3 2 i 8] 7 Fidih 72
L ZOFFMIAHTL 2 2 TRIZE TIZ AR
B NTETHHERN T~ Y HMEEE BE L, FERRICA
FREANOBH AT VE Lze BMEEOV. S LIFITIERI L
FL72A RiOAERERSCMET H720120F, Bhd
WHRDBLETYT, ABKICTHED LA E R 555 % 05
FFAZENRNTEFLAOT, HIEHMEPMVMATHEF
o RMITHEED ZX0E Lz, BRI, BAR
MIZHBKOBRIT, TAX IR Y—, Z L THEMGRED
BRI BEART R T BGT ~ v BHEE 055 1§ i
B B D F IR 2 B3 2@ 2 Fh L), aARX b
V- %hRRESELVHEFELELVEL L EHEEL, 2
N2o L EDTEE T,

(ALK 2R B AW 72

— 230 —



XA MO —HRBIKRES T

2019 & HisRBIRL

IAA O Y= REMRE 20T
P 2

ZOEFI—k—3 A X ba Y —FEH HOBIEBKIC
FIRL T 72725, 2B OWZEZ Y R—F LTw/z72wn
7228 DEDEFHH L LT E T, BRI THh S,
FAZ. BEBRETEY YRV T A F ) MR O AR B %S &
A F AT A4 ANVEHETF—<E LTHEREDTED,
FICEHERC RO G H TRV OMEOAIMEZ AL T& F
L7z —iCy BB ZEMEIIENL ) YAV Y
YA, T YTF—vavhEDIARX AT —FMEL
THMHEINT VD20, EETHE~ORERM % LG 724
FHBAFE D BIRIE VO TIX E E 2. SHOMEREICED F
L7zo AWFZEIIMCId. FI2. ERERLMFEIN LA

kA 2 Td DM 7 2 N L 2zt v
AN nF IR OREBMEEIC) M L &k
Dy U YBANY T AF IRTIZEIDHA NI A Y ORB
KT AT L OREEE LW i BB TR — A & B A
M3 ZEePTEF Lz, AfETHRONIZMEED LIT,
LBk L7z E BT, RBICRY T35
KRR THIREW2 72 W2 EICERQ TSP L EFA &
LB, I—tk—ax A uY-WREHFOETETOD
FBEABHOPL LIFET,

(EI S AIF 7 B 6 1 N R SE BN R S IF 22T & 2 AP RMIFZE 58 1)

2019 £ HiZEBhRk

AR O Y =R E 2T
\H AHE

ROBMITESTI04 FTHY., HERICMIEI N2
DL OBLEN D, BHFHAFEHDTEVDTHA V|
RIS X OBRBEALICHL D LA TVWE S, ZohTd, K&k
HERDOIRE 5T () Ry — D) ICEa T2 et LT
I Hh TN (VRF I HTRIV) ORI, FENZENIS
100FEDERTTVwE T —<ThY ., HEHRICI L[V R
V= AOXRMALHEZIEL CTHAZZ A LWV FHERD
WHED F L7z, Eo T B EREA (layer-by-layer i) %
BRELC. )Ry — 2A0RMICE S T2 X AEIHERBLT 2
LT, B - RIS U CHA HIEICEZ 5 2 LA HE
ThY ., etk Btz & oRRef 5 %2175 T
EF L7 T BOTREAERCTH 7RIVEEZEEKT %
720, BIBIH A RYEAEATEETH D, VRV =LA
(& 72 WS EREETE (BEMNY BE BRIED S W B ORFEH L g )
AR LT ENTREE LD L, ZOE, RO

W% z2B 52T, VRV —2ORBLEFTEHL, A
TBOB/NEMOYE DG EWZ B2 LT, F 2TV D
THA EONRE S HIIETFTH 2 L TE, JRELZOH
MBS AR & R RIS EET B2 TARXT 4 v 7T
N =Y AT ANOIBHICIT 728 % LT 2 LA TE
F L7, U TMTHADMEPELS 2V, 2THLT
Wk % 2 Sz 2 ERKERARICRY, T I54 ~
ERAELC. 42D LR LAV AT S MBI FITHISE
MDD ENTELILELIYVEHPLEFE T, &
Bid, ERL72F 2 H T VICERE S LT RH
TEEBADHEZTEICT S 2 LT IAROREREIZMH) X H»
. NSRS SRR DE LRI TE S X9 &
IZARA MY —WROBEIZHFGFLTVEZVWEEZ TV
9, (B2 JE Fe o R 22 T 54)

— 231 —



aX X AT %S Vol. 30, 2022

AR MY —FEBIRZE 521 T

VTR

C OREFE M OB AT IR 7272 3 R L
EFET,

AICHE, MIRICHED 2 MEE T, £ 0%k, K4
BEAEASERFE i 7213 T 7 {AUHE MBI FR Z 355> T 5 C
LIZRDETE T A4V ELBRANEZRLOICLERT
NOSDOMESHIISLEI LD T Xkt & BHd 505
T7,

WA ZE R TIE DR D 2 AR HIE W 20 G\ hl 4
DHEYRHE G DRI T > TV ETo DA RIE,
JERYSE 72 E O O30, F 1 ¥ F — BRHEN R
FHB LTI 714 v v a2 X5 = VA RE
HEEO R 72 &L MIICHZEZ 4T > TWE § 5 in vitro®
VR R 0GR O B, K3, A7 P VT— 5 O
WS & BALFHE S OIRIA 72 &FE 2 OFA, RER% Bl L <
BVLTHLDOEME ZORIICTEL L) FEAELDED

HARLALRBOHEEZ LTWET, Aboiisiic
B B RIRIAL 23D % F AR FFET B O T 3 HA IS
JER DB %A H Ty AR L Vo2 fE D
N& DREREZ LA TE MBI 2 C. BFZEEOM
ZL o FELBIZALTH ROz I E 5 2
Lid, Fx, BHHOMGTL DD, T2 RELRR DAV
ThbHYE3, Lol RFOMRERITTNIESL %L,
F72, MiA OFBMIEEIEDNLHHOH, 4 OB
BRAEOHFTB LCWRIIEFICRE BT E R T L
720 MAT, AEZHEDLBRETIH N ZVWZIEL
TR ZEBE DT 212b COWE B LTHERSBILEBL
EF g BRI, ) ZORE TRV LWL
DaMEEANT—t—3 A X P Y —IRBEICOE D B
LR L BT T SROBEMHO I3 I3 OREZTEw
2LET, (R EREFREFBE B RR A TR A 38 52)

IAR Y =R E 2T

K H

ZOEIZ, a—k—a 2 X oYY B O
KHRIRLTWAZE, BRI TEE L,
2019 4F- 4 H X 0 & B R FEbE B IRFL 7 RAL S SR8
OPFE L THRAINTE D VIS, 4o 2412
DIz E W EE R DL I ENTEE L

SRR S N0 788X, [R) A F 5L U R3E
A F 2 FmETEA 2 7200 3 7 g BT 5 F
ST O | T, RIFFAERRAS T T, RY
¥ v F L (EO) RIEA F v FimiGE# 2 ik L7z
PTG P O A B & KR PE O G IS ) #LA T &
F L7z Fo50ETIE. FEEHAIDTER S 5 {aik O
REENE, BPOZ LR MIEEL R LS SE
B EANTHRTE T L SHOMZEHETIE,
EOZIA F ¥ REIEHEFR O EOM DO KIIZR Y+ 7
QUYL VR TV aR v, MBI AT VEZBH L&

AR

FEF IR 2 B HICER L. S O FmEER 25T K
T 2IBROMRER L ENE S F SF 2Tz eI
TRFE L7z fRE LT 2 FE8F R0 THlo RimiEtE:
HlOTEER O & DR Z BT 22 N TEFL
720 AWISETH O N EEPEIZE ORI, BEiE A, 1k
B EOREEFHICBWTEETH), HohaE%
EHIZBESE, IARXA MY —OREICHEHBMTENIL
BuwEd, Bk L TIIZEE4TH 2 & T, [kl
BT FINEPEH] O 57 F-HE 5 D 5528 D W TR I 7 B
BHROTVWELWEEWE T,

KERDD, AFRIC TR 272072 LIZERQ TR
HAEFLIFLELEBIC, I—tk—T 2 A I W%l
FOGHOETETORELBHOBL LIFET,

(Z BT RPN FEBE H R R AL 5

—232 —



XA MO —HRBIKRES T

WA HRA S FES ORI OWT

ATH

oK. BMHOMEBIRIRL Tnz72&F LT
FRIZH D DE ) TEFE Lize BOITERT 2R, Wige¥
HICHTA2A% L . REXWFIK L 06058 % #D
BT ENTEE L7z AR L THEY T3 LWLt
FEE, A=A T Y DRERETH HHREILAIT LY
FI60 FERNICFE. SN FE Lize TNUKE HOE 2 ik
L7t h S HUA. PUBEE DAY B R e 4l 2 &\
FICEEME LTOMEEZ BiE L CTHHES TLEm ok
RRFHEICET 2058 %2 T->TEFE L. L LAAS
WAEIE, BERTRERILEWIIEEICIZE A ERR IR L
TLES7hD L) T Bl LG O%R RIS EEL
o TWET, 20720, FHALGY OERIFTRHER Ik
HEIZOWT, TRETIChAVWH2TIRIKD SN TY
T3, T2 BONTALEMEHEKIC L 2 W2DI2, 20

FENTTZOWTORA AP GRS 2 LEPH ) 7

29 L7 % Ty #7213 trehalose Bk L &1

’—

T 5 lentztrehalose A FER L £ L7z, L4 IEH LA
WEFHL CHBEoRMY L L TRz DTLRZYS, B
BWIECTH ) M BEF G ONIZ20, IH M5
DETEMLICODR T I ERFEHBO T L 72
Trehalose (X%, PR#EH] & LCTLBERICFIA SN TED
F 9 DT, lentztrehalose #Hd . —2DH & L TN
OFGE LTHRETENTEEZTBY T L2, L%t
TR INZE TITRBO WOk L 2 ) £ L7225
Sl I E W W ETIOMER DD I LT
&, EVIEROEML W TE 29 LR MMEEw = B
BIHIENTEE L. T2 MR, MKRZIRES 200
7o o DIRFR & 5% B RBIITAT > TV I 9 L) Bk
BOVWTBNET, EHIbHDIELH)TSnFE LA, EY
MoO45#HETETOTREEZNTSELTBY 3,

(2320 BT A AR b2E i 7e 2 fsA: AL 2EA 272 )

WFZEBR & 3213 T

A

MEORE, BRICBPNFI LI T I IHEBoZ L
EBEUHLLETFET,

BRSO BHA a0 F 7 4V ADORET, KEREHY
EHMITEINTHEHDLETHEVLE T, TORGEOL
KHE—HHHRLHBIZHA D L2 HMbEND T, 2D
JERIE DL 7 )V — T I 2 W2 72 &3 T L Calcl
W) TEWE Lz, K¥ERZEFREL, WMAMEEZGLA
LIAT, TOXI)BMEOEEZWEET LI L,
EAEHLTBY T3, AEWHEAI—L—azx X1
U= ORI BRI 7272w TE b 2 BE
RELZHEDDH Y, WIRFOPTHA L ERLRITE S
L7ze F725L 28 wELza—tk—Holic & b ERE
DALRERBAFIZ O VT ORI Z THR V7272 R &, »wE

i

BZIEARBIZD TR 2O VWO EFZ2BEBTE 8TV A
F L2 EIESCHFLE L BFE 9 B s L7 ifse
EFITTHDIMPIETWAZEXF L2 2R
BB E LTREL—ERD F L
WFZE D % DFHIHIZ DWW T X ) AFER S N7 R o HE,
AN & ERIAHE D X 9 I - BESEI 2 DTS
DFET, RIFEORERD, TARX T Y —D7=D DR
WD —B) & NIUTHEWIHE L T3, 4k b IR C
DESFERRPFTHRIBVTRBHOLVWITEL - THEE2 W
PRELRDS, SHROMIEIENLIVEEZTBY 5,
COEEIICERE) S E L7z,
(B HEFE BN F R IR AL 7 %)

— 233 —



aX X AT %S Vol. 30, 2022

e o e st |
2 AR Y — WSR2 T

FEA O

COREE, IAX M YRR W EE, HICH
DAL ) TEVFE L7ze WRERFHREIRZEO K ER OFE
MEHLET, Bk EEREZ 7LV F - oK
FHL I WAL ZEDZWBERICR ) T3, Bk
W72 zigeid [EB5 - fbim 7 LV ¥ —] 1CHT %
bOT, HXxDOBHWOPTHEMERLIOICH) T3, Y
FEHRLILHER O 7 LIV ¥ —1d, 4R, FIEERAMRERL
L. BESEDRIML, MEHSNTBY 325 FRcg
FBRITLVF 1L, SRGERGEEETLI 05, FEi#
BHEEDT., Lo TBWICEST, RkShTwsrr—2
bLLPOTHIELTVET, LoTo EEBHTLLF—

. BWEOMEV.RRBOMHPLEINL B TH L LE
ZTBYFE L7z, 22 THRIZ. BikE )T EHT L
VE—D X ) ZETHERRADOMH L. R IR 23K #
BIEBRYLEH T LV IS LT SRR (e
OFHZBERL, FFELTEVDY F L2, BERET, $F
K7 LIVF—DIREOK R ZH 62T TEZOTIE WD
LEZTBVET, CORBAEBACSHLIAX Y
—HBEROLETVVF BRI L TEn ) 2n e ff
LEd. %D THETHEDIZEZ LA L BFHVH
LEFET, (B BE R o R K57 B2 L)

2020 f£fE  HFFEEhRK

AWRANENT——a A X 0T - MZE B k2 5213 C
KH B

SO, ZREDUEEEZBD, BRICHYIEHT
EnF L7z, FAILASBISE L 7] f i A s 0 o Bl R iy | o bk
MO HANORHAE IN2OHERL T IZH2D, EIC
EonT LR E 2D F L2 w0 REUE, KH
WHIOMEPBIZBNTZEIZ R enT L o 7288D
WFFeBhRlc, INER, CoLhnWENEWw-2 L 21
VIRL ET. ZokiE, FICHEMEANOFR &SR Y
VoTWh I EIRE#HZHL RLIFET.

LA, 5.2 SN BT, fEk—i% < 2212
SN TEHG %, LA WHEOWIALFER R (s
Wk, BEREE ST A =5 7E) S U THEET 2 Filing
BT TEE LA R, FXRSE LY VRS
DA RN- L E L722S, ZbirFE -5 ) —) -
KRILHBRIT B THEEOBIED A F3 5 2 & 2R
ZLEL F2 HHLOBRIIBWTHMED 2o0
ETFNERRBLCT, [HEORVWHBEE] & [RAWE~D
SIS F ST AMEFE ] OGOt ErRT I L a8
TEFE L INOOHFEEREER, AEICBWTH1/30

W 2RI & L CE 7 HELIESLT IRV H LD
DOTLT.
kB, O, A% VHMARKRG SRR LD i
LT &0 ) F RIS B W T FRICBI O 78555
ZIRHAILTCWET. HREEZMAEHROD L, HBER
DEHIR, SYRB BRI, WM SCEIR, EkEEIR,
AIA Y F v — V&, RS, RS
REDWHERTHELI ENTELZI LICHEE#ZHL
R ET. BEHOREEAELEL. NEGTEEeZ R &
DITTRLZTHIENTEFT L2, ZWEHERLLE
FET. FABROWEEICO RIS E Lz ik
mIERRT— 713, HAGURASHOEBREE N H > TS
ZLERERAEH LT T, RS, UMK O1Z
B, CEHRHAA - BARPARFE SR RS L ) v
72EZENTEFE L
REICE LWIRIR T WO b X2 TS NARRITEH L
HEBLIEIZWwWLET.
(ALK AR =B BB R AR 7E )

— 234 —



XA MO —HRBIKRES T

FTARTONICEL - BRELZIAATIAY—ZDI LT

Kifd

COEIIARFFEAT—— a2 X b a Y —FgeiE
DOWFFEHEFEHI TRV 222X F LT D& ) s L
FFE T, RI/TAVZ2D 2019 4EFK T, 203 I
COVID-19 2546 % ., B9 X 9 IZiZEs#ED bz vwH 4
PEABEE L2, L, KUV 2720nw T
Wz Z E T RDOMIZEEZICIEL T T S5 Twb & DK
HEEKE & BT, micESCEEII %5 2 T /2721, W%
FHERT A ENTEE Lze EATHEALE L LT E S,

AR, [TRTOANCLEE - BRI AX Y — ]
LWH) TR HBLTHEELTEBY T3, Z“athid. 1bh
MO 7T R EIEAREM T, FFIS, HIROWREELEDH 5
HizkoTid, BHHEIIHEAADZ E, BRADBEL K
WD Ed, & IHPER BIMEEOBILD AL D
B EBRIEIESINTBY ., UL R 2R T A M
DB L oo TEB Y 9., FTromEHER. KR
ORI BEFITEEE 2 Foe MPSHiluE ~ 4 7 1

NE
{H

MR T, MORBLZEM L THRESEEEZ T A T
% ¥ A7 2 “Embryo-on-a—chip” ®BF T3 R DB
PIFT. CRETHELLZV AT LNEBTDOAAZALD
AT & A (Y <A F) 2 w7 A MEOR
BIIBWTHEL LIFHN, @4HRERARTH I LT
EF Lo REWCEHLTEY T3, ABEMMEHZRTY
7oL FE LA AR F 7258 P9, fbhEi o att-
BRER 22 - R - RBICTARE I TELLHITh
LHEHMOBESEZMBE, IAX MOV —ENDOEBRDTE
559, “BEREELTEN) 3,

KWfFe% BT 5I12H720 . HEFFEEIT> TWiz2n
TR, MIRE DA S ACECEH P L LIP3,
F7o, RPEOBEE - LHIHED > T 72720 BRE O
BWRRICERTEH LI L R s L deic, ARMHEAa—
t—aZ2x bV —-WRMHOETETOITREEZ BN
BLEFET, (ERBAFEKET)

QAR YRR ZE 3213 T

At

ZOREEZ, a—k—a A X ba V-5 B OIEk
WCHRIRL T 7272 &, X D EE#HHB L EFET,
AR, v A MIlOIEHALIZ X 2 7 LV ¥ — o il
WO 21T C&EE Lz, TOMBMRT, 2L DHFF
YEGFHRG I VN WERIZ RO~ 7 A Mrgprb2 (&
F TIE MRGPRX2) (Z#EA L TR AHLERAL < 2 bl 2 3%
PEAL (LKD) S8, 7 LVEF—2FE552 L I1I2EHL
F L7z BIMIC8AT S B ALHE SR B A 5 % Bhii
OB BT VIVE — 2 FHET 55T 08 % AAFET
HEEZ, REBOBT LIV —%FETL5FDAT Y —
SV TEOREERIRLE Lz HWZERT 572012,
PRI~ A, Mrgprb2 / v 777 b~ A& EHIC,
PrHICERL L 22 MRGPRX2 / v 7 4 V= A% ML %
L7z0 WM, in vitro L in vivo TMRGPRX2 ) 4~

KHR

FERAZ )=V 7§D HERMNTHIENTEE L
B2, in vivo TMRGPRX2 V) v K & L COEH % 8-l
TE5R1F, B MIBITEB7T LIVE—OWRERTHIIC
DRELZEDEEZONE T, BICHEMICEA SNEIL
BRI SEAE B LA 2 AR T ISR R R AFAE T H 5 AF
WA BT VNVF—%FET MG ORAZMTHZ &
BEETHY, RFEERENRTIRARX POV —DRREIZOR
BHIEEMELET,

W3 A ZE 2 L2 Tz i v, a—k—a X b
T Y — R A & ORFFESZIR ISR LT, HAQTHEFLE L
FFET, ZLOMEFEIET LI ——azxxtaYy
—WIEMAOETETOSREEZNERLE T,

R B RSP RFBEE A FEF 7 - ¥ — BT~ ¥ —)

—235—



aX X AT %S Vol. 30, 2022

2020 s HRSEBIRL

IARA Y =R E 52T
N R

COEIZ, a—k—a A X ba Y —IZEBIBICERIRL T
W22 &, BRICIEEEHH L U E 9, RAld. 20054 & 0 A
F VN7 VYR X DEGTWEOBENEEICET A1
TR MATED T L R A F Y 740 TR
W& BBENBEZEISEH T FWE. FFICDNA 2 EOBUKMER
GTEEHTERWEEZLNTE F L2 siRNA R
EOBBIESER )R =L EDF I NTHAF Y T+
LY AL o TRENICRETE L2 L2 /ML, Bie 2l
BIEBLCET Lz ZO0FL1L. KEN~NOWE
HBIEEPVIER LT Z1T-> TE& 0TI Latk
T A READPRT 5 TH L EPFICEICR->TBYFEL
7oo 7272, BREEOBEZ2T Tl FHIFE R OWFFE I B
ERGLIEIINETH L7720, BRI &8
TEFEFHATLZ, 2OXIBRIRAT, I—k—TAX}

O Y=L, Fx OFFEICER LTwz2&, &
FTREEWZEF LR ETEHYVDnwETH
0. RFRMEOBLFICED, AV b7+ LI AD%
EMERIET A ENTELEELEDIL, a5 kS
I N EDKEORREEICHET 2WEISHLTAF Y b7
LYV ADRRWEEEZRIZTTIEORBTIEATETL
7oo L. TIARX MUY EGI SR EHET L L
Ty AWFEFIRO S S 2 BBICHMTENELEZTE
DF 5o mBICHRD F LA, AUIEICTXREWZEF
L72AMEEANT—t—23 2 X u ¥ —Wigeil H & R
ZOBRICHOTEHR L FIFBEEBIT, FTETOD
FEEAEBHOPL LIFET,

=Y ey N R B S 0 A )

AR O Y =R E 2T

/IR

COEFI—t—a 2 X aY—ifEY OB
FRIRL T2 E, KRBIZHY L) TEFE L7z Kk
EFZEE. RADSHTR T A HERF L Lo IEHNICH %
BEWEHoORICH L L 72 F - F MY EIREFDH Y. BR
BELTHIB LD TY, RIIRIEETI T4 v v 2
fREERHWIZEE LTB Y. AL IZILB RIS o
B—ABDO—No W, ABHEET T T4 vl
MAafsbeid, e eMBETIMFEELEIL, T2 D
IEEEN A ED VW) 2T LT, HEAMEEZTL I I
ELEZLLEFRATL, L2ADER I LA
LA HBRHOT v FI—V IR, AR TH DY
FUIR L, L LARBO B IEE LR a2 5T 52 &,
FLEI N TV L L DIILHDO TV W2 b, EHTHN
R ANDIEH b TEL I L, REENZZ LIEDND,
Ho & —RBARR S ZH IR Z 200, b3k
LTIV TAL DR EBWE L,

FREA

FNTHNE, ABEEEXT I 71 v 2w ENEG
MMAEDLRICLD, B0y LEWERNTEL0d v
DXF L7z, LALEVwOWTY, WHEIEH - THETD
BEDV R\, £ Lz, BRSO Z D% 7
474 TICTEMW 272 & TR O R REREIERIRL
TW/eZEFE Lz KRMIZH Y 2572 BT 5, FRERNT
O VEHA S = XL RHZWBMER T2 813 TEE
BATLRZD, ZODDMEAITHIZSIETW/ZE T
L7z ZOREZEL LT, COMMMZIERITENL
LS TWEF, ALHEROMBISHIZO % 25D 79 R
L. AUIZEBIBICFERRIR L T /27200 % X 9 ik D
It lBoTnEd, TORIIE)ZFLA LI BH VW
LEd,

AR, I—tk—TAX buy—sEMHOEFTETO
THREE SV LET, CRUBERF R R R )

— 236 —



XA MO —HRBIKRES T

2019 S FFSRBIRL

IAA YRR E 52T
RiRE HEX

COREEIFH 30 M (20194 E) O a—tk—TAX POV —
WF2El OB ZEBIRIHRIR L T2 E REDH D 25L H &
XWnE L7ze 20184E ™ 2 H X 0 FKH KK S4B R 22 A
FeRFOH AN - FEERIG R AR (IH e 22 ) 1 A5 1T
L. MREE2H7CTEETEIA IV TR Z W27
KTENTE, MEEOLY N7y TICHELRIEFEER
B L OO AN KREAERICHIRR L EH ST
W72 I L,

bivbiud, T T/MAED S 05w/ N R T
& 5 ER exit site 2> 5D 35— 4 i bk & RO
WHHEELTEFVD F L Boll. 37 —7 Y Offr 25k
ELTHADE L T2 TANGOL 33 5 — 47 ¥ 45

WOHR 5T, ER exit site DD DDOEKIZHEG L T
WBLZEDRDRoTEND F L, SHIZ5 RO
T\ M52 O ER exit site DI #1725 TANGO1
DY YBALBHIOZALIZ X o THbLNTWAS Z & 25 5 )
o TEFE Lz SRR LAY YBLBHiIMH ) X
LZEoTHRIMSN DRSS H 2 Z b, GH LA
B o WFge i3k L TR TWE 20w EE R TED 9,
WD F L2AN Aifed SRV Z&F L-a—
=3 ZARX PO Y—WRMHICSD TE#ILET., T2
HHROFTEFTOIRELABHOPLLITET,

(FRH R AR AE B e 5 R 9E )

WMIREERZEOT O 27 MCTRSZZEN A Y ) TS WH L7

[iCpaN

COREF, B LT ZE RIS T3wE L,
ARIFFEIE. A HESIZ E LT D RIIICIEE) L T 721
2y RFEBRAEDK P S RERIREZRFHAH L TE 2 XVII
Bl a5 — 7 v OB OMH % 8351l % 57T/
bOTT, BRITEHBM & T TH o 72 CRISPR
screening # T 5 L WO HRLZHNETT, THIB W7
72z, BHKADKELHFZED Z & 1E0 ) # 25
LSBILTEY F LA WIElifidicReie 2, #
DRITIFMHE L LTy L BT L CE F Lz, S5

W

WA TE R RoTLE) ZLREETTA, I
FCHRONIREBR MR E L LR EHE» L. BIROY;
THESANEHBMLTVWEZWEEZZTBY T, /2.
ARWFFE TIIRERAEREEROEAE LA D FR-> Tz
72EF L7, CoOREBMHY LTEHPLETES, Hw
Tk Mo S A%, BRICIEK T 28 2 @ L Tw
K ezifFLTwEd,

(At R AR A= B B 0 FE e K i B3 =)

— 237 —



aX X AT %S Vol. 30, 2022

AR 0T~ RRSEIRIC Ko THB LT [HSRBE MR ~ PRk

RH

I—t—2 A X ba T —WRHFOWIEIE D T35 O
DET, EOMIEAZFEMTE T LAz L0 & 1 IKHH
LEFEd, AikmzBM0 LT LT, BAMEIEEELRZS
CIZHEAEBOBRRICES BILP L LIFE 3,

W SR AR HE Y 72 12§ DREFFIZKEITH 5 Z & Ad AL
LIRS T E LA ZEH A E OHERF 2
B, WHERZNEIH ) FHATLZ. 505 104
EERICHS PSS Y AE - — ZIPI0 S BAICFHB L T
W5 EEREAFER L, Z0ELVIEBEN S ZIP10 D)
JERHAICB T ST, BAEICESTEBY 9, ZIPI0 ®K
RN THEEOHG R I &R T L2 B L.
[ZIP10 13, KN 7HEIC ED X ) e E2H L Tw
200 OGEEMHTLIZEEZHEE LT, BHMOZ
DD & TZIP10 ZEBIMINL & o FHAllez L3 %
ZEDTE D Zipl -GFP-KI< 7 A & Zipl 0-GFP/ Tomato-
KIRZAZHBELE L. IhHD~ Y RiE, ZIP10 %

(L3

BT 2 TUBHIE O R & R E ORIIARS TH R 72
ffgey — & LT, SBOMEDOFREIZKE CHT S 2
EEMEELE T,

AWFFEIIENC, 7 MY — kR KB DR E Tl ZIP10
DFEWEPMA L TVWB 2 b, HEERZICBIIS2E Y =
AT A4 v 7 REETHRBAOMEICES T2 L aMiE L T
L 720 518 ZiplO-GFP-KI= 7 A & Zip]l -GFP/ Tomato-
KI® oy A% ffae ERICEHTZ 212X, EENZ
F2 8 O & R 2 Bh45 5 THE§i B2 i Bk O F8 I J ik
L7znweEZTEY ET,

RIS, UL RS CHERTIMEEZHEE Lo
=T 2 X bYW ENCECEH P L LI E T L &
DT, HWHOZFTETOTHREXLLIVTEHL LT E
R
(55 SCBR R A B iR e v PR R 3R 27 O — G R 40 1 3R B oy

WoE=)

2019 £  HiZEBhRk

IARX Y —FERRE 21 T
WA WZ

COFER, I—tk—T A X Y —FRBF ORI
WCEHIRL TV E, ICH YL ) TE8WE Lz,

CNFE TR, A A 22 BB L L THW2EAYE
Aige 2 B3 5 T FATIEFINIE R4 5 IR GIE A5 [ E &
RAHEET FYREEMELTBY LA, — 4, W7
N BRI IEME R R TH 5 7+ E—EE B RO
LICHEbEZEDHONTBY F5, 20 ZHEESHED
JER & 72 B Cutibacterium acnes R KHDJEH & 7 % B
EWIRTAEENH D T Lz 512, BIEHEORMED
5. AbPES R EOBRFEICHALEIY 2 VTR T 5 2 & A8
HLWEOBHEEHREE L, INH0ZEnLRIE.
4 2% TR EEAEE TV OB SHRDO T A A b O
V—RICEBT AD TR VAL EZT L,

AL T, C. acnesD N A AEJE TNV EMEL L. BT
WETHLT M ITHA ) R0 ) V<A Ty OFERRE
At 252 %R LE Lz, €512, REOGIEIRED

—DTHDH AT MEPUCEIREE L LT C. acnes DHPE
FEOFMATEL I EERMLE Lz 72, C. acnes
LT R IRMOLEGIC L2 H 4 IO F LTHXT
ZVMEOFBENPKEIDF L TRNOSOHE2S, C.
acnes\Z X B H A 3% G REICB T L WE REINE E
FHIIC X 2 EERAHETE L HW LT Lz, 5513,
AIFIETHRIE L 724 22 H W23 HMIRICE Y. C acnes
DRIEFEREOMHPLHER DA 7 ) —= v 7 & Tz
WEESTEY 9. AWFZEHREEZ I A X b1 Y —HfZEIC
HIKCTE 2 L9 IifEZ V2L E 9,

R E BT T DI H DA R THEEVEETL
CHLFERIGERE DT A IR 2 LE . £ I
Wwia—t—axx bua YRR B L OBRE
DOERRIL I D ELHR L RIFE 3,

(R ERL RE A A 7e 2 )

— 238 —



XA MO —HRBIKRES T

F 03 F— DN R E His LT

195

FuvF—Fid, YIRYNG AL EDREREEDIENA
BEOVEDTH) ., EAMMHERHED OO T -7y
MR T FEBIZ, RSN T2 EHALEMICIZT
Oy F—YHEEHZR) QONLELHV ET, Fudt
— VAR OBLUID S IR ICHRIBEWHE TTA, Z0=
WICHERE DV TIE, 2006 4FICFER L 72HEH S O 28
RKADOLDTL, ThEZEE LT, HEilkoFu
PF—tCHERDONT v FTFTHAL IR RIC 57250k
HwFEg,

72720, FuYF—Xilidd ) M EDODEEL T — <A
BEaNTwE Lz, TRERICHERICOWT T, 455
DOFEIEETIZ, Fa Yy F— BRI o 8
NWIEOF Y VRENFELTB Y. USRI
BODTIE LD EEZTWE Lz WAWA L RITEHE
MERT, 20Ty VERENBEILEZITSAH LT
EbMDEE BT, A 2V THA T K& LB
COTRBZEVPLEVIFLVHREZGLZENTEF L

HEsE

72720, COBRIE 2T Shg, of
T T S 1. XHR ST 720 Cld 2 {5
KT T u—F O LEEHEEEZF Lz, ST
AN ARG YIRS RE IR RS2 ST ) 1. e 7
— ¥ DI IV EF L, BEATBILE L
JFET,

LB, TN T b ZrvmERE LEI L LT
Wb Z A, HRDOFIOWIE 7V — T30 U & 9 W7
REFoTWDE I EE2BRIMY L. Z20%IE. 2T
2O L AL B, A EPZFD TN —TIA LT
2T IENTEE L. SHOWFERKRIE. 22 TFll
Lo Z i3 2 b 0122 3, 5%1F. e o
WML7eT =IO HER B INE I L2 EATE
£

WBIZ, AR EFTTHICH0, K 2ED X
L7=AMEEAN T —t—3 2 X b a ¥ —Wige R EE <
BHHP L EFET, (ZH T RAFHE AR

JAAMOY =Pk %32l C

=i

COREE, I—t—a XX b Y—WEMFIITAX b
TS TR E D OMgEE TR HE T L2 &,
KENXETH) ., LALBILHL LTET,

AL T, WEHF» OB Z OB WHE, Ny h
F8% X3 (573, Naked mole-rat) (2381} 5 Bz iR
Ml o B LI O % BIg L <. WIgEx 7w E L7z,

TNERTRALFAREORE S 06, s Tnb
RRFFEAITHEL Lo, BREIORFHYWTT, 72, K
¥ %t KRR - IRER AR E O x b b BEL
WAL Z R LT, S 0E#M» S, 7N, B
LR EOEALT OO b0HmE LT, FHE
ZzohEd,

—HTy TIONIEFEWTH 550 2 \EGAEE L <,
ESICIEETFTNVEYTH 572D TFEDL —» 5D b E
FABERZENE L, BEOFAER - Bz LT E L
F9. HLWIRRoHh, BHE»S TRV E T L

NT

BT T, AL DR ENT LA TEFE L7
AWFFETIZ, 7 5BHEE I BT LM TRl
AL T A2 e 2 AL, M2 EL T Lz &%
& LT, M LI EE 2 INK4a-RB &R ASIG LS 5 &\
H,0, Z AT 520 b= UGB AR AL L. 7258
HESEAN A R FD ROS D 1 HE T3 5 HyO, (2§ 5 559
PEDs, Wil L CRALMIIsE 25| SR I L Twb 2 e 25
MBI ENTEE LG, =S, anscixfiit) o
VP EOFERE S TSI OMEE T, NIERN 2 B Ll
KrEBES). $ 7% b b “naturally senolytic phenotype” % J#
BLTwdEEZONET, CNECTLREESF LS
LRI, Gtk TR LA T 52 LT, BICRE
7 “senolytic drug” ¥ 7-# b% Bh1E W REZALRE M D BAFE
WWEHMCTE A X912, H272W0EFTEN LT LFHF T,
COBERZHIIH AL ) TSVFE LT
(REAR R AR A= B AR AR FEER)

— 239 —



aX X AT %S Vol. 30, 2022

IAR MY —WRE 2T

[EEI 7

COREEFIAANT Y =R IS SHRIRTHE E L CRlC B D
MENTENFELo FATBESHE RN B RE 2 o O 2E % B B
LTWET, INET, MICBOWTHMREEZ Y TS —ED
FREEZMEMT 3 572012 BTP3-NeubAc ZB%L ¥ L7z, BTP3-
NeubAc I THMRICBWTI TNV —EBORERITEEA A=V
TTHIENTEET, WITBIFLI TV —EEEDO A=
YTERHLT, YT — R RICAT R THHIE
ZRELTVWEY, 2O A=Yy 7 7a— 7% UG
HLT, Y7VF—EOR AR AR HS 2R DD H
NE5, BIZIE, ARV R WS B DT 7Ny A
BB TS —EiEEEH 2 ElbrNEL 2,
DA A=V U T ERERH L CHRIE OB BRI
oo F e KB mW I 7Yy — Xtz olenn,
BTP3-Neu5Ac I2Xo>T b KIGHE % B & E THRINT A2
ENSTEE T, WL T, BTP3-NeubAc 254 ¥ 7)VL 3
TANADKINIEH T A2ENTELIER b Do TVET,

Ll EOIT)T—EEEERIBLZESA, BEOT
BTN T —EEEDRHLZEDRDLDNFE LIz, Y TVF —
YOREFIEE AT L L CREFIREWAI R TlEH 2500, 4
B G I2BIT BTN —ED@EZ SN B2 D%
TFHIPAELTHELZ FOLLEROBTABKEICT
PAIRTEX, REICBI L2 T7)7 — BRI Z B 1T4 528
MNTEEL7 B T)Y —ERIEH L AT 7 78 OB
BNEREBLTOET, SO BEAES 2TV EFLE
I—t—IZX TSR H OFARIS, OEDIEH L L
9, 7o, EOHERIZBWT, FAEOHIYBIEHC
o TWBREER AR B4, IR AL A TEZELET
BIELL, BWREWHEZRDEL2, BAAEZaaHicdh Tkl
VAR HDFE T 25, WFFRBEITIMZ T, 5 %b5 [ Ehiif7ER
WOY 2 TR N2 NEFE T, RERHS, a—
t—aZA Y RN OSBRI TETOIREELN &
WeLET . (R R PRGBS A T be AR AL i)

2019 £ HiZEBhRk

IARAMOY =Pk a 52 C
fE BT

ZOEIZ, a—tk—a 2 X oYY B O
WL T2 &, BEIEFLHT L BiFE 4. RV
IYNERAT 7FFINA 7Y k=) (GPD) K4E%E (IGD) 1
2006 SEICH O TRz B 25 L7 T, TADARH
HEREE 2 EOMRHER 2 BEIR & T 5B R ETRE T,
MIZETNICIE GPT & v ) IR TRl 7 > — 3T
W5 GPL7 v =M% 232 (GPI-AP) &\ ) & V5%
BO1HESHIS0FEEIH L TBY .. R, SR Hlifkibl
HMHTFREE L CEERMHEZLTET, ZDOGPI-AP
DEEHITIZ 30 HMOBETFHPHGSLTBY, Ihb
DBIET DRI L Y B4 72 GPI-AP OIS BT i i 52
EARID, T THADEREZRLE T, HLd»
LRI TV B BB EMANE S O ¥ VRIE (PNH) 1
PR Ak MR BT IMEMNE I B 1) 5 PIGA S5 T O
M 22k ZE BAZ X o THE L. GPI-AP T % #iAHI#HIN
TORIET 5 DOT, #RORE ZRIEHALIC X - THEIMFEMA
ZRILET, 4 bBGPIRBEIE L VW THIGD &

PNHIZ &K #4255 ETT, FA72H I3 GPIORAGENI7E &
WAL CIGDEBRED 70 —H A4 b A MY —I2L DR
— o VT RMEF RN A O THEEEMAERLTE T L
72o ZFOHTEIERFNC UIE UM BHEERE D 8 REIRASH S
NAHZ Lo TEFE Lize TAUILLENCHEE L2 )E
BRI Piga 2 RIBECTI I AETFTND T = ) ¥4 TS
AT BIERT, TR Y ADEFIZOWTEEMZ
FRNTRE RATREN TV E T, SMABCAIZ BIZT DR
(2 & o TlE 2 2 EALRTAR A B & OFDE % &I LRl
fatkzflioT /v 77y MillaZ/ER L, F3MEL XL
TEDAH AL EMATEIEICLTE Lz BELRDD
TR 2> TLEWV, R0 LIRMIOMIZ/ZED
HFWEZATEN, SHINE D EICESITHEE D
TVE T3, loBEWR Y THEEICHEO LT I Fog
WHFEICE DS GPI-AP 2 2L SO I LAz EE X
TwET, (KBRK 2= s E 72 Fr )

— 240 —



XA MO —HRBIKRES T

2019 S FFSRBIRL

IAA MOV —B)k%Z 521} T
RIS I

C ORI TR E ALK A 5 = ik & B2 microRNA
WO ] L) IIREEE LTI A X ba Y-
ZEWIBCERING 7272 &0 W ET 7 & NS BIARE OB 123
CEHH L BT E 9. BRIIKREAEAEDORRD S BRI
OfEE —HLTfroCT&E L ZOHTELE TS S
EiE, [aAX ay—&w) iigenBidH 2z 2 bhk et
VWA SHEEZ T, A4 DOQOLRHAIZ X - Tidin
R HFMICDEEEG 2 AWMO THELRMESHTH 5
LWy Z T, SMERIRW 222w iEDL, VIR L
Lo zax x ba Y= BOIEE DA E ST E R
LV EFENGE 2O CHEEBMANETH L EEXT
WE 9, AEFZETIE microRNA (miRNA) 2 HW 2% T
T, FOMREORBIITICESESBHTHEATEY, 22
APOY—SHTIIELILINADLOKRELSRBET HHE M
AREINTVE T, FFIKREEZH Ao HEH T THE
DY x 7 NS EFET 5720 TEOLENR L, WEHRE
(= =) 2 WRN - KA LAY =¥

O OIRETHMATREE 2 B 720, FFlCaxx bay—4
BCRIFEFICHERY - VIR DI B EEzLNET, K
WF9E TIMATIC BT 5 miRNA O BEZIL L, g I
52 DRENLERENTCTH LB EESR (LH) D
BEHEYE % i vivo 7200 T L in vitroF D T2 W T
RN 24TV E Lze S OWIETOMZEAS. miRNA OIEH
A== BN — V2R ATA2XonTERDFL
720 GHIOWIETIZATER O miRNA 2 E/ - 5§52
LT HEOY IR Lb, BHAMLR AT =V ikE R ED
IARX MUY =GB CTROEELREEOBL . KEZ0
bOERRDUEER L TAH - 9 TE HRENMEZ 5 R
BLTWET, EVIFR. ZoFREEvR TR
AV HTHLRBEL TV THAIFMTHY, A
W & o CER I NSO H 7223 A X b
TMROBREIIA L THHFETENITENOED L5
TwEd, (B LERYEY X T AB LA GRF)

IAAMOY—Pk%E 32l C

AR

COER, a—t—aZAX buY—MEMH L ) E KR
LHITHERWTZE, LSRR L T E T,
FFEINAEET L RDRELMAETH Y. BiThka %
A ZCnET, tiE, AE TV HIZTHITLZ &
WTET, BH, B2 BT TAEEZ LTwET, AKICE
5 MOEZIE, IROMET L SFENREINTEBY 3,
IRTid, B F7Y r2id L e 32082560 Cboik
£) 2@ L, e i LcnEd, — T il
PORERVLZETHEFORENEDLL Z LML NT
WE L7ze LALARDES, ZOMMAICOWTIRIZEALY
BhoTVWERFATL. GEBIEK L TWiz72w7-m5ei,
FIBIZBWTHRERY 7 FVICEBR SN DA ZH S
MWCTHZEEHMIAT> TEE Lzs RUFZEDOBED S,
B \CAEAE S AN B . IRoMENE & FARIOEZ Atk o 5%
BDPBBL T 5 2 &R HEIEE 2 MR 5 OI1ICHE

fdz

BRUVFF—VORBRESEBICOHFEL WL L%
RH3TZenTc&EI Lz, IR0 EIE, HENRED X
I E R L THEBRISEIMTOLN TS D0 % H 6 2
TORELRFVPNPN LD ERS>TVET, —FTHRTIL,
LHIZ 1 oD EZ2EHRT L2 HZEAIEHL TV LD
WL, B E oM Tl 1 2 oM c Bl o2 B k05
BARONTET, 2oz i, WHICBIT s,
MY HBMERAMATHLI EEZERLTEBY, 03k
&MY LT, RIS D IHEE 2T BB R oEE

DO LA AZH S PIZ Lz E B s TS,
WHRICH D FE LS ERELT, TRz WZEn/
CLIEHHL BT EBICa—k—a A X b Y —HF

RMHDETEITOTHREZBHOBL LIFE T,
(B AFEFIKA)

— 241 —



aX X AT %S Vol. 30, 2022

2018 s HZEBIRL

IARA MY —Bhk%Z 32}
EY R

O EMFOMIZERRICETRIRGAZ2&E F LT L&
DRI L BT, BWOMETIHCIB VT, HHET
AAVZAMIEDIANTTRFEHTHIEEFELTEY
F L7225 oo AV ZAEGSEDFRATIC L ) T
AT 723, F VT VTR NT T Z4T) NEICER
W LFE L7z, FEHBaur o4 VAOEEIZL Y, F
WMNEOBIEZEONLZ L5 IEFHRLTBY) FEA
TL2S BMHO SO D &, HFERHm 2 ik LS
WIZE T2 M2 B2 D TEE L

BHZ K ODBABE S AL EFRETEEZ R D RO OHHA
EYPRE A ZITTBONTE T, I K D REREE R MO
tBFERAE e EWRDOZALAEZ O, INIEDT TIINE %8R
RETTAS, BES AR THTDOINDZELIZE S RA, JEFHIC
DHIZDERT VI ERS, ABITFEEZELNTILE272D

50720525555, INOBLTHT BT TE2EzT2nE
SGUOWFEICE DT LI LE LI £V T4 VA VT
TR SIME N 513, Koz 72, AHAR
AR VI Z I o728 WL H Y . DSAFEE
FBICEBEWEHZ R L2250 b, 2005 LLAEET S
LBV LTHEDO R ol B nET, Zhnd
LEFZSADBETLHSS LWROF 7, B2 R BIE
PR R — MIEBML TV E L EBnE§,

A Ly SHhw272n 72208 o8k, ikus &
WEAMTEZOERE WFZEIHrb, U < MRSk
THE R N7 E F L7 BRI IR e K R R e e A
HBRHEMEAE, TUA ey ¥y — UMY EENENLAN
MR, BERRINEIRS KPR e e A e AR ph i e A 10
PO IEHP L LT E T, (BEEIMERR R G #Ey)

IAA Y= FEBIRZ 521 T T

it

ZOFa—k—a A X ba V-5l OFIE
RV & F LTRICHEES T8 E 3, RomfsE=
TR 224l 25 & v 9 3 L Wi 2 v T B 7z il
MR ROV TF R T 7 MIPERILEERC PURAETE 7
EORFEIENSE IR TR EZRINLTE T L
720 Z OMIREZEMMBANIIHEIL L LTEESL TV
PR RS HFATEL I L, n, BAMADOHK
FMEH I AT F T LR ICD BT & 50T
FewhreEZTBY £,

RIREXF L2 RTF vV A M52 FOBEEH
ERGT TS MR O BREY O E O LA
WS 57200078 LT, IhE Tl EICHEML

7T

NV BIT L BT RBSEOEBRZ#EDO T Lz, 4N
OPREDO BT T, BHMICHETH 5722 5 Ka— 24
RATIC L D BEBRGDAZ ) ==V FoHie. <7 A% M
Wt I AT CHEDL I ENTEE L, o
T =R TH DI LHh D E 5% BIFNALETTH,
BFEICHSGTI2RTEZVWOPRMTIElTEE L
SHIOWROT— 5 Zifids 2 & THIKIIZEE THED 5
NBEEHIHEDTEND T3,

WD T LD COL)BEEEL S 5a—
=2 & bu Y —f7EM & BERE ORI A Tk
HLEFES, (RFERKRP)

— 242 —



XA MO —HRBIKRES T

2 AR b0V — W5 R%E 2T

=
=

ZOEIE, TAX MO Y —HIZEMRIC T [#RIERE I
BWHRTLIAF Y -TTOFUMHEOEZR] TR EES
D, BICH 2L ) TSFE L, AL, TNETHEHO
HECEH L. F#FORMLOIEET>TERD FL
720 BROBERH, S, HFEMIE, Ar OHBELEHMEREL.
HEDLIE, HOTIL2LRALIEANLERTH S LK
L3, €9 L7z, HAHET, s Ol 2122254k
U7 Z T, SilE ZTHS. TRIE B i#I
bbb Ay 728, BE, HLLE2MD Lz, 2,
AF v -T T EMEIN S B E R T BEBOKIE. RESL
BloFc L3z, EffzEEbhbsr—AbdHh, FX
B - DB -t A RAZTHE T Lz, Ll
o, AFXV-FT7OEAOMBEI. AARANOREOR
WIEAEBET. KR L LTURIRES R WAZ SN WIRRT
L7z

Stk

A HEIE. ZOHATORKIEEZ B, &
H 6%, K¥biA 84, £ L TRk ltink o F i & m
5T — A TOMRIKAA. . AFE2ITH)ElEr X2 TL
723 E Lze BRI 1AERITH 2 0 45 H mini & 34
HriTV, HELRBKFT— 52852085 T&E L. #
DECRE. HRANESWRA ARV AT 7 775 =056,
TR ITY) ¥ FHEERIZERD . BERAGA A b I —
LMEMMELTOWRGEL Y ¥ a3 Y HEFE K, Journal of
Tissue Viability TOFRXHEWICETEY T L7z 5%
NAVATZBIHLL 72 AF VA 7HIZIDAF UV -FT
BEBROBIVPHRFTE T T,

HEE OREO/BR L S, FEEERUIILIZwENS
KIGETF — LA DOFHEFH L OB, T8N - T3;ERLE
EVnFLAZE, ODLDELHL LTES,

(BE T R R RSP FEHEHEARES A EH R AT & —)

QAR Y—WFEBIRE 3213 T

i

CODHWIEITARX MO Y —WFEBIUCERIRL T2 &
FLC LLDEHHRL LT E T, HaEREIZEO Bym g
TEMTIZ & BRI DL sl & B2 T o IfiLAT B RE o 3R 1 D B
FBTT o MEIRIEEE. AT —H AT TS SN2 BH 12
GENDLNEOLT DAL HIRENE 5 % Ml L THS
NDHMRFE TS d LIRS ML v TRONDGE
FEMRDE & SO L LCEHIITE 2 L. 2liddhznd
MO V2 BB REICHE L TWAZ LY L,
Rep M ONRWE % FREIRE 5N D 2 & T IRIEDIRIFSE
R A D 38 Z BRI LS FH L 72397 72 70 AT Bh REFRAT
WHEVEDSH D 37

RIFFECIIBEE G & LT BEIREZFIH L TR T
MATENRE Z 5EAli5 5 & & AT D DTT, FHIiFERTIX
<y =Dk AMATHRROLAEV BN L 0ICEBLE L
7275, A D ) o MRPIRBIC X o TH U B AT OZEAL D3

i3

AONBWHEEEZMRL TV T, AFFRMIMIZBVT,
FEIaaF 4V AEGYED T AESPORE T, ANZx%
& L7 EBOERAD THEECTH 5722 LD LIKET
L7zh% Ghb. Ny 7R 7)) — L% EOMAT~ORH L
FHETRER IOV THE Z LTV ELZVWEEZEZTVET,
—J5T BMEIRIEIEZ. T LE. 5, HEREIm - LT
YIA4 Y I=T 4 Y THOETEN D S FEOAEATb %

HWIZIMTTRE T 25, Z ORI IEFHIERBE R 5012
KELEERZZTHLI LN, BUROBGE )05 5
HEZOWTESRIUREIT) PETT.

WIS, A2 SHIRNT2 7202 2 LD THEL
FLFELLEFAEE DI, I—tk—a 2 A Mu Y —HfZRHE
DEFTETOTHREELNZRL LIFFET,

(fRB R Y 27 2P T 249)

— 243 —



aX X AT %S Vol. 30, 2022

2 AR b0V — W5 R%E 23T

HAY

ORI, TAA M Y—FFRBKIC TRV 222,
AICAHEED Z8WE L7zs AMFERA LR E P &3 500
ZEH T, ADSERD HRR A B E % 5 AT S AL AT DWT
DO MATE T Lz BIZZFDOANYDOT ATV T
474 EFRBETLBEENE LB RN0 L, BEREVIZX
S TRRELHZPIBLHNTL 513L, ZIUIIEALZDLD
TbHDE3, L0blF, fLhERMICE > THEEEL L
THENE, HRPASBRICEL T TALADOLEEEOT
TERLEEZAHATLEI) NMFEDXHITH S D% 3
L% Dho ZIIIZED L) EAIEAB TS0
Mo 9 LZEERMNICEHOWNIZESE & LCHIER 2SI A
THRIZWEW) Bng s, 2019 FEICTFSEBh I e 5 & &
TWieZ& L,

TJARXPE T =IOV TRFEVIGEZELAbE TV
VIR S DAY — M e T L722%, RIS LT
T &% 05, AL X o THiA 2202 T RT 25
FHY SR & B FMLIC X o TEENCHIZE L TV 9 b
12, A& ORI Il U 723 & 2 0 H%ICH 2 BLERD
FIZOWTHET 2R 2 TELHICBE T, #EEx

IRES

MR HEME LTHEEEINTEL AL 7Ty T2 08
HEPLWZBELTALIET, MEEZENTLIAA 2T
v TREORERCH - HONERHRICHAZIEL 5 A4
ANOT T EFRRE, BB E OB BB DS B 72 e
HEEERT AL THTET L

Wi7e 2 Bh 72 722 22 R, ko i Tk 2 2 fili it
DEACDOWEHFNR L F Lz Hllaat A )V 2D EGL
KICEDAADAI2=r—3avDb ) EREDY
SNSRVYARXT 4 7T OFAE%R ML TAA DFELIITT LR
HELAPLRTE IR ELEFLTCELLIHIICEVE T, Eo
2=/ =< UMAROEL S 2 BEL T CERIZBW
T, AAHEH) L OBFRAMMEE FHEFHKT S LD 2H
T2 RGeS BT e B LK U TV E 3, RUFZERIRICE 5
PR THWZ 72 5% SOICHREL, IAX brY—
TEOBBEICERL72WEEZTBY T, UHDOFEL
—WEE L O EETTHI e E LN, £
OHEFE L THELZEWE Lz, BEMHOFERICL X
DIEHHR L L ES, (7 4 = U RFLIE)

AR MO Y —WFEBIRZE 3213 T

AR

ZDWIE, AMHEATI—t—a 2 X Fa Y-k
W O FER TR /22 & F L2 &, Ok b #FLH
LEFEd. BAIEZ 2 105E. fHOFY BADLRH
RIZ G2 2 3B OWTHIR A Ff - THIgEx O TE F L
7oo HERBGOEN - EROHE L HIZE POLEDOIRE
ERMILCWE LS, HFYEWH) HICRRZZVW OO
BEEMEICOWTA LI OB LI LTI bz L) IcBn
T3, bIDRPOREBNLHIET -5 2ERL T H
T, EOLICLEOHAEIIETTEANEE LTV L
EICARFEBRACIRIN G 2272 &, il efiRicFry LY

ki

TEFELAZLEERED O/ ELTBY 9, AW%E
WFRIZE S TREGEKRTH Y T Lz, 5%IE. AWET
BohF Lo R R0 askik e oL R & D
TV BT SIPDOBICLInEEZTBY 9, 72,
WIS TARX MY —FFRO—) & RIUTKEF
Tdo WEICARDFE LD, BMAOTITETOTHELY
BHOHPLETEST, COEEMIIHYNL) TSFEL
720

(B ST FE B 58 B N ARARATSE - B0 bR AR & IF 22 PT
A RHIT 78 SE )

— 244 —



XA MO —HRBIKRES T

2019 S FFSRBIRL

IAA YRR E 52T
%

ZOEOI—t—a A X ba Y —FEH eI X
BT LDBEHPL LT ET,

B W72 72 Wi, T — B eI S, FHEI
IO KRBT HINEY F—2 3 VI L0 E &
DET. TETF—Xid, —BICIIERH > 3 — VB
EHOWTEIEL 35, BEOREBEIHZ EMHICHEHET 512
BHFEEL T, Iy ) a—roBid, ARRES
EARGAH ETHLIWICEETT, AfETIE, 2o T
— X OREEIC AN TAREZ D L. 8oz ety
LHTEOMEEZBKRTLOTY, $0ER, BEEICE
WCHREDOFIEROHIMRP IS L 2512 L Y, =T
—VHEBOZ— AWML TWET, Z0X) RBE»D
b, TETF—FOHARTLIENTEL LR DT

CIZEELRREE 2T, ¥ T —EHEIIBW T,
NI TH BT —E L BEHOIOEIALHZ s = &
bHH, TE¥TF—VYICHTAIZEIZTRARX baY—HZED
HRIZHFLGTEEIDEEZTVWET,

WA BB 72 72w 72 B i 2 COVID-19 i 7 bk &
WIHTELHY, MWOIZARX I OV —WRHLE T4 A
a v ARAN ool EEREFIERAICEVET,
KRR AT F ¥ T4 VEETIEH D T L7205 HARME
HTHAETREL, RAY—REEFHREZHTLH LD
TExF L/ a—k—a2X ba V- HOBRED
ERRICITERTRH#H L L5 &4, B O 3
FTOTHEXLI)BHOVHL RLIFFET,

Ok B R R B SR RHA SRR & A 7 A T%)

AR MY =R ZE 3213 T

A

ZOEIFT——a A X bu Y —5EHHOMFEMIC
FIRL TV E, RIZHYEH)TENFE L

[WHERNE | V) SERD D TI25 ADHIG LW
bR, BoThOLRAD6H,S 6 HTHRED, ZL
TEOMDOMLIIH I A LIE vt vwbhTwET, ¥
7oy THIRESSR 12 VI BHELH Y T3, TNIIREDTEAT
(BAIE) B2 (S BR) &0 9 BT, (BIfEOHE) X
FTRTOWEZHT, BithoBEENZ L2IHL,
INPER L TEAZRTEHEE L TELATVE T, A7
LEEWFERIEDLLDDICE 5Ty BHESAICELY
et L, TIES LWEHZTI S M3 2 & idmo TRY)
HIETHY, T2, ROVDPVOHIMLHETHLEEST
WEJ,

BUAE, — R BHERIR Tl Bk~ e BEWEA RSV 5
., ZLC, BHAHLWHEE ST TwEF, LA L,
BRHEEIC BT A0 mIc oW TIE, BRFHER R s Rk T
T ORERRL EBUCHS &£ ZADBKREVOPHIRTT, 20

— 8

7o, WOMEERIIZHN. FHliT 5 2 L AEE T,
INET. ZLOFRTHYSNTEEBEENE, R
OB BT 5 LR FET L. £ 2T AHF
JETIIRIRBR ORI Rt 2. IEREIC T %720, 55
KA A=V v 7R HCMEERICER LE Lz, REHIZ
EEHWDHZ LT, RRWOBEN 2 MM ZFHIT5 2 &
MATE, TRICEY ., BFHOZ LA BEITE X302 55
LI ENUREE D F Lz ARFERIE. RAKICBIT M0
FEALDOFHIIe. RARWICEM L2 TF = a v 2 AT
BT AN OBRICEbOTHHTH )., 5k,
RIS L, HRPARFEBICBII AL =T 74 7285
T2oO—Bt bbb lfFLTVET,

G TR PZ TR R SR D S HICREE S,
EHICHWIFZRIE R Z TS X ) I~ L nwE R
WET, DELICARD FTI, TRV a—t
— 32X b Y= B L OCHBREOERRICL L D
AL EFFES, (BB 27 ol 27 S B e 9 Bt )

— 245 —






FH SRR STIRBI AL

5 32 i Bl ik






EdlSeyitin]os

2020 /£ EREIRBIR

B30 HANB LR JATAREEHAT
(L)

Ergonomics ® K%, E. GrandjeanZIZD%43H 7% 4 b v
TbH 5 [“Fitting the Task to the Man” (¥ A2 & A
WCHEEGSE5) X, EERAAMTZORETHL. D
WL F AT ANDHEIRIZH LT, ARMIT%EZ2 &0 5
Wik, FRFZUHRTLHHRMPLIHAT L. ZOHE
WAL, EERKmEBEAHHL, 3—u v EEo TR
THbHAA ABIPLEREF 22— v e (ETH, Zurich)
D N L2 M CTd 5 Marino Menozzi 64 % I L,
B MBI OWT THIRW AR Lz, FKIZ
E. Grandjean #IZ O AEOFBEAETH Y, AH LESEH it
RE—ANEHETHDH. S5 Menozzi oA ZHEIL, Th
MOEDANBLFEEEWE - a2 XA T —=DOFbLNIZONT
ORI BB Y VR Y W ERN L7, Bk 5
WMDY ¥ RT T 2L, Pl - RS - S, SR AR
THEN - FAOREEZENL, FE¥E - 3AX Y —
DEBIZEDZE 6 DOME X RHKEL T iz72niz. Ak
I EE—TlE, IRBFa AR oM OBIEICE L TF
FROEINTDONT 8 AOFANEAFEERIZSIN L 745 R O it

wHOROCTHIER DA ZAD A5 A4 PR Y THFE -,
AT CTHW LT LD A THEIIOWTOEKRHNNE
RSNz EHTIE, BB OB EA~DNA T
v FFENA ZDIBH, Tl 728 o Augmentation,
RIS O IF D 728 @ Augmented Reality (AR) Dt
EWVo 2R - AR MO TV —IZlb B - FHEIC
DWTORE - JFlsfrbh. Mz THRITE LT,
Menozzi JGEEN S, IN0LOEBIGE - A X buy—
B9 2 HiAT IC oW T OMBIAAT b,

Moy 4V ABEGERIZE Y, MenozzifGE % 13
LOEL DY VRIAMIF Y IA VRRERST2DS, &
Yo F Vo4 2 EDRET, OX1004% B2 55ME»E
W, B TREDL 7 SR - EBE Y YR T Ak o,
Bl o FEE AR 1L, E. Grandjean #IZ DX 22 5 L
RIS, HFOZEE - FESRH A L hs 2 LT
ELYE LTRIEICHTLILEEZS.

(AR 25 T 28R T25F))

— 249 —



aX X AT %S Vol. 30, 2022

2020 £ EERZARBIRR

IARX MY —HEEEAR

JE <2

ERSACHBR IR 272 &, B ) T8wE T,
COVID-19/8 > 73 v Z I X W BMRIEN 2 R e { &1
CICHEDb LT, LR TEIEIZ X D FEFE L2 EBR I LS
v L7z,

AT ERFEME L LTy BRI - Rah - F3mic it
ZFED Quality of Life (QOL) % fHAa % R HBIxT LT,
BEABORDIIS U2 LT TENY F Lz, L

L. WEZFGRIERTFEI L WIREAS B L ORI NTE
D\%%ﬁnkiofﬁt&éﬁ?wﬁﬁ&%i&&Tz
AR TV E Lz, ERIFZEDFENE & iz, +4
&ﬂ%\W%ﬁi@%%ﬁﬁ#ﬁﬁb%hiTo%uA@\
KEJEIEDFIEAED SN T VDB XY ¥ 7 5 — FRFRZH
FHZB VT, BRI D ENE & T % FSAEEICEENF
L7z

FETSOVLy LTI o7 2 L5 2 HIRER - stk
B2 KIIE DIRFEIR) 9B Neurokinin 1 Receptor Antagonist
(NKIRA) | O RAMIT L E L7o ABEIE, RBE~HE

Sk ZE 521 C

e

DHEFE DT HWD T B M R TR BT BRI TR
JEICHEGE &2 LT, HEAZQOLZET v 5 EEN
ThobEE LI, HITBICL Y EEREELZ BT T,
W E ZERRI RS R (L A T BLG R IENKIRA
DRIRAMRIT L F Lz WGRERO ) BRI 3H», TI¢
AT L CT1 A ADNICIREZ WA 38722 Losbh
D F L7zo RRRBRR R, U35 5 ONTHFZe g Rk
KM (2022 4:5 HRE) CTOREEZTFELTVET,
T/ 7 7u vy bELT, ALAfEZ 72 MR
16} {5 5 WE O FAAT % 4 BD L
WP ETT

LEEMOWEEIZIE. HROEERY: - axx ey -4
FIZBWTSROREBEZAENPLTEFVY T, SKELE
WENC BT MMl R INET I L2haThE L

DT, AR L L D EH#HEB L R E 9,
(B2 JE S R 2 R 25T

s A Nature communications

— 250 —



FIE SRR

2020 FE FMERIZIEBIK

TR REBMORIEL IS Y RI T L&A T
WA fEer

ARIBEASEBRKYMEOTMY VR YL E LT
[55 23 M RAEM OIS LISH Y VRV A ] #45H 34
10 H16 H. 17 HOW H 24> 72 1) At i K27 38 24 B g PR 3
FHEEBLIOF VI VEEONA T v FERICE -
THMELFE Lz Ay URY Y AL, MY, Mt -
WA S A SN ER Y — X & L COEUMETEWE
POORIFEAXHIBL T, METLICHBEINTENDFL
TAEfKDH BT Y RI T L TY,

HAHNIA D WO TORKREY ORI LICH Y v RV A
T2 48 (2020 4F) FROBIfEZ PELTHE D F LA
2020 AEM A HFAE L 728 3 1 F 7 A )V R FERYE O
T % BRI R IR, RERORETBER DY Y RI 7 20
PIHEIZHRIEIC 2 D F LTze €DK VARI T LAIX 14
WL OFH 3410 HicnAg 79 v FEX TS 20
270 % L7,

R VRY Y A TIEIFREEER E LT, TR
S RWGER O BIEAREA G [RIRAEGE~ Y F ) —D
AR ERESEC X 2RI RMAIEE ] bvw) RETES
AT RN 25D < Bl KRS B OERIFE R . F2H
TR R P 2 ARSI e R ORI e A &[4

YEPEE R IR O Bl - MEEUoE ] &) ZE TR,
Wi % A3 DR R IR O PR R E I E D FETIIZ OV T
TR E L, F7o AHI24EEE L A 3AEED
2 455 DR IR IR 2 SEIF7E 2 B 2 9 L\ A
KI5 8 OFERBOLE TR H 8 B THH /272 &
F L7z EHIEMAMmY Y RY Y AT, dbilERFIIB
B RIS GE B O E—FOWIEH 4 e BHELF L
72
o BEETIEOEEEK 138, Ya— b LEYT
—2a VY 18EOWMAND Y, TOHITIETRAFEMN»SD
PURRERPLT LV F — GV - ORI R Z O1E B 7 AT
& ALBER I ICBE T AL EE IS W L, 5
FKHFHOT DA LEHRBEHE LT THEERE LT L
72o BROBMEFEFIZI0LEZBLZ. TDH) L A0HRED
ZMEPHHCTERBIIBBLTSWE Lz, F3IINAT
Uy FEAPDEZRLEERD), BHIZTVRIYY A%
BT e TEE L, BMHALOVBY E LDk
DL KRB TIFRIE LB L RIFE 9,
(At R AR B3 A5 ke

— 251 —



aX X AT %S Vol. 30, 2022

545 6 MIEI S Z L 7E & (ICSA) AR ERAT

Ji

EIREAIIL 2L ZE (ICSA) (&, eI P ) ARk RE O
TR R NES S IS HE D X F1 = X 2 & fliiE L~V TR
HIlE@ELCRERFTEOEBICEBTAZ L2 HiR
LzHEE T Y =37 AT, 2015 4EICREV. DR, F34E
10H, BESHCTHREZY — NS ARES—HICA LT
T OWFERCRZFER L, am LA ) Pz e L <
XF L7z HOMBIZHARTHMEL 2V E DBEZE)HRL
KRRFDIEEIZHBICSA R E X DK% =215, 2020 4F
11 RIS TR PET LD, Fiflaud v 1L
A EGHEILROPORE DI LS H 237, 2021 4 12 A IZTHIE
Wi, FMiaEomEXEZ, 74 v edmcx s
NA Ty FIERIC TRV L E L.

5 6 Il EI SN 2 LA 78 & (ICSA) iRk <k, file
ZALDOBE ST TR v S LNV OEREEHT A E
DFi 2 \IRFREE & LTI W72 & TR EhofsE
DOBIRO A 53, BHEMRIRES 2 EI2oWTh ik
T5ZENHVE L7, WAHEE Td 5 HULER R
DOV RELIZZ I L O, BEELIZEDO HE— AEFEDOZSN

S —
.

VLD Y. Bx RAED S BT E T 5 [ O 5EE
HEHE)ZLITED, BEEILD X = X LFADO R 53
TARA MY —DONHE DAL RIFTHE R EICOWTH
HmEEO LN, R LTABROMIED i IntE e it
R DOARHRILICEBT X 20 TR Wit HALTE
D ET,

F7oo Ty FERTHBELZZEICED 4004 %
W25 FHRUEOSMEFGEICETN, 20X ¥is
HAWRD BERILES AR =5 =y T L) IR
FBETHEV) EELKEHZH- CHMETE -2 L I3HER
WL HERO R O 3456 E AN E I $ 5 I Es B ok}
W EhEm I, EYVZVEMRHRLE o7l LIFEIR
LWIRY TF. 4% b S 5% 5 BLMEDOFEIC X 1 FE
HRICHEML TV ELWEEZ LRETT .

WIS, REMZHEL BT 212D TRV 2220w
Jza—t—a XX bYW ENE CEHH L LT E
R ONTNES G LR )

— 252 —



FIE SRR

2021 FfE FMERIZEBIK

55 30 A A Rl 22 X il R S DBfiEZ # 2T
el

H At %4 (JSPCR: Japanese Society for Pigment
Cell Research) &, 4 KkfFEMFas4s (PAPCR), WM
Mifas:4 (ESPCR). 7 ¥ 7t #&Mifas4 (ASPCR) & ki
FER o F M #4584 (IFPCS) # X 2 5 EEZEHZD 1O T,
BFHMILOWFED TR & S EHMA O K OB 7 8
HEOHEAEL HIFL T E 37, AR 2 4RI I3 EBR T
SZRFMTRE (IPCC2020) % HAM FZMfa %4 34k < ILE
OB GE LB L. 4 f SAEEICIE AR R MRS
o EBREEMBAEEAOSE R SN, HABIE
FaZE 2 OEES RIS D L S RBME N T E T, HAMR
FMBF O EERIEH O O & OPIERFM KA T, %
MR B9 2 LA - R - IRHIFFED ML % 13X 025 720,
BRI DM A WA TR AT I M E o TV E
o A3 FEEI. 30 MOFT k&7 1023 H )~ 24
HHOHET, iif GRIEKRFRFF v 2282 - S 565k
=) ICCHfEE FELCWE Lz2s, Hiflaarr 4L

A DIERIERIRMDTF L W &S, fIOTHOLF VT
A VRS Y F L7z HHTE CHMBHELRERE L ToF
VoA VEMETIESH D T LA BIEEY. KRFEREDR
BEOWFFERER. WBEDO KR W bhEd A —H — R &
DEER R EN R A RNy 7 759 ¥ REFFOL R
FTEDVBML F L7z (BMAE106 % [N, AHELAWFZEH 3
#1D)e FMRKETIZ. ATV, ATV —LDFMHK -
Wik - . A5 7 —=<, A, B, a7, £
ZEAENORRH] B2 X == FELABRNY Y RY
7 AR fEE A B L IS ik & IR T b
TAA MO —DRBIIHEMTEL LI LREVSVEHE
RFMREERY F L
BRI D) 925 REMREZOMEICHR— b7
XFLAABRMHBEATI—t—22 X M a Y —f5eHE o
AR A L LY E 5,
(HAL KR Bt an B F7e Rl

— 253 —



aX X AT %S Vol. 30, 2022

2021 & FMERZEBIK

55 65 M HAZE P XN R TR AT
frie Sk

CORY, a—t—3 2R +aY—RMHO%EMES
TEMEE 2. FFISEIHIIHE), FETOTIEKRSE
SEAEER 120 FAERL &l 2 KAFEMARE L, et v I
A VIZTHS 65 [l H ARSEZ A BIREE R & BifiE STz
ZEF L7

RILHAREZIE, HAREEEOMGLHOPTLRAOMR
Bix 3% % BRI L T2 b DTY . EERD
ZWFAERHEG., WEOEAIMEOSIN DARE L. k.
FEH, EBLEORBEOL VTR L ERE LTI T
E7A5dHRET, SETHHEEORME 2D 9,
BHGE RS D SR % KO KPR FL 2 5D, THERFI
FI20FERDICHBEETWALZET LA, au ST
EF T4 R F LA WHEIIC 655 4 L IEWICE
CDFAITBMA7272&F Lics WML O—
5FETIX. 10D Zoom &35 % flivy 179 SE O — M LIHSE
N, TFRIZTHO Zoom &3 % v 32HEDO Y Y RY
Y AFEEDAThI, A TIIZ 173 HEDO—# R X ¥ — 6%
AWmrtTbhE Lze Sho&TE2IHTIRTIHRICSY
A MG Ar Y a—=VTLEN, FIAFEN BT T
T4 Y RGEITERL, RIETHEREFWIEbEIN T E

L7

HARSEE S I IABAL, WHAL:, B s, 388,
BRI, BEREEESE L v o R~ IS E TRV O
BTHERENTBY, SHHINSE5HNOREND Y
F L7 LD EREMCHET 2 58EOH, FITIETRRY
DA R R RN 2 A LRI %8, S5
AL B — i O BV REAI B 3 2 WF SR, ALBES~ DS
MEBRLLZEZETORT » 7 TN =3 25 L O
L, HHSEEENICEETAHEELDH D T Lz, B
EZIE R R Z OFEAR, T 7213 K IR B Db 24 7
ZLORBALEM R ENEINE LD, KEMOHE
EFEMICHER AL AHFTEL T, FhhmE STl
MBS L TN DGR R RO H T LT
XAKERZ, ZIMEERICE > TREAERTH- 2L
EZFET.

RIS E R 723 —— 2 A X bu Y —fZeMH
W2 5D TEKH#B L RIFEd,

(T-BERZFRF IR AW e e WS H 5 45 65 [l H ASE 2
KRR R FENRBRRRE)

— 254 —



FIE SRR

HACY IV RSB T3 M ARERET

A

CORE, 20214E6H19ANH2AME AARE ¥ 3 VL
HT73MAK&EPart 1 & L C—fEED I » 7~ ~ FEIE,
ZLT2214E 11 H20H 252 HMZ HAE & 3 VA48
73 K& Part 2& LTHE, ZHl LHERFZRKREICT
BBt e 4 > 5 4 YR TR L F L7z, BibBif
B Cld, KBRS 2 L D, W THRICS
FZOHFHHMaaF 7 4N ZESIEDBRERBHRIT R L
FHEBRZ DL DFL2IZTEINN 7 E, BREMISRT
THIENTEZT L7

ARSI, BW20214E6 H1I9H»S2HMOHMT, &
PR 1M SRR S MR BEE M. S EREE 41
TURY Y A IS I 8 M & I LR E
RECHM BT X E2 D TB ) F L2 LA L,
FRIaaF I ANV AEYHEIC L D AW EE R > T LT W,
ERTICHH B 2 W2 S5 28R WIRRICZ>TL T W
F L7z, 20720, 2B, —EEOAT L v T< v PR
FBILLZHMBICERIETWAREE L, —h. k&S
mBEREE, €L THFR, RSHBERE» L OMVERED
HY. FRaaF T AV ABRIEDORKITF - 72 DT
ML OXFTHATLZRA, 11H20H252HMO /T
HEA G R, BB, STHMEE, YR YT A
ZPart 26 LCHMETA I E2E D $ L. WIZH,
T S WA ONEF I ERIC TRV,
Part 2% BB L + > 5 4 VR CTHfET 2 2 &t
TEXF L. X512, FWIZd, 1A RARTIZLER

{ZUN

WCHRI O T F 7 4V A JERYELS X B IRGB EATE L. W
HTOBLHBESIMB SR TwZ s, 1FEAY
OFFOFTAETIIIHI ST TTHE N2 2 EPT
EF L7 20 REShBOBEMKICIE. VI 14 VHE
EXOPHIZEY, E2I0WTH#EAsBETREE 220,
KECTEBINWEETE L,

AREDYVRIYILATIE, [EFIvaubb Ly
IANNLF Y] [TV AT 17 ANLEZ
BEF IV - NAF T 77 —OREK] [EF I VLRt
RRkRE ], TE % I UvFHRRIC X 2 NTBERDRS S L O
SRR D IRAIFR ] [RES ORI T L] O5H4% 4
WL FE L7z fbbEsICiE. £HE s I V2 ETfEma% <
WS TBY., 2ok - R MEShTnET, —
e WEZHPSLNI o TV AREVWEHE Y I VoMb E
LRREDPHEND Z b, ALHEROBERCHIE 1T
EHOERICH L L. KRR TBMA72&F Lz, AKX
RORENBE DL BRI IO L 2 WL C
BYFEI,

KFEL ) F L7225 REMESORBICH2 ) TYK
WP T LA a—t—aA X baY—WRMEIICEL
WILH L LT, BEMHOITETOIREZ LIV
2LTBYET,

(R Rl R e v & —WF9ERT WFZEiik HAE ¥
IVESEDBRRKAEREEAR)

— 255 —



aX X AT %S Vol. 30, 2022

28 MIHAWFHEB 2R BRI EZHRAT

=¥

20214£6 ]1 26 ~ 27 HO2 HIIZ D720, 5528 [ H A
PR EREMRE 2 RN ——axx by
—WFZEl Bl D22l S SR Bk 2 52V Chiflv 72 L L7z
AETHNIBHESH O HEATITW znwE A TL
7225, COVID-19 /&AL R DEBIZ L ). Zoom Z FIH L
7= WebBifit (54 7HEAE) TEETLZ L nwiLE L
MBI AMREPR T TSI L2 L2, BURE MM
HLLETSRETT,

AABR R ARG, HRHREEM S 5 3ER, T4
bHITEREE] [HeR] [aREIDI) b, [BREIZHEL
PR LB RHIRIR IS 372 2 & 2 HWIZIGE) 2175 TH Y
9. BB RIIEPHEOTTHL AR PR
o BAENDSBR B D FRRFEER 72 &\ - CToifhis
WE o TV 2ONBURTY, LaL, EARICTHEEIN
THRZIEEIZHT 2 BEMPLHBEEETD, RII0 R
W[~ v F L Tn i iud, EICAHOKRS
KEREGRDIEZHRELITUITHEBL 9, £/, S
DWFFERIIT T 2HAMN=—ZDHZ I »D, §H%IT
TIHMEREAOEENPRE I T EPHL TR
B

528 M R BAREMRETIE, KT —~%[F—2

|

PRHRIEDE 2 o] L L. hFHERD - siFk
At RHE T ED T v F— A THE S ADLTEOFEE
RS - MR T 2720 OO R L F L B
TR, WERFEWFIR Y 57 v 7 ) v Vi Ho=
HE T T EEMR R E OB B2 5D 5 72012
EHL T Z W2 &, RIS O B 2
MR 2 &0 TR L Cnw2& L, ZEF Y
VBT SN BRSACPICEE 22 Hi@EIEon s
T T L7, o, EHOBESIEIEETERL, H
7—7 v F - LabOeFFREA, st b7 v=7>
7 VOB N R EHEA ¥ 7 75 Vv oK T
HIZENZNO B L RFHaB A ICHET 5 Py 7
A% TN GEEE Lz, KBOEBRIZBVWTH, &
MEOWEE RO ERMETEOTE RV L EST
BYET,
SRIOFMRETEMBEOESALIETEL DM
RN & S BROWBHRR G~ L T L BT, R
BIHE IS0 L C T - 2 A M A —k—a 2 % b
O Y —WFFE M G K L RIF B IREETY

(B R A DR AR R g 2 L e O 2B} 25 28 [l H AR BB

HERFMAREREZE)

BER

— 256 —



fit BR

FXRBES
2021 £ XREDLUBHZERITSNEHL

AN =
1< =}






BER

If
I

EXHMEE

(H20214£4H1H

RHERG

NHERRY) Y

WEREKE R & (i)
BERRKB R & (i)
EERH KB =R ()
BERRR

[ i e € 1))

53200 KW -
B azsett
BERHNOM -
Tfii)

i E =2y

Wty GE

Bl e 284

R 2 i)

[O—t—axX bOP—EFE]

BB R FE K

ZHHT
BERRR
Mg GF

(FRFTBH B BEE)
[AAX bAD—HFBHK]

2021 5 10

79

9 14

9 14

9 15

9 28

10 8

11 2%

1210

2022 2 14
[KF BT BI ]

2021 12 10
[FiTE S IRBIAK]

2021 10 8

(REZEX)

2021 4 9

8 31

9 28

10 8

11 2%

(X% - BEX)
2021 11 25

H32m KA - X

#32m A - K

202243 H 31 H)

42E 655 DKL WibE. WITEEBIS~AZETH & A L. BaE
MFMERS 3 FE MO8 O PR HP & UM [ HP (C/AZEEHH 2 15 #
INFEARE33ME. KRR BISRERRICLAMAIFERL (7/16 ~
8/20)

851 5B O Z W 10 FHUEOKFR

85 2 0B O W 17 HUEO KR

85 3 0B O HFLRE W 5 O K

MERHFICE S 2021 FE T A A b 1 Y — RSB R~ A 32
AR D KR

BERBADS 2021 AEET A A b0 Y — BB R R 0 %
HI % S BRINE % P

FZEB RN 32 BREOREH I L, Bl R E 2 G
WrFEB 4 % 23 A 840 5,500 71

2022 4F- FEWFIE B B 28 55 B A

2020 AEPEFRIR 3 1112 2 4F H OB &5 #6541 8,000 5 H

EERH & CRRE B FME R IR 4 P22 W THRINPLE

20184 PELIRED O 2 & b 1 ¥ — B JEBI SR INE 1157 (SRR &5 &
FE3E

PR SC21 R O D | IR % A

A RN 78 & e & LRI
BERHRD OIR_FE S NIAHE & ZHEH TOE
SHFEILIH L. RZIRERIE20077 M 2 5

KA T A VEEREICE 204 7)) v FIBEXTHEN

AL EEE RIS RECRFAERIR - ROOR R R
AEHE H 2[R OB — 2246170 5 12 AR O GE]

W T RVAXGICB WP Z L) 2230 [HBRE]
P i

— 259 —



aAX X AT —HEH®EVOL 30, 2022

(EERBEE)
2021 5 28

10 8

11 25

(IR ERBE)

2021 6 18

12 3

(ZDfth)

1) RESET
2021 5 1
9 1
2) TRUELERE
2021 6 22

2022 2 9

SERFRTRER & (i)

AFak R~ Giii)

PR
PIRIAE

A 2 AFBE S
A 4 AR BEFEET

3) RHRAR (HMEHPF)

2021 2 19
4 5

5 10

6 25

7 9

9 1

11 30

12 1

2022 2 10

202147 2 FERTMSF D8 ik

20204 BEFSE S R OGS Y (B ARY) 2 KRBT 51
BERHOBRITICHET 51

BeF L LT OIS DOWT

20214 A X b ¥ —WRgEB A 2 KGR S A 1

20214 I - —a A X b V—RHEZES T KET LM
20214E BENS: P 0 — 2 W 2 AR A

202247 BERBERT I L VPR & KL T A1

BeF L LT OIS DWW T

PR, APPSR N O EBEHREOREPITIRL OHE

20204F BEFESEHOG S CWCLI G, (FREARGE) 2K 51
BH B OFFE R O WML OB ICB S 5 B T —IRUCE § A 1
55 Il B X PR O WS

FJEsER P A 4 2830%
TAX 1Y —fFgEHE Vol29 (2021). CDRRZER

HOFEH
DR

=S
=

=+
=

20214EBE T A A& b a ¥ —WFZEBh A S EEH O
20214E 0 I A X b u ¥ — e A B AG

FEEHUEF DI

20214E0 T A X M Y —WFEB L A SR T
TA R bu Y —MFFEHE Vol. 29 DOFEAT K U8R
20214F 1 FiZ B L UWIZEB sz B # DI

202141 P& O —HREIE
20224F . THERT 5 DK

— 260 —



BER

If
I

2021 RESIUVBKRZEZTIONET4

1) A—t—aZAX NOD—RHEZTEE

K % O Bt HRRE
QISFIET 2 A b 1 ¥ — eI HRAR
S IIRIEES F PN S R g | RIRAF U TEBELTOA IARY VBT I W« RS
56 & KRR
2) JAAX bOP—MFEBIK (324)
%1 5% =, MECET A (10 8)
K # R W HREE
B CEf | AR | | oo NI S R 7 O RO
W T T LB 2 ;ﬁﬁ;;—u‘yﬁﬁf—y—:xx%4 IR NTEAERN SR LM
Kl | ERRERFREER TR | . | BEHOBEARE AL N Tl - RT3 S0k
‘ FHEFRER © | vy —sHoa
M A KBERER ARG | IEE | SIS & 2 LHER S O DDSTA 0 5
ST | TREAFAER TN | BHIE | AT = o R A e L 5 (LA SRS 7 R LA 5
g i | ORIERBUEIRLERE g s e by 2 2R G R AR OB Y
INY;EK|#===A
o [ BRREV =TI PN AN L DR 35—y BT & 2 B I
?EEEE %% vavskryy— 4111—%’(3"5& ?iﬁf@%%t%@ﬂﬁ:xA@ﬁ@%
AHE S B3 R B e e
s g | REERPERCERAE | | SRS 25 Bo% 7= IR E R LR
5 Wy ELA B A A B 007U OHESE L SAVRHL S A 7 5D
| R TR TR | | EBESIATT EA  TF  RHEEAI D5 2 7 ) T R
AEBN L g wmferRsar s | B g
. e - . | BB FICLAEMREHE LTOEHE TV O E
A | RRTRREEGMIE | e | B SR &R R &5 4

E20H  EAERA. T2MICHETIHE (17 8)

E % R o HRRE
BI g | BORKETEN - THREM | B | REMAIRE L LS 7O O R 2 I R
; e 1 RY)ZF L 7)) T = VPEGEELHEMIZ & o TRHE S N7z
T @%kikggigiiﬁﬁﬁ $I | PEGHLAKIC X %COVID-19-mRNAT 7 F Y 50D 7 +7 1
o * ¥ — S FHEB R OWGE
o — -
s | CCERFEESEREER e Dy 00 2 F LRI X 2 Ml — 7 — OB
)J%ﬁinnﬂ%

S D] TR W | 54T Y a S AR T O

B k2 e | RTF R — R USRI & B R - SRR T LV
FORR= | us s sz apn | | e omn
KE HiAr | AR | BB | b NSRRI LT 3 F AR & O B O]

— 261 —



aAX X AT —HEH®EVOL 30, 2022

K % R Bt T
W B2 | RERKEIOEBE R | SR | AASRIEC X B AN & B b AL S O B
ok 5| KBORFIOEBERER | B | 20 93 70 s AR S o ]
i REMEE RS | S . . .
{2 2 ggwigﬁi% g%g AT X 2 MIBEAL & S (L% B 5 T IO
W | ATRAEBEEE | BUE | DI & B FIRIERE 0 5 TR ]
i gy | RERESVESUEENT | g | M USITAIGO R 7 23 R BB & Lo, RERAHEEOTE
o | RERTRPIIERARSE |y p e s BT TR — YR - SR 2 A D5 TR
WA 3% 5 HHFFEL > & — o | PR S AR TR
B e | s R T OB o R & R B % )
RE 0 ALERDSERSE ) R - g 2 o sk olE
kB R IR b D% | iPSHIN A F\s 7 eI 0 2L FE O
A 4 SRS BER Al R B %%E%ﬁ%;%ﬁiﬁﬂﬁﬁﬁ? VIVE—FIEICBIUIT B AT I NY
BOHE  HEE. TLCETEAT (58)
K % O B HRRE
s o FML R G o7 Ff | TS X O OREATE R OV - 8 712G 2 B BB
T Wige v v — R E T — & | BIZER | TITgE
oy, | WRFIRBEIRETOIEL > 5 = e s fL A5 A BB~ £ 4 2 7 » THBIE & 5 QOLI L
b A Eowv&suy s b B | ok
(BIEE - S ASMED ;
i e TR 2B 2 e | SOTBRBER <7 7 12 X 5 A | L — = > 7 & Bt
s T AR - SUSHVE | B A L AR P AR A T B ) 2 E ) ~ O
GO 2T | BRSO ROR | A | TR 2R A S T T o B
A R R ARG e N
auly | SR L R G NI 707 7 7 L b= a1 v b R SR
3) KPHEEMEBIR (2020FEHIR2ER)
K % R Bt T
Btk o B 5§
e | SBRFRFERBEIEN | .o |7 DU MR RO ORI L 7 L L ¥ —
H B AL * B8 LW
] e BEIE | N 7 5 I D R % H & L RS o

— 262 —




4) BRI 20214 FEOIGSE. BRI L

5) FMEKIZEEL (414)

BER

If
I

EREEE & FHES
OB | AR BRI R 4530 H A EMISE A AL (20214510123 ~ 24H)
i Sk FRERFRFPEIE I TE 556500 H ARIEA AR RS (20214E9H11H)
- e o o |ARE Y 3V EAHTIALS
AT | RO IEHERA AR > 7 —BIPT | (00014861711 ~ 7130 Partl. 11120 ~ 21H Part2)
&F i W5k R B 2 4280 H AR R A S - HAS (20214261126 ~ 27H)

— 263 —



aAX X AT —HEH®EVOL 30, 2022

& 8
2022 4 7 ABUHE

HHER MR — HRlat o —t— RENGEHRAL R
OB PR il - (H )
BoH Al MR JEELRS: AEHEIR
BOH Bl K HItr 3 v Akkalatt UERRRAE SRR
LI Y ¥ RRORY: SRR
R TR BiRE HOUREY: SEEER
b2 L vl R BEESRROE EEIR
2L B ¥ AR BB
LI B R RO REEIR - A SRR RN PR
B MR AR RE&EHE
B Ml ' fEL

Ak R AR R Wik A oo Ml&th o —t— EHIGREB

af ik B DhiE bR BURRSE AEEIR

Ak R EA ERRESLRY R - W ROR IR R

Ak R Pk B v RAERRKEERE#FEE

Ak R wE SRR RRRHORSE AEEER - W

Ak R il PR BERBKRY: XEHR

Ak R B By OO0 EARE IR AR R et SRR A e A e
Ak R Vafe i BROERRRRRNR Y AR EER - SO B
Al R HE = BRULSERY: SRR

— 264 —






k AR HIZOWTOBHWEDLEIX TR
BEWW2LET,
AMHEN a—k—az2 A a Y —iF3eiHE
T 103-0028  HUHCHSH X AEM — T H 5% 17 5

NEMNENCIVT 4 v 7 4B
it 03 (6860) 2190

2 AX oY -5 Vol. 3072022 N
20224¢ 9 H 1 H %47

WRFEE Il

& 1 AWRWREEAN a—t—3 A2 ba Y —zeHH
T103-0028 HOHR X A — T H 53 17 7
G 03 (6860) 2190

il (G T A T LA
T362-0034 WERERGEG-TH2%E7 5
G 048 (778) 7943

Ffl W MR Y -

FTHA VA At o —k— RBEMTHA VETHA v

©2022 Vi i



KOSE
COSMETOLOGY

RESEARCH FOUNDATION

NEEAREA O—t—OZAXMOY—FZEEE



