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A partial length cDNA of the Type I procollagen a1 helical was determined using cDNA from muscle of deep see fish
Coryphaenoides yaquinae. The helical region was composed of Gly-X-Y repeats; the conserved triplets within the same
molecule in higher vertebrates. The number Ser residues in the helix were quite high compared to other vertebrates including

fish.

The amino acid composition of purified Type I collagen from Coryphaenoides acrolepis shows also high contents of Ser
residues among other fishes. These facts indicates that Ser is a key amino acid in Type I collagen in deep sea adaptation such

as high pressure, low temperature and etc.

*

35— 1340 UL LRI SALBES O AR E LT
HWSENTWD 2 A RAERITIZIEE IR LARVERS TH
2V, KGTik, 30o0% T2y MEETES N TV
NY 7 AERBEE LTS, M, B, CHEB LV
WA TIZ2ADol e 1 ARD 28 (al),02 DT
BIELTVwERY, METRID3IONETHEE - 72H
(alo2a3) THHHEBWESH TS (K1Y,

OIMaAas—rrofy 7oy FomjEicid, NEK
SN IZAMUA S ¥ 7 FIVRTF R, FaxR7F FBLY
TURTF P, WFICCRBMCIETaR7F FBLY
TUXRTF FIFIET L0 Y7 FVRTF FBINT 0
RTF FZa T =7 U203 28R TS s 2 &8
Do Tnb, l7aXTF FOMIEEY 72122y MIC
BWT [Gly-X-Y] MU TLy Mz E-oTED, 35
HTLIZT) Y A 338 M) BT — kMR & B 2 LS
GoTwE (DY, 207 I VBXBLUYIZIR. &4
TaY ryBLife FuxFy7a) UREET A EDE L.,
INBIEA I VEBELTEN, a5—F VY OEEWET 3
JBTHAZEBHMOLNTVE (Mo 43 7RIZA 3
IIEEHINKRFIUNEERRDL, Zo)beFudiTa)
COLDOO0HEN Y TN v 7 A RENLZIETVWD
I EZLSRTWA MY, Zoas -7 rhTFid
V4AFTOFNZETHANELLSEL M4ATIhEEET
V). IT—=F UVBMEREY LIFCnb, 355 Vi
WELBICEEGT LI EIZEION, FurXvzBl+562 L

il

The application of collagen from deep sea
animals to cosmetic vehicle

Kohsuke Adachi
Kochi University
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REAHLZLDTHS Y,

— I TRABEIEAELT 2 THL Y 4T 0 S
%5 Coryphaenoides yaquinae (2= 27K EHK 6000m) B & O°
A INF & 7 Coryphaenoides acrolepis (2 BEIK ) 1000m)
DAT =7 v OE % FALFEMITHIZE L T b ARREIZHGE
WA T10-60MPall d M AET . B OEEL -2CHE
OEAKIBICHEIG L TAEXTWDLD, TS OBREXEHEN
ICZTEDTVRDRIRE - HETH Y. ZOEELHML
Wi a s =7 ThHhhH, TORDFREEMOIT 7Y
3Z OBBHIG L 7ok BERe - M2 PN T L S
TVt EEZLNL, LALARDYSL, IhE TIZZEZOME
EBERBIIIAT S M BIH3 % <L FENE RO £ TH 5.

FRD X HITT T =7 EAREIEM I B EIEE
D TRARRR] DI ZH, ThEFTICHWORTWS
FM e L CMizlEB RO b O, 74 T R L&D
BEHRDO S ODHLTHDE Vs LELEAESINL0HE
Hixas—rronte LToMEME->TB Y BIN%A
RO E T,

Z 2 TARMZETIZZ DAERBBRENSHERDa T - &
RS RPN EZAET LMD 5RO TS
=7 OEFTIIMEICEHL, TODNARGIZ2S T 3
J BRELY) ZHEHET B 2 L TE O ERETT 5,

HEBLUOHE
oA QM EZIBAS—Fal P TIZy D
cDNA TR ECFIDIRTE

REE b hA4394 55 (44« Coryphaenoides
yaquinae. ¥4, : Rattail fish) X, FRINE. —80CIZTH
AR L 72 % Jlvw72o TRIzol (Life Technologies) 3
& O"NucleoSpin RNA (Takara) 2 T4 RNA OFHE %247,
Rever Tra Ace (TOYOBO) (2 C#iixE L 72 W % Ex
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O EME (¥4 139 ¥55, F0Fa3, 757
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RN Z<VFTNT 54 A2 b L, BREEDEVER
5D &I, 1?%&%[71‘)?}#%)‘50 —100bpF—5 5 v &
5 &) ICEE L7z HUE L 72 PCR I i % Mighty TA-
cloning Kit (TaKaRa) ZHWTSA4 45— ar L, ¥ 77
H—=vZ1L#ES5N27F A3 K%, BigDye Terminator
v3.1 Cycle Sequencing Kit# & TN ABI Prism 3100-Avant
Genetic Analyzer (Applied Biosystems) (2t L. EHIfi#
M &AT 572,

ANZES 1 BaS—7 2 ORBR
B E B4 NT e (%4 - Coryphaenoides acrolepiss
Y4, @ Pacific grenadier) 38R, —50CTRE LD D
W, BMEBMY L2 s, ag =7 U0y~
NIEBLOIREEBRET 57201210 5570 01M NaOH
WML, A R % —5 — SRS360YA (7 KXV 5 o
BRI 2 W T HBE#EEEE, O HEomR
himac CR 21E (BkaS&4h H 2386 %2 VT 10000% g
T10 W OO A7V A Y ME % 2 [ ) K L 72,
2T 10 R oMKk Z AR L. 30 5T 5 2
& TR % P, 10,000% g T 10 -l O L 720 2
DFBN X B PE % LiEO pHAP A EIZ 22 5 FTHED
B L7z, PWEHOLEIC10 f5m0 05MEEEZ R L. 3
H B3 10,000 g T 10 55008 L. FiEZ2 4T
W L7ze COBBLNT RIFICRIREOIME 25 X9
NaClZ#Rim L. eBEICE T 5 % “CTR*EH‘-FE 10,000x g T
30 R LHHEER T o720 FOHBT A Y ML) REE
&, L% 10ml o> 05M BEER 1252 BE| ’Iﬁﬁ#bto h#
BNV T —ZF 22— 7 UC30-32-100 (=hitisrk &
) WCEE L. 0IMEEREHC 2 HIENT (2 mIZcHR) #.

SEIEE L 7=E251
(G-X-Y) X 140m

REBEWMARIZ—7 > 2EA L tEREMANDISAMZE

pHZSHPEM LI 7 5 £ THUKH TEM L. 3 1013 &5k
L7zo &EMTHR. BRIRBEFD-1 CRGUHRL S pk s td)
EHWTHRER L 2b o2 EtEa s — 7 Y (Acd
Soluble Collagen : ASC) & L7zo & TO#AEIZ5C TIT

272

BRAS—FTFOT7I/Bam

A L7237 — 7 VB Img IR KE 2ml, #
W2 2mliRm L7z, v/ 27U —F—200D (kX4
HNA Va—) BTV — gy LaRb, HERT7TAEL
— % — WJ-20 CGEHFFHRASH) 2T 10 75 gy -
PR L7 HERB, SoNNFa2—LAFa2—T%2 K549 —
E2=v FDTU-IC (¥4 7 v 7 kX&) HT110TC,
24 EI A v F 2 R— 95 2 & THFE 2 KL 720
B L7zt BB EF2AMT7 S 231CBL, u—%Y—x
va—&—(%aﬂm%%ﬁﬁ ) 2HVTRE 2

WS, 2212, 002M HCLZ 3mlisin L. 524
K@%Téif%ﬁbt&\b@m&%747n/v//
Tlml& ), FLE0O2um DT 4 AR—=F TN T 4 V5 —
2= v FDISMIC-13cp (7 F N> F v 7 Wik S
) AHCTT I VBT S AMICHEBL, ch%z T
IBANHERE LTT I 2 BaNTIct L7z,

B R

oA/ 3ANAEZIBAS—F ol YTV b
cDNAMTHECSIE Zh & E#H SN 273/ BERK
572 4 DD PCReDNA Wi % i3 % & & CHigkf
51 1935bp # ihE L. 582D 7 I/ BEELY %2 HE L 720
[ BCA I, N AR O ¥ 7 F VR T F R, 7o
TF FHEBBIVO=Z2E5F AR ED —E 2 BAARNIZIX
[GlyX-Y] & M) 7Ly M#Ex 140 fl & T 2 LAV
L7z (K1)s cDNARHI 25 FHENLFBETOT

3DONEXRZYT1=Zy M3 E
SEBAEEBRLTWS, T FIL
NTFRN-7AOXTF KRB &
voCc-7ax7FKiE, a7 -4
CHRFT 2B TR S W58
o Gly-X-Y R T Ly hDX$H
SUYDRUEICIEE%Z Prob LV
Hyp»Z < R5h 3,

1 BEINIS - EEDEXEH
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J ARG % 6] U < BEHI OB & 22 7 o T S A ) o [
B E IR L, RLITR L2 &5 MR RYICB W T
LA LR UL, Gy BB L Z1/30EE% 505
WEPEOSNT, TProdEHEIMBAEY X ) LKL,
Ser DEH DL WEID D o 720 FFIZSer DL S IFEHFE
THO, MUAHETHLET ST 74 v v @izt enlt
BTIIM46 . v MABETON28FBEEINTVWE S
LD H o T

ANFESEREDIBIAS T ORBETOTI/E
HE R
ANFGerop48g GRER) 5. LELoFikIZT
595mg DEEFEME TS — 47~ (ASC) ZHEST LI Lt
Wok7z, R2WHEHABLSHFHLZASCOT I 7 BEHLK
RRL7ce ANGeFIMas—Fr 2R+ 57 3 /%
I Gly B34k 1/3 % 15, Prold 100 7 3/ Wikt d 72
" 75, HyplZ 4853k, Serid 73R IEEZITh b2 b
MBS ol THNETITHMY V8V BT 3/ HM
W DA D B AT Y L R TH IR TH LA N T
L CSer DE®RDIR DL . Pro. Hyp®EIFHRd AW

K1 oA IAAFSIROAS—F 2 a1l T2y FcDNAKKESSI & V) 5B &

Z LSBT o 1
z =

AFETIEZ Y v A4 Taf 55 Ias—rrooul
7=y FOWREGIZTEL, FNHLELNET I
J BRI S R G FHIC Ser REN L HThTnb
ERBOMT L7, FOMIZProlddR 1 CTHIR L 724
OV WEER L7 (15553), EThR72X 951
KO FIZE ProdKBIL S N/-HypimEh b L FHEHI N
BH, THIHRBBHICTH 5720, cDNAKFIOI K ¥
PoHT I BEHENT S HETEHyp DG RII 525 %
Vo TN ZTOProDmITFERE Y V7 IZBIT 5
Pro b Hyp DEEIEEZZBRETH B, M. FHEHIZTH
5=V EHBETA02BIO3HICB VT ABOM®
WiZ ToT0DLH, RNl HISERTEIDOTHDH S
EERMARLTB L,

—HTERAIZI Y HALTOL 5T L) PR KGEICE
BIdANnseri) I #Mas—rrzE8L, 2073
BRI R R L7z Z ORGSR, EBo Y v HEe 5t
ELTHFEHA IS — 7/ v idEmnSerg 2oz b

K2 ANSESHBERIEIZI-5

h37 3 /B DT I JHK

A e S, TR N = ke~

A0MRZ Tqya JYAHIIL Ala(A) 98
Ala(A) 9.5 14 10 12.4 11.4 11.2 Arg(R) 5.2
Arg(R) 5.7 5.7 5 5.2 52 5.2 Asn(N) -
Asn(N) 2.9 1.9 2.1 1.4 1.7 1.4 Asp(D) 5.9
Asp(D) 1.9 1.9 2.4 2.1 2.4 24 Cys (©) 02
Cys (C) 0 0 0 0 0 0 Ghn (Q) -
Gln (Q) 1.9 1.9 3.1 3.1 2.6 2.6 Glu (E) 8.7
Glu (E) 5.5 5.5 5 48 5 5 Gly (G) 32
Gly (G) 35.5 343 34.1 333 33.6 33.8 His (H) 11
His (H) 0.5 0.2 0.2 0.2 0.2 0.2 Ile (I) 1.5
Ile (I) 0.7 0.5 0.2 0.5 0.2 0.2 Leu (L) 3
Leu (L) 1.9 0.7 1.4 1.9 1.9 1.9 Lys (K) 3
Lys (K) 3.8 3.8 43 4 4 4 Met (M) 1.4
Met (M) 12 1.7 12 1.2 12 12 Phe (F) 1.6
Phe (F) 1.7 1.7 1.4 1.4 1.4 1.4 Pro (P) 7.5
Pro (P) 15.5 20.7 20.3 2.6 2.4 23.1 Ser (S) 7.7
Ser (S) 8.8 1.9 6.7 3.3 3.6 3.1 Thr (T) 2.8
Thr (T) 1.4 2.1 12 1.7 1.9 1.7 Trp (W) -
Trp (W) 0 0 0 0 0 0 Tyr (Y) 0.9
Tyr (Y) 0 0 0 0 0 0 Val (V) 2.8
Val (V) 1.7 1.4 1.2 0.7 1.2 1.4 Hyp 4.8
Pyl (0) 0 0 0 0 0 0 Hylys 0.1
Sec (U) 0 0 0 0 0 0 100
Total 100 100 100 100 100 100




PSP o720 F72[FEERTIE cDNA DT & 72 ) |

Hyp D& b EBICHIET 5 2 L5k b, D%, Pro
BLUHypE®mIZ & S ITMMAREIZIL L TR & w9 #ER
PESNT (#£3), Thd v rhf43IaL ¥y T oEfss
EeH 2 S FHEN L HERIC—FKT 5,

Prold ZNAVKEEIL S N/-Hyp & & 1234 I /L
Mg b, 24 I 7 BRIZMBEDS 7 I 7 R EFHAELTER
KT > T B, VARREBEICKE 2HRE 525, &
OHIRIZE T T—F UV OEZFLHAIRKENTSHED
WZAHL, TR LIEZLIENMKL, T2
Hyp HoKEERE GRAIIO PN 5 X9 72205 EhofiED
PIKRERBBECL o TERELBAZRENSIELEEZD
NTWwb, SRIOMRITIZ L - THRBHEHTH LI VA4 3
0A YT - ANFer 1R aS—7 gk EAEY iR
WL TE Y AEDOPro. HypZHih, X% D Serkk
RKEHTHIED, WL kol LILOHFEIZHS L
EOETEZDLE. A IV BOBIITL > THKT 27 3
J WD STAKBLE FE DO RIBR2SIH A — T, Ser 22 &
TAERBIIBZESBADRENLERITFLTwE EE
AT (W

FRoZ LFERAINa S =7 ook - Bk
JEDRIFEREEANDOBICDOFFER L FZEZ LD RKILDO A
9 AHEHS VX o & LR UL T
DOEER VR VI AN F —TE2E S L H TR ST
W EDMEND L, Tl BOVKET~O@RE LTH
T8 “FAL THEVIDIEI—DODEIETHSLEELZD
NBAS, WM I+Yrouy MG ETlIZFoEs
287 MIZLTHL LTWABEEZDBILH 5,

:h%:?—f>“%®%ﬁ®ﬁmﬁw# ARG T O

WCHEEL TV 200 % 5 L. fLIESmEM~OISH % X
ﬁ)%uti)‘/ﬁ\ﬁé@ﬁ%%ﬁfﬁ)%o

#w B’
AMZRIZBWCIETA O T a5 — 47 23k i

R3 ANTFETBEIBEIS -4 >DPro. Hyp. SergEn
fhfaiE & D LEs

Pro Hyp Ser

AV A= 8.4 4.9 7.3
EC WV 11.1 8.6 4.1

E& &1 10.9 8.7 3.9
ZAXF 10.8 8.5 4.2
—I<2R 11.2 7.2 2.3
PAPE = 12.1 6.5 3.9

X ot TIHA 11.6 7.7 3.6
NZT7T 10.3 6.7 4.8

REBEWMARIZ—7 > 2EA L tEREMANDISAMZE

WO E LT, ProBXUOHyp D4 I J W& &%
5L, Ser 2R MEINICH LI ENRHLNI ol &
., M EITo73 T =7 U3, FEOMER BN RZ
RT ZEDGHIUILEREM & LTORHE D RWIZE 2
HZEWHEDL, LHrLEDS, EEROaT—7 o
RCTAY TR DDN, FOATTELRTHD, N[ F
TALLTORBEEMIEKEDDO2H A, 6000m b
DML 2D L WELRFBRLET 72 AT LIN TS
5F, MBLLToas—rra2 75 2B THRT S
Lid, TATETREENDI T — 7 VITHARTRE 2k
WC%hbo BT =57 VIIMENRHR L 2 LR, BRI
VERZ LD Do THIRZ 7 7 EOWRIZMMD 5 %
AR HEEN TV 2 HIKA3H 525, Pinkas 2011 512
Tﬁ%%ﬁﬁﬁﬂ&%bt%%%%oitﬁ@mAIﬁﬁ
TR L ) BERMTIEMTE S L) IRk oTER 4l
B-NEZ I L QP SR a 9 —7 v O %
IV LT R Y Sy ITEY B L. LR
HEMELTOWMREEEZRSL Z L DFE XL TRV,
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Peritoneal metastasis is frequently found at a late stage of stomach and ovarian cancer. Recently intraperitoneal
administration of anticancer drugs such as paclitaxel and cisplatin (CDDP) is expected because relatively high concentration
of the drugs can be administered to disseminated cancer cells. i.p. of paclitaxel is now clinically used as an advanced medical
treatment in Japan. However, the clearance of CDDP is much faster than that of paclitaxel, thus new approach to deliver
CDDP to peritoneal nodules are expected. It is well known that high concentration of hyaluronan exists in peritoneum, thus
hyaluronan (HA) -based drug carrier for CDDP is potentially biocompatible in peritoneum. In addition, the affinitiy between
HA and CD44, which is highly expressed in cancer cells, can be utilized to delivery CDDP to cancer cells selectively.
Therefore, we have developed nanogel composed of iminodiacetic acid-modified HA (HA-IDA) and CDDP. In the present
research, we investigate the targeting effect of the nanogel in vitro using human disseminated stomach cancer cell line,
MKN45P, and human mesothelium cell line, Met-5A. Moreover, we made stomach cancer cell spheroids of MKN74 using
PDMS-bottom plate, then clarified the efficient penetration of the nanogel compared to HA-IDA without CDDP. HA has
excellent water-retention ability, so is utilized widely in cosmetic industry nowdays. The knowledge from the present

research will contribute not only to medical applications but also cosmetic applications.

1. #&

7o B (HA) & N-7tFLrrratI vk
TN VPR EAEE LSHEETH D BRI R
FEC i NHALER S5 O IR 25 R L o) BE 2 2 AR 3 4 Ve
WM RBEZLTWBEIEDBMOENT WD,

JEEN TR Z 284 BB Th . AA OERERE I
EICHERT 2 FHROEFICEVIEBPATHS (M1),
R E DA RINIDS A DEER A 2B 2 TR L. BEN
AR L 72 25 AR IS e R 2 B L IEIEIN O~ 72235
FTICHRHECTH LI LTINS %,

HFE S B IEHE D — D HuAS A K & FRAH B 12 il
DYV AR 2GR EER G TH Y, ¥FV—LD
PR 5L EERE L TRROLNTwS, — /T, &
HhYRIAL LTINS Y AT TF Y (CDDP) I,
WEENS D7 )T TV ANEL, A ¥ Ta—TYa KRy T
o 2 HEBERGPRALN TV LA, FRE LIRS
WEES, oG EPHIR I Tw 5,

ZDOFAE, BEEERICE NS HA OAKE ST
HEHL. HA# 99 7% v )7L L72CDDP%EY AT
LD EIT-> T& 72 & D bIJCDDP % RN %
43 FERREBMHi L2 7 v YERHAIDA DA %
1TV, HA-IDA & CDDP» 51587275 7 7 VEFI OB

il

Development of new hyaluronan derivatives
modified with metal-ion ligands and their
tissue penetration

Taichi Ito

Center for Disease Biology and Integrative
Medicine

School of Medicine, The University of
Tokyo

1 FEERERE () ce7LO B (b)

FIHY L7z (M2), HBREIEA2SA TIE. DDS #A| ol
MR BEDEETH D, 2 TAMETIZ, HAIDA
CDDP F / 7 )V & %\ 3 HA-IDA OHiAS AR 3k Al 15
EREOBE E1T - 72,

2. ¥ &

2. 1. HA-IDA RU*HA-MADER

HA 05g (Mw=100kDa) % 100mL @ 7K | ¥ fi# L.
EDCI 0.78g (DMSO3mL #ik SmLIEAMICEMR) 2k
L. 4BR#E2IT o720 S5124 37 ZFH (IDA)
12g £ NaOH (IN) 10mL # Z 2R L, — B L 2.
X 5 |2EM (Spectra/Por MWCO=6000 ~ 8000Da) Jix
WV CHIKTEN L. SRR % 1T > 720 HAKHIZT
NMR #ll5E 217\, Bz gog Lz,
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K2 HA-IDA/CDDP +/ 43>+t 7 b

IDADRDbY I~ Y (MA) ZHWT, AHED 2
F—aTxU VBB 7T Y ERHA-MA 285 L7,
IDAHCDDP & $5RELN. T % & 8 BERZ BT 5 — ) T
MA X6 BREZEE T 5. ZOZOMADENIDA LD B
FL— MEREEFENZ LB FHING,

FZHAORDYITANVKF ¥ 2 F V)L — A (CMC)
v, CMC-IDA #/E# L 72c CMCIZHA & IEH 1272
WEZRT—HT, e Ml holEL &7y — L3 EAE
AL Z\wbio-inert ZMETH AL EFMBLNT WS, TD
e DMVEZEBL L 2D, AEYFED TR 5 HA D5 W E
ELTHwENS,

5l &%kt &, HAIDA (7213 HA, CMC, CMC-IDA) 020 g
% 15mLAIKICHEM L. EtOH %2 HADSEE L v X 912
METOW T L7 & 512 2-chloro-1-methylpyridinium
iodide 66mg % #hN L72#. Triethylamine 70uL 3%~ L.
FTSC 40mg % i LT 110°C T24 FF[# 3t L 720 BRI,
HiK NaClKREW TEN OHIT, FAETZEET-> T, #H
JERE T & B % Yo L7z,

2.2. F/FIVERASY

HA-IDA 5mg/mL AW (R A) & CDDP 15mg/mL (B}
WB) Bt~ Ar7u0F2a—7HNTRAL, e—h7oy
2795 CTTHME L 720 ThE 20 0K ETHIL, FikT
B LB IS LD F 2 AV AR L 72,
TN L > TCDDPEHmEZHRE L. T/ X VPBSH
WOR A% DLS (BHGHGEL) 12 & - Tl L7z,

2.3. F/TFIVOHAMRERMEDOREE

2 A NSRRI Ak © & A MKN45P 1%, EFHF7E &
DORFNFA BRI - ALILAES RIS X o TIERL S
N oEMH Iz, MKN4S % X — K< Z RS- L.
EXE N R S5, BHRGEMIBET I LILoT

B Sz DT, BELREBEZFOMEMTH L, F
7oy JERED NG - WA SN % B > T % AT o BRA LA
K3 Cd % Met-5A (ATCC : CRL-9444) % w7z,

F 9 MKN45P (2 x} L T, HA-IDA } ° CMC-IDA %=
Beh L. TOWDY AK % LERBEMEEIC X > TBIZL
720 S HIZHAIIDA/CDDPF 7 v &8 L, FAkIC
BB X o THIZ L 72, & 5IZHA-IDA/CDDP 7
J 7 v, HA-MA/CDDP + 7 % )v, HA/CDDP + / 7,
CMC-IDA/CDDP 2 v &8 L. 0.1mg/mL DT
MEKN45P 12700 4 BEf 2. FACSHIEIZ & - THLD sAA
wa IR L7z,

S HIZMKN45P £ 7213 Met-bA = 24 X7/ L — b THiZE L,
F NG %, 1 HEICMTT assay 2 & o TEPBA
R % MRE L 720

2.4, 274 O REBEEF/TIVDEREER

LR FEH T D BRUREAE ERAMGERT - IR O
BEOT, KUY AFLyadHhs (PDMS) NZH A<
470y — BRI, VI NIV TTT 4 —
HICE o THERLZ Y B LZY ) 3y ok
74 FL YA (SU-8; MicroChem, Newton, MA) % A
Era—g4 72X &AL, 74 PR EHWTE
Kotk BUSHLTRIEL, CF3' A 4 ¥ & FH L7z BS A
FrxyF vy (3E  SAMCO, Model RIE-IONR) %47
ST BRIZHEEL T, E— )V F2E8 L7, PDMS & filt fit
(Silpot 184, Dow Corning, Tokyo, Japan) % 9:1 CiR&
LCE—V RIZHE LA, 75C T 2 RERI N ICHEE L <.
WBFET 7 A< T10MLHEE, BKba—T71 707k
BHIZMPC A1) < — (Lipidure-CR1701, Nichiyu) ®»x.% /
— VIEIZRIE LT, PDMS/Hh=H Ay — b2, n=
HEY—h a2, 24RTL—=FMERBEDOT L —2DKIZE
v ML, BBEEMEM 24 R 7L — FERAER L (103)s
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M3 ERLAPDMS/NZHLEETL— (L) EGHAM
Fatk : MKN74 #FBWTERIL =X 70094 K

BonRET L — MIERTEMIZPDMS 2 v Tw»
B2, BEOR)AFLUF 4y 0 ok
RS A 2 L AHET, AEFEYEATE . MBS
WATZ 484 FEERS5Z LD HETD 5o

A TIEPDMS N A 2887V — P E2HWT, B
DAMINARETdH B MKN74 % 5x 10 cells/cm® THEH L,
5 HMBE#T 52 LICX - T, EAE200umBED R 7 1
O FE37z, & 5ICHOUEH %2 17 - 72 HA-IDA/CDDP
F /%), K UCMCIDA/CDDP ¥ / # )V % 0.lmg/mL
DOWEEETEHM L. 10 KER B2 I B EEBIZEIC X - T
F 27N DR EE % 5 L 7o

3. % R

3.1. F/FNDxv592)E—-a>

HA-IDADIDAZNL DO X F L 4 HADO T £ F V3
D7u b URESEO S, BHiFERE L (K44),
IDA 5 %13 40% F2HE F T W ETH . REFFETIE
HA-IDA (IDAf5£i% 35%) & HA-MA (MA 156 36%)
ZHWz,

HA-IDA, HA-MA., ROHEWE & L ToRBHiOHA
ZCDDP ERA L. MBLTH 2 XV a2E7, KM HA
LN TUBEOANKRFINIEEF LT HIEICL
>TH /X Mb§ %, DLSHIEIZ & - T, PBSHTIZHA
A70umBEICH LT, F /75 MET52LI2L-T10
~20um ¥ TR TEDPZAL L 7ze F2F L — MR T-OFE
HICX o THTFEBRR LI EIREN, F /NI A X
AHA-MA >HA-IDA >HA & % - 72 CDDP DKND#E
REEIZZ T ERE L vz, SEAEE A E VW MA
O CDDP RN EA—FZL <. L VBUKILEL TR /PAEW
H A XeWo72dbDEEZ NS,

3. 2. F/TFIVDODAMMIRERM

CD44 IEHAD 6 M Bk THEFbNLTWVE, D
72 HA O CD44 #iGragid. b BHIIC & - TRIEEIZ b
N5 HOTIERVH, HA EFHAO/LZEBHZFIBEINT 5
WZhEo Ty BAERET LTV Z EFMSRTWwE, &
LIZCHAZ A L72CD44 © 5 7 MUAEHE, B 5 W IdEKS
FHARWENECD44 L OHEIZ L D T 7 MEEO WA,
AL DTGP LR H IR~ DORAT & BHACHE L T 5 &
SbONTwb, MBI ) IS & &b
WL THET 57— A SN TS, TD72DHA-
IDARF 7 FIVDFEPICH AR AT hb 2 L %

4 HA-IDA ® 'HNMR (£() & CDDP &3R4 - st - BT #4T7 - TR L =& F / IV OEIRIICERELIC & W BITE U 7=k F& (BR)



RYZEDEETH L,

HA-IDA & CMC-IDA DL Y 3A A I EE S B G H % [X]
512" F o CMCIDA & Ib#g L C. HA-IDA 23563812 & il
FRARICH D AENTWE Z B EINL, S HITHA-
IDA/CDDP F 7 7 Vv OYLY sAAEFE % He £ BAMMEE TRl
BLEEZX 6127, CDDP & #KEAL L F 2 7 vt
LCTh, BOWIZY FH A b=V AEE2R L, T4b
5, AFRICBWTIRHAICIDABHi# L TH., E5I1

5 HA-IDA U CMC-IDA @ MKN45P B V) A 4 %h 3=

6 F /7LD MKN45P B ) A #3858 D H S TRIMSEERER

ERBRAFCRUFEHETILOCBRORREARBREEICRT 5P

CDDP & $HEH %2 S/ THALSETD, FFMIZ U F
A P—YAENBZTEERLT

K BHIZFACSIZE > THAF ) K VO AAEmE X 7
2R PBSH 4 B # OB T/ F 2 4 Vi CDDP %
+43cfHEE L T % (data not shown)o F 9 CD44 3¢
HAVE D o 72 BRI bk MKN45P THU D A AR A % v —
75Ty MR Met-5A TIZIL Y AR DA v, 72
CMC-IDA/CDDP F / Z )V OELY SAAR DS —FK A 720,

—JTHBRIENC £12, VF Y FEY
~— ¢  LTHAZH WAL D, L35
fili 2 i L 72 HA-MA, HA-IDA Z w72
F 7N ORY AR E L T o7,
CORIZOVWTIE, S/ FVOREEE
VYA M= 2O OMRE L1
MR T DD %,

VD bEokEREEF 2. MKN45P & Met-
SAICKLTHF 2 A vaEdRMmL, MTT
assay Z 1T o 72k R Z K 8 12”F, CMC-
IDA/CDDP F / # Vi3 THME MK T
T5b0D, CDDP &IZIZHARD HEIE
JHHHRZ <o it L CTHA-IDA/
CDDP + / # ) & HA-MA/CDDP + /
Fovid. BRHIFLICR L CiditEEE CDDP
AL TR (IVMROL 3 (L EIE S )
T L0 Ly PRI LTI IER
ARV Z R Ly ASAMIIRINE: % 56
BIL T L < BIEH 298 T & 2 W RElE
AR E N7z,

7 &F /5D MKNASP B A& 8D LS
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X8 &+ /5IVOIEIEEIEMEIN MKN45P (&) & F gtk Met-5A () ND MTT assay DiER

9 MKN74 X7 1 O+ RE&EM : HA-IDA (L) XU HA-IDA/CDDP + / 7V (F)

3.3. BPrAHRZAZ74014RNDF/FIViEEMH ErHIHT 52 L IFRENCEETH L, AIFETIE, 7
Bl Z in vitro TEOCAIREZ R LT W& in vivo T L— MR Z W72l HE O in vitroFEEREBIWE TV E
FBOWRIRAZ RS R NEERD LML IET 2 v, BIK Wiin vivoFEBRE T v VTAHELDOE LT, A7 404
AR\ T IS A K DOREREY G- CIFE T 5 & Lk, JERE & W72 F 2 7V OB &2 3 72

P HFHEANDOID A OB N B EIZL L BETH S, EBARERZKIIRT, TTHAIDAOAZ AT 1 04
EHIEERITBAT L T B IMHE 2 A U TR B IS HIDS A FIAS FAVR 2 S L 7zFr. 10K TD A7 4 104 FNER
HEEIND % HI1X, HRES L REORMELEL TV, F TR =D LT Wi, — 5T, CDDPEFL—
C D7D, HHEREE R DR N~ D F ) VIR E R I E¥HAIDA/CDDPF / Z Wb § 52 Lilk o TA Y



a9 FHROEECTHF I FVB T s b2, TL—
PEBORKREDRLS—H LTI Y FH A b=V AFHK
LIFWITH W LB E N, TNIZHAIDA ® CDDP

DERMOFIZ LY A R B ZEALT 2 72
DTHHLEEZ BN,
4. £ E

e7va YBIZ RN T THEH A I/ ZFEEE (IDA)
o U (MA) ZBfiLze7)vn VSR E RS
L. CDDP:®OF L — MERIZL Y HEMICHAD DS S
I TFNVOERIT> T, IDAEMAEW) B sz H
YREHWDBRIEICEY, FOENDY A ZERRLR D D
RSN L7z EHITF 7 FIVIED AMIBIZRI R
By A F ., WERECDDP & [ %22 ML Lo dias ARt
IS B OI0 LT, RIS R 5 B 3k & IR 1A%
WMTELZLEZWOTHLMI L,

SO AAA, ERFEEHEMRET L - P2 HW
THMBAMIEAT7 4 94 FERERT5Z 2 ITKIIL. A7
4 B4 RPTF 2 FVOPEEPBIMIC L3228 b
WL 720 BIfEin vitro DFERICIED &, B EBROWEH %
PG L CTWwb,

t7va RO CDA L oG, =Y P A F—T R,
S MBI RE . T 723 PR R A% A
B FE SR IIC T b T v b, F 7 FV RIS
IR A FP=YAINLHEHEICOVTIE, eT oy
W RIS, T FY A b= AHEH R Y THA, BT
CD44 55 % F W72 8 72 LIS DAL B L ETH b F2F
VA E R R LT A RSO W Th, FCSE LM
W7o XD FE AR BRE IR S LB,

5. # #&

ATl e 7va Y (HA) (&4 3 7 ZF# (IDA)
SR AEH L 72 IR S A 2 b A TR L 72 HA 538K
(HA-IDA) #H\W/2if%8TdH %, EDTA% I 2% ) O
PR BRI G L CHREL I EDbhroTWwDb, 43/

ERBRAFCRUFEHETILOCBRORREARBREEICRT 5P

THEBIZEDTAZ TEREDIC L2 EEZONEHTTH
0. BEMERESElTSWGTTHILLEEZOND,
FEBARLAHAIDAZO b O, #)RLEBRE -
72iE R in vitro & in vivo TOFHEIZIER ITE W2 LS
W oTze ARAF— 2 LALFHEEDOHMSI AL, R
BRR CHa AR MR E 2D 5 b, —HTIDRY
~—= Y AF5F > (CDDP) »oAE# L7257 7F v ok
BRI, AL TH O L7z X 912, BERHRRE o BE e 5
DDS%#%Bl9 2% L THA AN EZR > Tnwab Z NS
Mo Tze GRIIMO D AFNO BB AR TH 5
EE 25,

EHICARMIEE I A X M V=G H~OEMEZRET
%o —HEICHA OFBEREEIZIER I, 5T & 1kDa
U O HA OfEE R EASHE SR TWw B 25, A
THWTW2 100kDa® HA 252 2E L T 2 i
BV, LA AYEFL—=1FTHZLIZE-T, Mo
R 2 BT 5 2 LAVRIE S Lz, 4R, 7 d
YERIPROKYE R B LR R L L TRESSHIM L Tw
%o HAZ A F Y RBKMEWE EHALL T, HTEFE
WHA O RIEEEEEZWZ, T /794 AT 52 812X h#
MR EEZHMT 5, &EF 2 X ABFZEIE DDS o 53-8
WCIEFE ST, L LALBEROREDICDISJH W RER MR TH
LEEZOLND,

6. #

KIFFEDFITICH2) T A A b1 Y —FF5RBEH X )
THEDEBYF LA EEZRHFPL LIFET. eT7re Y
WBhr CHETRECEFy I—< X I 7 7 IR L9,
2271004 FMERT L — b+ OfE# % ZHRETH G 72 5
KA FEBRWTZERT - W REATHEZ. Rk % &
PEH TR 7 U R BRF AT B B - LS ez 1%
WL FT. BRI, AHROEREITT 72N A 0
=7V v T HBE LR 24 AR JSPSHELFZE A -
RKHEBR—EH &R LT3,
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Submicron spheres of calcium phosphate have potential as biocompatible and functional cosmetic materials. In the
present study, we developed surfactant-free techniques for the synthesis of submicron-sized calcium phosphate-based
spheres. In our techniques, pulsed laser irradiation was applied to dispersions of calcium phosphate integrated with various
light-absorbing agents: ferric (Fe*) ions, ferrous (Fe™) ions, and carbon nanopowders.

For the integration of calcium phosphate and ferric/ferrous ions, FeCl; or FeCl, was supplemented to a calcium
phosphate reaction mixture. Pulsed laser irradiation was performed to the reaction mixture during spontaneous precipitation
of calcium iron phosphate. After irradiation, submicron- and micron-sized spheres of amorphous calcium iron phosphate
were fabricated. In this process, ferric/ferrous ions integrated in the nano-sized precipitates induced melting and
spheroidization of the precipitates via selective laser heating in the reaction mixture. Nucleation-growth process and Ostward
ripening under supersaturated condition might be involved in the sphere growth.

For the integration of calcium phosphate and carbon nanopowders, hydroxyapatite nanopowders as the calcium
phosphate source and carbon nanopowders were mixed using a ball mill. Pulsed laser irradiation was performed to a
dispersion of the carbon-integrated hydroxyapatite nanopowders in ethanol. After irradiation, submicron spheres of
amorphous calcium phosphate were fabricated. In this process, carbon nanopowders integrated with the hydroxyapatite
nanopowders induced melting, spheroidization, and amorphization of the hydroxyapatite nanopowders via selective laser
heating in the ethanol solvent. The carbon nanopowders were decomposed and/or evaporated during laser irradiation; hence,
there was hardly any carbon remaining in the final spheres.

Our laser fabrication techniques would provide a new way to produce submicron-sized calcium phosphate-based spheres.

The resulting spheres have a potential as biocompatible and functional cosmetic materials.

1. #&

D UBEANT T AT FORREO LRSS TH D,
BRI L WS - ROEHE LT, 77y F—va ViR
MF R ED T A X ba Y —FMR, ATF %R EDEMEMN
FHIBH SN TS, F/20 VVBBAIVI T AIGY V32
. YUK, DNA = EOAERG T2 WAET 252 H LT
WhHZEND, FEHKEY ZF 2L (Drug delivery system:
DDS) HifkE L ToIRH b HIfF S T3, AIFFETIE,
DDSHREZHT A A A by —EM~DIGHZHIEL.
P NOELY AR L7272 71 VERIR S 2 A
BV VEEAN T DR BRT B 72O DOFMBREEAT > 72,
DDSHEREZ H T 5D VAN T LAY T I 7 a VERIRK
Tl REE LR OERE - REZT TR A B %K
W72 EOWHE - FHICOARM L EEEEIA A oY —F%
HELTHEHEMESN S,

PERDY VAT YT I 2 a CERRR T O
LT RmEEAE VD FE (I evik movy

il

Fabrication of calcium phosphate spheres
for skin tissue repair and regeneration

Ayako Oyane®, Maki Nakamura

Nanomaterials Research Institute, National
Institute of Advanced Industrial Science
and Technology (AIST)

a Ry BPEFONL, Ll /LFARICE DS
M FNEPEAN L, MR RG22 b 7% & ORGE D
B ol THIH LT Koshizaki 5 1%, FLiiiGME# 2
PEEE LW - il a7 3 7 0 VERIRRL oA ik
ELT, WP L —F—mRE R LTws Y, it L —
PR AR S SRR 2 R ORI
B A NVF—BEDOINVA L —F a2 TR 5
LT M TI s u RN T EART A TETH L, 2
DFFF. B4 8B SEBIER SN TEbD
O, L—HF =R Z L) YA VY AAND5E ]
IHEETH > 720
ZFITHRAIZ, ) VERA N LR L OFERINH) &E
HET B EICE T WL =Rl X 2T 32
OV ERIRR T O G & ATz U VRSV T A LSRRI
ROBAILTEL LTI, kA v BB IO —F
I Y ZHO2MITOVTHET L7ze $kA 4 v 3Lk (2
L) 2BV T, BIH & LT (D) 4 F > B X U8k
(A F Y EHTze VYBAT Y EANTTIALT YD
BATUSHNC SR () A 4 > F72038(1) 4 F > 23 L.
[RGB AV F— DSV A L —F— 2 IEENRT
WS L7ze 720 A=K 3 782 2.8)IBWTid,
Li 5O 2 12fito TH—R ¥ F 2R T2 HmIGH & L <
Az, VBANT T LERE LTKET XY 4 FOR
ET /MR V. SBIRED h —KR > 2 RTF %
I UYITREICE o THAL L o/l T2



7 )=V, BRI ANVF—BEONV AL —HF
—JeE IR TG L 72
DED22o0FFIIBT, Kngkl (L—F—HKox
ANVF -, AR ) 22 k38, BohlAm
WOTLRE, (LEME. BLOHREZFT5Z L2k - T,
VUBBANY T ARYT I 70 VIRRKT- 215572003
BERSEMEBR L2, S 512, KInEPIcBI 5L —9—
a7z & NI O H) - AHEAEH %2 JEAENIZE L L,
T DEREEIC O WTESR L,

2. ¥ B&

2.1. HABER [$krA A >

AV IREC BT L HWEMERA F — 2 2K 1 IR
Fo 9. AT T AAF VKEW. V) VEA L VKRS
W B () A 4 Y KER. BLOE () £ F v kinw &
LT, ZRZFN200mM CaCl, (F4F4 7 AZH) ki
. 200mM K,HPO, - 3H,0 (5% 54 5 A 7 8) K.
200mM FeCl, - 6H,0 (F4 54 7 A7 #8) Kigik. B
U'FeCl, - 4H,0 (FGHZE TR KK 2. %4 DR
xR L TR L 72,

FREDJERRA 72 & NTBRK Z 77 A WAL NITHT &
DFERILTHRM, RE - BHETLILIL-T, LDk
A% ViEREE(Fe (M) : 0, 1. 2. 5. 7. 10mM, Fe (II) : 0. 1.
2. 5. 10. 20mM) #F T 5 i (4mL) ZiH# L7z, K
GO A N DA F VR (16.7mM) BX O VA F
VIEEE(10mM) id—E L Lze BB, FRERRGHOK
ISIEE HICHE L7z,

BT, RABEEZO LRUSEIST 2 BV A L —HF—
& (Nd&:YAG, Quanta-Ray LAB-150-30, Spectra-Physics %,
Y— 28 8mm) #HEEEFIC. 3045 F TOH A ORE K
U720 L= =050 30Hz, P13 355nm & L.

BEEMBEZ(RETS U CBRAINY I LRI F ORISR

I AV E—EE % 67, 133, 200m]/pulse/cm® (ZNZFh 2,
4, 6W/cm?) &2 b E ¥ 72,

Mg, a0 e (6000rpm. 10 43) 1 X 0 A kM % Ial
I, BRKRTHE L. B2, BonBRHIE R 5
FOREIC L D, KEZEDSW L (500rpm. 5 4 TLkE S
W70, BLONEOSE S (55 L 2 ik E7:%
OEEEH S, & 5121000 rpm. 10 55 TR X 872 5571)
W25 72

2.2. REHER [H—KIUL T3]’

H—RY I Y TECBTLREMERAF -2 %M 212
N KEET /85 4 POAERF KT (15g. — WK1
K 100nm, KPR MR ) B L OV — R~
F 7 i+ (0.3g. FiF£E500nm LL T, Sigma-Aldrich #) %
BERRAR -V I VT 10 5 HES (600rpm) §56 2 &12 X
DAL L7, SN HAR T (00050 =5 /) —)L (4
mD) 23S, FOHERICEET, 2. L HEF U 2B
7OV A L —H = (30Hz, 355nm) % JEEEET 20 45+ HE &)
L720 L—¥F =D )L F—%E 1% 200m]/pulse/cm? (6
W/em®) & L7z MREFE. 30805 (6000rpm. 10 43) 12 &
D AR A L, BRI L. MR S, oz
EOBHE T % 5 m O IREE 4T, 1000 rpm, 10 43 TR T %
SR BO EERD2 S, ¥ 5122000rpm. 10 43 Tik
S 7R T 2 WL 72,

2. 3. FFIETEM

145 N 7230k GO RERS . BRIK A2 o3k oK B 53 i
%, BIEHGELE: (DLS: Zetasizer Nano-ZS. Malvern %)
WX DRz, T2 B O, LR, 2 o ONSH
At 1 % | B SO E AR AL R T B (SEM: X130, FET#E)
BlgE, T A F— 0 X#6E (EDX. Genesis2000,

1 gk A HILAICEBZHABHERZ X — 4 (8 (ID) 1 4 > D)

M2 H-KRLIVPTRICLDIABERIF— L
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EDAX#), % # AV E 7B (TEM: JEM-2010, JEOL #2)
Bigg, B X OHEE X HRPTE: (XRD: M18X. MAC Science
B) X VIR, SEMBIZEEB L OEDXIZB W TR, i
HreryaryERbicey L, RECHA—KRrHDH0»
3% %A L7 $72. XRDIZBWTIE CuKoit 2 Fv 720

3. BREBE

3. 1. k1A HEE

3.1 1. REMRFELTH (D) 14> 2AVEHE

PO A 4 > 2RI E LTHO TR 21To720 %
FTHDHIT, & () A A YRESmM, L —¥—tox %
WV — % 200m]/pulse/cm®. WESTIE R 30 40 D T
TR S N7 EHT DWW T, Rl & MU O F- % 47 5 726
SEMBIZ DGR, 7m LICH S 7alkHE, L LT3
7 ua ¥4 X (DLSIC & 2 FIRF£E = 800nm) D ERIRAL
TFHTH 72 (K3 F)o —J7. 55l SIS N7z alkHE,
¥7 370 %4 X (DLSIC & 5 PR = 450 nm) O
BRIRRLTHECTH 72 (M3 F)o MLEDOREENS, RFICX
STy B 73I7arpbIza sy d XK T2 6K
T&E 5 LRSI NI,

A3 S DERIRKEFDEDX ARY V&K 4 2, XRD
Y = EKATICRT, EDXARY MVCid, kb~
Yy MHOYY) T HERB LS =R UEERICHET S
=27 ofic, Ay a, Vo, 8k BLXUOBEOE—
M ENz (M4 E)o XRD/SY — > Tld, W20

SEL

2 um
7ES

2 um

3 A A HEETEShADEL (L) EHES (F) DR
o SEM & ([Fe ()] = 5mM. 30 2 E&&)

=30° Zf0icTa— Faenag—miiahz: (X4 T),
S LICESNIRTICoWT S, [AEEDEDX A7 b
VB IUXRD Ny — o, DLEORKRNLL, &
WS B LUHMH L OFKKFIT T, TELVI 7 AD
BEaF) VBANT T A THDBEEZ BN,

ERRRLT- O ERGRERICB W TIE, KIS o8k (D) £ +
VIRE, BIOV - RS (AT, |
W) PEELEHETHLEEZON, 22T, L—
W — IS4 (200 m]/pulse/cm?®. 304) ZWE L. £k
() £ & Y iREZASE TR ZER L2, 5 S B X
O3] L O ERIRKLF- A 0 45 8 %2 SEM BLEIC X ) 3~ 7z
HRPRLIORT, #(I0) £ 4 ¥ 1 mM LT O BUSH
Mol U VEEAIVY T ADOAREIIREBY DA L,
WITNOG NS D ERIRKL I3RS N o T2 —H 8k
() £ F > ¥#EEE 2mM O BB S 1E. W S 737
O VBRI T ASERE S e ROBE Ok () A + Y iRE%
SmMICE DAL, W SO¥ 73 7o vk (X3
Tz, WL 7 a R (K3 ) o4KD
RSNz, SO (M) 1+ ViEEErEmOTH L, 7
mM T3 S OF 73 7 0 VERIRK T OARPAER L. 10
mM TIZWFNO N D EFRRRL T IZAER L% o 72,
COBHIZOWTIE, 3. 12 HTERT S,

Wiz, () £ 4 i GmM) B L O L —F =G g}
R (3047) #EEL. L—HF— DO ANF—HEEE
LS THRFZER L7 SEMBIEOMEE (£2), L—

0 SDES

SR

Ca
L“*‘
0.50 1.00 150 2.00 2.50 .00 350 4.0 450 5.00

IRILF—(keV)

4 kA FLHIEETESN=DES DIKIRKLFD EDX AR
7 MV (E) EXRD /82 =2 (F) ([Fe (M]=5mM, 30 %
iicEn))



HF =D T F )V F — B 67m]/pulse/cm’ DELETIE, W
TN D ERIRKLFIIFERR S N o 720 l?f\)lw*\'—
WA O Tk, 133m]/pulse/cm? @ 4 TId 55 Hi

%7 3 71 VERBRL A5, 200 m]/pulse/cm® @ 41
TRDHESDOH7 I 71 YERIRK A L7 L o3 71 B
RAF OIS 5 L)% o7,

BTy #k () A4 YRE (GmM) & L—H%F =)oz 4
U — 381 (200m]/pulse/cm®) % [l E L. TEGIEEE 2 251k
S THBZER L7z, SEMBIZORER(RI). e
10 ~15 D5 Tld ol S I2% 7 3 7 a VERIRK 123
2 v HBGIER] 20 ~ 30 O TIE S HIZHMW L o 3
7U/W&ﬁ?%%ﬁéhtoy@ﬁ%#% L —H—30
@W%%%&m‘uwcﬁ7 VA=IE: 3N e viala o4 A DN

20 INIC—F R FI 70 v A4 ZIZETHET 5
LEZ LNz,

BB T O EBGRFRIZ LT O X HICEREN L, KIS

K1 $BA A HILECHTBE(M) 1+ BEERFERD
B1% (200mJ/pulse/cm?. 30 4 BB&T)
Fe () (mM) 0 1 2 5 7 10
FFAE R X | X | S |S+L| S | X
X BRIRRIFERE T
S : AE S ICERIRKFAER
L : 2 L (CERIRFFHER

F2 AT LHRECHBIBL—HF—HOIXLE-—BEL

K FEERDBHE ([Fe ()] = 5mM. 30 HERS)
I 2JLX—BE (mj/pulse/cm?) 67 | 133 | 200
L Al 27 X S | S+L

R3 HAALHIELEICH T B L —HF R & TR

D% ([Fe (M)]1=5 mM. 200 mJ/pulse/cm?)
L —H —B5REERE (2) | O 5 10 | 15 | 20 | 30
BT A R X X S S | S+L|S+L

M5 $%4 74 HLHEICEWTREShARISHE ([Fe(l)]1=5
mM) DFERTH 7/ KL FDIRIR R T ~ L

BEEMBEZ(RETS U CBRAINY I LRI F ORISR

9+

WEREE I (L —— LI EET) . IR 355 nm D%k
W (M 5) 7R3 F 2 W a2 BRI %0 2 OBUGHE
W27V A L= =2 G52 & N kT okt
AR L — =B AV F—F WAL, INEGE# S TER
IR & 7 Do ERIRHEGHEIZ, L —F =L ZDHFBIZB W
THBDOKEBEIC L > TRE SN, TEN 7 7 AERIKMEE
o2 FIMEILT B0 DED X)) RiEd - B REhS
WAL —HF =G T T EINDDIZIEATL T, AR
BTFDUSHERDO AN Y AL F v, ) VA + v, 814
F oy VAT —FERYABREEL TN ZET, 73
raryBIOIzayH A Z08ERE) YISV YT AR
WRFPER L EEZL5NS,

3.1, 2. RBIRFIE LTH(I) A EAVLBE "
BTy 8k (I A 4 A TE (D) 4 F > %2560
FELTHY, BET2iTo72. O, 8 (1) 44+ i
JE5mM, L —%# =0T ) F—%) 200m]/pulse/cm?,
HESFRE I 20 23 D 5 F CilBl 2 /B L 720 SEM B2
By B (D) A4 Z2HCEEICS, 3L L LR &
TIzuryrsIzaryt g AORRKTF2EHTESL S
DR SN (M 6). F72.EDX B LU XRD O S
S S B LOGE L oK TFIEwThd, 7ELVT 7
ADEEEH) VBEINT I LTH LI L RSN, &
(ID) A > LTk (1) A F > SR IR B A VAT Y
T5F JRTICEREEINSLZ LT L— =R & Rl
ML L7z ZE 2N 5,

T, L—¥F =z 2V F—%E (200m]/pulse/

S EL

2 um

K6 $k1 A4 #LEICLVBSNLAEL (B) EHES (T)
DFEFD SEM & ([Fe (I1)]= 5 mM. 20 HHR&)
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cm®) & HETIERT (30 47) Z e L. 8k (1) £ 4 Vi %%
L3 CRE 2 ER L 720 20 S 35 X OVl L o BRRA T
AR DA E SEMBIZIC X D IR R 2, 8 () 14
YORE(ED EADETERAITRT, () 4 F Vi
2mM A EDSAET, Sl SI2H 72 7 a vERRK o4
SRS B, 5mMB EOSEATIE, EHIHMWLICI
7 a YERIRB T OB bR S Nz, F72, $() A 4 >~
WA Q2~7mM) LR LT, () A+ %2 H
WzHE (2 ~ 20 mM) 12id. & D IRV IEEERIPHIC BV TER
WRRETDER Lize COMED1IDE LT, EEROK
ISEOHNE (pH) AAEZ SN b, T4bb, k() 44~
D JEEAIE FeCly - 6HLODVMUEME TH AL Eh 6. ik
TN EE DB X 0 FUSHE O pHAME T35 (7). (1)
A F VIREOBOKISHEPTIZ, U Y EBSB LY VS
V7 NOEREN LA B8 BRI T 0 A2 B A0
BN, —H, 8 (1) 44+ > DERREFCL, - 4H,0 D
BB X FeCls - 6H,0 & D b 55720, iR BE o 3
WX AN OpHIK T A Z 5 b, ZOFRKE, L0 E
HPE (~20mM) O (1) 4+ Y ZRML72BHECL, Bk
RRFAER L2 E 25N 5,

DLEOREED S WG & LCek(I) 4+ > 72138k
(A F Y ZHVLEEAF VIEEICEY, TELT 7 A
DOEREHR) VBANT T LN RDBTTIZO BT
70y A AORKKF 2B TE S LRI NI,

R4 A HILRICH T8 (O) /(M) 1 A+ BEE R
FHER DR (200md/pulse/cm?. 30 2ER4T)

SkAAEEMM) | 0 | 1 517 |10 |20

2
Fe (1) X | X | S |S+L| —* |S+L|S+L
Fe (1) X | X | S |S+L| S | x | —*

7.0
6.0 1
5.0 1
a 4.0 -
3.0 1
2.0 -

0 10 20
Fe(ll) or Fe(lll) (mM)

B7 gk A HILECHOVTRES W ARISED pH GARE
#. L—Y—JehRgtan)

3.2, A=K IULTE"

H—=XRY I TETERINREOSEM &% X 8
LITVEDXARY MV K8 FIZ/RT o SEMEREZE O E (1K
8 ). 737 ¥4 X (100 ~ 400nm) DERIKKLF-D
AR STz, EDXAXZ ML (M8 TF) Ti&, 3B
<~y MOV 3 VKRB L OEHEEBRICHET S E—
s7OMI, ANV L, )Y, BE BIXUTA-KroKE
— B EN, h—KRryoO¥—27@mEIR, L—¥—k
WS DAk T & el U TR L7ze 2hid, Li
SHMELTWAS X HITY, L—HF—mEHC X ok
FHOH—KUBRESHDLVIIDH L2720 %2 5N
bo B L7 Iz u R TFDS < F, H—FLEE
i (Type A) 7213 % fLHERS (Type B) # 5 L T /228, —
i BUE g (Type CO) 2 A3 201 bR SN2 (B 9) .
EME BT (TED) AT OfER. wWIhoki+b 7€
W77 AMEEEELTWAEZEDWSN o7 (M9
. Type AD#l),

BT DB ICOWTIE, Liso#s? kL E 2
bhd, $hbb, A=Ky F I RFHBL—F kTR
F—ZWIN L, ZNZKET /85 4 +F kT & OB
FIUEZ A LT HEENTOER - BRIML2 R L%
AbNb, ZOB., KEBHDOH —FKVIZHED D VIT5HH
L. BRIRBET-HICIZIEE A SRS v, T 720 TR
WA U-EIEAS, L—F— 3V AR TAY - Fibsn s

1 um
o, “i|p
’;: Ca
N Au
1
# |C

00 1.0 20 30 40 50
IRILE¥—(keV)

M8 H—KLIULTHIIIVEShAERFD SEM&(L) &
EDX X~%7 MIL(TF)
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B
A
C
200 nm
Type A Type B Type C
100 nm 200 nm 100 nm

K9 H—KRLIVLITETEHESNERBO TEM&ELE. T) & TED /X2 -2 (AL)

BB T & 72358 IR DS, BT E ISR L
oA 2 HURETE (Type A, Type B) BB & h b LS &
N5,

PLE, BRI E LTAH =Ry F RS2 HSEH—K
VIVYIEICEY, TELNT A VEEALT Y ADH
TIZu VIR TR AR TE L Z LR EIN AT
BTHONDZER IS ZHTHZ 00, KAk
KNG ODDSHHAE LTHHEZZ b5,

4. ¥ &

Wb L —— R 2RSS ) VB VYT AL
Fli4 OFWIH Z AT HZLICED, VVBANVY Y
L% 7 370 YERIRKL T OGBSI L 720 SEURIGH
WEALTHEE LT, B4+ v HEELRL T =KV 3
YITFEZOWTHRE L, ENFNO SRS M
AL BT, IR T 2155 720D G2 H S92
L7zo 135N 720 YAV 2587 3 70 v BRIRKL T
(&, DDS#HfkE LTl L7zEx AT 52 L0 5. h
BREEMNIM L7222 X baY—F & L TR MES
N5, SHOPEL LTIX. N1 Ao, K
BB ORISR BTSN b,

i

%!I

i
ARIFZ21. PR 24 £ 2 A b a Y —WFZE R B o
k% 2 Tirb 2 b D Th B MIEDEIZHI2>T
. EESAR A ITZEAT O KL, BORE TIRE I
Ui, BMRENIC S & T 72,
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Crystal growth of a layered smectite (a layered silicate) on monodispersed spherical silica particles has been investigated.
Hydrothermal reactions between spherical silica and precursors of smectites (Mg, Li or Al salt) in the presence of urea
resulted in formation of core-shell (silica-smectite) particles. Because of the heterogeneous nucleation, the fine crystallites
were firmly glued on the silica substrate without flaking off the silicate layers from the silica in aqueous media. Cation-
exchange reactions of the smectites on the hybrids with a long chain alkylammonium ion have been conducted to modity the
surfaces for possible applications as supports of an active ingredient for controlled release.

1. #&

ARG HA SRS EINE A A, Y B
LRGN 7 E DM A A LTHBY, B4+ OWSH)
LLTHET TR, BH, mEGE LR ShTw
2D ", F7 ARXZ I NORBEBA + > AR
£ (B2 B A & B RH A 7 &) TR % &
HREHR L (B B2 X7 % 4 1) pshs Y,
Z OF BB NETEA A OB S A AT
BIENELALHMONTHY, B CEEARKOHE
DI, B HIFEDAES T AR WS T X 25
Tamas T et B TR R Y Ao
ZOWTHWNTIEL M ENTWDE, AAZ 54 bDA4
F OB ERT AL, KA MR N OSRERM AL
bENP S, SREGEEIRET 5 HIRECWERE B b,
AA7Z A4 MIRARTEEICHEET LW TH 528,
BAEEGATOD OB LTY ARENRRRS D, —
W, AL OFEME LTAHZAERA A7 ¥4 bORTI
F A=t —F— LD TS, KICET & B L
BT EHIBRELRTVEAY FY Y/ HIZZ L, o
DEHNAAZ F AL ML, KK AW E D IR T RIS
REETH Y, SR TR EAEE L, B8R T
ERATOImmAEESARROHF 4 ZTh Y, Ladlk
BIOER, BETAVEEL AV, TENICREET 212
i3, ERTHEEOGRAZE L, aRTEI g
ENTVBY, —BICHIRBEEROEAEE LTEON S,
KRWFFETIE, A A2 54 b (RRT A B —F) Ok &
ZERRT Y A=A 7 uk TRMICEET 5 HEICOWTHR

il

Hybridization of smectite crystallites
with micro-spherical silica particles

Tomohiko Okada

Department of Chemistry and Material
Engineering, Faculty of Engineering,
Shinshu University

K1 X724 MEFLIOEES

b, CONBEORIZ, )AL rakiTEARXS
7 A MR OISR (sacrificial template) & LCHIHT 5
HIZHb. T hbb KKV A~ 7 akitTa2AXT 54
M OFEEO—BITH, YA X D ERKRS Y AR
FIZA R 27 5 4 b OB % R S5 )k (42) "
Thbh, —HRFEEL 725 7 ¥ — b % layer-by-layer THE »
T2 FHELIARRMICRRED, AAZ 54 VEy ) Ak
FHEEEBEICEETLOT, BONBAA 7 ¥4 B
WV ABEERTEZKIFZELTH, AAZ 54 MG
T DI LNV NY) Y ITHICENT~ A 7 Ol T2
LA LWFFCTE S, HANTOILHELED L0, K
MFFETIE LT O 2 f5 % b I2RES L7z,
1) AXAZ7 74 FOREKEGERIKTY B, &FEE RE) 2R
MUTIRDDZTT, YV A-RARAZ A4 MEERTDS
BoNshe T2l P4 ZOKKT Y A EHNTD
FEHTRED
I HoNAEERTIEHLDALF v (A 4 PR
WA, FRE) L ORMWFENH Y, KTF-KED A X
754 NHHFE LD Fz, BaA S HEREETER]
TR L 723 RHC I ZR_ R 5 DIFFRE I 03D 5 22

2. RBIE
KBTI AR 54 MiE, ~2 bIA b (HE



BRI VAL 7OKFEX AT 21 MYFERDOE S FiTE R

M2 JUDKRFEEUBENE LAEIX T8 MANT M1 N HRROER

MK : Li, (Liy, Mge.y) SisOy (OH)) B IOV RF A4 b (B
REALHL © Na,Mgs (Sig. AlL) Oy (OH),) TH B, N7 7
1 bOYE, Mg” MEEBEBTMOL ICFABERI NS Z &
TV — M NEPABEMZHY, ZOBEMEMHET L7720
RIS A+ v 2D At HARF A PTIE, SiYo—
MASAP I ER S NABEWEET 5, — RIS RFA
F DR EERT HIEANT P T A P ERNERTH D Z
LERWLEET S,

2. 1. NI MIA MEEROBERE

BEARN L FFEIROMEY TH %, LiF, MgCl, B L IR
FZORAKRBEI (80mL) 12, FrE DR T-EED HAHERIR >
) A AR (20mL) 2 INZ CHEEEL 2%, BEWE T 7
O CNREREHARICRE L, —E0# % ThiE S & 74208
5 100 C 48 REEIPREE L 720 BenZ 2 L 72k, w0 B
WX DB AR L, L R E Lz T 5
LiBLUOMgR%Z, BHR® o~y b4 MEESN Li:
Mg : Si=14 :53:80) & WL TI15%IZKk L THIAL S
ET, BRIV AEE, AYMIA M EBELZTIT Y
NVRT 2L E L T2, REOMAGREIE % FIH
LT, BUSHIZKBILWA + > 2 ERERHIET, A7
k54 PO ERRT,
a) BRESHRENEI®E Y
WEINIAT T4 PORBEMEMEEIL, BHEPA

x®1 HEMEOLEMEK

T VR R R OB R RIZTOT, BAE
EORBMIIFEHRTDH S, 22 Tld, HHEWE D Mg/Li
2R 1OMYITEALSE, BATEE ORI EZ ATz B
DHEGEERIR Y U ART12E, EHELOum Db D%
W7z,
b) BABERIR S ) HORFROEE

iz WA X CEHLE 02,06, 1.0um) O HkT-%
EHE LT, H3AAHLIF : MgCl : SiO, @ Urea=0.21 :
080:80:80& L T2 1. LRBDOEMETEEL
INLORFHILT, xFL¥TI— (MB*ClT) O
AKIEH A B OW AR (25TC) ZME L2 MB'Cl™®
W 7 SIRAR 2> © S N 72 B ARG B\ LB R RO Y X F
WIATFTINTVEZT LTI F 2CNBr ) =
A, lHERICTHEOD LK/ ¥ ) — VREEWIZT
MOBELIEGTHZET, 20N TP E N H—T D
LG R L ) & L7

2.2. ¥R 1 MEROEE "

IRV A (HAMEKE-S100, P34 10um) DK
W2 AILOCH (CH,),] 5 (CH,COO) Mg & U IR#E % £
2 DASAB I CIRA L7z 136 N7 B4 7 7 0 ¥
RIS IC AN, 175C T 72 M EE H 5 W IiXindz L
Foo WO, FAGIHE Te¥r, B LCIREE L, 272,
2C.2C,N"Br i % 3B & JUB X, £ oF ¥ St %

K2 YRFA MERBRICH T BKERCHE EHROEILES L URHBE

Sample LiF :MgCl, : Si,O : Urea HHRFAbL 7&K Al Mg Si Urea H,0 B
SI 021 : 080 : 80 : 80 i 0.09 045 34 0.3 25 i
Sz 042 - 069 : 80 : 80 I iz 0.09 045 34 0.3 25 BER
53063 2069 =80 - 80 15%  B#E 009 045 34 0045 25 REM
51081 0 069 =80 - 80 In] i 0.09 045 34 0.3 0.6 7K 0.6

I i 0.09 045 34 0.3 0.3 k0.3
5% MizE  0.03 0.15 34 0.3 25 5%
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A L 720

2C2C,N" & £ F ¥ 54 L 72 Bk o BHI A L T,
) EFF =N EWAE S, BN TEDOREZ -~ F
FUCRAL, 256CTIHBEL T 2 FF 4+ — Vol
HRFREFEw L7z, ZOB, oA x 2754 (=¥
7 F, BXOZAZ FYSA: wEFhd AAK L3ES%
WK % 2C2C N CTBUAKML L 2B~ b FBkIC e /) 7
F— Vg S, FoORENER KL 72,

3. BRBLVEE

3. 1. NI MEEROERE

a) BEXREERRE DB

SI1 =S4 DXRD/¥% — 2 2iE, wihdAZ b5 A4 |
WCRIBTE LMY — 7 B 57z, SEMIETIE, wih
b R ORi - 72 BRI T BIEECTE, T RTCOMT-E
TSR 2 M AS R Sz (M3)e o DfERN S, B
W) AREEANZ P TA PTHEBEBIN S Lbros7z,
RHOMMIE, SIBXUS2EHKLT, S3BLUM4T
EREDPo 7z, K4 IEEB X OBER Y 5 o TEM Wi
BERT, FROERIRT ) #1380 TR TH 50
WZRL, BASI -S4 Tigwghd ¥ AR REAHE S
NTCVLHETBALNZ T2 WTFhOBEETLAZ b
FAMDOTY =1 B (1nmBEOREARE b DKL)
DEEED A S Nz LIFRMFEOA % \\S1 35 L US2 T,

W) AR S 20 nm ARE O A CTIRE L 2 8 % R
L, ZOXRHE»SH T 7 — MNPl ET 2T 054 bz,
fiu )i, LiF#mmoZ s (S3,84) Tlid, ~Z7 bJ4 b
K T oW A4 AP KRE L, 20 AR O4Mll o5
WYV — P EPRDLDL L) ITHETAHTHE SN2,
BoNHENIH T 5 MB Cl WA ERMIE, W
b W A — W5 EAH BAEH 250 TRWHB TH - 72,
Langmuir U2\ L CTE S N Ef e (K) BX O
SRR A = (g,) %2R 31T BREICIRINS 5 LiF % 3
RFT LT, VAR THRERL o720 AL 2C N Br
EDORIBIZE D, A7 54 bOIEARMKFE (14nm) 2558
AR FTEICW R L2 TNSDOED S, 2C N 1ZS1 @
BHTE T E S2BIUOS3TIEE=7TE, S47T
38574 54 FTERAILTWSL EEZbND, T,
2C N " O E 7% TG Hi#E o 200 — 600C 2 BT 5 B
Lo RS o 728ER, FA4DEY Lol 2C N R
HELBHTORMEDMRY 2EET5E, 20N K
HEl, IRV ADI5%NT7 T4 ML Z
LEHIBLTVE, WTFROKIGTYH, KA THER SNz
ANT N TA N OWAEEDHET BT DAL N Do 72,
PLEXD, HOeZm8E A 4+ Vi3l o~y V94 MM
NERICWAE SNDE e hbhroTze F2, WEWEE
LT#INT 2 LFO®EZHLTE, ) ART-RIEOAN
7 M7 A b ORBRMEMEE ([ 4 » ) BT 5

B3 AU LFA MEEYY AT (S1-S4) L UVEH D U HD SEM

B4 A7 +Z1 MEED Y HRF(S1-S4) B LVRH D Y £ OBE TEM &

#3 ®HFS1—S4~A0DMBREEICHTS
Langmuir EE£X

K m
Sample rygop o1 hn;;pg]
S1 57 0.12
S2 43 0.17
s3 47 0.19
sS4 20 0.23

K4 FHRS1—S41IT 5 2C N BRBEES LV
WY& 1% 0D Z A E RS R

Sample d(001)  Amount of 2C;sN"
[nm] [mmol/g]
S1 1.8 0.11
S2 2.3 0.16
S3 22 0.19
4 25 0.21




CEDBHLNE RS,
b) EHEEIR S U D DR FROTE

FEE 10um 25 02 B L 06 pum & L7236 oA
OBETHEMBEE K 5aB L F5bICEFNZIURT, Wih
LYV HREALANZ M T A POFEREDPEEL T BT
MRS SNz KTV A4 ZIZER ) B Ok 4 XS
EKEFIFIZ—ETHAHI NS, YUAKRALEIZBITAA
7 874 FOMFIREICIE, MTELD O LAREORE
WEETHDL LI RBEINTZ, WINLd 2C N 'Br &
DA F IR FOEHHEITL, ~N7 M T A4 b OFEAT H b
(14nm) Fwihd 2C N 2EE T o TREZEET 5
183nm THh 722 &00, YU ARKETRET A7 FT
4 M OREHEREE DS, NFREICBERZR LIEEROR
JEDBIRT B 2 LD a5 72,

3.2. Y RFA MEERDOEE

PREFA MIWEPICLT2EET, YUy — Mk
DS O—FH AT TREEER T S 2 L TARENEET S
W THEHZLTHONG, B HE BLO W O
XRD /%% — 2w (060) FH#AsH SN, ZDd
12 0152nm TH 5 Z &2 5, MEHIZINHEAAKRE D R X
754 VEELIENG D, FKTAl - MAS NMR A
~RZ7 MVIZIE, 60 ppm IS PUEM. O ALIIRBTE 5
TRV EN, RO ¢ B, B pH ICEREE
T =40~ -50mV ThH o7 &0 b, EEMITAAEMN
M OTTCWD LIRTE 5, SEMBIZETIX, BRIRT VU 7
KA DEMH SPIRDKEBAET B HF DA SNz, B
BTG SE20E, KRR E MY %2 o0 ke
RO 3EBTH -7 (M67), M, iz S %4035 Kt

(a)

BRI VAL 7OKFEX AT 21 MYFERDOE S FiTE R

S L, 1TEALEORFREZMNAHE S 7z (146 H)
ZEDS, VUAKTETVABILSEMLUTTY A
BRFE T ZER L 2B RF A MBER L EEE LT,
BN D 2C2C N O A5 =% TG — DTA HiFiA» 53R 72
A ERET Tl 0.16 mmol/g, “lIiE" TiX 0.15 mmol/
gTholze HINEDOEAREMEIVTND 22nmTH D,
FRFA MER O 2C,2C, N 13 =0T B TR L Tw5b
LEZOND, CORAETHARXAT T A POBA U
HFs 2307 — 08 meq/g clay”® THoH I L2 #ET DL,
WTFNORFHZ ORI A M 28E TN T D EHEET
b, TN MDD, AlEMgDOiRMMEZ Y RF A b
DS 55 (Al: Mg : Si=06:30:34)% & H~15%
IR S LTRBIIST B &, FRF A FAERIRS ) h ok
HCTHET DI EWDh o7

XRD B X ORI TAINMRGHT & 0, K 06", “WREWR
BLO 5% WENOLEMETLHRF A MREIRT A B
DGR HER L7zo SEMBIZED 6, “IlfE" Gefh & T
WINTHRED L VITAL Mgliowmza bl $sL, ¥
) A RN E S OR T EASR A IS - 720 — T,
‘MR SRR L K ORIMEE AR LT B L, TV
ELLY—1lh otz KOBEFEICKST L (K037, b
EDOV)ARNTORIREENRQL 2 %L, Y)Y ART LT
FRFA POWFERPEELZ (K64). ThbnZ &y
5, WT A5KOBOAZRST LR A b OBEEFIE
WRELRD, ZORKREHR T A ZD/NS VRS A B
BEETHEELZOND,

B 712K 03" DM TEM{§ &R 3. ZDEH» 53K+
A M OWEERIE, TV A ERTE D S BAHIRICKE T 2 8T
Wb, £z, VT — NEOEL D ITEMAEE L

K5 A7 rIA MMEEY) AKFO (a) TEM & (0.2um) LU (b) SEM (0.6 um)

M6 #KRF MEBEDUSKT: () "WE (P) ‘@& (B K03 D SEM&
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7 YRFA NTHEHELABKY Y AR EHF K 0.37) OlE TEM 14

dy ORI LTY—=bOH A4 21301 - 02um TH
0D, N7 MJ4 Mgk (SLThEIXS2) LT 5E, b
BCREFREBETH LI LD 5,

K037 & 2C2C, N i & O BUS & FE i L 728G R,
2Cs2C, N D W # £ 12 0.11 mmol/g TH - 720 M D K
IBETWEDARXZZ A4 N (F=ETF, BXUAAZ Y
SA)BIUANZ M I A4 MBS HRT (SIS LTHAT
W, BONTBKIEY E n-~NFH s, B
TVELNT VEZTATKMLIZARA T ¥4 ME, n-~F
U EOMBIEEETER BT 2 2 6 Tn
Bo MDA RXZ 7 4 FOYETIEZn-~NFH IZBEL,
KEOWMAAHA NI —H, PRFAL PBIOAZ T
FAMNTHELLYY T (ERZENEE K03 B LD
S BB HE Lol KSIZL ) FFF— N2 L7z
REHIX T % n-~FH L ORLAE (25 T) OREILE RT,
Wi P EE (C)) 2L, ThaiBBEEC/C =qa
(1—-¢"; (72721, ti3fmrsi [h], eB LIz
WCER L7ze ZOREE, 5oy PiaEE# 23 bt
HHRDOARAZ 4 FTREVDICHL, $RFA4 NCHHE
L72RF- TR L, JFlcAy b4 N THE LY
ETEFELLNEL, eI2FFF—NVORENRTDLDTE
W2 EWbhrolz, TROARXZ % 4 FTIE, n-~FH
W LEMAE LR LA 2 XML T, v/ %5
T = VOBENEL, —HOWENTFTIE, n-~"FH T
ERIBEE L TWwaAEEZONLN, LA FIAL D
it YU AR ETHEISHERIELTwD 20, TlRA
A7 A MO L) REREEIIREZ ST, Sz WL T
)X FF—NVORENEBNEFRTE S,

Ul kHiz, YU AEREEDZ X2 & 4 b OMRESRIX
g+ v BLOGEYTDOL VY —H L —Y 3 VRERRT
W, BERDAAZ Z A4 MZHALND L) RERBEEL %

X8 HKMAXTAA4 MIRBEINE/XFFF
—ILD n-~"FYADEEE (25°C) DRFFEE(L

R5 B/ XFA-ILDn-AZHUADBBER
HpL a b R

~NTMTA MY 38 0.0011 0.994
FRFA M A 098 053 0.998
A X7 h¥SA 0.95 1.3 0.989
J=Z¥T7TF 1.0 0.74 0.995

TN 2C2CN" 2 S, BUKL L7230 TH %,

WEWIH) FFEABNT, BT VFNLT VBT ATHIK
L THNT 7 4 VROGHEBEETEE 2 LIZRIEEL o
Sz, LhEfmEM L LTy ) 7 — bOREREDN W
HEoONY FY vy rMIcER, poRRMARIE S % R -
s hs L sh s,

4. ¥ B

1) 2427 %4 boREFGERIRY Y H, &R, KE) 2k
MLUTRDALZTT, YUD-ARX7 5L VEERT
BoND, ML DY A ZDFHIRT ) A2 HVTHHE
HTE L, 3018, FRICLIZEHLRWR(HRF AL M)
THERTHETH L Z BRI,

MESNBEER T2 D4 4 v (A + PR
TH], RS LMWL H Y, BT TOIOK
BBV, RTREDAAZ ¥4 MIHFE LW &
Wbrolze RIRVU D EHEELLIZARX T 5 4 MO
Fidhid, PV ARFRREEEICESE L TBY, KB
TORIBICBWTHNY R v ZEIER-~ 4 7 Ok
TTHrHrEWMMTE L, T2, WA+ rERmEER T
BiAKIEL723 ) AERIT EDA X2 74 N, ST
Bl:e /) FF4—N)2laE L. ) AEkELIZBW
T, AA7 74 Mgzt BEIRE S 728Uk bk T
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Zinc oxide that has the photocatalytic activity is used as white pigment for cosmetics. A certain degree of sebum on the
skin is decomposed by the ultraviolet irradiation in sunlight. Recently, as a white pigment, zinc phosphates were prepared
from zinc nitrate and phosphoric acid. These zinc phosphates indicated large particles in size for cosmetics. Generally,
the kinds of raw materials in preparation process have influence on the chemical composition and powder properties of
materials. Therefore in this work, zinc phosphates were prepared from sodium di-hydrogen phosphate and zinc nitrate,
and from sodium triphosphate and zinc nitrate. Further, the obtained phosphates were treated with ball-mill to obtain small
particles. These zinc phosphates had less photocatalytic activity, therefore, these materials are expected not to decompose the
sebum on the skin. Samples treated with ball-mill had smaller particles than un-milled sample.
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B bR ARERE LTHY SN TV AT 5 >~
REALT S 2 A L TB Y. B2 &L HL
2N 5 L RIRE SRS S Y, F0lo, By A #FIC X
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PEZDOWTIIREA DD B 05, ZOHICIERILT & ~
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DOENTWVWD, 2T, ROWIZEE TR, BbF5 . 8
LHENC b A F B A MER & LT, el 2 F57- 7
WY VEEFF VY Ry VRIS T BRI O W THRE L
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HLBZVABERZ2E57-0121, ZhITHHIhTZ
Lot AbEWEBH L TV 2 BB ETH L, ) VI
EIEARBAEZELTHY., K2EHLRT V. Bk
LU CE 2 EMTH L, ST TY YBEHOMR AT
STELEZA, HMBEIEEZ L 22w, KTHA X
B10um P e B bR T%2 % {HATWZ, — S, Wk
VEBF DR 2 26 S8 2 2 LIC X 0. AR oMK H:
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Particle size control of novel zinc
phosphate white pigments

Hiroaki Onoda

Faculty of Life and Environmental
Sciences, Kyoto Prefectural University

TIRIGEENBND 2 DD b, T, WM 2ok el
HEATH T &I X R T oMb —BIc L {fThbhT
W3, FZTABIZETIZ, UV LTI hETHWT
AVERIING 1] %KTU/@ FrITABHENEINYY ¥
B b A2 T VRIS R O % KA 7.
MUY T MY ANaP0 lE 30D Y v ERIE AN
RIS L7Mie ) Y IRIETH 5. fiifr) o~ BRI
ALTwRWIIVY ) VEEREE R 2WEEZ DO LD
720, KRBV THIME ZITo72, 61T, Hoh
72 VEEHS A BEEII O W TR — L IV E W TR E
TR MATzo

2. ¥ B&

2.1, VBENPEEFMOER

THRMLER AKIAIR & ) YR IKFE—F MY 7 AKEBRE %
In/P=3/2L%5XHICREL, TVE=TAKEHNT
pHS BX O 7B L 2D Zn/PldZn, (PO, &% 5
IO TH D, BoNibEE A, ZIRT 52

X0 VERIESER S, £ OO pH
BT DR VRO ER L7225, 20RO pHIZ 30T
Holze FONEHTOVT, X#EMPTEE (XRD) 12 &
0 KRR 2 R L 720 & SIS — R & AR I iAR X
B, AT T A~ (ICP) # W TEE D) v &
ot HM L7z, B ok TR IRIGEARE T B
(SEM) #HWTEHii L7ze F72. KFH 4 X ;tubdi[&p
KRB ESATNE R EZHOTEM L 720 AFL Y TN —
i SOR % R LCy R o el sk % SE4 L 72

2.2. WAV CBREZRAWEUCBRERAEEFOER

MU YEEF M) AR VEBESAKE-F NI TAEY
VEEKFEF MY T LR L 20 TRAL, 400CTH I
MET 22 EIZLDER L, oMY Y VB b
Uy A LR HSROKIEE E # Zn/P=5/6 £ %5 X 92K
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L, TYE=ZTAKEMOCpHT ICIRAE L2 2D Zn/P HLR3 v,

(ZZn; (P30y) , £ %2 LI ICLDBDOTH L, F5NTzIE Fig. 21213 pH 5 TIER L 72508 & BRAL i gh 0 SR A4 nT 1
Bz A, WY HZEIZE D) VRIS 21572 W P AT RV ERT . BRALHS I T HEEIC BV TRV
BHE 2. 1 IZRGE L7205k & FARRIZEF L 720 PR ZRT b OO, FIMEHM TRV SR L %2> T

Who —Ji AFZETIERL72) RIS BT, &
2.3. UrERERAEEMOMMEE ST S SRR Z R LTz, 202 LIS

21 ODpHSIZBWTIER L 723 E 2 K=V I NIT LD LREEZ L5008 E LTIEFICHEHTH 5,
12, 24, 36, 48 KERALEL L 720 R —)v I VALEIE, AL, Fig. 312 A F L v 7V —O5REIE 2 FIH L7300
KEFT Y 7=, FEET NV 7 LOKEWE A & BRI 2 7R 9. MEIWOLE N HFMII L2 A F L T
L7238 2D W TGS Lzs FLlE T MU &7 2K, K
ET0%FLEEF MY T A BKFETO:1,7:3,5:5 TRE
L7z e v 7z 3RHE 2. 138k L2 i & kRIS
FEA L 720

3. BRBLVEE

3.1, VEEMAEEHOER

YV UBIAKFZE—F M) ARERE L THY, ZFh
D pHIZBWTHE L 7230 @ XRD O 5 % Fig. 1 12777,
T OREDY) » BRI SR IUKFIY) Zn, (PO,) , - 4H,0D ¥
— I RF— 2 ER LT, $72. ICPOREETIZETORE
DIN/PUNISMNETH o720 TOZ S LRBOE
KA SR U KA TH D 2 L A HEFRT & /2o pH
5 TR L 7230k I D B — 7 RED R <. RO E L
TWb I EDVGhb, §BEMETH S pHS TER L 22308
A DA PEDS R W &, ALRESHEE S LCHE L T
5o DHINIME 2T o072 YIBF & VIZTENVT 7 AL R
0. XRDIZ X 2 & S ERRDS T E e hr o722 LA

BEL ) VR SR AR RS T X B 72D TR F) Fig. 2 UV-Vis reflectance spectra of sample prepared at
pH5 (a) and ZnO (b).

Fig. 1 XRD patterns of samples prepared at various pH, Fig. 3 Photocatalytic activity of sample prepared at pH 5,
(@) 3, (b) 5,and (c) 7, O; Znz (PO,), * 4H,0. (a) blank, (b) ZnO, (c) sample.
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—DRAFEL 5 THB Y RIS X o TRAFEIK
T B EOMBNE DB B E VD T LIk B, BALHS %
WA TREATFL Y TV —DREENT0%LEL T
KT LTBYRMEEEE /L TWD 2 L5055, )
¥R SRR CIARAERAME T LB & Fuitinrk 2 A
LTWiaWnwZ L5 Hh 5. Fig 3 TRRENZREIZOV
TOARRLTWEA, RIFFE TR L 724 T oMkl
BUEEEZ G LT ole SO RIS L TEN
MM 2o THRIEZ ML 2 vABERE LTHWS S
LSTELIEERLTWV S,

3.2. AV CBEBEZRAW:Y CBEREGEMOER

YUY UEEF MY T ARERE L 2EEHE unknown @
XRDE =27 /8% — V&R L7cs T Zns (P,0y), DT —
FR=ADPHEEL BV EICE B LEZONL, AFZ2D
wHE2L Ly ICPIRE D4 E, Zn/PHiZ 083 TH 5
e, oT. TOMEITHEILTH S Zn/P=5/6 & —
BLTHED, WRLE) OREIBEONTHEEEZE LN

Fig. 4 SEM images of samples treated for several hours (without milling media) ,

(d) 36, and (e) 48 hours.

720 SEMf&TIix. MUY UEBEFRE L L2z URHN S SRR
ZIEELTHB Y., KESATIE 10 um M E oK & 2k 1
ML LA L T o AV AR SV ERIET 5
&L OBRAVREEI D KB LTBY . ) R E R &
L7zl e BB RSN otz Th20 AFL YT N—
RO BT, N Y YEEF R Y
WY Bl = REEN i A Lt S T Rl A A A/ 4
ACTER REHTH MUY VEEF MY 7 A% EEE
L7z v R A el 2 OMBGHT 2 1B W Tl A2 %
MEPLETH Y, /o BEEALZEE LR TWEEDSD
P HHAMERE LGELTES Y., SEHENK
HHND,

3.3. UCEREIRABEMOMMEIL

3L ITBWTY YEETKFE—F MU 7 A LAY S A
R E L72Y YRS OWTHRRT & 7225, RFH A4 X
BREVEV REDDH B2, K= I VI K DI
FiE4T9 2 L2720 Fig 4R =V I VIZX D LFE L 72

(@ 0, (b) 12, (c) 24,
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RIZBWTH, IV YR FHA ZDNELL % 5T
W5 EDHERTE 720 RIIETIE S SITHFh#IE LT
KRPLY )= VT I NI EIT - 72, ZORE, K
RIS VS &L 12 BB OB BV T 10 um BL
TORT 24 ELOI L. =7 /= VERERE LY
AT 10um L FOR T2 h otz 2. HRED
FUEE S MU v 2K A BRBIAI E LTHWAZ EI2X D,
HAHIZE W Sum LF /NS ki 744 X% b Ok %2
AT ENTET,
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Protection reagents against ultraviolet lights based on the Bragg reflection at the optical stop band of colloidal photonic
crystals were examined. We found that the colloidal crystals composed of monodisperse polystyrene particles with the
particle diameter of 160 nm could reflect the lights below the wavelength of 400 nm. In addition, we examined a method for
preparation of microcapsules with the colloidal crystal shells by microfluidic techniques.
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Preparation of ultraviolet lights protective
microcapsules

Toshimitsu Kanai

Faculty of Engineering, Yokohama
National University
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Ti and Ce ions doped calcium hydroxyapatite (TiHap and CeHap) particles were produced by aging Ca(OH),, TiCl,
(or CeCl;) and sodium triphosphate (sodium tripolyphosphate, Natpp: NasP;0,,) mixed solution at 100°C for 18 h. The
ellipsoidal secondary particles with ca. 100~150 nm in length composing by aggregation of small ellipsoidal primary
particles with ca. 20 nm in length were produced at atomic ratio of Ti/(Ca+Ti) [Xy] =< 0.2. The in-situ IR spectra of these
TiHap particles exhibited very small bulk OH™ band at 3570 cm™". This result indicated that the TiHap particles were
produced by aggregation mechanism and OH™ ions along with c-axis in the poorly crystallized primary particles were
disordered. The diffuse reflectance UV spectra of TiHap particles revealed that these particles have a UV absorption property,
especially produced at X;=0.1. The morphology of the particles produced with CeCl; was changed to rod-like with ca.
50~100 nm in width and 100~300 nm in length at 0.1 < X, =< 0.2. Furthermore, particle shape varied to needle-like at 0.4 <
Xc. = 0.8 and finally fine spherical particles with 5~10 nm in diameter were precipitated at X=1.0. The XRD patterns of
the particles indicated that highly crystallized pure CeHap particles are produced at X, =< 0.2. On the contrary, the needle-
like and very fine spherical particles precipitated at X.=0.4~1.0 were identified as CePO,. The time resolved TEM and
XRD measurements suggested that the rod-like large CeHap particles are produced by the Ostwald ripening mechanism. The
diffuse reflectance UV measurement indicated that CeHap particles have a UV absorption property, especially produced at

X.=0.15.
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Fig. 1 TEM micrographs of the particles produced at various X+ values. The upper and lower values in the picture represent pH

values before and after the reaction, respectively.
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Fig. 2 Particle and crystallite sizes of the particles produced
at various Xy; values. The particle lengths ([1. O ) and
widths (I, @), respectively. The symbols ((], l) and (O,
@) are the results from secondary and primary particles,
respectively. The crystallite sizes from (002) (&) and (300)
(A) faces are also plotted by dotted lines.
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Fig. 3

(a) XRD patterns of the particles produced at various X;; values together with those after

treated at 1000°C for 2h on the particles produced at X;; = 0.4 and 1.0. (b) XRD patterns of the
particles produced at Xy = 0.15 before and after treated at 1000°C for 2h.

Fig. 4 TG-DTA curves of the particles produced at various X;; values.
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Table 1 Results of elemental analysis for the TiHap particles

produced at X;=0 ~ 0.2.

Fig. 5 Specific surface area of the particles produced at various X;; values measured by N, (S,) and H,0 (S,,) adsorption

experiments and their ratios.



A X MAY-ME#RE Vol.23, 2015

Fig. 6

(a) In-situ IR spectra of the TiHap particles produced at X;=0 ~ 0.2 and (b) in-situ IR spectra of

the TiHap particle precipitated at X;; = 0.15 before and after treated at 600°C for 2h.
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Fig. 7 Diffuse reflectance UV spectra of the TiHap particles
produced at X;;=0 ~ 0.2.
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Fig. 8 TEM micrographs of the particles produced at various X, values. The upper and lower values
in the picture represent pH values before and after the reaction, respectively.

Table 2 Results of elemental analysis and crystal form of the particles
produced at various X, values.

Xc. Ca P Ce Xee  (CatCe)lP Crygpal

formula

in solution (mmoel/g) (mmol/g) (mmol/g) in particle in particle

0 9.646° 5.384" 0 0 1.79  CaCetlap
0.05 7.536" 4.239"  0.676  0.09 194  CaCetlap
0.10  6.439" 3.651" 1.194  0.16 2.09  CaCeHap
0.15 6.284" 3.095" 1.68  0.21 2.58  CaCeHap
020 5.955° 2.859" 1.928 024  2.76  CuCeHap

0.40 0 2333 3372 — 1.4 CePO,

0.60 0 2153 3540 ——  1.64  Cer004m0

0.80 0 2.961 3.750 _ 1.26  CePO,-0.4H:0

1 0 3714 3.832 ——  1.03 CerOos0smo
9.954" 5.972" 1.67"

Fig. 9 XRD patterns of the particles produced at

* .
various Xc, values. Theoretical value of Hap
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LS, FICPICBWTEoMIEm Roh, oh LTz, ZHhid, CedSTPP OIAS R % Bl L7720
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EEZONL, WFHo X ofEiE, BB Zh
DB REDPo7 (CatT/POMEDILEETRILTH 5
167 X W EWV, 2, TIRIR & FEBEIC, wWIinid
TPP OIKGEH A T2 Wiz, FFRANDOP OELY A
ABLnwnLEEZ LN,

Fig. 10 1213 X=0 ~ 1.0 T & 1L 72 CeHap &2 & VI
CePO LT DX NV THR—TF 4 » 7 THE L 7z in-situ
IRARYZ M VER L. Xee=01ZIZWEOH A % » Dk
IXA%3570 ecm ™ ' I2BIA, 3648 cm I hF IS KD -
OHDWINAR 5Nz INHIX. ANISHAHEL TS
3659, 3673, 3632cm ' ICHN B EHP-OHD 1 oA Bl
TWV2HDEBbNL ", X AT 5 & 3570cm ™' @
WX E9< %2 0 Xee = 0.6 THK L 72 CePO, fi T TIXiH
JeL. EMP — OHDWRINAS 3637 ~ 3669cm ' ICHIN 5 X
Il olze TNHOFRIZ, — KK T-2VNE L el )i
ANOOH A 4 Y OBRIMENEFITIRTTLE LI, &
MP-OHDKRELREKELTVWEZLEZER LTS,

E 512, Xe=0~ 02 TH 5 N7z CeHap ki F D LRI FER
e Z RS 7280, IEHE UV 21T o 70 £ DORR
% Fig. 11 128 U720 Cef 1% 4 { & % %\ CaHap (X =0)
TIRAE LIRS N2 05, Xee= 005 DY ¥ 7L Tlid,
WD 240 — 400nm (2 0P = Ce’ OEMBENIC X 5L
INASBLAL, BRI X=015 D H » 7V T b RV IR ASH,
Lize Fon TOWNEmEELLGNY F¥y vy T2 R
ol h, 32~33eVTholze TNHDNYF
¥y v 7I1ETiHap® 39 ~ 41eV & 3 5% & LKW AS,
CeHap i b 227 ) S WERAMRIINGEZ BH 55 2 & 2559
Ho7ze —H. Xee= 04 D CePO, BT TIEWOGEEIX 0.1 B
TERY, 1TE A ERIEWINEED N & 23D o 72,

C
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Twelve novel peptides (Pxt-1 - Pxt-12) were isolated from the skin of Xenopus tropicalis using topological mass
spectrometry analysis. Among them, Pxt-8, Pxt-9, and Pxt-10 were N-terminus of Pxt-1, N-terminus of Pxt-3, and
C-terminus of Pxt-11, respectively. The Pxt-3 and Pxt-11 peptides shared significant sequence homologies with magainins
1, 2 and levitide, respectively that were all isolated from X. laevis. Pxt-12 was identical to the X. tropicalis XT-6-like
precursor previously isolated by ESI-MS/MS. None of the Pxt peptides contained any Cys, Asp, Tyr or Trp, while Ile, Leu
and Lys were frequently found as typical frog-skin peptides. RT-PCR analysis confirmed the gene expressions of Pxt-2,
Pxt-3, Pxt-4, Pxt-5, Pxt-7 and Pxt-11 in X. tropicalis skin. Several ion peaks corresponding to all identified Pxt peptides,
were observed with MALDI-MS analysis of X. tropicalis secretory fluids, collected after in vivo stimulation which suggested
that Pxt peptides were definitely secretory molecules. Circular dichroism studies and the Schiffer-Edmundson helical
wheel projections suggested that Pxt-5, as well as mastoparan, at least, could form a typical amphiphilic a-helix without a
phospholipid or a membrane-mimetic solvent. Moreover, Pxt-2 showed growth inhibitory effects on both E. coli (Gram-
negative) and S. aureus (Gram-positive), at MIC values of 50 and 9.7 (ug/ml), respectively. Measurements of dynamic light
scattering and the surface tensions of Pxt peptides solutions suggested that both Pxt-2 and Pxt-5 could form associations as
micelles and behave like a general surfactant, affording critical association concentrations (CAC) of 38.1 and 57.3 uM, with

Yeac 0f 46.9 and 38.3 mN/m.

1. #

W AFHDREETH B B T INVIFFHRIZET 72, KB
Do 72BEVNEROFRLTH 5, EIGFNIZHETH 5
P A Z SIF A ATV, KB THER LT b RIS
A EMMW 2L, BEEOAEESTREE D, BEL -
KHEETERLARVESEF LTS, TOXHICELRY
KPP DM DEREEASERBICHETH L0, HTIVYRIE
MEFILOETLEYEHEICEL Y, mEEREITER L T
Wb,

—Ji. RIS - i - NGWROBE2r 6. v
A OWZEM R LTHOWONTE 2, L - KR
HAENRBEEITERTHI NS, MEYSEOBRICEX
NHNEEZEZOND, TORRGEREIZHD S IES KT
TWAHZENo, NG zRIELTWwWAEEEZON
T&7o FRCH TV OGP H RS L W L 5,
N F THMEBEBENE DT (DU 7 F F55) A3 0§ 72 & Bk
SNTE e TN OFRBEMES T3, BE T HLAR OB e 3
NAFT v, WBHEZRYEL, ¥k [, GETE
GRS TbIRTE 2 Ve —75 1990 £ 7% ) Fi 72 7%
ST —=NE LT M) v 7 ZAHEL ——JiiEE4 + 1L
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Global exploration of functional biomolecules
from amphibian skin
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BESHE (MALDI-MS) % Electrospray 4 #+ v L& &5
Wrat (ESIMS) 23835 L7ze £2°T TSk oin
Ha TR L Twb 9 bid, Mk A % v MALDI-
MS #4719 & HERNIFER. O FIAETEL THWAHRTF
FEQ ARG 20T R 7a7 74V E L TERMICK
Hc&sz k% HAML. [Topological Mass Spectrometry
Analysis (Direct tissue MALDI-TOF MS) | &4 L7272
AFHRIIERESTECEME L, N1 37 v 1 RReH5tE
W7ot A USRS T OB R WREL Lz, 2 O%
R WP LB O OHERGT O HEER A T AR S5
DG RETD 5o

ZFITARHBFEIIBVT, WAEHZRET LT VORE
& % Hl v T, Topological Mass Spectrometry Analysis
(Direct tissue MALDI-TOF MS) ZERfEiL., R7F F&
DHHARGF 2 RN IER T H L 29 L 72,

2. ¥ &

2.1. ATV

FEBICHEH LV (2T, X AFTIV)IC
DWW, KRBRAF M T, F T o 2 o0 H T A L 72
T INVIIOWTIE, A BRFEMA ST iR &
B EN S L CTIHW . &y ¥4 Y A BTV (Xenopus
tropicalis) \IH RS - BEFEBAMRAWTERT DHERE L T
% Nigerian &% H L7z,

2. 2. Topological Mass Spectrometry Analysis (Direct
tissue MALDI-TOF MS)
M) R D R, AR OK e B AR LA
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RO T & {MELN LA IL. MALDI-MS (2
BWTHBDOA A M2 HET D, —F, BEERISNTET
AR I N FHRLFERA R Z AU ICISHT 5 &, 2
EIEOBERTHBIZESHERETE v, 22 TY i
e LT AMAEEKICE 28U 2 A7, ML
TR R (MW R F I =T v 7 ) & 04% EHAKT
HABUI L, —20CTZ U+ A% v+ (CMI1850 cryostat,
Leica Microsystems, Germany) % >, 30 ~40um ®
JE S oG 21 L7z. 1E)1% L7280 i MALDI-MS H
P TNTL—MIEE, M) v 7 ZAEBR (10mg/ml
CHCA in 50% acetonitrile + 0.1% trifluoroacetic acid) % #
MU78. HHIZBNI - 720 KIS MY v 7 AERE T
BERML, B2 T THEE ML L. MicroflexAl mass
spectrometer (Bruker Daltonics) ZHWw, J =7, K
714 74 % ¥ %E— FTMALDIMS %€ %47 72,

2.3. Xy BALIYXAHIIV (Xenopus tropicalis) B EH

EXTFROT I/ BBESIRE

Ak @ Topological Mass Spectrometry Analysis (Direct
tissue MALDI-TOF MS) #H W<, f#ohzoTmaeds
BS, 2y AV AT TIVOREEDS, it 7V
o< b5 74—, HPLC IZ X A ¥, ESI-MS/MS f##7,
7 — & X— 2% (http://www.xenbase.org/genomes/
blastdo). 70T 4 ¥ ¥ =2 Ty H—12X 57T I BAES
REEIT- 720

P ILIRATINVDRZ G %, 7+ A7 v b (CM1850 cryostat)
Z H v 10um (2 A7 A4 A L 72, 50% acetonitrile+0.1%
trifluoroacetic acid & T, 4C. 5 B 2175720
D % i %, 30% acetonitrile +0.1% trifluoroacetic acid
AT b L 72 Superdex-30 # S A2 a< b7 5 7
4 — (GE Healthcare, 500 % 3mm id.) T4-#E L 7z, 500
~ 3000Da ® %1 & ® mid fraction & ¥ & (238 4] HPLC
(Gilson HPLC system, 3> —, TSK gel ODS 120T, 5um
particle size, 250 X 4.6mm id.) T 0.1% trifluoroacetic acid %
& e acetonitrile 75 VL U b EHWTHE AT 5 72,
WL 727527 3 VIdkiK, MALDI-MS (MicroflexAl
mass spectrometer) T/ T DR %ELT o720 F72 ESI-
MS/MS f#dTiZ. HPLC TH#E L7z > TV, &5 Wik
WLy T NE M) T UELLwEEH L, LCQ
Fleet (Thermo Scientific, MA) % JH v TAT - 72, LCQ
Fleet 121%, LC-10 ADVPy & > 7 (B#t B{ERT) & A L C.
0.05 (ml/min) @ i # T 50% acetonitrile +0.1% formic
acid M CTH » TV EAM LIz, A+ Y ATV —DEL
& 5000V, MS/MS D 53 #1 DB o i 25 = & )V F — 1% 30V
T 3MliOHERA + v OMMO/DICEHEL, BRI T4 74
v E=FCUEERITo720 7UTA VY =7 V¥ —
13 PPSQ-21 (BEEET) #H W, WETHL T K< V4

fRETHMN Lice 70 T4 =02 0 —ROEES
hroEohlzT IV ByREENT—51E. 7—FX—
At (http://www.xenbase.org/genomes/blast.do) & O°
(http://www.ncbinlm.nih.gov/) ZMilF%ERL T, 73 /
FRHECH % e L7z

2.4. EIESNENTFFOEHEERK

g SN/ TF FOWHBHD 20, LFERT 553
ZilATze T F FOLFEE KL Fmoc EAMAHE K2 FIH L.
PSSM8 HEj~X7F N EEE (BERIEF) 2 HvwTiT-
720 BT T FOREEILMA HPLC (Waters 600) % fii
AL, #5212 5C18-AR-II (Cosmosil, nacalai tesque) %
fEH L. 01% trifluoroacetic acid {2 acetonitrile ® 7" ¥
I FEHOWTHREEZIT > 72 BEHOMEEIE MALDIMS
(Microflex Al mass spectrometer) MW, < 1 v 7 At
(10mg/ml CHCA in 50% acetonitrile+0.1% trifluoroacetic
acid) ZfEH L7z,

2. 5. A=ta44%981Et (Circular Dichroism, CD) % F\>

F=RTF RO E #REE

[ S N7=_RTF FOBEHEP TOZRMEEZNET 572
DI, HARGEM k548G J-820 % v CllE 217 -
720 BT F K& 10mM Tris-HCl (pH 7.2) O#Efrii2
50uM OEEICAR L, JEHEEAY 1 mm DM AL %
Mz, WESLEMO/NY FiEE Inm, L AR ¥ Z1d 4sec,
WP IX 190 ~ 255 nm. 7 — ¥ BUARIFE X 05 nm. &
A3 E I 20 nm/min, FEAERIEUE 4 FHZE R LTllE L7z,
HEWEE X 10, 25, 37T EO=2>0% % 5 RETHNEZIT

07’: 3)0

2.6. AEINEXRTFNOREARGBMEMEDBITE

Escherchia coli DH5a. (775 4 [&%:) & Staphylococcus
aureus JCM2151 (7' J &aktE) # W CHE SN
F FOVHEEEOME % 1T > 72 T3 5ml @ LB (Luria-
Bertani’s broth) ¥7#C 37C. 15 K. 160rpm CTHiH; &
AT o720 T O 100 pl OFFHIET 2 B Y\ ARF 2 O8R5 (5
ml LB ¥#th) 1SHE® L7z 37C. 2 ~ 3. 160rpm T
¥ L. ODgonm 205 AEIC F TR L 72, Z ORI
AR TI00 FARL., TON0ul 2H 50 L
NTF FEHGRL T50ul 2 ANTH - 72 96well plate
WZRIMLT37C, 24 BT L72e RTF FIIRiiRIZ
150 pg/ml @ 8 BeBE @ 2 f5 A B /il EE 0.6pug/ml 127
W7o, BREBOAWKIIYA 70T L= ) —F—%ff
JAL. ODgsnm O CHlZE L 720

7 v FOEMIIKT B % S N7z TF FOBEMEEL,
i & O LI - THio 72 Y



2.7. AESNEXRTFROFREYHERE

FAMEGHR LzZNENONRTF K28 15mg Ml v U,
AR 15ml Z 7 L7225, 89 <5 2 &I &) B
SR/ WIS, TORBHEZBEEMRRT 52 LI2L - T,
BRI DT F FREW 215720 KT T FREHBO
FWRNE, AR IR AR &4 3 o DropMaster500
EHWT, )y &y b Fay 7R, 25 ETHlE L7z,
B, TOHETIE, FYESY - IR SELHHO
TR A AT LC. KRR % 15 % 25, f#HTI21E Young-
Laplace % v 72,

3.4 R-4 £ =

3. 1. XTFRDEIRE

KEAF T, T ELZOHMTHE L2 2~
TV, ARA IOV, ) R A BT 28 it 5 A S it
G- LTHEWET Y F VO R E % T Topological
Mass Spectrometry Analysis (Direct tissue MALDI-
TOF MS) %%}l 7z ZOKFE, M/ F T VT
(1611.2, 28114, 3105.9, 3769.4, 4601.1, 5149.8, 5652.5, 6952.5,

Fig. 1
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77175 m/z), XX HF TV TIE (21740,49983 m/z). 7~

ATV T (11019, 1845.8, 2327.2, 3265.9, 4977.7, 65374 m/

2)FEOHTAF =i E Nz, L2 Ledrbng

NOERES TV 7 MEFAITONTE LT, ThEh

DE =27 OT I 7 REH] 2T 5 OIS TR S Mz,
Z 2Ty WAEBTHE—ST ) AERPET LTS Ay ¥

A2 A H T (Xenopus tropicalis) (K1) % Oz % BT

Topological Mass Spectrometry Analysis (Direct tissue

MALDI-TOF MS) # %Hi§ 5 Z £ 12 L 720

H2ICRT LI, A IAVRARTINDF I <Y
¥ 7 ¥ (tadpole, stage49-51) % Fi\>T Topological Mass
Spectrometry Analysis (Direct tissue MALDI-TOF MS)
EIToTd, ARG TAFT =73 IEBEAEREEN
Bholz,

— A TSRO NIRRT T FEO A MG
PRTF Rk, ARCHRT200TH2 % 7T v
BRxgiE (Fy=Yx ) LBRRTIIRESCRLE ST
B EER GEAR) IERBIET 2w eI N v,
FITHBED R v & 42 XTIV J#LRE% M L <.

Xenopus tropicalis
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Fig. 2 Direct tissue MALDI-TOF MS spectrum of the hormones from
the skin in Xenopus tropicalis tadpoles
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Topological Mass Spectrometry Analysis (Direct tissue
MALDI-TOF MS) (V=7—, KIYT4 T4+ E—=F) &
To7z20 ZOFRER, A v ¥ A X HTIVTIE 1000 ~ 3000
FED m/z \ZEHEST A+ Y E=r sz (K3),
k12 Topological Mass Spectrometry Analysis (Direct
tissue MALDI-TOF MS) Tfoh/zgT A+ E¥—2r%
RS, A ZA VAT IVOEEIS, AHEBEIZX S
WH, ZViE#E2s o< 275 7 4 — (Superdex-30), 3
M HPLC 12 & B K8, ESI-MS/MS f###r, 77— & X— AR
REeEL 720 ZORE, Pxt-1, Pxt-2, Pxt-3, Pxt4, Pxt-5,

) (Pxt-d)

Table 1

14000 ~
1 (Pxt-12
12000
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>\‘ -
% 8000
Z (Pxi-1) Pxt-2)
D -
et
= 6000 l (Pxt-5)
(Pxt-10
4000 < (Pxt-9) (Pxt-11)
1 (Pxt-8)

2000

Pxt-7 ® 6 DO T F FEEL72. 72 Topological
Mass Spectrometry Analysis (Direct tissue MALDI-
TOF MS) & T ¥~ Ua3fhiz it L. Pxt6 OFH#H AT
FRZPRE LT Pxt6 2OV TIEF— 7 R—ZARFTH
Ly bLARWIEDRS, 7/ MENTTH DNA BLY 25 5
ENTVRWEFITHA I EHIRE IS (Tablel)s F
72RT-PCR # T, £XTF FOBETRIEME L
7oL ZAHh WECHBICHETEIASRD N, F7-
v FAY AT TNV, RS X0 R oIk
DHWHEEBNTZEVPMONT VD, D5 UK % H %

(Pxt-6)

(Pxt-3)
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Fig. 3 Direct tissue MALDI-TOF MS spectrum of the hormones from the
skin in Xenopus tropicalis adults

Seguence, monoisotopicmass, and molecular charges of Pxtpeptides from X. tropicalis skin

Peptide Sequence Monoisotopic mass Molecular charge at pH 7
Pxt-1: IRPIPFIPRGGKT-NH, 1449.8 3.0
Pxt-2: FIGALLRPALKLLA-NH, 1493.9 2.0
Pxt-3: GLKEVAHSAKKFAKGFISGLTGS 2332.2 3.0
Pxt-4: LKGASKLIPHLLPSRQQ 1885.1 3.0
Pxt-5: FIGALLGPLLNLLK-NH, 1479.9 1.0
Pxt-6: IRPVPFFPPVHAKKVFPLH 2225.2 31
Pxt-7: Pyr-GLIGTLTAKQIKK-NH, 1479.9 3.0
Pxt-8: IRPIPFIPR 1107.6 2.0
Pxt-9: GLKEVAHSAKKF 1313.7 2.0
Pxt-10: LMGTLISKQMKK-NH, 1375.8 3.0
Pxt-11: Pyr-GLMGTLISKQMKK-NH, 1543.8 3.0
Pxt-12: NLLGSLLKTGLKVGSNLL-NH, 1839.1 2.0

— 44 —
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Fig. 4 MALDI-TOF MS spectrum of Xenopus tropicalis secretory fluids

MALDI-TOF MS Tf##t L7-& 2 A, Pxt peptides 5[
FelCHeH 72 (K 4) . > % D Pxt peptides (i1 3 45k
ENTWLZEDHRERTE

3.2. AESNEXRTFROBEHEEK

Mg &Nz TF FOEMAEIE Fmoc FAH G W%
2 L7z (PSSMS HEYR 7 F FE RS, S yEpT) .
Wit HPLC T 4% # %, MALDI-MS (MicroflexAl mass
spectrometer) # AW CHBEGOMEZITo7-L 25, I3
TG TH S L MR L7,

3.3. AEINIENTFND 2 REEEMHIT

FESNLXRTF RO, KDz IZ, Pxtb D
BL% @ ReversePxth, 77U H Y AH T IVEE L O H
B S NZZHW X T F K TH % 7% Magainin 17% RUTA X
ANFHEFO—FHTHREY L2 WBEETF FTH 5D
Mastoparan” Z &M L, H—ICEF TH#E L7z, 2hbDX
7F N ORISR & SN ST 5 72002, Mk
G J-820 (HAZE) ZHWTHEEZIT> 720 €O
R Pxt2 O Pxt5 IZMBEMEDOT VT 7 —~) v 7 2 %
T 5 2 & HVHIBH L 72 (data not shown)

3. 4. AEINANTFROMBEEMSRE

Escherchia coli DHSa (7 7 A Bk K W) &
Staphylococcus aureus JCM2151 (75 ARt - #fa 7 F
2 ERIN) OMAEW % T, Pxtl, Pxt-2, Pxt-3, Pxt4, Pxt-
5, Pxt-6, Pxt-7, ReversePxt-5, Magainin 1, Mastoparan (2
ST ABEEEEZRE LY, 2ok E, Pxtl, Pxt-
3, Pxt-4, Pxt-6, Pxt-7, Magainin 1 (DWW Tl&, 150 pg/ml

DREFE THEYOEBTRFIROON o7, T2
Pxt-5 122V T, BN L 7z & A B Ik A%ER
HoNF2Z Db, REIEEOWE TR R0 572 72
72 L. Pxt5 AR R Tris &5 OB WA NTEH L 720 —
Ji Pxt-2 OKRGW R O 7 K BRI 3 5 MIC (K
/NEEH B IR 3% EE, Minimum Inhibitory Concentration)
1% 50 ug/ml, 9.7ug/ml Td - 72, F 7z ReversePxt-5 i&.
150ug/ml DEE T TREBRICH T 2 AEFHREITRD S
Nho7z25 W7 Ky IRWIZH$ 5 MIC & 150 ug/
ml THh o 720 HwHIZ Mastoparan IZ2WTid, KIEHE &
CHE 7 KRR I3 5 MIC IEZE ., 9.7ug/ml,
193ug/ml TH o7z F72T v MMBRKITEE T 2 @G E
0.1% (Pxt-1), 04% (Pxt2), 02% (Pxt-3), 0.1% (Pxt-4)
,105% (Pxt5), 0.3% (Pxt-6), 04% (Pxt-7), 03% (Pxt-
11) TH o720

3.5. AEINERTFFOFREYHEAE

g dN7=_TF FOREMEZNET B 72012, R
FrhFay 7k ZARIOWEET-7. ZD
Mg, Pxt2, Pxt-5 M UF ReversePxt-5 (22 Wi, B3
BEMBIOBK TSRO LN, HNRNA T =T 725
YRELTHRET B2 EAVREE N2 (M5, 6)0

5. ¥ #&

S A TIEME—T ) LTSN T DL Ry ¥4 U R
BTN (Xenopus tropicalis) DJZJE %4 LT, Topological
Mass Spectrometry Analysis (Direct tissue MALDI-TOF
MS) TN %4T o720 ZTOMETHEOHBRTF ¥
(Pxtl, 2,3,4,5,6,11) #5& L. EOWIANFRE R O4EY
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We are able to observe a colour due to the interference of light from microstructures composed of different refractive
index materials that is comparable to the visible wavelength of light; such a colour is called a structural colour. Because
structural colour is fadeless and no energy is lost from the colour mechanism, structurally coloured materials are expected to
be used for energy-saving reflective displays and sensors. Previously, however, the word “iridescence” rather than “structural
colour” was used to describe the property of a surface that appears to change colour as the viewing angle or the angle of light
illumination changes. Thus, people who are aware of the concept of the interference colour have a strong impression that all
structurally coloured materials change hues when viewed from different angles, as indicated by the term “iridescence.” In
fact, most artificial structurally coloured materials that we and other groups have studied so far change their hue depending
on the viewing and light illumination angles because these structural colours are derived from Bragg reflection. Such angle
dependence presents a barrier for developing displays and sensors using structurally coloured materials. Therefore, my group
has been working to develop angle-independent structural coloured materials. The latest most notable ones are amorphous
array systems. In this report, I describe the fabrication and the optical nature of the low-angle-dependent structurally

coloured amorphous arrays.
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Preparation of angle-independent structural
colored pigments
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Schematic illustration of the spray method. Owing to the rapid

evaporation, the silica particles are dried before they reach the canvas,
and an amorphous aggregation state is achieved.
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Figure 2 a, Optical photographs of whitish structural-coloured membranes composed of 280nm silica
particles and 360 nm silica particles. b, The reflection spectra of the membranes shown in Figure 2a
obtained using the integrating sphere measurement. ¢, The transmission spectra of the membranes
shown in Figure 2a, which were measured at various incident angles relative to the surface of the
membranes. Inset: Plots of the position of the dip wavelength ( A min) versus the incident angle, 6.
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Figure 3 a, An SEM image of the membrane composed of 360 nm silica particles. b, A magnified view of
the red-framed region of the SEM image shown in Figure 3a. ¢, The two-dimensional Fourier power

spectra obtained from the SEM image in Figure 3b.
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Figure 4 a, Optical photographs showing the colour change in the membranes composed of 280
nm particles with varying amounts of CB and 360 nm silica particles with varying amounts of CB.
b, The reflection spectra of the membranes shown in Figure 4a obtained using the integrating

sphere measurement.
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Figure 5 Polarisation spectra of the structural-coloured membranes. a, A schematic of the instrumental
setup used for obtaining the co-polarisation (p-polarisation) and cross-polarisation (s-polarisation)
spectra. b, The co-polarisation and cross-polarisation reflection spectra of the membranes composed
of 280 nm silica particles with/without CB. c, Plots of the ratio of the co-polarisation and cross-
polarisation components to the sum of the co-polarisation and cross-polarisation components.
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0-¢ Scan
280 nm silica particle
+ CB (1.7 wt%) at 500 nm

0-¢ Scan
360 nm Silica particle
+ CB (1.7 wt%) at 660 nm

Figure 6 The BRDF of spectra of structural-coloured membranes. a, A schematic of the setup used to obtain the BRDF.
b, Contour map of the reflected intensity versus the 6—¢ coordinate at the peak wavelength of the p-PBG for membranes
composed of 280 nm and 360 nm silica particles with 1.7 wt% CB.
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A transdermal administration on drugs has been limited due to very low permeability of drugs across skin. Especially, it
is generally regarded that hydrophilic macromolecules such as proteins, peptides, and vaccines cannot penetrate across skin.
In this study, a solid emulsion containing membrane permeability nanoassembly was developed for the transdermal delivery
of the protein drugs. The nanoassembly was formed by the complex of surfactant and protein. The usage of a solid fat and
gel-vegetable oil as oil phase of the emulsions was examined. Moreover, the surface of oil droplets was coated by the layer-
by-layer method with polymer electrolyte. These methods made the stability of the emulsion enhance.

In addition, the membrane permeability of protein was evaluated using the artificial epidermal membrane. In this study,
the acceleration of protein transport was largely induced by the compatibility of the nanoassembly with the hydrophobic
epidermal membrane. It is thus possible that the emulsion containing the nanoassembly resulted in the acceleration of protein

transport across the epidermal membrane.
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The protection of neurons from cell death is a vulnerable strategy to prevent neurodegenerative diseases such as
Alzheimer’s disease and Parkinson’s disease, since neuronal cell death is one of the major events in pathology of these
diseases. PC12D cells are subspecies of PC12 cells which have been used for a variety of neuronal studies. We found that
PC12D cells were resistant against 6-hydroxydopamine (6-OHDA) -induced cell death and that PC12D cell-cultured medium
had abilities to decompose hydrogen peroxide (H,0,). The molecular weight of H,O, decomposing active compounds was
estimated at about 1,000 Da by gel chromatography analysis. The study using ion exchange resin column showed that the
candidate compounds are not charged. The activity was not abolished by a metal ion chelater, EGTA but siginificantly
suppressed by a polphyrin inhibitor, NaCN. These data suggest that PC12D cells secrete polphyrin-like compounds

possessing H,0, decomposing activities, by which cells are protected from cell death induced by 6-OHDA.
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Identification of neuron-derived protecting
factors against oxidative stress

Noriko Noguchi

Faculty of Life and Medical Sciences,
Doshisha University
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Hair graying is a symbol for senescence in humans and one of great cosmetic problems especially for women. Therefore,
development of preventive therapy for hair graying is very important in the field of cosmetology. However, available
preventive therapies for hair graying are very limited at present. Experiments using humans are difficult to develop drugs
for hair graying. Therefore, model mice that mimic the mechanism of hair graying in humans could be strong tools for
development of the preventive therapy. Up to now, more than 10 kinds of model mice for hair graying have been reported.
However, most of the mice are models for premature hair graying with limited life span. In this study, we developed a novel
model mouse for hair graying with long life span. Our macroscopic analysis showed that our model mice progressively
develop hair graying with senescence. Previous microscopic studies showed that loss of follicular melanocyte stem cells is
a fundamental cause for hair graying in humans. Therefore, we histologically evaluated follicular melanocyte stem cells in
our model mice. Our melanocyte-targeted reporter transgene analysis showed depletions of follicular melanocyte stem cell
as well as the descendant melanocytes in gray hairs of our model mice. Previous study showed that melanocyte stem cells
divide and produce their descendant melanocytes in every hair cycles to regenerate pigmented hairs. Previous study also
showed that promotion of hair cycles accelerates hair graying. We in this study examined effect of increased hair cycle on
hair graying in our model mice. Hair graying was accelerated by depilation, which is a well-established method to artificially
promote hair cycles, in our model mice. These results suggest that melanocyte stem cells and descendant melanocytes are
associated with hair graying in our model mice. Our findings suggested that hair graying in our model mice are partially
resembles hair graying in humans, whereas further analysis to characterize hair graying in our model mice will be needed.
Thus, in this study, we developed a novel model mouse line for hair graying, partially clarified mechanism of hair graying
in the mice with considering the similarity of hair graying in humans and suggest that the mice could be a potential tool to

develop preventive therapy for hair graying.
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Establishment of novel animal models for
age-related hair graying that are useful to
develop preventive therapies
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We analyzed the local estrogen synthesis systems and estrogen receptors in female rat facial skin tissues. RT-PCR
analysis revealed mRNA expressions of representative enzymes and receptors. We compared the skin steroidogenic enzymes/
receptors with those of the brain hippocampus which also has the local estrogen synthesis systems and estrogen receptors. In
the hippocampus, a center for learning and memory, locally synthesized estrogen plays a crucial role in modulating memory-
related synaptic plasticity. Locally synthesized estrogen could also play a significant role in female facial skin condition in

addition to plasma estrogen.
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oligo (dT) 15 (Promega) 2ug, RNasin Plus (Promega)
40U, RTase (Toyobo, Japan) 200U, TN & % 42T T
60 BB S8, cDNAZEGW L. 75°C T 15 ML L T
S % 1k 8872, cDNA X 4U RNase H (Takara
bio, Japan) MELZ 4T\, Ko 2RNAZ G L7z, 5N
72 cDNA &S £ ¢ - 20 CIZR-AET %,

PCR B (25ul) D#LHK : cDNA (toltal RNA 4
T0.1-200 ng). 1x PCR buffer, 0.2 mM dNTP mixture,
0.2uM 7 7 4 < — (forward and reverse). Blend Taq
polymerase 0.63U (Toyobo, Japan), PCRIZ3 A5 v 7
TiTW, FoMiE7a ha iz 95C. 54 (1) — [95
C. 308 (ZEM)—Ta B8 ~68) C.200(7=—=1r7)
—=72C, 30 (IR)] x ¥4 7 V¥—~72C, 54 (fE)
Tholze BN, 74 —EH., Y14 7V 7=—
) ¥ ZIREE(Ta) & v 724 HIE R 1R L7,

PCREW % 2% 7 H 0O — A7 VCTHELIKE L THHEEL.
FVeIFTIATOTA FTYM L7z, 8L RS L

xK1 AHRETHVE PCRDEEM

Gene  Direction Primer Sequence (5' to 3')

Product Ta cDNA (ng) PCR
Length(bp)  (C) ks B T

cycles

Forward GCCGGCTGCGCAAGTGTTACG

Esrl 467 68 1 100 100 29
Reverse GGAGCGCCAGACCAGACCAATCA
Forward GCAAACCAGGAGGCAGAAAGTAGC
Esr2 591 60 0.1 100 50 36
Reverse AAGTGGGCAAGGAGACAGAAAGTAAGTA
Forward CTGATCATGGGCCTCCTCCTG
Cypl9 276 58 0.1 200 10 40
Reverse CCCACGCTTGCTGCCGAATCT
Forward ACTCCGGGCGTGTGCTGGTGA
Hsd17b1 517 65 1 100 100 30
Reverse GGCGTGTCTGGATCCCCTGAAACTT
Forward CTCCCCAACCTGCTCCCAAGTCATTT
Hsd17b3 408 65 1 100 50 38
Reverse AGCAAGGCAGCCACAGGTTTCAGC
Forward TATGACTCTACCCACGGCAAGTTCAA
Gapdh 830 60 10 10 10 23

Reverse ACCACCCTGTTGCTGTAGCCATATTCAT
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THPCREW DN Y Fip 53T 56T % Image ] T
AT L. FEHEOERI V720 PCRY A 7 VB % i,
MRS &2 fEE 7"y b L 73 mE R 2 VR L B DXL
DRI T 54 7 VEO#PH (Fe SR od 25
EmDOBEIZHWI2PCROY A 7 VB ZE PuE L7z, Bl 212,
ERo (Esrl) O¥ifr, fREIIEDIX 26~30 94 2 v TH %
DT, BHTITIZ 2994 7 VTR L 7238 2 FH w72,

R Bk (NI - B2E - I5) M TORMER T
EOLKIZ, WA E(R T Td 5 glycerol dehyde-3-
phosphate dehydrogenase (GAPDH) ®38l&E (N> Ko
) CTEMBETORHE2E Y E L CHBILTSZ &
TAIT o720 GAPDHIZDWT & BRI 2 /ER L. 23 %A1
7V CTHANE L 7250k &2 B LIS L 72,

2.5. DNA =912

B L 72 PCREM SR LKW @YW TH 5D
EI)MEDNAY =7 TV AN SR L2, BAIKE%
@ PCR # % % Wizard SV Gel & PCR Clean-up System
(Promega) ZHWT7Ha—A7 b8l L, pGEM-
T-Easy vectors (Promega) ZflAAT, THOXRT ¥ —%
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) % H W T s &
., 6% ABI PRISM 3130 Genetic Analyzer (Applied
Biosystems) Till%€ L C DNA Byl % #e g L7z,

2. 6. BEEPHLC-MS/MSICLBLHRILEEBED
HIE
RELWEMAT—Y (YR : proestrus. PEIHII :
estrus. HAM 1 : diestrus 1. #AM 2 : diestrus 2) D A A,

PHEREH L 72 2 2 (OVX) 2 Hl vz,

[F] CAEAR SR o s & i G 2RI L. (1) IAE & (2) %
POHH - R L&A T, FEEESTOREE L,
FREE T CHIEE L 72T v M2 HERICL 7= 1 2 %0 (1,900
xg, 4C. 1045 #) LT RO % BB I7m L.,
REEFCRAMBHREHR - 30C THRAE L 720 MR ORI & AF
TLT95% O, / 5% CO, IEHATTHIINT) 7L
7o R P IS ORI 2175 72,

W15 H 720 AmL OB Z MR 720 RETFAHF
—Z VTS LA ORPPICHFEYFAS AL, vEY
A= bO2fEROAT A NI (NFH 2 FERT S
V=2 30REEW) ZMMA 10 BB L 2% @05
e (2500 xg. i, 1050 LTABEICHEHN LT
A FERRBUNL 720 BEEEEEICHEEESE, Cy 7 T 2EH
AW (2% 7 —)V : DDW = 40:60) ImLIZFF&EL. Cig
Amprep minicolumns (Amersham) # MW, BFE%E®
KM 2 B\ 720 Cg B 7 2AF#EE, HPLCEZ W TR
FTHATUA FEICHE Lz, BEMIEI ) 27500
FEHESNZNEMH S ) X5V A T 5 (046 %15 cm, Cosmosil
5SL (Nacalai Tesque Inc.)) %, BEHIZIZAFH >, 1
VTR =, BEBROREGE % 7z,

E2, El, TIZ2oWTIIE B EICEARED A F L%)
e md, BINEEZ M L3 57201088 L %2 17 - 72,
El & T 22Tl picolinoyl FHE A b %, E2 2DV
picolinoyl 121 2 T, pentafluorobenzyl T ¥ & EAAL % 47
o7z KATHA N (FEK) OfEL. LC-MS/MS Ofif
ZEEIC BT BNy — Y - m/z AL E B 2 1R L7z,

AT7UA F(FREFRME L2274 F) k% MY
TNVAT — Y MEBAVE G EHEAT %0 8 1B

M2 AMRICEWTERLAZZXTOS FEZDFER, FXT701 RILERDOES THE L.
WAFLEEL D, CORMITLDESEENSEATOMN FOBEREL 0
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BECHA F U 2SRINS Nl T 5 (B 21X, E2 FEk A
5m/z=558), WIZEEN AL DML LY FHEAKDF
L., WAL L2281 F > (B2 #FEK 7% 5 m/z = 339) 2%
B2HmAONM TR S NG, BHEEREZHWTTOMERL
TBOIHRERE ., B SNA F v O 50E % g
LT, #A704 F2ERLT,

3. # X

3.1. 17B-HSD (type 1, 3) (& {5l Hsd17b1, Hsd17b3)
DR HER

17p-" 4 FaF v 27uAf F-Pik#EREFE(178-HSD) .
TZ+uay (El)>=A 5 V4—)V (E2), DHEA—T ~
FERAF YT —, 7V FORF Y IF V=T AMAT
0y (T) ~NO%Z#, 2HIBETHL. X701 FO17B
KBALRISEAT 90 AT OAL FARLVEVERSZOH
THELRHMETH S, 14T 5 173-HSDDOY 7 % 4
7D H, 17p-HSD typel. type 3IZMTORH %17\
type 2, type 4 (&M HHDORH#EATH o AHIETIZ, T A
FATUY s ATV —VOERICELE LR 173-HSD
(1. 3) DIEBUFENT % 14T 5 720

178-HSD1 @ PCR i ¥y &t D B WRf#HT %2 17 - 7246 5. PCR
FEMIIZ 28 ~ 34 WA 7 VI TIREIEE L 36 4 7 Vb
RUFTIRTEIZE L 720 PCRIZIRBIEIEL o 30 41 7 )V TFT
V. O - - IREOREREE KL (K3). H
DRERIZBT 5 17p-HSD1 OFH RIS L IZFBRETH
0. IIEDOHK 1/100 TH - 726

178-HSD3 @ PCR EEW & D EWRMENT % 17 o 72454 PCR

PEMIE 32 ~ 40 W A 7 VI CTHRESEIR L 4294 7 v b
FFIARRRIZ3E L 720 PCRIZIEEIEIE o 38 41 7 )V TAT
W, JRE - EOKRE - EORBEE LR L: (M3). K&
W23 % 17p-HSD3 OFBLR (2B 0 2/3 T, JIHEOH
1/60 T - 7o

3.2. ¥ ryALP450aromatase GEIGFIE Cyp19) @

B ER

P450arom i, 7Y FOuRxRs IV =X bhar, 7
AFZATFa Y (T)=>T A +T VF =V (E2) D% 4T B
FTHY, TANFIVF—VERIIBW TR D TR
Thbo

P450arom @ PCR & ) 1 0 B R R AT % 47 > 7245 H. 36
~ 42 A4 7 IV TIREIENE L. 44 34 2 v 5 ik
FBIE L 720 PCRIZIEEIMIEIM 0 40 4 7 W TITw, B
DORE - G - PWHEOBE AL 72 (M 3). KETH
FEHEIFME L, WHD 1/50 ~ 1/100 TH - 720 JIHEOHK
1/20000 TH - 7z,

3.3. ERa, ERB (&IGFI3 Esr1, Esr2) DFIRME
IA M7 K (ER) & AN VA —NVEYS
Y RETLEREARTaR (ERo). BT (ERB) @ 2 FEMEAT
TELTW5, MFHEDDNAMEGHEIE, V7 FiEEHEEIE
L TWDH, NEGORG I FIEAR R D 720, 1
HIRAD 2 5 T 5,

ERa (Esrl) ® PCR W& ORI 217 - 72 fH. 26
~30% A 7 VI THREIENE L. 3294 2 v 5 ik

K3 XZX5y bOIIE - BEOEE - BEICH T2 X704 KEREE ESREDFERENR, (£)
FIBIEF D cDNA O PCREMEEXABIL =71 A=, () RIZEEHRICAW A PCROY
1IIWVE, IR - KF - BETHLU/Z-cONABEIIELZD T, HIB(ELEBITAEDRSIE
LWo (R) IE - £E - BEICHIZ X704 FERBEREZIBEROERENL, Gapdh T
BIELEDSE, BE#1 &L THBL A, EEE. TEKRILVECHBEOARRILBE &R
ERETIH. TERIVECADETREIREZI THD, FREETLEEREL W5,
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TBIZHE U720 PCRIZIREIEIRM 0 29 44 7 v Tirwv, B
H-HORN - EHEOBHEEZ KL, KFICBIFS
ERoDHEHEIIMHED 28TH Y. JHED 1/10. TH -7z
HIRHZWEWZ 5,

ERB ® PCR i Wy & O B4R fENT % 47 > 7246 K. 33 ~ 37
A 7 OVETTIREUEIE L. 399 4 27 v & SURLIRRE 1 E
L 720 PCRIZIREIEIEM D 36 4 27 VT, FHD KN -
WS - ORI Lz, BE IS8 % Esr2 D%
HEIZHED 1/4THY, NEOKH1/320 THo72e TD
ZEnS, HETHRBETAIA N VZEERD S 4 T,
FIZEsrlI THDHZ b olz,

3. 4. BREEMBPICEFBRIANSDF—ILETL TR/
O OBE
TWAVEYO—FETHELT L7 A/ 0 PROGIE. K

HATEA FOEKIIBIT LK TH L, B+ D

m/zl1Z 315, 757 A MELZZMA + O m/z i

972 CTH o 7zo PROGIEEEIX. N Tld Proestrus : 55.7

nM (n=4), Estrus:407 nM (n=4). Diestrus 1 :87.0

nM (n = 3). Diestrus 2 : 480 nM (n=4)., OVX : 245

nM(n=5)TdH > 720 — . % Tld Proestrus : 20.5 nM (n

=4), Estrus:167nM (n=4), Diestrus 1:51.6 nM (n

= 3).Diestrus 2:241nM (n = 4).0VX :10.1 nM (n = 5)

THholze INSENFAHOHE” OF ZDF—% H Ah

TFLDLONHATHDL, EOFIIBVTH, 2 AD

TN e 2 5B ECH D, 22T HRENLSE

AT, MELREE I EMAREDOR 2R EZE 2 T,
E2D8 4 4 DOm/zflIX558. 75 7 2 v MEL#

£ FOm/zliZ339 Tho7z (X2), E2IEEX, W

P Cid Proestrus : 4.3 nM (n=6). Estrus:10nM (n=

4), Diestrus 1:051 nM (n = 3). Diestrus 2: 0.7 nM (n
=4), OVX:07nM (n=4), THo7zo —F. MIHET
13 Proestrus : 0.111 nM (n = 6).Estrus : 0017 nM (n = 6).
Diestrus 1 : 0.009 nM (n = 5). Diestrus 2:0.029 nM (n
=6), OVX:00050M (n=5) Thoro hH%” 20
LRONIZAADT—F HANTE LD LDDINATH

Bo UEFGNIEEE XML D 10 ~ 100 f5FERE & v ) e
ICEWIRETH o 72 E2OIMEREIIKSTETCTI 70

A=V TIERZ W,

4. £ %

ARWFETIZ, AAT Y FOBEHOEFIIBIFAATHA K
RIVE Y DORFIESR - EHRICE D % 50T O FBUHNT %
fTo7ze NIFHOWMIETRL Do TETWL, HHEDH
iR & OFBREILE ATV, BHOK BB 5 RS
Bk ENEHRDE R EBT b,

4.1. EORBICETBIANSVH—IVE2 DEFREK
EEZDES
METHONE2 AR IR L B2 RFTRED
T—=3 &b L, EORFIZBIT5E2H5KBEREOIH
BOT—700, BEOE2RELZHET LI LITE S,
ZOEMERDELET 5,

411, BORBIZBTIBI XN DA —ILDRIBRFEDERTR

AZIZBF BYERVE Y ORFTARICB VT, ERRK
fKIZPROGT® %, IiLH @ PROG i FE (&P B W2tk 5 T
ZEL. 20 ~50nM & T mA it s s, WE T

M4 XXy MEEICH T2, HEEX T -85 PROG, E2 DEEEHFH*tEES
MICEWAELEDHD, PROG BBFIAKRICENT, E2%5ELHETIMERILELD
BIEMMAE B, RENBEE2 >> MFE2 TH32 end, BETIROHD E2 IHKEE
BETEEHKAL T, BEICH IS E2 1312139 T PROG % HiEkMEE L THEERNTH
el Enh3Z &N hh B, Pro: SRRZEA. Est: HESRHA. D1 : Z=KXHI 1. D2 : &FH 2,
*p<0.05, *p<0.01, a, b If, FXEA X B L THEZE (p<0.05) %3 ¥, mRNA O
REZLARTIE. EBICSVWTHRBRODBAERIEI > TWVWDE I EHNREIN S,
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NS H S EW L7ZPROGYIME I N T, 22 »
5, TAMAYEl—=E2 (7Y FQAF v IF =57 A b
25 rd) EHEELTWAS, PROG XV THOEHA
WENTGEHAT A FOREIZMAREL D ST L5
Vo RBFFEOmRNAFBOKME RS, B TH KOS
BPRETWHWLZENRTFHEINS,

TRV E VA REER OEFIALE T 5 178-HSD (type
1, 3) OEHICBIFZIBEIZ. JIHED 1/100 TH % 75,
W EFFABETHY . RITERE L TIREN &>
720 HE-T17R-HSD (type 1, 3) &1+ 7% & E2 §iBRk
DEWEFT>TWDL EHMTE S, HEHRIZBWTIE, AR
T20M BEOT Y a7y VF oAz RIELTw
537 T, REICBWTH E2 A2, 13, 1~
2 nMBEORFTREZFFOZ LB FHTE S, o7
YRURAT Iy O®RKMEIX F4A04ADMTH Y, JF
ERRTEREINT v FORF U I F v ARFIZBIT
HE2HWMOFEKE o TWB EEZ BN A,

72, 178-HSD (type 1, 3) &, El & E2 (2233 5%
BOHMEST 20T, 7Y FRRAT Y IF UHPELICERR S
NHEICIE, HReNICENEE2IZLTWwWSE D EE R
bbb,

4.1. 2. BORBICBTBIAN S VF—ILDOBBRREZ
DEH

Jisi it 5 0 E2 R A BE & IR Co Rl 4.3 nM (1%
1201nM) ZHD . fMiX 05~ 10nMBEETH 5 (Z DEFD
MAEREIZ00InM)e L22L, WINROZXATF—YTHIM
BOE2OHAEEOIM LD EWETH Y, iETIE
RIS N7 E2 A FEH 2o T b,
HOEFIZBWT, KR VEVE2 $23EL 248K
9 5 [ P450 aromatase O FE B i 133 5 & ik L TR A
o7, TOFEMEIE, HHEDO1/S0BETH S, Lol
2T oREBE S, HlIX IREICET 2R
TEEOHEEMIZ 43%1/50 = 008 nM & 7220, I &1TiT
FREDOERAIT PN TS LM I NG, LoT, I
PO EINLE2ICHOKEMHE DGR L B2 115
HENT, THoEHEERHOREERwICHAE L. D
REOREBEZYETLIMEERELTVETHS ),

4.2. BRICBIIBIANSVH—IVE2 DIERZ
UPERNVEVE2WREMAKS - a5 =X A% 7T
v YEBEmE o AR E RITL. EROREL
T s Y, ZOE2OEMY A oL LT, ERo.
ERBDOWH b AWZET, HOEEIZBWLTLM RV
EVEZFEARTH S ERaE. JIHED 1/10 &£\ 9 T mw
BB TH L L WP orze ZHICH LT, ERBOFRS
HIIIH DR 1/300 TH o720 SO ENS, HDOREEIC

BWTLMARIVE V1, FICERaE 4 LCAEMEH Y T+
SUCEBLTWDLEEZ BNS,
MWHICBWTId, E25°ERon ERBAZ AL TV F 7 A0
PEDZALRBHIRZGHE 2 /84 > (3 F T A FE) B RE ORI
REEFIERITOY, KFRICEWT, HOREICE
'} %5 ERo. ERBOFEBUR IR ERBETHL M5,
ERE, ABEHZFISBI TSR ETRBLT
W5,

5. # #&

(1) AAF vy MADKEBIZBWT, LERVE Y DRITE
WRPHEAET A EEZHLNII L TA NIV F =V
E2 AR OER, KU\ TDZHIKERo. ERBIE. K
OWE L FBEDO L NIVTHERIL TV,

Q) BHOBZ I BT % E2 TR, i & 3 I TR &
W SN B ZAUTHEE L M5 5 E2 i 0B &
GFTRERE T, RS BCR mRNA OB L NV %
WU CHEMI L7z BOKE CTHB S N5 E2 &Il A
5%k E2HEH LT, ERon ERBICKAL T, KED
MREZWEL TWE I EIVRIBEING,

(3) WS T O R ATA 1 AE (MRNA Z8BL) PRI X & %
5720TY, EOKE TS R AR —E 7S L ES
5E. JIHA 5 < 5 PROG & E2 OPEEBIZHIC X - T\
DK ETOE2 OMBRMZEEE I E N2 D TiE%R
AV
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e AT 74 FOBIEATNVAIRE Y7 FIVNrf2-ARE ¥ 7V %
fr L7z HO-1IGTHBIC X B IBAL A U ATR K

EIVALELNIE SR S AR B /S e M
TR ®

Nuclear factor erythroid 2-related factor 2 (Nrf2) binds to antioxidant response element (ARE) induce antioxidant and
phase II detoxification enzymes, such as heme oxigenase-1 (HO-1) and glutathione s-transferase under oxidative stress due
to chemicals and exposed to UV-irradiation. Fucoxanthin (FX) and its gastrointestinal metabolite fucoxanthinol (FXOH) are
marine carotenoid from edible brown algae, such as Undaria pinnatifida, Hijikia fusiformis and Sargassum fulvellum. In this
study, the activation of compounds on Nrf2-ARE signaling in RAW 264.7 macrophage cells was examined using reporter
assay. The compounds induced in low concentrations (2.5—10uM) and the western blot analysis showed to Nrf2 transfer into
nuclear, resulted in expression of HO-1 protein due to binding to ARE. Interestingly, apoptotic cells with caspase 3/7 activity
in the presence of the compounds also activated the Nrf2-ARE signaling with HO-1 protein expression, which indicated anti-
apoptotic activity for cell survival. In addition, the activity of FXOH was higher than that of FX as well as antioxidant action
and anti-inflammatory effects will be bioavailable compound in a biological system.

1. #&

BRI SRR I & BRBEA P L AR Z TR T v
WThHb, ZOBREA ML AD—2IZ, KN THEEIA
UGB ERBE T VNI L ABILA P L ADH 5,
KIEOBALA N L AL, Ml E 2 5 2 CTHEEROHE
ey RO EZ Lz SR L, KFOLAR ¥
TOENEDL B MEROWZETIX, PrlRLANC & A L
A b LA E B ATh, R T 2 220
B K A IEPEER R HEN & 8 9 % Pui LAl oL
~NOBFEITAIRTE Y, AKITIEBIL A b L AT
THRHBEREE LT, SOD, Z V¥ F4 vt F ¥
—E, FAV XV FEORBILRER Y D 2. HL O 1 Fucoxanthin (FX) & Z DA fucoxanthinol (FXOH) 0
T. Nrf2-Keapl Hl#H5% 12 & % BREZ IS4 o il AR §z 52 LIRS
FNrf2 25, b2 b L 212 L. St bin & By (ARE)

A L C—REOPUERAL K OV SEHI i 14 o 5 563 2 1511 WHE BEX RN A EOBEHEICE TN DML S
THBALA ML AEMBERE LTEH I RSN o5 / 4 K ®Fucoxanthin (FX) & 2o BEE/HD O
5727 EEIZBWTIR, UVAICX 28 EED PRI, Fucoxanthinol (FXOH) (B1)” IZNrf2-ARE ¥ 7 F Vv %
Nrf2-Keapl HI#HZDIGEN & 5 Nrf2 ASHE T 2 58 % 40 5 L7z~ ¥4 F—+ 1 (heme oxygenase-1 : HO-1)
TWBHI LD, Wohkhorzb DIEHALVERINC X 2RILA b L ZBRAEH 28 5 212 L7,

AWETIE, BEVPINETTOMRTEREOD %4 S E O FXAILHEmEM & L THEA SN TV S, ARIT
OB R 5 R L 72 PiER bW E 122w T, Nrf2- JEDRERIL. S RIFHIG L 72CEHAFXOHIZ FX £ Y & i
Keapl Hll#1:% % FEZICERIE A b L A0 o 574 % 17 WE S AERE R HEZR Z &5, FXOHF 213 FX & D
W, BHZEBLA ML ABRBWEOMEZ AT, TO PERC X B RRBEMALIE M OB S IFFCEX 5 2 L2 RIB L

il

ks - AR/ B R E

720
2. £ B&

Marine carotenoid reduces oxidative
stress due to HO-1 expression through 2. 1. HjaE=s
Nrf2-ARE si li
et T RAW264.7 I3
jnser T RAW264.7 212 DMEM 55 48 (10% 2l JR i, 500
Okinawa National College of Technology,
Department of Bioresource Technology U/ml =31, 500ug/mlA L7 b=A3>) T, 37
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CHCO M ¥ F2x—=% (5% CO,) THEL 72

2.2. Nrf2-ARE> T FILDLER—2—T v &4

RAW264.7 fIfE D & [ OB G Wiin oM %, 12-
wello<w 2z a7 L — 1+ (5x10° cells/ml) T 24 BEfjHzE L
7oo RBALEWITHRAREH 25, 5. 10uM I 5 & 9
WL 720 B&EMIIZ FuGENE 6 2 HWTCT 7 A3 F
pGL4.37 [luc2P/ARE/Hygro]l # b Y A7 x7 v a v L
Too HEFE 24 WEMERICPBS T 2 Pk L 72/l % 100 ul
lysis’Nv 7 7 —=TCTHiH{L L7z o ELHE 50ul) 12
V729 (50u) ZHRMLT, BhmEEz~s7a7L
— M) =5 —TMEL? FhMHABDF 37 gmiT
BCA # (Thermo Fisher Scientific, Inc., IL) TAT\, % ~
NNy mB7 ) RS LTR L7,

2. 3. ks

KBS OMBEHEEIMTTETHE L2, LE—
¥ —7 vt A THELEEMEIC. 005% MTT R %
500ulwmMmM LTy COy A ¥ F 2 X—% T IHFFZE L 72,
BB IEZ RS2 &, 50ul ®DMSOTI b
YR TRXEAEMTIT &Y ORV<F 2l LT, £
O UV R K 540nm & xf )% 5 655nm OWOLE 2 < 4
707 L— kY —%— (model 680XR. BIO-RAD) Tilll’E
L7z MifaAEAERIE, REBLA RLB oM AATF 100% 12
9 % E R b S LB oM A AF = 2 I L 72,

2.4, T RE>7T0OY MR

LAR=% =7 vt A LRI L 22828013, PBS
TR lysis 7Ny 7 7 — T LTl (13800g. 5min)
% 47 v, SDS (4 — 12 % SDS-polyacrylamide. Invitrogen) 7
Ve HWTESRIKEITo 72 KEIRO Ty ViZ=hat
— 2 fi (iBlot Gel Transfer Mini, Invitrogen) 2855 L
72 (iBlot Gel Transfer Device, Invitrogen). Iz 5 i i
immunodetection system (Invitrogen) =MW T~¥ = =
TUVFRIZE DRI L 72212, v HFRY)70F—1oD
HO-1 (Santa Cruz Biotechnology, Inc) M U°Nrf2 (Santa
Cruz Biotechnology, Inc) ®»< 7 A€/ 7 a+—LiifkE,
K & BB ST RPURLBL TR L7 %& & » 87 OB
YeHREE %, Image Quant LAS 4000 (GE Healthcare Life
Sciences) ¥ & FV T, @ L7z

2.5. HAN—EEMRR

HANR—BiEE, VY72 v ELDOHEEZDEVD
WML TATPAHAET T, RIMTRIR S ¥ 5, HUBHZICIV
¥7 2T —ERREMLCTEWAL A 23— 3/7 THIRT s
CIVEA LT HREEME R WE Lz, ATk, L
K= —7 vt A TR LRSI S0ulc, [

1 Caspase-Glo 3/7 Assay kitiX# (Promega) #iRINL
T, #FovA4 a7l —+)—%— (GLOMAX MULTI
Detection system, Promega) THLHEEE 2 Ml E L7z,

2.6. HEtig
FEETF— ¥ ITEHEFE £SD TR L. AEAIt-BET
1?0 f:o

3. #F X

3. 1. Nrf2-ARE> JFILDLR—2—F v +t4

212, B AWAFAE T TONrf2-ARE ¥ 7 F Vit
REEOMEREZ IR L7720 FX EFXOHIZ X 5 ¥ 7 F ViGYEDS,
AREICERERFCREN, T2, FXOHDEHIZFX I
HARTED» o720 SORERED S WALEW D Nrf2-ARE ¥
7RV & BB RS Nrf2 12 & 2B b E RO EH A
R E N7,

3. 2. Nrf2-ARE ¥ JFHIVEMAEICEHED HO-1 22/ 7% 3H

312, fbEWIC & A Nrf2-ARE ¥ 7" F VREIC BT
HHO-1 7 37 BHOKRER L7z HO-1 ¥ ¥ 23713,
FX & FXOHAAAE T CHFE LB AR LA (K3A), 20
Z X7 5P mE X 3BITR L7z, HOL ¥ v 87 3 bd
WO L THBEICEH L7z TNHOMENS,
FX & FXOH IZ Nrf2-ARE ¥ 7"+ v % i& ML ¥ ¥ T HO-1
FUNRIEBRETHILET, BILA MLV AZREHIETY
5 EHRENT, FX E FXOHDHO-1 # » /87 38813,
Nrf2-ARE ¥ 7" F Vg RER O 5 & M. FXOH O Ff
T THE»> 72,

3. 3. &ADNrf2
LEWAFAET Ty Nrf2-ARE ¥ 27 F VIZ B % Nrf2 D%

2 FX & FXOH O Nrf2-ARE ¥ 7 FIViEtE
*control (23X ¢ 2 HEZE. p<0.01
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WADBITE W72 B3, MIKE & 0N O Nrf2 & 3. 4. {tE&EHOMIAEE

VNI SBEZORBIE YR LTz, MIBEICE AT S AR BU 2 E W o Ma#HE O E % K5 1R
Nrf2 i, ¥ 7 F IEEICECENICEE L Tw b 2 LAt L720 10 uM DAL &L s TR EVEASRD Stz 7z,
RENTZ (K4A). F72. FXOHADFX IZHRTHMICE WAL AW E &, MBHEN 2R L2REICB W T Nri2-
BLANr2 ¥ 287554 (M4B), 2 O#5HRIE, Nri2- ARE ¥ 7 F NV oiEEz R L7z (K3),

ARE ¥ 7 F VI B R OVHO-1 & ¥ 237 B OS5

ELHBEL Tz,

3 Nrf2-ARE 2 7 FILiEMAEIE S HO-1 2 > /NI 3R
A:FX & FXOH FZETFTO HO-1 2 >IN I
B:AICHEITDHO-1 2NV RBE
*control IZ3f ¢ 2 B EZE. p<0.05

4 FX & FXOH FZE T DOEERF Nrf2 ZREE)
A FX(10uM) & FXOH (10uM) 5 T DEERF Nrf2 D% E 5 Nrf2-ARE 7 FILIZ I 3D miazsts
B:AILHITE N2 DEERNEZINVE *control IZX4 9 2 HEZE. p<0.01



BAEMEHIOT /A ROBIEXNLIBEY JFIV Nrf2-ARE 7 IV EN L7z HO-1 &M EIC L BER1E X b L X8R

3.5. HAN—EEM
RERIE B BILEW DO H A8—ED 3 & 7 OFIFHE
T (caspase 3/7{iith) DFEFR%E. K6 IR L7z {LEWIC
X BRI % B - IRIE T, 7R b= ZI2HEY) caspase
3/THEMED LA ZED I, K- T, LEWIC X % MIlEstIE
TRF=VRIZEDHZ EXHBIL 72

4, £ =

THARER 7 p EOBFOEHEFICE TN TV L IHE
WA s /4 FOFX & FXOH &, #iE OWFse THES G
PESO L BLRREMER 1Y T YA Vi T X AR
T EOAEBERASH S NI ENTW D AW Tld
Ha5 /4 FOFX & FXOHIZ X 5 Nrf2-ARE ¥ 7+ v d
WHEATR SNz T ORFIZHRE N O Nrf2 2B NI AT
L. ARE Z G L & & THIBILEEZE I O — D HO-1 ¥ /%
7 EBEBRTHZER®R LT, HOLIZHODT AV 7 4 —
AD—DT, "NLAECYNLY v, —fbrHE, ki
RS AETH D, EIRLIVIE, EYRLT Y )
Fry—LIZX), LYV VIIHmENE, CYRLY
YEEYNE D R TILER S D . BBILA ML
AR 8N X B MG A I3 %, FX & FXOH 1 Nrf2-
ARE Y 7 F V&4 LTHO-1 25T YXV Y v &
) ErOPBALERICE D, BMEA ML A2 S &
TWBZEIIRENTZ Tl BNV T VIV FF T
SYANERIGELELV) E VIR AT LT, FREBRBILK
ISP L CTwbo BATEBRTIIFX & FXOHIZIZ~)L
¥V AIVHEEESH S 2 L7225 Nrf2-ARE & 7
FVZEORTH, TREEEBRLSZ I L Tnbd 2 LAt
fEEshD, TNSHORE,S, FX & FXOHIZIXLED
DB OPLEALE N 2 T Nrf2-Keapl #llfH% DR Hi 12
L BEALA N L ABAER S & 202 % 5 72,

6 Nrf2-ARE > JFHILIZETB{LEYD caspase 3/7 &M
*control I3t ¢ 2B EZE. p<0.01

IR AL EWAFAE T O Nrf2-ARE 3 7 F Uik P 30k <,
MM HIISE) 2R SNz FXIZ7 R M=V 22 5HE
THZERHEERTVEYY, 7RV RETFTAL
LTy =3I AV FYTENTLH A= (57T
—¥) OIFEHAL (B A= A7 — F) I wEfF SN 5,
KEFZETIEH AN—E¥ A A — FOTHICH B H A3 —
¥ 3L 7OMWEMEEFERICHE Lz, RIORENS L) IS,
FX & ZOHMAFXOH CHITBAEICHIB L TH A8 — ¥
PSR S, ALEWICE B 7 R b — ¥ ZAFED;HIHEIR
ENtze — /T TRV AZFELZIBEICBWT
b, Nrf2-ARE ¥ 7+ ViEtkid LA L. £7HO-1 % v %
7B L7z HO-1 7 v 2371237 R b — ¥ A1EHD
WEsnTws Y, F72, Nrf2 13 ARE @ Bel-2 #1515
BUCHED Bel2 # ¥ /82712 X B 7 & b — ¥ 20 2sH#E
EhTws ¥, Hb, SmiREOLEWLIZT R -
A% B L7205, RSN 2 k3¢5 28T T
TR M= ZERIC X BHIBEGADY 7 v — b 2MTbi T
WhHZENHBREIND, SHEOMETIZ. LEWCLET
R =V AFEENRICEI BT RN =T AHESTD
BHEZWSPIZL TV EL VW, I T TORITHIZEICBT
2 PUERALIE 1 & PUISREVE I (RFEF) O R & EkIZ, A
WEXOH DA FXIZHRTEHWI 95, FX04E
BT BIEEARKIZIFXOHTH B Z & bR I, D
FoRREESENS, WEEAI T T 7 4 FFX & FXOH®
BALA b L RIS Y 7 F IV Nrf2-ARE 12 B AT %
K7I12F &D7,

5. # #&

AW TIE, TERXIZR T A AL EDOWEIZET NS
HEAaT ) £ FOFX & Z0H YWD FXOH 25, Nrf2-
ARE ¥ 7 FIWVIEEE A L. EEERTNr2 12 X % Eis

7 BHEMHOT /A REX EREE FXOH O Nrf2-ARE ¥ &

FIENUAMBIEEMT R b — 2 XH4E



A X MAY-ME#RE Vol.23, 2015

ZBCS) ARE & DA X ) BilRIL Y > 287 HO-1 % 3881
S, BAEA P L AZBEFEIETwEIEZHLNITL
720 EIREOLEWBELZ, H AS— ¥ 3/TIEEEES T
R b=V RAFEE LA, Nrf2ARE ¥ 7 F ViGtk s LR
L 720 #t> T, Nrf2-ARE ¥ 7" F Vi £ 5 HO-1 D%
BICX M7 RN =2 AL REN. T2, JeATiise
2B B HURRALIGTE & PUISIEAEH O R & MERIC, A
FXOHDEWENFXICHRTEWI L2256, FXDERKIC
B BIEMEARKIIFXOHTH S Z EHHH SN,
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Human adult hepatocytes are required for cell-based assays to evaluate the potential risk of drug-drug interactions
caused by the transcriptional induction of P450 (CYP) enzymes in early-phase drug discovery and development. We created
transgenic HepaRG cells by replacing the protein-coding regions of human CYP3A4 and CYP3A7 with enhanced green
fluorescent protein (EGFP) and DsRed reporters, respectively, in a bacterial artificial chromosome (BAC) vector that
included whole regulatory elements. In the created BAC-transgenic HepaRG cells, EGFP can be used as a quality assurance
marker for identifying functional hepatocytes derived from DsRed-positive bipotential stem cells in real time without the

need for many time-consuming steps.

1. #&

REHER LRI EN R REAIF I N WS o> T
b Ml Y A B 2 5] &k 2 3 aRikicow
THEEICHA L 20X 5 v, BHSII o 8EieK a
A MEIZIE, 2N RS ORI 2R bE 2 W EE R BR D Fuv
FECIEIRT A 2 LD EHETH 5o FEWHTIEH, wbw
5 [#atbe] OEE. IR L7ALEW SR HEE
FHEP450 (CYP) OBIERHEBFEL TSI 2 LI
WY 5, ZORUBICIZHAEND S720, Mz vz
FEROMELALENL, ZOEBIIE, 20DKE R
PR INT WD, 120, FHlICHVW 2RO 2EE w0
L MER Y — AR IR T RnZ &, ) 12038
Bk Z i cCEANA TV TF Y AT == T
(HCS) Bl F i R AL SN TV AR WZ & Th b,

B2 ix, HIIED 50 — 60% O H# % 4H 9 i N R R 72
CYP3A4 LR RITE CH I3 5 CYP3AT7 % 2 {50 )t Cfilj
EAOREIE X BT 52—k~ 5 —&H5LE", o
DRI —%FVBLEUTOZENWRICASL ETFHEL
72 1 (DCYP3AT & 5Bl % IF3Fila % Akt ot (DsRed) T
CYP3A4 % %813 % e AL % kkfa it (EGFP) CTRE
T 5 EDMREIC R Do @B AN % fkta B Ic o
THWT 52 EDRHEIC R D0 @b DLW E IIHN
ZHADOPXR R RXR L 54T 5 2 & TCYP3A4 B FHE %
FIERITIENASNTVEA, D CYP3AL FHHEl %
EGFP # 6O IEDWTRHli T 4 2 E A HEIC R 5o

CYP3A4 & CYP3A7 134 ¥ 782 B L~V Clid 90% LLE o

il

Dual-color fluorescent imaging of
developmental shift from foetal hepatic
cells to adult hepatocytes and CYP3A4
induction test in human hepatic carcinoma
HepaRG

Masako Tada

Division of Chromosome Engineering &
Therapeutics, Chromosome Engineering
Research Center, Tottori University

HIFRPER R Ly Stk O TRl 2 2 L 2 WEECTH 2 7,
LAl IhbiE, BERROSHER I E R R, HICRBE
BB R 5 TWwWh, o T, CYP3A4 #3H L Tw
LN O FIRMFIHIS RO SN TWD 0D, Fi
v MEEEAEIRREEOBEFREB T 7 7 A VERT
L) EYD 5

A TIE. B EADO KB 20 EENT ¥ —
(CYP3A4G/7R BAC) % & b ¥4 B 1 i3 % HepaRG il
N2 A L XY & —OfEEPE %2 5F-li L 720 HepaRG il
iE. b MFAREE~N oG LEE R B, "W CYP3A4 FE 3
FRT Iy hszepmenTws Y, 2T 4
fbL7z b9 v AY 2= 7 #ifd (CYP3A4G/7R HepaRG)
e MR OMREE TV E LTH A2 L) A ¢
L7 #%%. CYP3A4G/7R HepaRG % H\» % &, EGFP
HOCHBNEMECYP3AA HBIDA vV F 4 r—8 — b e b7z
©., HepaRGHHLDLIREED € = & —HEEOEHW
Mz Ed s Z EBREHITR 720 HIZ, CYP3A4G/TR
HepaRG (2 BEM @ CYP3A4 S8 HFEH 2 R IN$ % &
EGFP 4062 L 720 X 5T, CYP3A4G/7R HepaRG
MBI LT, —EIZEBEOILEWICE L TCYP3A4
RPN A <V F 7 TV TEHi© X 5 HCS R 2 ML T
X B HEMEDVR STz,

2. ¥ &

2. 1. BFEEE LT 2E

HepaRG #ll iz (Biopredic International) &, 710 growth
medium % VT 5% COz 37C THGHE & 72, HepaRGl
% b 22 58413, 710 growth medium T 2 8 RHs 2%
L. RIS 720 differentiation medium T 2 J ¥ L 72,

2.2. NIRRTy HRRER
2.2.1. loxP-HepaRG iz

CYP3A4G/7R BACR 7 ¥ —&E% CreffFEx L%
HAAfEICl a¥—E AT AH5HMT, loxP¥ 4 % BACNX
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77— A L7z IRICBACX 2 % — % HepaRGMIlHE (2
AT B0, loxPT 775 —HF 4 %3 DHepaRGHl
o (loxP-HepaRG) ZAE#L1 72. Notl THIWF L 7z1oxP ¥4 b
BAHDOT I A I KRZ ¥ — % Lipofectamine LTX (Life
Technologies) ThS ¥ A7 273 L7, loxP-HepaRG
& IR FRZ 57— Eong rux A ¥ v A E
2 HWTEIRLZZ, 7/ & DNA @ PCR#MNT % DNA
FISHIEIZ X D, loxP O¥f AR Z O Gett R 18 % 72 L 720
2.2.2. CYP3A4G/7R HepaRG #ifa

CYP3A4G/7R BAC i3 pCAG-Cre X 7 ¥ — & 4|2 loxP-
HepaRG IZ Lipofectamine LTX TFF Y A7 =7 ¥ 3 ~
L72o CYP3A4G/7R HepaRGZ u— i, 77 A I FNX
7y — kot < A4 T BRI ERIE T2 W CGER L 72,
77 5 DNA @ PCRf##7 2 DNA FISH{EIZ X D, BACNX
7 5 — D AR Z DGR % W E L7z,

2.3. CYP3A4 HEFE

b L 72 CYP3A4G/7R HepaRGIZ 10uMV) 7 7 Y ¥ ¥
v (RIF), 25uM 7 * % x % V'~ (DEX), 25uM 7 & b
Jy<v'—) (CLO), 100uM =7 =51 ¥~ (NIF) F 721
25uM PCN % 24 — 48 IR L 720 & TOFEANIE L
Ty AR IIREE T 0.1% DMSO 127 % & 9 12 DMSO I
RL7ZZA Ny 7B ERE Lz, ) 7THRIDEZ WE
L72RICRNAZ I L7ze T2k b, EGFP. DsRed
B X WM CYP3A4 @ mRNA J8 Bl & 251k & b= 48
1t % I w #E \C L 726 ¢cDNA & Superscript III First-
Strand Synthesis Kid (Life Technologies) % IV THH L.
LightCycler 480 (Roche Applied Science) % Hv»Cil%
? 5w PERT-PCR & CTAT L 720

2. 4. CYP3A4 ZIN) BRI

TIAY r7ay &, 10-20ug ® HepaRGHlllL & ~
N7 B % 25% LDS sample buffer (NuPAGE) 2% L.
5 — 20% SDS-polyacrylamide gradient gel (ATTO) %
W48k L 725 Polyvinylidene fluoride membrane {2 + 5
VA7 7—=L. PBSIC3%AFLINT BB LTy
FUUWERCC, @EOTIAY 70y MEIIHEST
PUKILEL L 720 ¥ 27 F ViX. ECL Plus Western Blotting
Detection Kit (GE Healthcare) # W CTHeh L 72, fi
AL 72— RPERIZLD T OE D © anti-CYP3A4/7 antibody
(rabbit polyclonal, 1:500; Enzo). anti-EGFP (mouse
monoclonal, 1:200; Santa Cruz Biotechnology, Inc.). anti-
B-actin (mouse monoclonal, 1:5,000; Abcam),

2. 5. HARBUMROIATIA- 2T, BEVFHiis
LUHXEHN
ML o> G I8 H O B OB M ST TR TE 5o A

WF7ETld. BZ-9000 #0t M i (Keyence) THI{RAZRTSL .
HHOWARIFENTY 7 NTHM IS 7RSOt RZ IR L 72,
F7-. HEEOLERIUS B L O 261 T 5 LEAP cell-
processing workstation (Cyntellect) 3L IncuCyte ZOOM
(Essen BioScience) ##HH\/zo T4 7NV ARAY V7
¥, VivaView FL (LCV-100) incubator fluorescence
microscope (OLYMPUS) #% w7z, EGFP BaMiNix,
FACSAria flow cytometer (BD Biosciences) TH#HTHB &
UL 72,

3. % R

3. 1. CYP3A4G/7R HepaRG #lia{E%!
AWFIE IR M 0GR IT. BEICIXHEREATH S, X
> C, MOBEBHERZHEITL20, FFllF— 7 X%
W LTHE 7", CYP3A4 & CYP3A7 I3, b M7
Ytttk FICH ATV S, S0 123 kb% &4 BAC Y u—
> RP11-757A13 %, BAC recombineering ® T ¥ % fifi -
THZE L2 CYP3AA D% ¥ 5824 a— R4 (ORF) %
EGFP # % 7-12. CYP3A7 ® ORF % DsRed j& f£ 112 {& #t
L7:0 ZOCYP3A4G/TR BAC &, CYP3A4 13 35 kb &
CYP3A7 04T 23 kb ORI A G ATV S, F72,
Cre-loxP ¥ A2 7 212 & Y S CHFLIEM L~ EZ T EA T
%2 X912~ N0 loxP B &% BACIZHFA L7 (Fig. 1A) .
CYP3A4G/7R BAC % #A ¥ 2Mu & LT, F®. loxP
B4 bE—HFFd DloxP-HepaRGF S5 v AV 2= v 7
kR 2 HUE L 72 (Fig. 1B)s & @ loxP-HepaRG#ll i 12
it loxPHA L 2L 0HLWLRBNY ¥ — % Crels
FZENLTCHEHICBATLIENTE S, RWT, B
Ik @ CYP3AAG/TR BAC % Cre 8 B RN 7 & — & Jt 2
loxP-HepaRG 12 A % & & T, # % ®» CYP3A4G/TR
HepaRG F o v ATz =y Z il u— v &7,

3. 2. CYP3A4G/7R HepaRG i@ D4¥F14

5N 724 ToCYP3A4G/7R HepaRGHIL 7 1 — > 13,
B 1 DsRed #6AD THWIRETH 72, Th
% bikE T 5 & EGFP bptkfifaas i3l L 72 (Fig. 2).

BohBEora—romnrs, 55HLigdE { EGFP
Pl m kSR E R 70—y 2RI L7z, 20
JEMER - L72C3 7 1 — v 2 UL S B 2 AT & D 72,
C3 7 u— Vi35 bssth TR 9 5 & DsRed #OtA% L
WA L7z —Ji. EGFP® mRNAZEBLIZ, 2 1LBA#E
Mo 2B TS 2. ¥ 72, EGFPH#YGE X 7-8
REAZHEI L. mRNA L~V QBN 2 FE LT w72,

SALC3 7 u— BT HLNIEMED CYP3AL ¥ V87 B
ZBLZ Bk (WT) ®HepaRGE v T2 % 7 uy METH
L 720 WT HepaRG 2%} L CC3 HepaRGiZ, 47D %
YT HE LRV OCYP3AL BT L Tz, Thid



(bR D DR LM - CYP SFEMEFTEMED in vitro FFAR DIEE

Figure 1 CYP3A4G/7R HepaRG #lZNRRE & 7 DHEHE
A. CYP3A4G/7R BAC £\~ 7 2 —DHE,
B. loxP-HepaRG #lii2 & CYP3A4G/7R HepaRG 2 DIEELFIE,
C. CYP3A4G/7R BAC (C &L 2 Tl EE= 2 —DHE,
D. EGFP ®¥tiZ & % CYP3A4 FIRMIEDiEHE,
E. EGFP &I & % CYP3A4 RIEFEMOFHERBME,

Figure 2 CYP3A4G/7R HepaRG fa D451
(FEFEHA) © T D#AEH DsRed B3E T CYP3A7 RIDREETH B 2 £ 2R T,
(LR HEHRE D —EBH EGFP BRI CYP3A4 HIBMALIC A5 2 & #R T,
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BETF 70— L A0 MOKTICEEEEZON D RIF T# 2 f5. DEX TR 2585128 L. NIF & CLO
o L L%&dss, wLA% »y7uy b T4 CYP3A4 TH 3R L 720 —J. PCNTI3. EGFP ¥yt #
SEHMHERE T & 2V HepG2 MBI IR, T IC @ W HH MEIR SN h o720 Lo T, CYP3A4G/7R HepaRG Ml
L7z, 720 EGFPORIRIIY RS v 7uy Mk Haid. e &2 B L CAT O AT 2 w9712 CYP3A4 7538
THAIHRNTESL LNV THo 72, CYPIAdDFEBLL PEZ G 2 2 AT 5 ORESRIZHL T E LR E W
NV Eid. EGFPREBOFE VI Y 2V 2=y 7 il (Fig. 1E)o
7 u— » OERPR EGFP B MMl oA & b sH izt ]
BLEZOLNS, 4. 2 =
FERENY 72 FFIAIAE L. Z OFRBEDITZE, LW E D% 4
3. 3. DsRed & EGFP %A\ /-FFilaMEBIEDF1R{E PR, SEMACHEE S PA50 Ak R s & OV P A IR e
LB 4G 5 B B @ DsRed B4 Ha & EGEP By Ml g A% Ze7 ©ILH R I CHE EDTE V. CYP FHE kR H Ew
BT B0k o C3 7 u— » O 4R 2 FACSf#MT DFENTRER L, FHMICHW AT ICKRESEA S
L7zo #%. DsRedFnPEMIIE & EGFP B PEANE Z 55 # < %o AL, (1) & ofREZIERENITuAT o R
E727%, LICHEOMIBERIIMB SN e do/zs TDZ E£HTH Y EBREICZ LW, (2) © FFEENEH R oM Bk
L. CYP3A7 ik o s RS2 BAME C & 5 -2 A g 1%, D% RO EE o, (3) FWHe CYP &k
CYP3A7 JEFE B NLIRTE 2 /- L T CYP3A4 B4 o it ., W IIFEFEDS D B 72D B % F v 72 31711 12 13 false negative
CYP3A4 JERGED MR B & O Bz flgic 51t 3 4% WL DAEUZEENDL LIS TH A, (4) e MiPSHITES S
ZERRLTVAD, IEREHEREN T R TR 2152 2 L SHEECTH 5 7
W, A LT TAEEHMBEELHWTY) TIVY [ A EOFEMELZIZ TWD, RUFSETHW b MM
12 CYP3A4G/7R HepaRG C3 7 u — v o4k 7 a & Hl HepaRG 12, WREIRRETIZFHINL E L TR Z R X
A% Bl L7z KR % < @ DsRed B 14l A% 24 490 JE BWH, BHOMEREH T — 2 BRERGET 5 & RS
WML E D, ZOdhH» 5 EGFP MO I L e D¥sE % R 3. EREMERT-PCRAN Tlid. HepG2 Ml
72 Fz. FEHOBHIE O HIIE, M52 12 EGFP [ e A D 1% REE O CYP3A4 B EICE T - C
VL e LRI T A 2 EPBEINTWE, Lo, WE DI Ly HepaRGANEIZ 120% 12 L TWize 2D
CYP3A7 388l L T\ 2 WA S B % 5 O Ee il N Ik e % LI ITE W CYP3A4 ZE Bl 2 R S RlE kR iE > Tl o 720
FETCYP3A4 5B 5 5 R ABUTHIREIC 2 5 W REME AR L2l e LORIMEL Tnwb 2t & R 57:0
a7z, W2 FOEZHAMCTEX L TR A= —DPUETH - 72,
P E iR I1Z, CYP3A4G/7R BACX 2 # —% & M ES CYP3A4G/7R BACRZ ¥ —%EBALIZ T VATV 2=y
AR iPSHIMICEA L2 b v AV 2 =y 7 il & /i 2 HepaRGAHINEIZ. ZR0 SFEANGIGAY 7 M3 5720, Al
L7228 d . WIREEIREZ R COtIkE2 ey —T& 3 FaD AL ED BB TE B L) IR > TWwh, ZDX
WEEMEZRIE L T b (Fig. 10), 912, HepaRGHIE ORI Z E o722 & T, & MR
OGN 2 BT AT VIl E L ORI ED
3. 4. FACSIZ& 3 EGFP A CYP3A4 FIR MR iR LHIfEs N5,
EGFP % #5512 CYP3A4 2 B L T 2 R D& v CYP3A4G/7R HepaRG C3 7 1 — ¥ Tli. EGFP @ &
L 2 FACS 2 W Cilfii © & % 2 Hiat L7z. EGFPF; Jt. EGFP ® mRNA B X O'WAEE D CYP3A4 @ mRNA
M & FER PRI I B W TNEEE D CYP3A4 mRNA % BHEOZBALICXIODS R SN T2, A cHERN

B B Rm M RT-PCR: THRIARZHHE, M ER 25 B E R 2 £ 5. EGFPIZEETFREEEH» =%
CYP3A4 ML % i T & 5 2 LAVR &7z (Fig. 1D) o —TELHCSHIEMO R LR —¥ —#HZFIlR )

Bo —Ji VYT 2 T—ERBHT Y b YT —CEOBETUS
3.5. CYP3A4 S5ERIIC L5 EGFP 8t E DM EHOIBIZTRBLR— 5 — Y A5 A0H&E, WHE

A (10uM RIF. 25uM DEX. 25uM CLO. 100uM &I L CHefolt 25t 2 e 5 2 B L ETH L,
NIF) DA CYP3A4 #5384 CHepaRG C3 7 11— > &ML F 7=, fE# L 72 CYP3A4G/7R HepaRG il i 12, P 1E P
L., 4RI —E ) 7 Ot 2 i & It DBIETICHEZIMZ TWihWi-o, EGFP MLz
#lL7o 3 hE—)LE LT01% DMSOTRLIE L7z, 72, CYP3A4 ZHIMINL & L CHFMIIL Db 0 IS T & 2,
CYP3A4 #FE L2 \was, <~ A Cyp3all Bl % &4 CDXH)BRETFTINVANBORIICEL ). BRI & EEMEN
5T EDMSNTWAS 25uM PCN THepaRG C3 7 1@ —» BASEII M o i & Ak 3 A ME, ZetkikBRICE 3 5 FEERE)
AP L 7=, #S. EGFP#6GIx. 0.1% DMSOMLEEE X WOMRIO 2 H32 LW TE 2,
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5. # #&

ARAFFE Tk BF AR AS B 4 3 5 L CYP3AT » 5
CYP3A4~TEHIASY 7 b5 L #MM LT, 268%
WO E (D) o sbEDE=% —, (2) 5LHEFD
g, (3) Bl D73 (4) CYP3A4 75384 51All 72 &%
g7 e MFE T VML HepaRGHINE 2 E L L 720 52,
HepaRGHIB DO #EETHI T 7 7 4 Vi e FHIIIZE
WGBS A LREMASZ ET, HHLHESNRS, £
7oy oMK O LB 2 R A BRSO
RUIAMTH B, THIZE D, b MPSHINEA S HERRIN 2
B 21 ) 3 RSO TE L s N D, H
Aok MPSHNEE H 72RO [ AR ] of#E{ b~ o
WRRRSWIFTE 5,

AWFRFTICH2D T AR MO TV —WIFRIREMH L ) &
SCHRI D O T L BT 9
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Aquaporins (AQPs, AQP0-12) are membrane water/glycerol channel proteins that participate in various cellular functions
in many cell types. AQP9 is expressed in several immune cells including neutrophils; however, its role in cutaneous immune
response remains unknown. Here we show the involvement of AQP9 in skin allergic inflammation using AQP9 knockout
(AQP9™) mice and the contact hypersensitivity (CHS) model.

First, AQP9"" mice showed impairment of CHS responses to hapten (DNFB) compared with wild-type (WT) mice.
Adoptive transfer of AQP9” LNs cells into the ears of WT recipients resulted in impaired CHS response, indicating the
defect of sensitization in AQP9”". IL-17 production was decreased in AQP9” compared with WT LN cells.

WT mice showed high neutrophil accumulation in LNs at 18 h after DNFB application, but it was abrogated in AQP9™
mice. In accordance, we found the attenuation of AQP9” neutrophil migration to LNs after DNFB application. Furthermore,
the neutrophil migration in response to CCR7 ligands was suppressed in AQP9™ using chemotaxis chambers.

Finally, we found that the administration of neutralizing antibody during the sensitization phase suppressed IL-
17 production from LNs cells as well as CHS response in WT mice, suggesting the implication of neutrophils for IL-17
production during the development of CHS.

These data suggest that AQP9-expressing neutrophils play an important role in the sensitization phase of CHS through

their migration function.

1. #&

KITEGBRIZE 5 TUHEOWETH Y. KNTIEAD
FELEIZE A F 3 v 7 KRG T RbNTWE, ZDK
WAEEPXRLIREAE L TCRRAIN AT 2 TR ¥
(AQP) 1%, BEE TIZ. AQPOA 5 AQPI2 EFTD 13D
BEFPHRE SN TWD, 1992 412 AQPL SR ENT
DIBE. AQP OWFZEIL. B, W% 7 EAKRKOWIARE A 7%
i 2s 2 O CED SN TE 2, ZOMBIZE Y, EETIE,
AQP 25, KRZDMOWEEZEZ ML T, S HITHEKRD
HGHREHIHT 52 Db ro TETWA,

KA IZEEICBITAAQPICHEH L. K H o
BBT5AQPTOKIEAHOLMICLTE, ThET
2. AQP3 R~ ABLUAQP3 / v 7 ¥ Uil % &
BAFZEM B V. RIS RIS 5 AQP3 25, il
B X OHINa s G & SRE L. B, IEREE D 5 \»
37 MR RIIEICE S L TWwbA I EEHLM,ITL
TEM2Y, F72, THIRICHBT 2 AQP3AS, ¥ EY 7
VAERMEITH T LT A ERIEICE ST A %
WEHLTWwD Y,

—JAQP9 X, S F ToOHER TR > 5. 5L

il

Role of Aquaporin-9 in inflammatory
skin disease

Mariko Chikuma

Center for Innovation in Immunoregulative
Technology and Therapeutics, Kyoto
University Graduate School of Medicine

TR ML, K ISR T 5% { ofEile 7Pk,
M, THilEZ &) I L TWAZ EAVRIBEENT
WAHDS, FORBIIIZEALH SIS R TV ARV, $7-
AQPY KA~ 7 ZDPEIZHL ST W5 2%, BFOFMZ
PEEEMRAT IR ZZER SN TB ST, B F /B MLk 139
ERBREVPHRVEERERTVS Y,

L2 ld, SREMNLICTEBT 5 AQPY A5, Ml E %, 7
M=KD D ITFRED X 9 R 2 RIE
P R B DOIIEICE G L Tw B W REM: 2 Mat L 72,
AQPY K~ 2% v, Hfz g &ET VY 1281 2%
Al AL OFBRE T 5 LT, AQPI DFEREM:
HERFZEOB E L7z,

2. ¥ &

2.1, EMEBRETIV

AQP9 i {% T K~ = 2 (AQP9”, C57BL/6 genetic
background) . Rojekt#-t: (Aarhus University. 7 <
—7) O AF L. FHRRFEWREFENIC T, Hetero [l
ZRHEAC & 0 B U EBRICHE L 720 AQPY” B X VAR
(WT) <= A&, 2, 4-dinitrofluorobenzene (DNFB) % IE#
WA LIRAE L 720 84155 H#2ICDNFB % HAr 2 %4 L (5
¥ L v ). 24 Hi i # O B/ E % micrometer (Mitsutoyo)
W& D HE L7,

EAED BT % TR B 720, DNFB¥#AI 5 HRZ, KM AT
J& ) v N HEi = i L. 24-dinitrobenzene sulfonic acid
(DNBS) & & 23 HRER#E L, MfaRisge CHY 4 3
VLY AR) &, RREEFEOYA P A & (INF-gamma,
IL-17A) %% L7z (ELISA kit, e-bioscience)o & 512,



DNFBEAES HED D) Y 3 iofiid, BXOFrv 1L Y
24 e A DY) VNI 6 NICK E R oML 2 g8 L,
flow cytometry FACS Fortessa system (Becton Dickinson)
W& DT L 720

2. 2. Adoptive Transfer Experiments

DNFB&EME5 H#12. AQPY" BLXUOWT v 2 D&
) OREN OB L, BANE THREG Lz, 2Ol
% B IZDNEFB % #A4i L7zo B HOEMFE L HE L7z

2. 3. Chemotaxis Assay

AQP9” B X F'WT ~ 7 X ® Bone Marrow ML 2> 5.
Percoll 7312 & O #if ik % % L 72, Transwell Chamber
(5 um pore size, Corning Costar) ® _EEBICifhEk% 7 75
£ L, F#EorE7 b5 27 % b+ (CCL1Y, CCL2L, fMLP)
~3EE L7zl g e . FACSIC X 0 f#fT L7z,

3. # R

C57BL6 ® WT = 7 A% S ER (Neutrophil) . HE{i
fa (BMMC). T #ilfz (CD4", CD8" ifa) . AR (BMDC) .
BIO~vru77—Y (BMM) 2L, AQPI #Efx 13
B2 ) 7V 4 APCRICE DillE L7z AQP9 X, %F
FERB X WML TR WRERSHRE S Lz (K1, left) o

REMEBREICHIBTIT7RY 9 DHEREREZER

TP ER T AQPY S et Tld, AQP9 ASHI Nl & S L
WCRTELTWA Z EAVRE N7 (K1, right) o

75~ (DNFB) #5612 X B3 E K5 %, WT B
XOAQPY = A& VGt L7ze AQPY <7 AR fE T
W FIEREEZ R THAMPE (EX) 25, WT <7 R &g
L CTHREIZHH S TW2 (X2, left) . HEMMRA R 5.,
AQPY =~ XA TiE, WT T#ED 5N 5 0EMBOR
e FRESPRH ST 5 2 EATRE N2 (K2, right) o

ez 8 S USRS (F v L v V95 24 Kefi %) 18R
WU 72E 8 % v FACSHNT & % W ISHHARFATIC X D .
FEREMNIZEREL CTwa THlE (CD4', CD8Y). Bk
(MHCIT" CD11C"), HE{ifiA2 (Toluidine blue Jeft). B
X OBk (Giemsa Jett) oM EZRHIE L72o AQPY S
J§Clid, CD4" B X OCD8 THINE, 7 5 IZIFRERD T
BWTRE LKL THREIEKTLTWS ZEAIRENT:
(X3)o

AQPY” = 7 A THMB I RO BIEDIKIL L TV D 2%k
Meat L7zo DNFB®Ai 5 HE D) > S ML 2 $RECL
FA4—7< A (WT, AQPY <7 ) OFEMEZMNICBAL
72 (adoptive transfer), HEZIZDNFBZ&Ai L, 1 H#IZ
HimlErsfe Lze 2 A, AQPY MINIZ WT Mifiw & 1t
LT, ARICHMAEZ B S8 (K4, ZofHRIE,
AQPY”~ 7 A TLIHE il Kz i 92 SO 0 A 2 0 i 37 A8

1 C57BL6 ¥ XEEMETICH 1T AQP9 IR
(left; V7214 LPCRICKZDEE. right; IFHIKTD AQP9 FiEEE)

2 WTBLUAQPY” ¥ XIZH 1T B EmMEE RS
(left ; EMEBERRSIC L 2ENZE. right ; HE fB&k%e)



A X MAY-ME#RE Vol.23, 2015

X3 Emh R E R RSERE D EER DML
(CD4*, CD8' T #Hfa. 4FHIk)

4 FRE') >/ ENERRMAZ D Adoptive transfer (C & 2R B X RS

5 DNFB#Z%H 5 H#E®D!) >/ EiRRMITDMMIZLIETEEE (left) . IFN-gamma EAEE (middle). IL-17 EAEE (right)

HENTVWBEIEEZRLTWVS,
AQPY” = ™7 A THEZR X M7= Hefil Bz 1 46 S O JEAEAS B
MOBEKNEZESL 728, DNFB%AG 5 HEDO ) 73§ H kA
faZ R L. DNBS & 3uiz8528 L, FEfl 2 AT L 720 AMlliE
WADH A4 I Y VI AA B X UM 5 OIFN-
gamma FEAERIZWT & AQPY < 7 AL CEX e h 5 720
—J7 IL-17 . AQPY M CHZE 2 A 05380 b
72 (M5). b, V) 8HINOMIBESAEIE. WT & AQP9”
< 7 AHMNECTH E £ % H - 72 (data not shown)o V) &~
NEINOMINE. 2 CDS" THINEA & DIL-17 BEA DS, B
fill B2 7 e BB I TH B T e ShTns ™Y,
5Ty AQPY ML TIL-17 BEEME T LT 2 & 75,

VEARL D E RN &% 2 720

e OIS, AQPY v AIIBWTHEIN L
fil Bz I 2N, IR ERASE G- LT A T e R R L 72,

WT =2 ATliZ, DNFB®AIZ L D V) VRN O ER
BSHEE ML, A 18 MBI Y — 27 12%
52 &AM L7 (data not shown)o Z @K, AQPY" <
Y ATl M ERO BN A [CHH E v Twz (X6,
left) o WFrh3ko P fIPLA (antimouse Ly6G mAb) %5
L. IhERZBREL72WT <7 A Tld, DNFB&AIZX 5
FE ARz 8 2 OB A S 7z (K16, middle) s F7/2215
D=7 AHKDOY) ¥ SEIE T, IL-17 A 238 12K
TLTW (16, right) s X512, AQPY < 212, WT
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6 HFHRIROEMEERNDES
) 2 SEiDRFRIRE (left) . 4FPIRRRK(C & 2 EAh R E X OHIE] (middle) & & U IL17 EEAEIET (right)

7 WFHREROSEL2 T X (left). F-actin 2+t (right)

¥ AHROIFHREREB AT S 2 & T, Bl g 4 &
IL-17 PEAEAC T ASEIME L 72 (data not shown)o BLEKEHE
. AQPY” ¥ U A T O R T IE. b ERICR KN
VhHbHIERRBEL TS,

DNFB#Ai 412, AQPY =™ ZIZB VT, V) Y I3HilC
JRTET B IFhERE OISR S M- BER & LT, ik
DY) VIRFNDRE /A =3I V7 HPAQPI RIBIZ L DIKTF
L7zZ e FREiz, ko) Vo Ei~oRBIZIE,
CCR7-CCL19/21 D5t shTwab Y, 22T, I
ERD CCL19/21 1249 2 Mifg ¥ ERE 2. Transwell &
WTHGE L 72e AQPY HFHERTIE, CCL19 B & UFCCL21
NOMEEFFHEILT LTz (M7, left) s F 72,
AQPY” if i ER Tld, CCL19/CCL21 M3 CH ¥ S h 5 Ml
fa o Jitak (F-actin 46t) 24K LCw7z (7, right) o &
FRERICHEIT 2 AQPI Y, 7 EH A ViFFE Mo MiNeiEE
RRHLTWD I EIVRENT,

4. £ %

AQP9 1. B D BUS & 4H ) A hER TRV IEBLAE
REN, T BB E RS ICLHTH B 2 ARSI NI,
R ERICIEBS 5 AQPI 25, 7 & A A4 Y iEFEME O M E

EEHHLTWDE I EDED LN, AQPY <7 AT,
DNFB®AIZ X D FHEENDHPERD ) 3 FH~OERBH
KT92ZET ZOHISED 2 THIlLO S, HHiC
IL-17 EAEOIPFIA LA & 22 ) BAEDS L3, H AT
IR L T AEME RO AER I N o7zl EZ D
N7z,

Stk b HfhR RS 4T B B I ER O E] 2 BN B
TAHEE LI, HFHERICHEBT % AQPI DFERE % TH & A
WKCLTWL PETH Do
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Interleukin (IL)-33 is a member of the IL-1 cytokine family. Epithelial cells and vascular endothelial cells produce IL-
33 in the nucleus and release it by stress, injury, or necrosis. IL-33 induces the production of Th2-associated cytokines
via its receptor, ST2L on type 2 innate lymphoid cells, Th2 cells, and mast cells. Therefore, IL-33/ST2L signaling may
contribute to development of allergic diseases such as asthma and atopic dermatitis. The ST2 gene produces a soluble
secreted form, soluble ST2, in addition to a transmembrane form, ST2L, by alternative splicing. Soluble ST2 consists of
only extracellular domain of ST2L. In previous study, we found that soluble ST2 acted as an IL-33 decoy receptor. Soluble
ST2 specifically binds to free IL-33 and inhibits a binding activity of IL-33 for its receptor on target cells. To explore the
function of soluble ST2 in vivo, we established that a transgenic mouse that constitutively express murine soluble ST2
cDNA under CAG promoter (ST2-Tg mouse). Here, we show that soluble ST2 is a critical repressor for skin inflammation in
a murine model of house dust mite (HDM)-induced atopic dermatitis. Skin inflammation of ST2-Tg mice exhibited a lower
development compared to that of wild-type mice. Levels of IL-13, total IgE, and HDM-specific IgE in sera were reduced
in ST2-Tg mice. Furthermore, we examined HDM-specific response of lymph node cells in vitro. Analysis of cytokines in
culture supernatants revealed the reduction of IL-4, IL-5, and IL-13 productions in ST2-Tg mice. We also applied ST2-Tg
mice to hapten-induced contact hypersensitivity (CHS) model with fluorescein isothiocyanate (FITC). Migration of skin
dendritic cells and ear swelling developed normally in ST2-Tg mice. These results suggest that soluble ST2 contributes to
suppressions of skin inflammation and Th2-type immune response in atopic dermatitis. Therefore, soluble ST2 is a potential
therapeutic agent for allergic diseases such as atopic dermatitis.

1. #

vy —u4 %33 (IL-33) (& bRl se i i
MR HT 294 A4 > Thb o IL-331E. HRY
¥ %Ek, Th2 Mifa. MRS Z & % i PEAL L. Th2 4
NI Y DFEEFEENLT, T L F— BB
BT 5, 7 M E—MEE R TIR. AT BT
IL-33 DRBUCHEAHE ShTwa Y,

IL-33 %%k (B4 1 ST2L) % 32— K35 ST2#ETD
BT, BEMZ AR ST2L O, 5wkl
ST2 %% 2" "y ZPWEIST2 12, TL-33 DG HTh 24
BAMEIR D 4 % F5 0 40 7T SIS i S s, R4
W B vitro\2 X AW S W ST2 HYIL-33 DF%
AT 27 a4 2Rk LTH C e 2R LE ",
SPEIST2 13, WHEDTL-33 L R4 L. Balk
BT 5o COBEHKITIL33 ZHRECHETE 2
W, BEHHIIIGIEEIL S v, BRI BV T S, 5l
MST21FIL-33 F a4 ZkE LTH bo e FHREL,
22T WA 3 EKRPIC BT B W ST2 OEH % Bzt
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Regulation of skin inflammation with IL-
33 decoy receptor
Morisada Hayakawa

Department of Biochemistry, School of
Medicine, Jichi Medical University

T 57O, TWMST2 # BREHTL T ATV 2=
v 72 A (ST2Tg~ ™ A) 2B L 77,

RIFFETId, ST2Tg~Y 7 AZHWT, NTF VA
L HEMEERETIV, BLOY ZPUEEAMAICL ST b
V—HEERETNVEERL, BEREICHT 50 WE
ST2 DFER & HLIHGT L 72,

2. ¥ &

2.1. ¥9X

ST2 bS ¥ AV x=v 2 (ST2-Tg) ¥ 7 Ak, CAG7 1
E—F—II% Y AGWMST2 cDNAZALZZNY ¥ —
EHCTERLZY, AW TId. BALB/c R/ v 2
yaA L7z ARMH L7z, KTk, SRMO 5w
RIST2 cDNA 25, 7/ A DNAICAT U DIRETHIET 5
RYA%Z NI VAT 2=y (Tg). RO WAEIST2
cDNA A% 7 ADNAICHFA SN T\~ 7 A % B AT
(Wt) & LTHEIL L7 ST2-Tg~x ™ ADEG, HKF. 0E
MR B3V BERS Y 2 LR T ERR SN2 5 72,

2. 2. K EEHKHE RO EREDFTH

< ADLEF A DFKEIZ05% fluorescein isothiocyanate
(FITC) #Wi%& 40 AT L. AL H A O RIEITHEBR % 40 ul
WA L7z, AT 24 #e, LM E MG T Y > /X
ZENENRRIL, ML % gk L 72, MlgichiCDl6/
CD32yifkx Mz CFe%®Hfhk% 7 v 7 L7:1%. 7-amino-
actinomycin D (7-AAD). #GEE#PLCDI1cPifk. B &
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CHENEERI LA/ LEPUERZ RN L 720 Z0tk, 70—
4 MA—%—I12% Y, FITCHM®CDl1c LA/LE #if
BRI L7z,

2.3. BEMEBRRETIV

< ADIEIHDOTE N H TR, JEEZFIZ 05%
FITCi % 200 wl ¥4 L CREAEL 720 J&ME6 HEE. MH O
HHAORES 2 WE L7z GEADERIEIZ05% FITCH
2 30uWEA L. AHAOREITHEBIR Z 30 ul A L7z
ZOH, RENICHEOEANDE S Z2HlE L7,

2.4, PhE—MEBRETIV

XTI ADTEHDOEZENY B T o725, BREZ ) —2
T 720 BEEFEENET—TA M) v EV T LT
. 50% 7))k u — L EAARAEKICEMRL/-a) e
7 e & =i (HDM) % 100 ul (25 mg/ml) &4 L7z, 2
Y ha—JuiZid, 50% 2 ka— LA AR AT K 100 pl
Z REEAT U7z ®AIZEIC 210, §MIT o720 F DR,
RREEMICHE N DR S 2% Uiz B AT S 24 BEH £
WAEBRE R B IS, BER Y SEi 2 PRI L 72,
HABLOWHRED/8T 74 VO 2ERL, A< b
FIY - F T GBI WY NS HEEL 72
MILICHDM 2RI L. 4 HHER 28 Lot i LG 28R
L 720 MG, B LYY Vil o338 B R ot 4 b
AT ERIETT T L OWREEER ELISA I X Dl L7z,

3. # X

3. 1. REEHKHROEEROERT

B2 A8 R I 00 35 58 123§ 2 i B ST2 O B 5- %
FITC & v THE L 720 AAHAICFITCHR, A H AT IC IR
K& U CH i & A L 7zo 24 RGBT, LA OBT

1) Vs fi A 2 N E IR L FITC Btk o k#iie (FITC
CDllc 'TA/IE") #7080 —#%A4 M A—F—12 X DIRHIL
72 (M), BAEMBLOST2Tgx 7 AL b2, AV ¥
PEIH OB (CD11e LA/LE ) OHI&ICEIE A ho
72 (K1A), FITC CDllc LA/LE #ifaix. FITC %A
L22AEAMO) vosffilcosamtisns (M1IB). F7-.
FITC CDllc LA/LE fila%ud, BAERM =< 212HA~T,
ST2-Tg<x 7 AD BV laholds, FEE IR o7 (X
10 TNHDORFERMS. FWRST21E, N7 T v IEME
WS & 5RO ERIITZE L w2 L2 S
Pl o7z,

3.2 NTTUERICLIEMERRICETIEBERIE

)23 iy

INT T VIZFITC % v CHM B K€ 70V & (F#
L. BRSS9 2 i BIST2 OfEH 2 MGt L7z &
F. BRTE LR B IS FITC 2 %4 U CRAE L 720 &E
6 Hi%. MHOHANOME S 2% L7t A HAICFITC,
FEENCHEEER 2 A L CRIEZ B L2, 0k, #E
BICHHEOHAOR S 2 e L. BAOiRE 71 L7z (K
2)o FITCHIBIC X 2 HA DD /85 — 1%, BAR B
LUST2-Tg~ T AL BT, BA 24 MBS —2 LD,
ZOHRMBIG L7ze Ty WAL ST2Tg~ 7 ZAOHEND
JERIZFARETH o720 NS DOFERD S, FWHIST2 1d,
FITCIZ & 2 Bl i RAITHE L v Z L AVRIB S 7z,

3.3. 7hE—MEBRETIVICETIREBREIBOMET

FoPEIC L 27 PE—MRBRET VAR L, KE
PRIV 5 5 WHIST2 ODIEM E M Lz TLVT
LLTareaye sy =iy (HDM) 2HwT, BEL
TR S L EAEMC QM KEBAT A EICL ) &
JEZFHE L 72, B, HDMEBHHETH 5 50% 771

1 REBURAROBEER O
(A) BT L /EichORIAMEL (CD11cTI-A/IFEY) 70 —H4 hA—2—(Z&WRHE L, (B) FITCRRIEDRIAM
B2 (FITCTCD11c™I-A/I-E™) #70—H 41 b X —42—IC&WH L/ (C)ZTBTU > /EFRDOFITCTCD11cTI-A/IEET

f)iEks Gy AV



tu— )V EH AR AR 2 B A L7z RRFRICH A OIE S

DWEZ ATV WAL AT D 5 24 BRI TS, HAr

M. W) ¥ 3z SR L 720 BB IICHEAOE X %
E LR, BAREB X OST2-Tgw v 2 L i, HDM
WA 1A% 5 BAOWERDRD 5 /zh, ST2-Tg~ v
A TIE, BAM< Y 212 TS LTz, HDM %45
S5HABLIEL, AR L ST2Tg~ ™7 A L OEDHF IR
o7z (3A)e HAOMBGEMITL/zL A, ST2-Tg
< ATIE, BAER< Y 2 ITHART, #EB XK TH
FROMIEL 259859 L W72 (X 3B) . ¥ 72, HDM¥AG L /21

IL-33 7 21 SRIKIC & B B EREDEIHE

AR 2O E. £, B, B X O THER
WIRE A3 57z, ST2-Tg~ 7 A Tld, HDM &4 (2
X MUEZAE U As, BpERl < 2T LTz
(K3B)e ZNHDFERNS, ST2Tg~ 7 A DR IE RIEIL.
PFAMy 2L ) QBETH D LN LNITR T,

3. 4. SREBFICLIMBEY A bHA > HLVMBE
IgE DN
P4 ML ERETTOTY) VOFEEICOWTHANS
O, HHY A MA A v, BIgE. B L HDMAF R IgE

2 EmMEEXICLZENOER
FITC#& (FITC) % 7= 13788%& (Vehicle) ZHEDENDEE » 5. EhAI
DENMDES#%ELS|E. ZTOEEERE L

3 HAIMBEREZRZRHICL 2 EEREIROER
(A) Z =#H1R (HDM) % 7= 13738% (Vehicle) ZHEBEDENDES » 5. ZHEIOE
NNDEX%ZELS|E. TOEEERE L7, * p<0.05. *, p<0.01, B)ENH &
UEBEEDINZ 71 IFEEE L AT IR —I AT 3B L, (LK)
BN, (TE) E&BRZE. Scale bar=100 um,
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DA% ELISA#:12 & 0 %2 L 7zo HDM %A # 0 ST2-Tg
<7 AR A IL-13MHIE. AR < 2R THEHFE
2o 720 ILS5IXFEFHITIIRETH - 7225 1L-13 & [k
DOEM %R L7 T2, ST2-Tg~ 7 AZBIT %R IgEH
BLOHODMAFRWIgGEM D, FFAER < 7 2 TES
572 (X 4), IL4, IFN-y. B X OIL-33 1%, HDM %A
BLOBEREAEOWTICBVTH, RBBRARLT T
Hotze TNLDRERENS, ST2Tg~ ™ A TId, Th2 ¥
A M A VRIGEDFEENHH SN TW5DH Z EDH G AU
ol

3.5. FNBY/NEIICE TR YA MOA 2V EE

Wews ) >3z & Mgk L 7= Mle & Fv T & = HUsH
WIS CTHEESN DY A P AA 272 ) Y80
ML HDM X 7213 AR AR 2 8 L C 4 H R L
7zth. Bige B oIL4, IL5, IL-13. B X OIFN-y ©

fii % ELISA #:12 X 0 5% L 72 HDM % A5 B o %7 A4: I B
X OST2-Tg~ 7 Ak Y 73 fHiflila i, HDM HIHI G
U<, IL4, IL-5. BIUIL13 %2 @A L LALGH
5. ST2-Tg~¥ 7 ATk, BAER <Y ZITHART, wih
DA b HA Y HBIETH o720 —F IFN-p DAL,
HDM # A5 # 0 ST2-Tg~ 7 ZAHskn V) > /3 Hiflilig o J7 A3,
PRI 7 2R TESTLE L T (K5), 2h
SDFERD S, ST2Tg< 7 ZADKMW) ¥ SHkkICHBIT S
Th2 BIe i Aid, HAR Y 2L ) HEFLTWE S
EBHL IR o7,

4. £ &

AFFETIE 2HHDOBE RAET T VIS XD B RIE
VX9 B W ST2 DFEM 2 #if L 720 FITCHBATIZ X %
Pz e E 7V T, BAERLE ST2- Tgx v AZBIT 5
BRI IRMIE D3 A B & B2 SHEIC R & g IZR S

B4 MmESA bHA 2 HIVMIEIGE DEE
MiEFDIL-131E. #IgEME (Total IgE). & &V HDMIFER IGEE (HDM-IgE) % ELISAEIC K WRBIE L 72,

*, p<0.05. **, p<0.01,

K5 PhIE >/ SEERMEROY 1 M h A D EE
BB E 21 HDM 2% L 2FER S L U'ST2-Tg w7 X (Wt-Veh, Tg-Veh, Wt-HDM. Tg-HDM) D
&) > NEREROMIRIC AR RIEK (Saline) £ /-3 4 —HUR (HDM) 278N L. 4 HEEEL %, BELEE
B 720 BEEEBEFROIL-4, IL-5. IL-113. BEUIFN-y DIE%ZELISAEICEWBIEL 2. **, p<0.01,



o 7ze IL-33 KA~ 7 AN BT % i Bz 8 95 O 45 Rl e K
by ARy AL ENRRNWI ENHESATNE . O
DT EhS, IL-33 7 ST2L R, e 8 55 0 5698 12
HLAWwbDE#Ex 5N, 5l ST2 O b 1§ 5
LW EAVRIB S R,

HDM EBE®AIZ L 57 bY =B REF VT,
ST2-Tg~ ™ A D8 49 B & O Th2 M EEA 1L, Bk
W=y ZIZHRTHI LT Wiz, SO &b, kil
ST2id. 7 MY — VLR %0 B R o % BRS¢ 2 76 A
RO REMEARE S N7z, ST2Tg~ ™ A2 B 240w
BIST2 (3, MK A 2R CHRILLTW B 21T TR <,
MEzBELCTHELIHERL TS, D72, IL-33
OBBEATWRST2IZ I VI S b DL EZ 5N
LA LA, ELISA #:Cid, HDM#IS L 72 B0 < v
2BV THIMFIL33 ZMINTE Rd ol 4. 2O
ETFNV T ADEEREERIZBIT 5 IL-33 DB 2 HiX5
TETH b,

7 PR ERBEETIE, EEREEICIL33 D5
BN BO SN £ L33 F T v AV 2=y
(IL-33-Tg) ~7 A% HW/BRITICB W T, IL-33 DFEIT
XD RENFRESNL AR ENS, 20
IL33Tg~ > A, FRERMICIL33 2 BR5EHLTB
Dy 7 N —VERY g b S R FURRIET B %
72w Th2H A4 b A A VEEARRZFED 2RI EAKRY » 73k
DI SERIEDTIEICHGTAHZ LRIz, Lol
D5, IL-33A5E D & 5 Zd%F TR EE S b b
5o T, IL-331%, LML 2 & THRET 5205
ZOMBHNBAERIETH S, TD72H. 7 ME—EF K
DBBERET N T XTI, EBATENC X 0 KR Mg
D&, MIAMCIL33 SIS ha b DL EZ SN TV,
CZOXHIT. T MNE—HEFROBIERTIZITE AL
BIEZ VAL, 2 OFRAECIL-33 23 53 2 W REME 13 R < R
BENTWb,

5. # #&

KBFEIZ, ST2-Tg~w AZHWT, FWAST2 A7 k
Y — PRz 2R S 5 R RAE B X OV Th2 BRI E
RIS HZERW LN LI, Stk 7T FE—MEE K
DFIERET O R B OBFIC, 2 WST2, T7%4b
BLIL-33 7 A SHEENHLGT 5 LWfFshsg,

IL-33 7 21 SRIKIC & B B EREDEIHE

(51AXHk)
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Vitamin C (ascorbic acid; AsA) is an essential nutritional factor and required for collagen production as well as
antioxidation in human. We have analyzed genetically modified mice regarding Akrla, which catalyzes a step in the AsA
biosynthesis, and the embryonic fibroblasts derived from the mice (MEFs). The body weight of the knockout (KO) mice
was the same as the wild-type (WT) mice up to ~20 weeks. The KO mice started dying around 10 weeks of age and all
had died within one year under the AsA-deficient diet. However, supplementation of AsA contributed to maintaining body
weight and extended the life-span of the KO mice. We then used MEFs from WT and human Akrla-transgenic (Tg) mice
to investigate the potential roles of Akrla under culture conditions. Tg MEFs showed higher acrolein-reducing activities
than WT MEFs and were more resistant to cytotoxicity. While the administration of ascorbic acid to the cells increased the
intracellular levels of ascorbic acid, it had no effect on the resistance to acrolein. Thus, one of the principle roles of Akrla in
primates is the reductive detoxification of aldehydes, notably acrolein, and protection from its detrimental effects. We also
examined the impact of a deficiency of Akrla on fibrotic damage caused by unilateral ureteric obstruction in the mice. Even
though Akrla-deficient mice could produce only about 10% of the AsA produced by WT mice, no difference was observed in
collagen I synthesis under pathological conditions. The data implied either a low demand for AsA or the presence of another
electron donor for collagen I production in the mouse kidney. Application of the genetically modified mice would give us an
advantage in elucidation of in vivo-roles of AsA such as collagen synthesis and anti-oxidation.

{ Prolyl 4-hydorxylase i2 & 570 YO Fafx ik

& POGTIE AsSADEFGARE 2o Ta T =7 VIREICH

il

L. SRR DMOAF ERIIBERBICHICE 5 &
NTWD720, Bex BB Z T T0b, FEOABICX
0. SN TR BEE DTN e 7 & OGRS
B 720, TARLPRIBEIETTS (K1), AlERIE
B BBEE LN, FOBICas—Fr o riilod
T HMBANERE 7 v X2 B KEICER S L, BUESRALO
L ZDHBOYEFT) v 7R EITE <,

I IR THRDIL VY VNI THY, FOM
IRPERBHIIENC & > THERE % 35 < SR BRI 2.
SRR R R 2 H o TV B o B 2SO i 72 & Dl
EHERIM 2 &I X o THIREZEDSIE D Jeb b & FifitEss:
MBAI L Cas—F v 2L e $hEs V2
FREICSWL, TOMBZRDS (K2, 20X 2K
EOMMEALDFEFIL & LCTHRE L. ZolIcARoMl
BT IUSNRA R BB ASHERF S LB 25, SHE(LASHES T
5 LIRS Ao 29 Lo o, Ml
W& 28 VX BOEKE WIS L b EHICHERT %,

5 IvC (TAINVE VB AsA) 1ZZ OPUERILEELZ N
AT WL OPOBERTETMIGARE LTERT %, 1T

Elucidation of malfunction of collagen
synthesis caused by defected oxidative
protein folding in endoplasmic reticulum

Junichi Fujii
Yamagata University, Graduate School

of Medical Sciences, Department of
Biochemistry and Molecular Biology

bLEEZLNT VD, 20D ASARRET L LTS
— 2 7 EOTRAREE S, B R B R & KT,
TR OB T AsA B O IR By B % it § 2
Gulo BETIZE R AL U272, b MIZDOEWEE K
N TR I L0 ET 5% OEBRBIWIE S LT —
ART7 ) A= v EMEMEL LTASAZ G TE %,
Aldehyde Reductase GEfzT-4; Akrla) 7 A2 >
WA IS O 5 B Gulo & 1357 2 BB & i L, 2 05tk
27K (Akrla-KO) (12X ) 7 22V E ¥ BREHEEDS 10%
REICTTETT 2 (K3), =% X3 #E T U B H#
DT LTV % 22 IREEE S LI & LT S LB AN
ASARZDIEIEZ R ERVI Eh D, AsA T 2 4 F1
BEREDIRII % H 19 & 5 2 Wb BHI I E S 7200
S Sy I ML T AR S RIS
INBIENTY AT 4 ¥ -SHEDPBALEINTI AT 4 K
GRS S 2 L TR A R X 2 S & 2 (Y
4), PRDX4IZEROL1 & & DI EY V2 DY AT A4
VSHEZBILLTI AN T 4 FEEEEAL, ¥ X7
BOMALTEA %S ©o EROL KA ™ 2 & Px AoMt
7 L72 PRDX4 &3~ 7 2 ¥ %% L T{272 ERO1;PRDX4
CTERIBY T AL ¥ Sy B OBALIITE RS TERIC
AT L2 L AR & 7 o T ASADSTHE SN, 2O
B — RS > TR A2 . —7, JE
7OV I — WAERSIYENT 26 (NASH) ORI & 2 S,
PRDX4 K4BIC & 0 BB L MBIRBIC L h s shns s
COXAHT, TFI—HF IOV TIE. MR BT B EL
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4 IS—KFLOERICITNEEICETD 2 N BORBRENITE A &

Oy oe FOxF I IUEFPDE

MITEAICIMZ T, 70y Y Fad b sniz#ic
WEN, MIRAMEEE L COMBEEZ BT X912k 5,
AW TIE, FICAkrlaRBY 7 AZHWT, 27—
7Y OEKEFREERBIC BT B AsA O ENI DV T EIA
T5HELEBIT, ASAGHRUAND Akrla DFZEN DV THR

L7

2. % B&

2. 1. Akrla KOV RADFRBEIEEEKICEHITEHASAD

3

FpAR (WT) - Akrla- K48 (Akrla-KO) - & b Akrla b
5 AV xz=v 7 (hAkrla- Tg) 7 A% AsARZIHT
flE L. ASARZHI T ADHELEICH 2 B2 I,
F 72 Akrla KO~ ™ A AsA &4 K (15 g/L) #5252
& TASARZIEIRNORY R Z T, WFIK - B 7 S 012
MAEF D AsA W E L7z

2. 2. YRR (MEF) 2 BV -

WT - Akrla-KO - hAkrla-Tg DAgME~ 7 2 DIEHF 5
5 MEF % B L. SV40 large THUE % H W TAEL S &
T, TNENO#EETEOMEF ##3. L7ze ZdDMEF
EHWT, ASAEAROWE L AsA DEBH IR TH %
D-glucuronate @@ ICiEEZME L. EHICEMET VT
FALEWITH§ 2 22 ~T, MEFI281F % Akrla
DEENTDWTHGE L7z FRICHRELEBEL o ffk i ) R0 Br
BHHL LTHONL T 7L A v OFEHICESZY
TTHET L7z,

2.3. ASADIT—4 LRI BT REIDRE
WT~ v A, AkrlaKO~ 7 A, &5 FIZAsA x5

L7z Akrla- KO~ A (9-10 k) B2 Hv T —HRE
MERETVAERL, 5 HHICERMZR/ME L CERMEL
WZHED 2 T =7 VIR BRI TSRO W TR
3L 72 BHEHLAELY B % Elastica-Masson ¥eft L T, #%
MEALORBREZFML 720 /20 BBOBILKTH S
8hydorxylguanine (8OH-dG) OHLfkZE 7z 00tz
T, BRALA b L ZADIRENOHGIZOWTIRET L7z, &
BT, MHELICE D B FfHEFfR O~ —H — 5 V7 B
Td 5 o-smooth muscle actin (aSMA), FELRIEZ Y ~
NWIBTHBHAT—r7 1., PR, MafkE®Es >~
AVA- NP N VR B S AVPAT/4 - NI Nh= I N i
BIREREAEER (1 ~V) 25Ty M ra—2A-co%8l
WZDOWT, 44/ 70y MW ZiT- 72

3. # R

3. 1. Akrla-KO VI ZADFHE EEXICHITDHASAD

3|

Akrla-KOMi~ 7 21220V Tk, HAEROZFE LW T
AL, EENTHFIZOVWTHZEDEL L AR T I
W L7ze T EE o2 A GEEH TOME T,
TAEDNIZTRTIHTE Lze £ZTAsA (15g/L) =k
WA TEG Lz 2AMAEREIFLILEL, SLET S
ZEHIFEALERLS R572(H5),

Akrla-KOME~ ™7 AR Y MV E & — VIR % i &
TS ENTZD, AsAZ G ThHZETHHESIN, 2
DEER Y I NV T — O %17 9 I D P450 % 1%
ASARZOHEBERZZIFTTBLT, MERNOIER IR
T oSS

<7 A DN - B S I MER o AsA SR
EL72E A, Akrla- KO~ A Tld AsA & A &= I iEd

— 100 —
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5 AkrlaRiIBY I XIE AsSARZICE W ERHRICET L ASABBRICEWERET S

6 AkrlaTg ¥y XM 77 O0L A ot LTt ERT 7

THWICETET L, B L OERTHA 1 ERELT
KT LTWwie Akrla KO~ 7 AIZASAZ G5 $4H2 L
TASAGHEPHBE L, Akrla KIBIZ & 2 B3 HH S

N7z LA L. AsAKZRAKLUKENC T T L7 Akrla-

KOY 7 222V T AsA DS L TH ZDHICIT
BAREL BT LD o7

3. 2. YRR (MEF) 2 U =fER

WT -« Akrla-KO * hAkrla-Tg® % < 7 2 % 5 MEF %
HEEL COPREZBIEE L7225, KELENERD R,
AsAZEZF R VlERETAL S ¥/ MEF 2553 L7z
L2, BIETRICHERZ CIEFICHM L 72, ZEho
H A % JH W € NADPH &7, @ D-glucuronate 3 J¢
WEZHEL2EZ A, WT & Akrla-KO MEF O35 12
HAC hAkrla-Tg MEF VB &7 L 720

Z DK R, AkrladtD-glucuronate EZICICEbH o Tw
HZEERLTWVWD, L2LASAEHERIZEOMILTD

WD T BT RIS L 2 ENDRD NN LD,
MEFIZASAZIZEA LB L TR W EA5H - 72,
AsA G GEFE T Akrla O A H & 7% % D-glucuronate DN
XD ASAGHEIZ DT WL 7245 £ 0= 13T
HEICHARTHD TENPTH o 7o —T, BiHICAsA %
WML 723541201, WP oML TH AsA O BAZ 2 BN
RO BN, WY AAREIZITEVIIR SN G0 o 720

Akrla DFEER RIS, B4 T VT e ML %
BWILT 5 2L TIELSRERISICE DL EEZ 5N TW5,
ZITHEMET VT FMEAW Z MEF 12 L <2 Ol
FMEIZDOWTHN2E 2 A, hAkrla-Tg MEF Ti3RE 8
BILICE > THELA T Z7a LA v ofladEk 3 500
PEDSHE LT 72 (1X6). AsA Z 7RI LA O AsA &4
HEMMEEAETH SOEMEEDL S L o/zZ &2
5. 778 LA T HMMEOMRICIEAsA TIE AL,
Akrlall X2 7V 7 FEITIGEDEDL > TnD Z &2
ot

—101 —
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3.3. AsSADAT—F U EKICR =T REIDOKET

9 — 10 A TId. Akrla-KO & WT =7 2 DB OBk
ICHEWITRD SN h oz ZZTHIREMNEKETV
(UUO) ZfEBLL C5 HRIZHE L 72 B o MR 2= i R s
il o728 2AH SIEMNL O & RAEEATED Sz
A BETRICK 2HERECITI Lo 72, P Y V3
7 B ORNT T, W RRAME R O 5 b & T B S MR
{LIRAER T-Tdh 5 TGFROFRBATTHEL Tz (7).
72oaSMA, 25 —7% > 1, PRDX4 DZBIZOWT b ITiE
WRBD BTz, ZDO—F T, PiBILEER OOV T,
SOD1 & CAT AT T LAzDWR LT, I a3 ¥
) 7IZRAET 5 SOD2 & GPX1 12D W TR KT A%
RO HNTz, REFEIRICK H2EEEIMIER b L ASH
54 B REMEAURIR ST 5 2%, Bip % PDIOSsHL & 1Z
BEPCEB L7272 THoTze Ty LCIPUEZ V72 M
ATTOHELEMIBDOOLNT, A=+ 77 V-0 5 %
AT RIS SN0 Dby W oG T bz
TN X BENE R, ASARZ OB ZRDRh o712,
RIS HBROEWIZOWT, I b3y FY 7ETE
EHAKRI~VBIOY 70— L-cOBHEIZOWTH
Rzl ZAhH, REREFICLIDFELIETFL W, £2°T
BRAHELICI Fa v FY TRENRED L H I L%
LT 572010, REMEBRORLRBERTI) LY
YT EADOFEIUIOWTEMMi L7z, TOME, IS b F
V7 ETEEEAGRT ~ VR Y M7 a0—L-c DFBULT A
oSMAR I T =7 Y T ORBUCETLTRESsTWEZ L
oz,

4. & E

BHEL P16 FRLICAME & Y [SOD1 /v 777 b
Y ANITEES B B RANOIEVER R ORI G- O] | O
RUCHS 14 MIRFJEB K % 520 720 £ Ok & LT, SODI-

KO~ A CIZHEM Y B ICRIEIHIRISGE L. FIIhimg
IEHIDON-TEF VI AT A4 VIZEDFELLBILEEINS R
Y. AL S oA E B S s LY Al EE
E 7V TIESODI RIBIC L ) BRAEEASREE L, s o
HEATE T A TRBEFI LD, TOBMZMRHT L7290
12 MR EMEFIC L Mt 21T o 72 L 2 A, @RHE#
(20% M 3%) T Tl SODI1-KO MEF 35E5a%s, RN DOMEFE
(1-2%) TRBFHDEIL L2 29 L722MIS 24582
BB B 7 > 8 7 oML ENE DL EEZ LN
W 2D XA, in vivo & in vitro TIRMITEOTEEC K &
RENHED SNz, 29 LR E TR, I35—F
DB ERICED Y, UL Z2H 35 AsADHE %
ST B DI AI R E 4T - 720

4. 1. Akrla KOYJADORHEER EEFEICETHASAD
1EH

Akrla- KO~ 7 AZAsA #4535 2 & THARNEFL
CHMEL., EFELIFLIUFELALZ L2 S, Akrla-KO
~ T AR LN RBAM DL  1Z AkrlaKIHIZ X 5 AsA
GWEOET AL TV b0EEL bR, AsA
HEDKBLEEY Y I VIZonTiE, Bl SRS
N4, BEELII RO LW ERAMOLNTEY, 4M
DORETT D IMAEHR O AsATEH THE L 7zo AsA-KO M
ITATIIMAERNIELRT T2 05, WA ER
TOEEEIER SNz ENDWERITHHT 250K D2,
FRE B EEIEN L CHHROMEFFC LB R DO E v iz
MIZOWTIEFI &M EMETE21T-> T b,

4. 2. YR RHFHEZ (MEF) 2 AV -4

hAkrla-Tg~ 7 A ® MEF Tid Akrla Z @ ® 5 H L T
WTHASADEFRICEALDR - 722 Lid. AsA AR
WD LMOBETOREAPT TRV EZRLTE

B7 Akr1a-KO (Z& 3 AsA RZSIIGMHALICES OS5 - HRICAZLHEEE5E 20
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0. RN TO ASA BRI ITIEZ: E DR & L7zl T1rb
NBETHINTTOMRIC—HT 5, FHIIH4 A%
LB O SR TH D . Akrla 2SI CTHICE W
BBERT I EDND, ASABKOMIZT Ve FMEaw
DFF I EEZ 5N TWD, FEBIIMEF 2 w728
#Cld, hAkrlaTg MEFE2S7 V7 & FOHTH HEAE
W77 a LA ST AIEEZ R L. EOWEBEEHZ AT
B ehRsns’, hAkrlaTg MEFTid, 7270l
4 &P E LTNADPHIC X B IciEEdsmnwa e d o
DFEFE =T 5, MEFICASAZRIMLTHRD AFET
BWTL770b A /T 5 EEZUIEDL RN & h
5. AsA X OIREEHICEEFG LawI L2390 - 7.
Z D Z &%, hAkrla-Tg MEF® 7 7 a L 4 VigtEizid
AkrlalZ X 2 NADPHAKAF MR iR DS BEGRT 5 2 &
N

4.3. AsSADAT—F U ERICRI-THREIDKRE

A= VI REBET L s HE L TR EL.
B2 R ORI RO RE e & BB LICE > THEE
Thb, ASARIT—FVOERICBETH), FAET
% LB B & kT . — T, Gulo RIRIC
XD ASAEREZ R T A Z AW ME TIE. B3
HALZ K7L 20 HEEA S LO B, oo
T VIRIEEICER SN L wole, IRFE TOREME
BIRBEPHESNTVD, 2OLHITASADERICH
T 20 THECOVTIE, RO LT R 285 D #H
HmENTW S,

Akrla-KO= 7 Z12BWTid, BAER < 20 10% 2
LPASAZBRT A ENRNTELVIIE DL T, WT
I AEHBLT, REKEBICI-oTEL aT—F U1
DERRIERBO L P72 COHELY, T AD
HREERICBITLI T =7 0 T ERICIEMED AsA L
EE LW, BLLE, Foyre FoFxFy 7 —EAD
MNOBT AT 5. WA RIE SNz, ¢ M
KOMBL AR R T HBOEMIZITASAITE TN TV W
WENEEAETHED, 2 LMETchas—r o
A HZ b, BEOWREENSGVWEEZ SRS,
TaYILE FEFs T —EAOBFOMGITH L Fy o
AT LTIk, MIBNEEROZ VI VY FF VAN
RIBEWHTH L7720, MEFR EZH WG L ) S 2
272w

5. # #&

ASAEREEZED D H Akrla- KO A2 HWT, 35—
TYERIIBIT B ASA DB IIOWT, FEMR L~
T AR MO THRE 24T o720 AsAR TS —7 VIR O#
FETTuy e Fuad Iy LiceEE ShTwbas, KiE

LCbag—rrvallgBae b2 0w eh s, oyt
PO OBEFMGOWEEIRE I N, I T—F DO
BAZiE MR TORALITEA SR T 52 &2 5,
Lt I1EPRDX4-KO & O HERIH~ T A2V T H T
RT3 52T, 3T —=7 YIBRICHED 2 NTOME/EH
ZOWTOfHE BIg L 72\,

E

AW % #F1T 5I12472 0 Akrla-KO 7% & NI hAkrla-
TgVv 7 AZRMELZIVE LAEHEEL L, 528
WML TLZEWE L2T A A b a Y —BFJeRELE [ 1200
LEHML RFEd,
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Epidermolysis bullosa (EB) is a group of genodermatoses that cause blister formations from the congenital abnormality
of anchor proteins between the epidermis and the dermis. There have been several strategies for the treatment of EB, and so
far, cell therapies are the most promising approach because of the potential of systemic effects. We have proved that stem
cell therapies, including bone marrow transplantation, hematopoietic stem cell transplantation, can ameliorate the phenotype
and survival prognosis in the junctional EB model mice that lack type XVII collagen (Col17). In this study we explore more
efficient approaches of stem cell therapies for EB, including intramedullary transplantation, mesenchymal stromal/stem cell
infusion, application of induced pluripotent stem cells (iPSCs), and investigate factors in association with transdifferentiation

from bone marrow-derived stem cells into keratinocytes.

1. #&

KPKIRENS, B2 DR - HRE BRI 2 /3 % & H
BRI RIRZ W LR E 2V L 5 2 & TR O
g9k E A U, BERIYRIENIC X o THSITRE RIS 2 K
TARETH L. B RUTRHEREDIMIHE L 7295k
SRR, ARICERER CIRUEHGECHIK, R %t

il

i 7% &2 AL, ERBEELNIIETT 25 DHHFHET .

FBLKIAE 7 & O BIEBARTER IR B W CRAEMTE
SNTWAHHEREE LTI, #fzriak &adickks
SOHINERELRH 5. 209 bifllagskid, EEEfaf %
Y Ml % BB IS L CRIBEN OEAZ T B
THsb. EHWOMRIMEFTE LI L, BB EY
W OBFN R LD 2 Z L, sl EBUR O

L OV THIAT W BE 2R 6L D S V) MBI BERE MR N 2 &

REOMEBEZ LN,

FRE B (AR B2 B B OIS IS T, REET IV
<7 ADFIHBUIETH S, T4 OWIFEETILIE,
BWERAKEREET VY AL LT, REMBE&EHD 17
Bas—%4 > (COL1T) KIFE~ Y ZADMERITHEI L7 Y.
COL17 R4E= 7 A INERDEBEAKIBIEET V<7 A L5
Y, WAREFCTELTLIHMEALTBY, KHEHEEER
DEFNVELTCHEATHS. £ L TH4IE, COLI7 K
<Y AT BWTEBRICERBAES T RUE DS X O
FERDEHHFGT L L Rm LY.

KAFZElE, FRFERAEEETFT VLY AZHWT, X

Treatment of congenital severe skin
disorders with hematopoietic stem cells
obtained from induced pluripotent stem
cells (iPSCs)

Yasuyuki Fujita

Department of Dermatology, Hokkaido
University Hospital

M2 RN R A 5 72012, BB OB X 05k
Dl AR, B LR 2 0F L 7z i i A A,
BN G- % L0 X ) RROBCES i, BLORE
WiAT L 9 % BER E R L2, iIPSHINE Z I8 L 72
Ml OFMEE WG 5. AL FTTL I LI1CX
0, HERVER T B REIRIRE O F 72 7 GRS & 37
TAHLETEELZMAPHBONLEDEER L.

2. ¥ B&

2.1. HMtEE

ES/iPSMIHE » 431 #3E 1X Kitajima S5O 71 k2 — L2
WU T o 72, L2 AT RMAAALEL FaY 4L
AR & —%PLAT-EMAZ I transfection L, 5312
FEREMHLCL2L ey 4 VA ERBEL 2. ES/
iPSHINE % OPO MG & 10cm 7 4 v ¥ 2NTH5 HIMILR &=
L, mesodermal clusters & {E# L 72 ¢ X C Lhx2 A% F
FWEEA SE72. 8 51210 HEOPIMAL & SL5 28 % KilT,
I Bk % 5 BRI KL © & 5 c-kit+, sca-1+, lineage-population
(KSLAME) o8z 70— 4 b X ) =2 THEZRL 7.

2.2. HKarEHE

ERBAL L O MR L LT, Fh—L& %2k
Coll7 RIE~ 7 12 6Gy U MR BT 2 17 i BBk % FEAk
BRYLE L7212, 5X10° D GFP+ b Y AV 2=y 7
<7 A 3R OB B SR 7 o L 5 x 10° 418 o 33 i A
%R REIRSE G- L7z, #iEAr < 2120k L CTld 25Gy s
MRS DD HIZ, 5% 10° M8 45 Bl B kM 72 L 5% 10°
A8 o 33 i I & IR AR % % R EH L Gk 5- L 7.
MSC##: & LT, BifkColl7 K4~ X, COL17 L A
Fa—<v A (7 AHEColl7 (LLFmColl7) ZKET
575, b bH¥COLI7 (BLFhCOL17) #%Bl45Z&T
FR KRR A TR L 72~ 2 V) B X OColl7 AP
HAF= ADWERC, AFNRAEIEE R WL 4mm /Sy
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F R A A W TERBKRERIEZF# L 72 T, GFP+
FUAYV =y < AHKDOMSC 1x10° 1 % &Ik

e, BRI 570 o> LA/ B R P~ O R T 13- 2 47 - 72.

ES/iPSHIaRHi L LT, FF—<& % 5 KCOLI7 L A
F 2= AB LU Coll7 KIF~ 7 2GRS % 17 -
728212, 1x10" M o Ly5.1 B K 0 3 1% 3% 385 55 A ES/iPS
M, HHE—r —MlE LTk Coll7 R~ AHIk
DA BN 5 < 10° i & & B ISR IR S L7z

2.3. COL17 #IfER

HROBAL - &ML BV Cid, R4 %I
KRS 7 T —H A b A 8 ) —f#HTIC T N —iEkifa o 4
HeR, WL EI4mm /Sy FRE X 22 W T4LE
B RIBEER L, 3B IS FRAL L 223 hL o B2 I % #R
WL THENTH W72, MSCHIEIZB W I Mia ks 3
JA TR g 2 PRILL, a7

LRTH L N E MR IO R R R I 7 A
Coll7 & 7 7 m—F )Ltk (1:2500, KT4.2) |2 X 5H95EH
ki @total RNA#I B X OVEMRT-PCR @ % 5
MEEIZ L BANITFTAEY — AR OFEMEY S
LU= 2 Coll7 &/ 7 1 —F Uik (KT42) & H W72
Western blotting % 47 L, Coll7 ®FH =it L 7.

2.4. w147 OF7 L1

WM 1T K —Mla o 25 % iR L 72
Coll7 K~ 212K L T4mm/N Y FRE X ZZJH\T
SRR KRB EER L, 3 EBRGE LT R b LA s
WEZRWL 72, FAAN—F] (Z—F17) ZHVWTHE
B F AL, S512025% MY 7Y v THREMM
% 5Bk S & 728, FACS Aria % W CEEZ AL % &

LeIEIMERANG & LC GFP+CD45— g (FF—Hi%) B X
"GFP-CD45-#ilf (LY ¥ ¥ bHK) 2K 4V —TF 4
Y7 L7 TS A S RNeasy Mini Kit (Qiagen) %
HvCtotal RNA ZfhiHi L, Ambion WT Expression Kit
(Applied Biosystems) Z Hv> T cRNA Z B4liE - F5H L 7.
WHE G R 2 X ) cDNA # A 15 L, GeneChip® Mouse
Gene 10 ST Array (Affymetrix) ZHWwWT~xA7a7Ll
A T7a—=T7enA 7Y 54 XEE7. GeneChip Scanner
3000 7G B X 18 GeneChip Command Console® Software
(AGCC) MM LTy 7 viflle, 7—% &ML,
GeneSpring GX \Z TN 24T - 7.

3. #% R

3. 1. RHREHEOREEELVUHEDRELHET

AL, Bk Coll7 KIRFKFAINIE~ 7 A Zx LTl
HRANE 20 v L s il e & R R IR A L, BROR M 72
YRR LTV Y. BIEMIIE R AR B 3
WCHERERI TR ERTICIT, 2w UABHIE 2 & o %
JENC & ) BRALE 2SI 5 2 EATFREING. F /2,
Coll7 KA~ A3 MMA T TRET S L DD HAREHARTIZ
EROF20%I2E EF Y, REANIZHTT 2 HEI L .
ZOOFTEAIL, WHELRRY AEBRVEBETOM AL
X B IR RENE 2 M L2z A28 3 H DU O AT Coll 7
KA~ 7 20T L CREIRE IR S & 28 SR 2 1T L 72
LZAh, BARETHELLYY AT 4/341E (118%) 12k
EF, REICBIT S Coll7 D Yt - RT-PCR -
Western blotting THEFRT& o7z (K1A). AfFEL
Coll7 RIE~ ™ ADKMWIMN 7T —H 4 + A b ) —f@W T
&, AR5 L7z K —Hk o GFP+ MLERMIE o &) 413 12.8 + 2.
2T E ol Fio, BRRAERICBWTD ER% 28

B

100%

90% | ——KO (n=174)
NeoBMT (n=34)

80% |

70%
60% |
50% |
40% |
30% |
20% |
10%

Survival rate

0% L 2
0 10 20

days after birth

30

1 Coll7 RIBFREEKBE~ 7 AFEFICH T 2 &M ErHIREE
(A) Coll7 RIBREIKBIE~ 7 AFEF I T 2 &M MR HERE DR EAE

(B, C) #rE{FBtER AR I

%1y AORER(B) TREEY VR EEERKRDEBKRETH Y, B TRIFLERERDRPES
h7=7, £%2 7 ALVRBICUS AOTE PR & -7-(C).
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HOWETIXIZIZER EMETH 720D, Z0H%1 »

HTRBITKET L ANEHT L5 X )12 ho72 (K1IBO).

C DRWRHERIEROZALDEIN & LT, BURDREIKIE

REDEALR, GVHD OFEJEZ EAREtEE L TER SN2,

A= 28 5 5B ESHEETH L 2 LAt
MR I N2, RIZ, GVHD OSEFETREMEA MK . %
DN %155 2 LA e TdH 5 MSC DBE I etk %
et U7z, #rAAs Coll7 K~ 7 2123 L TGFP k7 ~
AV =y 7= AHKEMSC DIERENEE S (n=11) BX O
KIBENNDRENTE G- (n=24) 24757275, &I TH% 18 H
DIICEEE L, RIGHEME L OEARICHAEEZRDO R D>
72 (0 2).

JeRMER EH BB W TIE, BEILE 7 & i e
B BB R & 3R, EMEE e
g 2 MBEMEAE L v, FO—FT, Coll7 RIBFKIEAK
HIE~ 7 ANOF B ERICB VT, BIIRMNIE O E R
R(FRAF3) & N —HOREZ G MBI & oI
FIEOMEAEILZE S 5 (data not shown). ZD720, %
JHREEL XX RVETRET2D, LVESEFORVE
MFHEAEE Lwv. T2, MSCEBHRIZBWTIX, B

MR#% G- T3 $G/ld D 80% 230 b Z v FE3hb & Sh,

MSC % & Bz i RS BB~ L S8 5123 72 0 #3054 24
BnwZEPHEHNINDL, INooBFFRZHEL T, kI
Fxd, EMEHL - MSC % Coll7 KIRFE K KM HE < 7
AN NS T R RAEITo 72, 9, Bk Coll7 KIH
KR RIIE = 7 AN 6 Gy DI FAHT L & O 1%, GFP+ 4
WA 2 PR AE L 72, 4 R H 2B 5 CD45+ Bk
MIMB DA A 51X 879:39% (n=5) THY, REHIRk
BeGHED 721+55% (n=12) L LB L CAEERICEEAZ
A7z (p<0.05). L2 L, $afEdettic X % HLIEFE Coll7
DFEBEG IS AR D o, £72, GFPR
T MSC % e /& Coll7 KA FE Bz AKHE = 7 A B X OHF AT
C57BL/6 ~F BEPIRHE L 2 BRIC BV CTIE, Al 4 B £
DT F 9 — GFP HI3£ 0 MSC I3 B BN I Blgt sy,

iPS #BEDE MEFMATND D MLREE FCA L 2R MR EREDARK

BEICBWTH GFPREEMR S ERE S e o 7z (ZNZF
nn=5). DL XhAEBRIIBWTIZ, BHAKRSIE
WHZEELTAY Y b4 %L, BLBHEICZ LW EA
L 7-.

3. 2. BEHMLEEBERFDIRFE
FAITB\EZ, TR MSCIZHBIT %7 €4
Ao VEe Ty —BIUOTrEH A 22X BMELEH D EA
G~ OMIE B A L, REMAMEZ &S K> —H
KRz ERERIILO M A TS L T L2 MEL TV 5.
ZF TR EHEMIC, ERAEIES T ANOF BRI
KEICHBTA FF—HkBI LYY PHRDFEKE
MR B 2 R TR OEER RN L, SREHRMLo
R AN D LB K 7 DRk % A7z, Coll7 K
H~ o ZICEHBM AT, EHBEE 2 S GFP+CD45
— e (FF—HRFR AILHNE) B X O'GFP-CD45— #
fa(Ly ¥y bk EHKL2Y—F74 7L, <4707
L A EHT T mRNA JE3 0 72558 2 MR MG L7z, ARl
23446 7 —THHUFETH D, F D) bLitfa TEBLC
202D 2RO Ta— T BT RIES N, B0
BIZTC NP —HRARTRBDITTEL TnE DL
LT, Mmpl3, Cxcll0, Cxcl9 7 5k Sz (14 3).

3. 3. EPMMSCs DERBEKBIEBENDICHFIREMEDIRET
K2 ITHFEITT T 2B WT, MSCs A3z HE SO/~
AL D B L %R L, MSCs DEIRY5-12 & o THEEEK
HIE~ 7 ZACBWTRIEAPEBL ) 52 L &R LT
L s MSCslZBWTIEF YD NV —TFT, HADYHE
B S FRIL - 528 L 72 MSCs % S b R8I i K fie IR
DL E RIS A 2 LT, WESIREZAELZEW
A WEHDH D, ARITH MSC RS O R ABR A 4G
ENTW5. 22T, EHMERICIIRET 2 L) Blrire
LA,  MRAAEE L D 2 RIEAENOGY 7 A
BWT, t FMSCoOHREG- 2 KB & DA%

100% B
90%
80%
70%
60%
50%
40%
30%
20%
10%

p>0.05

Survival rate

Treated wild type (n=5)

Treated neonatal KO (n=11)
- "] Untreated neonatal KO (n=40)

0 5 10 15

20 25 30 35

days after birth
2 Col17 RiBFEF~ 7 XK T 2 MEREEMAZ (MSC) BIEES5EEDA

BARHE
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L7653 EME L7z, NOG~ 7 A (n=4) (&R HK
HEERL, EEICEHIREL Y & MSC 1x10%ells % #
5L, ERALL7REERNLTMET L2 2 A, HiEg:
f CMHC class T Bt 2S Bz ICHR S (M 4A), RT
—PCRIZTH human GAPDH mRNA 23H S 7z, 4L
1 2 PLiZB T human COL17, 1DPLT human BPAGI @
mRNA OFEBDO T LIRS Lz (K 4B) #5, R

GFP+KC

TR Ih s o&EHFEHIIMR SN2 o72. COLT 2L L
D& LMD R E IR E N OFEBIE, REHM - RT-
PCR & b IZHERET & o 72,

3. 4. ES/iPSHIRAIC LB /AEDEET
WA T A1, ESB X 0 iPSHIHD o & 1L 50 B~ o 45
ALFE N X 5 3 MR R B AE o 15 98 v RETE 2 MeEd L 7z

Cxcl9
| Krt25
Mmp13 Cxcl10
Phxrd Snora4£§norael
Hemoglobins
Tyrpl Rps12
Snord68|Rpl13

GFP-KC

3 BtERALMRO~ A 707 L1 Fif
BIERARDOREKBE~Y Y AKBE LY KF—#H%K (GFP+) / LY ET > MAXE (GFP-) DAL £ #EH U,
BEFRREBERET>772. 55123446 70— THBEMEIEETH Y, 20O 5EEFRRIC20EELULER

70— JH57TRESI N

A

MSC-injected NOG

human

1

hcoL17

hBPAG1

hCOL7A1

hGAPDH

mGAPDH

3 4 skin

4 NOG ¥ XIIxT % MSC EEND&E
(A) B b MSC#5#% M NOG ¥ XEE D REMRGEFNRE. EEEE (A) T
COL17 W EREESICIFRICER I N, REALMIES L OEMIFMIEEOMIZEREIC
HLA classl #3R L Tw3. & h MSC #RIZXS5ZNDNOG Y I XEETIE, B
IZBRFEME(C HLA class| R EAIRE A ERES & h 1.
(B) E hMSC# 5% D NOG ~¥ 7 XK E D RT-PCR M. 4 Leh 2 [T human
COL17,1 LT human BPAGT mRNA OFEIBHFERI /-,
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Ly5.1 B3k @ ESHINE 22 v U iPS KNS Lhx2 15T %38 A
L. OP9 s & drs84 5 2 & CHEGRHT BRI (KSLH
) ~NOMMEE MR, S SICIMERRHE~ND ML in vitro
THER L7 (M5A,B). 20X ICLTHLN-MILE K
RCOLI7T LA F 2 —< o RICBHL2 L 25, BHitkd
W OB S TORMIMF * 5 R ESHIBBERET
6.32+253 % (n=5), iPSHIKI AR T 122+5.26 % (n=10)
Thot:. EVERT-PCRIZBWTE 15 VL, iPSHINLHI sk
T M R R % 47 - 72 2 DE,  ES I R Hi  53% ifn 4 . 72
W4T 572 1 IRICBWTmColl7 DFEBEPFER I N7z (K
5C). LALADNSLINLDOR Y ZAELFICB VT, kg
i TmColl17 DIEMEENDHLIRIL A I FFEFL T & o 72 (X
5D). F7:, BTHEMBEICBVTAI FTAEY — LD
ILHFERTE o7z

4. £ &
REOKRAESAETR L) SR FICREZ & 721, B

RECRTEA L, RS S O IHEE FRE L TP
ARELRDIEDZVCHELRELHRETH LS. 40

A ES cells

iPS

MERDEMEFHIEN DD LREZ ISR LR E K BRED AR

Teald, BHBHZIZ U & L7z w5 i w2 i Ao
BETFTNI T B THRBEIC RV HLE V) ARZE
e LT, XA o REE & MG L 7.
FPZIRIHIENS X 9 B i BERE AR v (3 i e 0 e % Al
) 1%, B SN-aEimEle, H 5 v i iR R
fase 2 S O S 5L L - R BRI A5 25, T & 2o
BRI & 0 B~ e Z5fb L, #eRetk%2 A3 %1
LAl & U CRIBEAZHLT 5 &) FH A2 B ICE
<. oMM~ OZELIZ BV TIE, Bl Z% v Ll
BRHIE 2% H & o Feo ] WY % 4 LAl ~a1t 3 %
transdifferentiation &\ & 2 &, WAL Z v LT EKHT
Mo, Horvid~ru7 7 — V% EORBHND ML &
Al (fusion) 3% 2 & T, B0 AL RIBE A D
EREZERT L EV) ZODORENEZ 5D, AW
LTI, EEEFVY Y 2P ORL B FF—
BRI 2 B L 72 BRI B W C FISH TALHlL o X/
Y4tk E A L7z& 25, fusion L7z IZERE S L
Motz? Fiz, v APAM212MILE 74 — &=L L
T MaEMmepleZ g L& 2 A, IR 4

iPS cells

Specimen_001-ES

sca-1

| T T |||||||
102

T T TITm T T TTIm_ 1
102 4 5

10 10

|||||||||||||
55 0

Specimen_001-iP5

T T TIT T T Ty T T T T
a4 3

= ||||||||||||||
0 2 10 10 10

0

APC-A APC-A,
c-kit
B C iPS-KSL ES-KSL
1 2 1 2 3 (C57BL/6 Water
GFP
D mCol17
X5 iPS/ES il MKRFE

(A) MERHMEFFEEZ D FACS R, ES MR (&),

iPS #ifa (£) & b ISEMRATERMA (KSL) #*RIE & h /-,

(B) &5 OPO Mg & £IEET 22 & T, Giemsa LB THEREH T DiFPEk % &AM, Z BT L /-

(C)ES &LV iPS RIS KSL#RE % COL17 LA X2 —F I RICBHELEEZ D, —BDOIIRIZHENT
mCol17 mRNA DFEIBFH EM RT-PCR ([ THER S 1.

(D)AHE~Y Y AEE & RBEEE LD, mCol7 DEEBEADLEIHRIIhE D - 1=
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FIZFEI T 5 K14 BIEME, 32b5 e b Aftfiiig~,

fusion 2/ ST L 72 Y. [WEEOREIZ, b FEREK
HIE BE G MBI 2 1T - 2BV T RENT
Wh, INHOMAP SIS R LD, RIS M
LHIREANEE L L R AE T 5 L E 2 b 525, Bl
FEAYIZ 1T fusion DFEREE % I L TR REME AL ~ZE1L L 72
ML THENLEZIONL.

G2, XD RERN AR - Jrikia Hie L O
HAFR < T ANOFRBAL - MSCRHIS X UM B
G2 X @& MR & ME L7225, i dlE ok
A= 77 A~\® conventional 7 & B AL & FLER U CTHEL
WERWZE Loz, Lo Lehs, Fghlbicsny
TIIBHE 4 HORI DR S THEF XA FEIEL, BIK
BEICHEERIE» 5D ODFEHTREMATH S L&
25, FATEOREEMRIE &5 BED R o Bz s A s
fao MBLE TR R A2 EHDRIEINTB Y, BEND
BRRIGH & v B2 51&, ANEBICHAT S T %5 i
BRI OB G- & 2 35 fa s & ik L <
R IKIBIE DI BT H AN L3 % T REMEATRIE
INns.

MSC % &t st ke o F~ oz 2 E L, %
R~ b2 R ST LW T2 LT, Frixr
EHNA v O—FETHHCTACK/CCL27 % SLC/CCL21 @
WHEZRLTWA Y, F 72, Tamai b i3 MSC ® 2§
A~ DREER F & LT HMGB-1 258 % 72 % &) & 5
ZLTwhAEHELTWS, FA XS 5 critical 2 W T
DHFAE BT B, i vivollBWT, ¥vf 2707 L
AR RACCEMBRE K> —Hkomiilzics i
B TRENY = 2B L2 2 A, Mmpl3, CrcllO,
Cxcl9 72 EDMH S 7z, MMP13 A6 52 B 12 B v Tl
BRI CE b A Z s TRBY, 2
CXCLY/10 W HIEMEr A4 » & L CTAEMMERIBGES S
NoOH b, FWKIFIE~Y T ZARLBEICETS, Thbo
HF DG 25505 2 LT, KRR 5
R B 7= RS2 b b 2 ElifFsh 5.

¥ 72, MBI BV TSR O T
12X BAEFEARER, MHC mismatch 12 & % {95 I #4513
HFAES 55, iPSHIRZ S L - ai o h o
OMEH A RTE 2R H 5. KUIFETIEZ DUt
LT, Lhx2 85138 A% PEH L 72 ES/IPS Ml o ML ER R
GALFEEZ AT\, in vitro TIEMSRETERAINE (KSLAE) B
X OMbMERAL 2 FEA L 72, 2 s ofifa% COL17 L
AF 22— VAR LA, —HDO T 2BV T
mRNA LX)V T ORI HE 8 O S B R S
b0, REGRARETHME L OV TO RIS
Nhhorz. TNEWLOPOMEANEZSNDLD, D
12& LT, conventional 7 & %l / 3% MA@ Al € 7 v

LT, BRHIZBW T TR RRILY X SR &S
NTWRWI ERBITONS. MERFEOWMREN 2 kD
WMEre, BHHHORE 2 E2 EHICHERATW L TFET
5.

iPSHiIfiE O EAE S KR R EA~OIG I, EF#ET
AT % IPSHINE % AL ~L, R — M2 ER L
FNEAR L FERICHEAT 3 2 7%, BB L 02 hic
TENDL TR - R ATE L ORE TR E~E
AT B HER EVNEBEEIND D, A ITEREIGRKIER S5
BHREHEEEZRTLEVIBELS, 2HEORE»D R
WIS TR C & B ik s A R o W] BEVE & RS L
TWwh., INSHAERBFEOSEHICBW T, FRIGH I8
BB RANE - & i 2 7 BT BLIG RN & B R LR & Ak
BT HLEND L.

(BEXH)

1) Nishie W, Sawamura D, Goto M, Ito K, Shibaki
A, McMillan JR, Sakai K, Nakamura H, Olasz E,
Yancey KB, Akiyama M, Shimizu H. Humanization of
autoantigen. Nat Med 13:378-383, 2007.

2) Fujita Y, Abe R, Inokuma D, Sasaki M, Hoshina
D, Natsuga K, Nishie W, McMillan JR, Nakamura
H, Shimizu T, Akiyama M, Sawamura D, Shimizu
H. Bone marrow transplantation restores epidermal
basement membrane protein expression and rescues
epidermolysis bullosa model mice. Proc Natl Acad Sci
U S A 107: 14345-14350, 2010.

3) Kitajima K, Minehata K, Sakimura K, Nakano T,
Hara T. In vitro generation of HSC-like cells from
murine ESCs/iPSCs by enforced expression of LIM-
homeobox transcription factor Lhx2. Blood 117:3748-
3758, 2011.

4) Fujita Y, Inokuma D, Abe R, Sasaki M, Nakamura
H, Shimizu T, Shimizu H. Conversion from human
haematopoietic stem cells to keratinocytes requires
keratinocyte secretory factors. Clin Exp Dermatol
37:658-664, 2012.

5) Inokuma D, Abe R, Fujita Y, Sasaki M, Shibaki A,
Nakamura H, McMillan JR, Shimizu T, Shimizu H.
CTACK/CCL27 accelerates skin regeneration via
accumulation of bone marrow derived-keratinocytes.
Stem Cells 24: 2810-2816, 2006.

6) Sasaki M, Abe R, Fujita Y, Ando S, Inokuma D,
Shimizu H. Mesenchymal stem cells are recruited
into wounded skin and contribute to wound repair
by transdifferentiation into multiple skin cell type. ]
Immunol. 180: 2581-2587, 2008.
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Phosphatidyl-panthenol (P-panthenol) is a novel phospholipid prepared by phospholipase D-mediated
transphosphatidylation. In this study, we found that P-panthenol suppressed mRNA expression of pro-inflammatory
factors such as IL-6, IL-1B, TNF-¢,, COX-2 and iNOS in LPS-stimulated macrophages like RAW264.7 cells. In addition,
P-panthenol also down-regulated mRNA expression of pro-inflammatory cytokines in TNF-¢ stimulated human
keratinocytes, HaCaT cells. The suppressive effects by P-panthenol were stronger than those of free panthenol and
phosphatidylcholine used as substrate for P-panthenol synthesis. Inhibition of phosphorylation of p38, ERK and JNK in
MAPK cascade is suggested to be the mechanism of anti-inflammatory effects by P-panthenol.

1. #&

A, ALBEMICIER L REA R HME LEKT
TORBLEMBERE I 2, LRI EHERT 52EA%)
BT v FIA YIRS ATV Y, R
o> T BEMWDECHT2 % A% v 7 TALIEEM OFEE R
FFEAHED LN TV 5, KBFFETIL. €D &) hERerE#
& LTpanthenol (¥% I VB 7a—)v) OFHY ~
MR #HEARIZIEH L7z, Panthenolid. BZEHIEkICK 5
PUORIEVER 72 EEN B2 S S T B A5, K
WTHbZ & SEMmFEME ULTHMT 5121, RmEig
HH Z O TIRE HIc L S AEREAE 2w 5 L E S
BHbo TOXH)RMEEMIL, AF VT TRANT T T
DOUFIEWFH 2T & 2 H FE A & L T phosphatidyl-
panthenol (P-panthenol 1) @& 2 Mii L T & 72,
P-panthenol iZ. EAKEO FELEERIEE TH 5 ) Y RH
RERFEET D LD AREAEIERTY 2 1E0
DT MBBESNG SN0, KPIZBWTY RY
— LT DD, EHLHIZ, INFTITHRAKRY 3—E
DEMAVAART7 7 FINEERIUSIZE ), TRV T
VA=V T ) = MEEWDY) VIREFEAE Y 25
BLTBY., ZORSRZIRA L, FUSSEFE2 BT 52
& TEINE T O P-panthenol D& WA RE & 72 5 72,

Z Z TR TIX, P-panthenol ®FHALMEMZEM & L
TOBENTZAF Y r TRIEEZWIONITT H720, LEMR
RT VFIA DY IR E BRI D B PR 7 2
HLU7zo BARBYIZIE, B2 Rk 2 A5 3 2 ML <o i

il

Anti-inflammatory effect of a novel
phospholipid, phosphatidyl-panthenol
Masashi Hosokawa

Faculty of Fisheries Sciences, Hokkaido
University

L7z 77— V02 X 5 VR F O pEE 2§ %
PIHIBERE T H B0 HERDERER! panthenol & DRYR D L
AT L LB, TREOMI 23 . FrBLhEmE
MELTOEREZONMTLHILEZHWE L,

2. ¥ B&

2.1. RaEE

<~ ZAHE~ 7T 7 — VI RAW264.7 1T K H A
R L D EEA L, 10% FBS &4 RPMI1640 ¥5#h % H
W, 37T, 5% CO, fH+1E F TR R 1T o 720 & M AMLHM
B HaCaT 12 CLS (Cell Lines Service, K4 ) » S8EA L.
10% FBS+%& A DMEM Xz H T, 37C. 5% CO,
T TR E T > 72,

2.2. RERFDmMRNA BIEEDAEIE

RAW264.7 il 5x10" cells % RPMI1640 %531 1 ml % H]
WT 24well 7L — MIHERE L, 24 haiHE L7z, Z O,
P-panthenol ¥ 7213 #HER! panthenol, K& phosphatidylcholine
(SoyPC) % ZNZNFTEDUEL %25 X H ML, 24h
gLz, B, BTy — Vs e LRI
L7ze T8/ —VORRER, B2 LT01%E L,
MRaHEs A ON VI & 2R L 72, KT, 0lpg/ml
LB ENICTYRKYY Y A T4 F(LPS) %% L THRIAE
FE L, 6 h o 1Z RNeasy Mini Kit (QIAGEN) % M
W total RNA Z i L 72,

HaCaT #ifa 5% 10" cells # DMEM ¥; 41 1 ml % Hiv» T 24-
well 7L — MM L., 24hHiis#E L7z, €0k, kEidd
FIRRICRURHARIN L 48 hi5#8 L7z0 W2 0.1ug/ml® TNF-ao
ML T 24 h X% 12 total RNA Z i L 72,

i L7z total RNA 2°5 cDNA % & L7z RIEHE T O
mRNASEHEOWE X, 8 PCRIFEICE VITo720 B,
Kt 3k %% (X FastStart Universal Probe Mster (ROX)
(Roche) # i/ L. TagMan® Gene Expression Assay
(Applied Biosystems Japan Ltd.) # I\ T, i o#EmT
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11
H,CO—C-R,

o]
] R - ~
5 H2<|:O—<‘1—R1 RyF/—)L AUy
1l
R,-C—OCH 4
I KRR 8—ED
H,CO—P~-
SAENY NN (CHy)g

RRAZ7FV)IL3Y > (PC)

H(|30 i H OH
2 _F_O\/\/N
o & KNOH

RRAZ7FIIN-IN0T /=)L
(P-panthenol)

1 RKXT7FJI-IN>TF / — IV (P-panthenol) D& KRG

SEWERWE L 720

2.3. REMYA A BEDRIE

RAW264.7 fiffe % 2.2. &L FMARICH: 2 L 72 %%, 0.1 pg/ml
DLPSZ MM L THRIERBL L. B2 24 h OB 2B ITH
Z WML 720 IL6 B X OVIL-1p @ 43 = O #ll 52 1. mouse
IL-6 ELISA Kit 8 X O'IL-1B ELISA Kit ( \» 37 1 &
Thermo Scientific) ZfEH L. & h7z70 ba—ic
HE> TIT o720 HaCaT MED 2. 2. & FIARICHE 32 L 72 %%,
0.1pg/ml @ TNF-o % @M L T 24 h OFFF# L IH # % 0]
XU 720 TL-6 25 W 5 @ P %€ 1&. human IL-6 ELISA Kit
(Thermo Scientific) & [ L T47 - 72,

2. 4. Western Blotting %

RAW264.7 Ml 3 & O"HaCaT il 5% 10° cells % ¥; b 5
mlZHWT6well 7L — MM L, 24haiksaE L7
KWT, 2.2, & &I P-panthenol % 71 L T RAW264.7
QWL 24h 3538 L 72, 01 pg/ml o LPS % I L T 49
I 24TV, 45 min OFF L ICHINE % XL L 720 HaCaT
(X 48h 5538 L7z, 0.1ug/ml @ TNF-o % #5011 L C 15 min
R % ML 72e 2%, Milesy v 8o Binm %
HEL L, SDS-PAGEIC L %% Y R il dT o720 &
KKBL72R) 72 UNVT I KXV 5PVDF A Y7 5
YIChT VAT 7= Lz, —RPUERB L Ok buk R
WTHUEPUAR I 21T\, %% Yo7 oS8, 39t
M Wy 3 3 12 ECL (GE Healthcare) ¥ 72 (& ImmunoStar
(Wako Pure Chemical Industries, Ltd.) % JJvCHith %47
o572 FUYNRZEDOENLY 7 Vo ATTO Cold
CCD Camera System (7 b —#k&4h) 2 WV THT o 72,

2.5. HEtENIE

45 N7 B LS HETPIM R OB RZE L TR L7,
WERTLEE, Dunnett F 721% Tukey DWIE % FIV T,
AKX P<005. BLUP<001 & L7z,

3. #% R

3. 1. P-panthenol D&M L~/ 077 —JICH DRI

HFEAEMHEIHERE

FrE Y VIRE & L TE K L 72 P-panthenol DL JHE/EH %
i 4720, 27107 7 — VKRRAW264.7 MlZ x5 4
PIEH T O FEA PG RE % X720 FAIC, P-panthenol D
HaE k%2 WST-1 #: TRz R, #RE 100 uM I8V T
MR AEFRFEAOZEIIA NS, FEHORWFETH S =
L R L7z,

RAW264.7 Ml i 55 2 # \Z P-panthenol Z {01 L T 24h ¥
k. LPSEHWTHRIEZFHIE LR, KIEMET A b A
42 THHILIP. TNFoab k CREMERETH 2
INOSH & UFCOX-2DmRNAFH AT~ 1 — L (LPS
(+)) LML THEIET LA (K2), P-panthenol 1.
IL-6 ® mRNA %81 & ¥l L 7225, [P Cld panthenol |2
X 2 BHIRhH LR H g, F 72 SoyPC T & % Hiil a4
EHBELTHMWHIEIMER TH - 72 (K3), HIZ,
P-panthenol i, # i B 25 — 50uM LA | CTIL6 B & O
IL-IBD & v 7 Big ke Wil 3 2 2 & 2R Sz (44),

P-panthenoliZ ¥ % I VB, DY VFEFH B4R TH 5 75,
EYIVBDOFTIVREFYIVBOEY FFT VD
WTHPLDZHWTY VIREFLARLFEL, ik~
707 7 — VB 5 5 K O R A e & B L 7z,
ZORER, FIRE S QUM LEIZBVWTHR T 7 F V)V -F
72 ZE 55V 5 B IL-6 DmRNA S8 2 ¥iH] L 72
By KAT7FIN-EY FFI @O NT,
P-panthenol @ & \WHLRAER) R HHER S 7z,

3. 2. P-panthenol D EHIRAICH (TR RERFDEE
IS
BT, HMPEGSECL Y v re 77—V
B, ZREERMREEHEERT A2 LI - TERIEDHE
755, TOR, w2707 7—IY05kH &5 TNF-a
REDRIEWYT A "I VPAT 42—y =L L TCEEL
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IL-1B8 mRNA TNF-oo mMRNA
10 2.5 1
8 1 2.0 1
5 | oK % i o *x
S 4- $ 104
= o ;o
2 24 L ﬂ Z 05 1
0 M T T T y - 0 T T T T "
LPS - + + + + - + + + +
P-panthenol - - 25 50 100 - - 25 50 100 (um)
20+  INOS mRNA 5.  COX-2mRNA
§ 1.5 A ¥ E 4 7 )k
*% Kk a -
3 10 - g 3 ok
§ i 2 - sok
= 0.5 T 8 1 1 |i|<i| H
0 T y y T ' 0 T T y y y
LPS - + + + + - + + + +
P-panthenol - - 25 50 100 - - 25 50 100 (uMm)
2 P-panthenol MEMAE~ 707 7 — D IZi ¢ 2 RERTFEETFOREBEIF
** P < 0.01 vs. LPS (+)
IL-6 mRNA
14 4
12 A + L
T 10 T
E 8 T Tt *%
< " *k
© ¢ tt
Q@ 4 i
=
2 ﬂ
0 1 .
LPS - + + + + + + + + + +
- - 25 50 100 25 50 100 25 50 100 (uM)
P-panthenol Panthenol SoyPC
3 P-panthenol MEMEL~ 707 7 —JIZ3FF 3 IL-6 mRNA FIRHNH
*pP <0.01, *P<0.01 vs TNF-a (+)
P <0.01, TP < 0.05 vs Panthenol
400 - IL-6 " IL-1B
350 - 12 |
300 1 o —~ 10 |
= 8 g 10
£ 250 A S +
8 3 8 **
:O’ 200 + E_ ]
=J 150 A =II *%
100 - 41
50 - 21 .
0 *%* I I v I I—_—l ' 0 I_i—l I
LPS - + + + + - + + + +
P-panthenol - - 25 50 100 - - 25 50 100 (uM)

4  P-panthenol DEMIE~ 707 7 —JICH13 3 IL-6 LV IL-18 DELEIF
“* P <0.01 vs.LPS (+)
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HHEHS TV D, 22Ty GEWYA M A VICX D8
Ji§ 22 % f o & B2 6 5 P-panthenol @ Bl %) 4 % BH
LT 5729, M{L#ife HaCaT % TNF-o THIBL L.
Z D PAER FPEE AT T B2 7l L 72

TNF-oLEHZ & ) HaCaT TIXIL-6 DEAD LA L7225
P-panthenol i¥ % ®m RNA FHFE (X 5) BL O v 37
BrEEEZ AR L7z —T5. A0 EE LTH
W 7235 B ) panthenol %° SoyPC (1A% EE 50 uM ALEE 2
BTRHABRREIELBDODEN L P>/ Lo T
TNF-o1Z & % HaCaT @ % # 3812 % 3 2 )2 i3,
P-panthenol DWEENEE TH S Z L ML SN 5,

DX 9 AL R 3 A P-panthenol @ %9 K ¥
APHIAI R IZ. TNF-0l2 X 2R3 0 A% 53580 5z,
Thbb, RAW264.7 Mg 2 LPSMLELIC X o T 40 Hill ik
TAHIEIZL DS NAE % v CHaCaT ML 2 5558
L7z& Z A, IL-6 %R TNF-00® mRNA FEH &2 L 72,
Zhuzxt L, HaCaT#ilig % P-panthenol Z FHH\WTdH 57 L

DR T 2 LI2X > Ty ENHRIEWTA AL VD
mRNAFHEOF BRI T RO 5N72(K6). LLEDi
i, P-panthenol S EEML L~ 77—V D
FMHAEH 2580 RB 2 LT, JOE 0 FH B Mk % P4
5T LML T2,

3. 3. P-panthenol IC &3 REERFELFDFHEIRIMHIHEE

P-panthenol 2~ 7 0 7 7 — Y RAW264.7 Mg B L O
HaCaT f{bMifz o w3 st LT b RAE R 1o o A H]
WRERLIZZEN S, ZNEOHIFEERCE b 5 HRz
ERME L CMAPK RO B 72, K7 ICRT
X 912, P-panthenol (X LPS CTHllik L 72 RAW264.7 il T
RoNnbp38BLUIERKDY YfLZHHI L TWBE I &
RSNz T 72, HaCaTAHIMEIZH L CTid. p38iinz
INKOY) YEALZEHI L. 215 DR T o AL % i #
LCWwa I edbho7z(K8),

IL-6 mRNA
3.5 1
3.0 A
L 25 A # 1
g .
3 2.0 A +
© 15 - >
=
1.0 -
0.5 -
o - T T
TNF-o - + + + + + + + + + +
- - 125 25 50 125 25 50 125 25 50 (uM)
P-panthenol Panthenol SoyPC
5 P-panthenol D& bEEMARICKET 5 IL-6 mRNA SIRINF
**P < 0.01 vs TNF-a (+)
"p < 0.01, "P < 0.05 vs Panthenol
#P<0.01, *P<0.05vs PC (RIZERBIDLE)
5 - IL-6 mMRNA 5 TNF-oo mRNA
4 4 4 A
3 - *%* 3 .
é ** *% 6
© a =
Z L.
N i
0 . . . . . 0 " , .
M® medium - + + + + M® medium - + + + +
P-panthenol - 12.5 25 50 P-panthenol - - 12.5 25 50 (uM)

6 b MEEMEEO~IO77— JEERICEZEMEEE P-panthenol (C & 2 HIEISHE

* P <0.01 vs M® medium
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LPS - + + + + - + + + +
P-panthenol - - 25 50 100 - - 25 50 100 (uM)
p-p38 | | p'ERK‘ ‘
p3s | | Erx ‘ ‘
Actin | | Actin | |
2.5 - 7
2.0 1 61
5 4
X
m - *%k + *
fo. 51 5 4 - *
& 1.0 é 3 T
e L - -
o s 21
05 i *%k
10
0 0 :
LPS - + + + + - + + + +
P-panthenol - - 25 50 100 - - 25 50 100 (uM)
7 P-panthenol < 7 07 7 — T RAW264.7 #i2IC & 17 2 MAPK HlI1H
“P < 0.01,*P <0.05vs LPS (+)
TNF-o - + + + + - + + + +
P-panthenol - - 125 25 50 - - 125 25 50 (uM)
pp38 | p-INK
p38 | | INK
Actin |
Actin
6 - 3.0
S 1 {7 25 4
| X
Q 4 1 < 20 -
o =3
© 3 ** X 1.5 -
(2] zZ *
o =
a 2 & 1.0 1
11 ﬂ 0.5 4
0 T T T 0 T
TNF-o. - + + + + - + + + +
P-panthenol - - 125 25 50 - - 125 25 50 (uM)

8 P-panthenol M & kEZE#EE HaCat (23 1 2 MAPK il
P < 0.01, *P < 0.05 vs LPS (+)
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4. £ &

VAR, B EMbh T ehEm#E ORIk LT [AF >
7] WEHENRTWS, AF U THRED—DE LTHK
AR BN AR B PIIERI R H D . KIEE FHL
720, SEEMLT 5 2 & TREETELVWILOMER S HRE S T
%o ARWIFETIX. FHLEREMEZBHETLHNT, Ih
F TICHH A% & LT\ % panthenol 127 H L 72,
Panthenol (3 A:AAPICBWT Y ¥ I ¥ B, TdH 5 panthenic
acid IZEEINL T Y I U ThHbH, 7V =0T vV
7=, BEHFIELSAPINTBY, et muhy
LWz b, LA L. panthenol idKBEMETH 5720, Mk
TOWHAMEPZ LV EREIRAN) TE2EBLICSWT L
VY. ISHETORIRIRETH 5, ABIFETIE, €D
& 9 7 panthenol 2 ) ¥ IREFHEALT 5 Z & THAKEEN
RGBS L. FIHHEZILT2E0) TR #
DOYSIEER AR T 2 2 & 2 WifF L7z

RN O JE OIS T, ARRAE ISz, =27 a 7
7=V DVEELRE R 9. & L 72 P-panthenol i,
~ 777 —IUMRAW264.7 Mgz L, LPSIZ& o T
FE SN D RIERNT O mRNA BRI FEH 2 2D R0 1P L
2o TORIRIE. TERK DM panthenol & D DiE L, Y
UIRHEE B AROBEN AR 2 MR L 720 SIS OS5I
HEEBEIE, SERTOEAICHE D S p38 R ERK DY ¥k
Ll 2 88 & LT, BEoORBREZHET L2 EI1I2X5%)
RGITEHTH 5 2 EHRIRE NIz, P38 R ERK %2 &0
MAPK # A% — FOTF#ICIE, NF-xB*” % AP-1'" & v
W B HF AR Ly KIERF O mRNA 531 % fili#4 2
ZEMD, FNOHEADEEBIIOWT ORI 5 Z &l
&M%, 72, Ppanthenolid~Zr a7 7 —I2pET %
TNF-olZ & o TR L 7= bfifg HaCaT 123 LT b, p38
RINK D) v HBALIHl %2 i L CHIEMmT 1 b A o
AR L7222 L5, B ORIERIC A S 12 Ml R
HAERIZH L CHHERIREZRT b D LT 5,

LGty X0 FEH 2 1 I BRRE O R R % SR 09 e R B 1S
BMLTHEARLIIFEx ERIZVWEEZ 5,

E
AN TN 7272 & F LA AEMEEAIAX M
T — e R E RSN 2 L E T,
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Topical therapy is the most favored form of treatment for whitening against hyper-pigmentation and sunburn.
However, high-molecular-weight, hydrophilic chemicals are difficult to use as transdermal delivery drugs and the use of
topical drugs has been highly limited. We applied 11-arginine peptide (11R), a cell-membrane-permeable peptide, as a
transdermal delivery system with a skin delivery enhanser, pyrenbutyrate. We performed intracellular peptide screening for
melanogenesis inhibitors with several kinds of tyrosinase inhibitory peptides from natural sources. Next, we performed daily
repetitive topical application of this LILVLLAI peptide found in gliadin protein, a wheat component, for two weeks against
a UV-induced sun-tanning guinea pig model and confirmed significant melanogenesis inhibition in model skin. We showed
that 11R using a transdermal drug delivery system with melanogenesis inhibitory peptide is a very safe and promising
method for applications from cosmetics to the pharmaceutical industry.

1. #&

& N7 B8 AP & 1%, Protein transduction domain
(PTD) &WHENZ 10-20D7 I VWA 5% 5T F R
FRET ALY ¥ U, RTF R, BSTEE
Wi & Okk % 2 R PG VEY R 2 MR IE A LESRES & 5
B CTh b, & 87 AHEEMBNIEA S NS 2 LI,
v MREREY 4 VA T A (HIV-1) 28339 % Trans
activator of transcription protein (TAT % ¥ 7327 '%) OWfFE
WXV TATY Y32 B 11D 7 3
J 5 7% 5 PTD A E SO E 2L Tnwab 2 L
PG EN TS, TAT domain (MYGRKKRRERRR) @
i, NMHo7 I VBON, 8T I VEBEEATVF=
VRNV U EDERENT I BTSN TWwAZET
Hbo TOZT LN, EBWEFOITWSZ & WEHEYE
WCEETHL ZEARBRESN, 7T-11 0% 7 I 8
oG H5PEEOPTD R EN/ze £DH 5, 11HD
TVF=V(QIR) 2L 2 PTD ANEAMROH A SERL TV
52 EREADOHEEOMRT SLHHE LTS ? (Fig. 1o

PTDIZ X AMIMAPEEATIX, =¥ F¥ 4 b= 2D~
WThHhr~r7u /)WL =T RAIZLD, TV Fy—2tk
WHMLICE TR THIBMISEA SN S Y, k5T,
PTD &AM L 728 ¥ 2% 7 B R 3 AsH N TG % 4
T2, =Y FY =205 L GBS RBITT %,
EORDBATy THLEERDLY, T2, HREEL LT
Pyrenebutyrate L WO M EEZMHHA L 720 TN, XU E
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CVEREATAIREMEDOESE VKR VIR BT B RGE
DG EE DR OMBBMEOWE TH 5, N ERILE
THHTEE, TV FY—2HDF V87 G sh% R Al
Fa TR 5 & LA ST % ¥, Pyrenebutyrate
TETTRI VY FY—2NICERHTL LR, ERE,
RPN ERNEATE D, 20720, TV FY—
LANTHERET A 2L R BHL Tz d V87 B YA,
BN RLCIEER L. £ 0 B# TR & 2R Rk
%%,

2ol A DOFIFETIE, SO¥ v HEAEB LU
Pyrenebutyrate . fREIEAFEICRAT LI L & L
T BWNIEERE. BEROE MR 3EiEEE & > T
Wb, REIFEE L) MERE, BB ANE. 2RRE
Bleho ATV REETLHAT /WA M, REOKRT
JECTdHBHIEEKEIHFET 5. MEARIBUKETH D, 4N
HEWE K523 7T OREEZRIZLTBY ., REHEA
CBWThRERREEL RS 7,

HYRIFR & BRI L7 IE,. & SN A3 O F 20 1§
El - WO, BERHRSFONBREL N T4K
R EV— N MERELZERT LRMEBL— bD
2HYDEZONTWD, FEMEZI L &R
JEEZEL L) ESLHTH LA REREFITT 54
BaREOEEZ01I%UTTHE Y, LELad s, 4518
500Da VL oW E RS ClE, RMERZIZEAL
MR VDI BAEONEEHEICET L L EDbNT
W3 Y, WEDEEELEBASER. EEBRORAD
N T THDLMEREP RN T 2 LEN D L. AENEEE
B R T A EMNBIN %l 2 FEMIE L — & (transcellular
route) & Al IR % 38 2 MR )V — b (intracellular route)
Wb MERENY T ORI Z2HEEEADRKDOHRE
o Tw5,

HUE, SR OB 038 A B3 W B Rk i & LSRRy itk
PRI S NG, WD s LCid, a4+ b
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Fig. 1

TZHLY A g ra=— VY B RFSNE, A4
YET7 ALY AR, FEOBENT 2 ISk, B E
N L. BRPESEY (FCHE) ClREEmMNC, MY (IE
IZni ) TRBBHOEFACHAT L, TORKELEZHA
&2 LT, RN EREINOK WIS TH 5 EER
TGO EIREZ A L. AR T OKGICE A B EESR
DE (BEREZE LS \) R - BEIBICERA AL, [k
(A L 7235 0SB SR B) O BEH T RIE A O IR~ &
BEL., BEWRINEINE, v 70=— Nk, Ak
(10 ~20um) OAZEBT 282 HT28LD LI %
D%BEEICHEAT 52 LT MRRICELRES ST ICHERBIC
KERT., N THEREZKT SE2H55:TH 5,
LMt & LTid, BlziE, U RY —2a 2 2R
WA Y o b, VEY—2F ) VIRELS %
AET OB EAnm ORZELE S OMNEh TV THD,
ORI A B TEEHATAHAIENTE L &I, &
REAVERE MR D ENR TV B Z e b, TOFRAL
K. FY R L ENE VLW O P 20 ik & Z 2 ShoTw
%o LA L. EYWOmME, 75 L2 WREEA
e EY AV (AL

WIZ, BBETHOMELRER Y I VYN AITDWTHL
HWE b, SNUOHDOEKEE & 5% 1E. UVA (320 -
400nm). UVB (290-320nm). UVC (200- 290 nm) {2
KNENL, INBIE, —MRICHEE ORIRREIC X 5]
B ARV Y QR LB ENERFICL > TR EIKE
WHAET 5 AT 7 A AEHILS X 5 = VD TUE
L7ziEH, ELBbDEEZLNTWES, T2, TOX T
ZVIEAT AL VORTESR I NLMEAHETF O Y
F—F¥OMEXIZX > T, F2¥rH5DOPA. DOPA H»
5 DOPA quinone (22 b L. &SI A ZFETEL S

Fig. 2

Table 1'®

hadoksnTws W, WhiteningZh 21525700 %
—4y bELTIE, EX=Z208% (Fig. 2) 250, —>
Hid. A 9= YlMH"Y, ZoHE, # 7= vl
H#Y ZoHIE, AT WA MEWENEH TS,
Ll —DOHD X T = v EKE T 5 EICHE N E YT,
AT = VAR ORERETH LTI YF—EIHEH L
F v F—BiEEE T 5T I L TiE. R T
I MRS LT I /B (Table 1) 12X 5503
F—EOEEIE L AR BV THE SN TV S,
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EHIZEDFMLIIBNT, BA7 I VTIX, N>, o
Ao Avafdrbno28KRET I 7B Fa T —
TOFEMEHET L EHME LTS, UL, TR
BLRLVTORELLrESR TRV, 22T, &AW
REDOFETH A, 1IR Z il S THIRAN~NEAT S 2
ETHEEITV, ML ANV TORAZ ) —= 0 F &7 572

2. % B&

2.1. XTFNOER

SRR LT F FIE, R7F PR ZE VTR
TF FEMBEICL DR L7220 0T, IR KFOMIEEIC
L THER LD DTH Do AEBRITIE, 1IR %85 L
TR T F FEBEMHARTF FOARAOM B 2MH L TWw5b,

2.2. iBRRI)—=2T

F9. FuYF—YHIRIREE T HHEHTF FIC
IIRZHEEET, Bl6 A5/ —<H~NEAL, A7)
— =V T ERLTo 7. FEBITHWZBI6 X T/ — < Hlildid,
~ o ARSI T, RN E AT = VLY S
LTWwb, lwelld 729 1x10° cell # % 37°C. 5% CO,
TCHFE Lo —HEE LA S/ —<HIBICAIRL 720%
WRTF FRRMU7z. T2RERIZIC M) 73 VTR,
5000 rpm (2T 10 43-fiya0 L CRtia 2 BN L 720 & D F4,
INJKEEALT b U 7 KW, 80°C. 2 e[ CHll B % 74 i
S, INF T L= MIBANRZ @74 h A—%— (DS
T 7 =N F AT 1 V) TIOLEE (405nm) %l L.
AT VR EITo 120

2. 3. WST-1 assay I &2 MaEHOHEDES

WELZRTF FEHWT, WST-1 &% HwT., M
MmO FMEZ R L7z, 1well 720, 2000cell l27 5
XA =<z &, —HEELZ. ERIZIE,
96 RTL— b2 L7z, #H, FRLBEHTF P
R, T2 R HIB R L7z 2 0%, WST-1 32T L .
30min. 60minf&iZ. ¥V F T L — bHIBANRY F T T+
FA—%— (DST7 7 =<4 F AF 1 AV THLE
(450nm, 690nm) Z #E L7z. T ¥ b1 —)Lid DMSO % fii
L7

2. 4. 196 X7 F KD Alanine walk D1&5¢
WELZ196 XTF FEANT, RIFFO{KT I B
ZIEFIZT T = VIZEHT 5 Alanine walk 2475 720 %

BgfE 3 2. 2. fIAN A 2 ) —= v Z LRI L TH 5o

2.5. ®IVEYMDOEERICT1IROEADHES?
HRICHEER#OF b 2 Fra—F 3 vl
~X7F F (TMR-11R) 2 E)VE v FOIFH (4em? K, %

FRREBARICLIZIEARTFREAV ERBEHRDRER

50ul) IZ#A L, FERFIICBIZE L7z Hfld, AF A M
X ARG, Rld, 7RI AFIVT—F I 2 THOLE R
L721IRRTF FTh 5, BlgIE, LEML — 5 — B
#5(FV300. OLYMPUS) T47- 720

2.6. BEBRGETIVEIDIER

HEETEFTLVE L THBEEILVE Y b (Guinea pig,
Weiser-Maples, female, 8w) ZH L7z, Zhid, Bo
HTHARREEIARENZ &, T beiors =
T EAT) Lo 7zl bBmEIVE Y MIPE L B
TLA2BVEY FOTERIC, SRIMREUVB i B 2 2608 12
TUVIEREZME LoD, UVHEGHICL D, 1 H1HE
AL 0.25]/cm” % 10 H BB L 720 TS AR 1 — X 1
2cmX2cm & 4 X & L7z,

2.7. BBRUIETIVEMIDAE

ENVEY NHABETETIVIZ, Propylene glycol (2 Tii%k
L 72 500uM Pyrenebutyrate % B L& T 50ul & A5 L 72,
531, Propylene glycol i\ T L 2R 7F F & %
50ul, 1H 1, 14 HE&A L7ze 2Dk, 7A=Y
F(Gmm, YIVR) EHCTEEY 7V ERILL 72,

2.8. ANYbhFXIUL - IHAI(HE)RE

ELVEY NEFH O TNONG T 4 VYR EERL, &
Ty FATMFTY) ViR T LS HERE L7z PEiE L.
IF YU EHTL OMME®E L. PtE L.
DIGITAL SIGHT DS-Ul (Nicon) THiZ L 7z,

2.9. 743 F Ty 3B

ENEY MEFY Y TIVDONRT 74 VYRR, F
LI 1557 (58C) . 10 47 (RT) #i& L. 100% = ¥
J =, 5% T ) —), 90%L¥ ) —)LELT70%T
57—V NI 5 s T Lize 288K THREL. 25%
TA I FTURETHREOEEZET L. B L TI6 K
MIFRE L7z ZZHKTUIE L. 025% F A M) 7 A
KW A 1T L7z, ZBRKTH®EL, 7oz b
O — MEE 55T L7z, ARAKTHEL, 70% 5/
— )V 90% Ly ) —) 95% L¥ ) — ) 100% ¥ ) —L%
W& 1M T L7z FYL Y2550 T L,
VECTA MOUNTTM (2 T # A L. DIGITAL SIGHT
DS-U1 (Nicon) 1%L 7=,

3. # R

3.1. filRRRY)—=T

B =<l 1L %o TOABEMXTF FH
HHRERR 95 2 ARz, S HITX T ) — <l Z KR
L MY T 2 THEME S0tk BOLENE (4050m) %
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Folblnh, avyba— LI EWHEZRLEXTFF
X, LToO8METH o7, T2, 50% LA DR T =08
WRHEZRLZDIE, 196 L W0) ARy FFEFZOXRTF K
THotze ZOMHNIZ, NFEIHFLLET 5 Gliadin &V ¥
YT BHFEEDORTF K TH S (Fig. 3)o

3. 2. WST-1 assay I &2 MAEMOHEDIEST
WST-1 assay DAFFR LY. RELZZRTF FiE, 2> b
T— Ve RELCHBANDFEEE N E B L

(Fig. 4) -

3.3. EILEYMDOEEBICTIIROBADHEEE

6 R[22 5 48 RE R & TREMFIICEIZE L2 L 2 A, B
12FFMED S, FREIEEICTIIRRT T F O A D
ARz, F o, 24, A IR L R ASHEM T B T &2,
HFIWCETRTF FASE AR TWD 2 L h R ¥k 72
(Fig. 5) 0

Fig. 3

Fig. 4

Fig. 5
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3.4. BMMETIVOREHER

72 PBBIXUOKEANCIBLELVEY FHEETEFT L
FEY Y TNIZONWT, 7+ v F - <v Y rftaiito
72o control, 11R + No.l10L. No.lOL-11R % #&A5 L 724 ~
TNTIE, EEe O R EERKEE T2 T = s S
BB SN0 L, 11R-NolOL 2 %45 L7z~ 7L
i oH IV ERBL T, 2T = RIS L
TWwbZ EZERL 7 (Fig. 6)

WIS, TH v FF <y vzl b x5 = v
fa%ix 10 7 i OBLEFC, MatEMICHE L2 2 A, PB
BILPIIRNoIOL Z &AM L72EBICBWT, AT =V
PERIRB DA 8 2 WA A S 7z (Fig. 7)o

4, £ &

Bt RTF K A2 ) —= v T BBICEH L720OAs,
FuyF—EIHICET AR TH L, T 3Foy
F— B OIEHEL (Fig. 8) 2 /R L7z b DT, Z DGR %
FHAES 2 RIAEM DG ShTwb, Bl 2IiE, 48, AIE,
EHAD, f. NTEVS R OREINTVWE Y,

FRREBARICLIZIEARTFREAV ERBEHRDRER

INBICHET 2R T u Y > — B oI
HFHETHIA LT v 2FL—bFTHZELET, FEYF—ED
WHEZAELTWE” Tholio TH5IE, REEHLA
NOFETDH BHS, ML L X RE L~V o s BN 7
W, FOMAIZ, 25D Whitening R 7 F K % L )E LK
T2 @ % B TN EE T 2 FEP BN TH S,
IoT, IMREZOTHETH S 1IRE VT, Mgl
NVZLTEHP L NVITTHE 21T, E5I1ICRA7 ) —=
VT RAT o T2,

XHROBBFEL XNV TO A7) —= 7 ZOFER LA
A7V ==V TORERID . X7 = Y EEIHIRRICBW
TR DERIESNTZ. T, MITBR~EAT BB
FfEELEE AT F R, 1IR 2845 L7722 & T BT+
R & DA E OB ENRE 2L EZ b5, Bz
I, BRI FIZRAFATFy—YVDOT7I ) BeaaL
TWeas LIROMWIEEEZFFO T V¥ = ¥ & OFFE
WAHEAERIC XD 7 X 7 BRIF L2525 5 5 W BBk 2SR
ENb, RELZ196XTF FIZBWT, 11IR%Z N &
CRIGEDZNZIEAE L7 E, NREI AT = VA%

Fig.6 7#4>%27F vy 3EiER scalebar: 50um

Fig. 7 74287 2y Bl AT GHMARBOATERER

Fig. 8
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PR ZRT I L BERL TS, E5IC, BRELVE
v FEHWT, ABTETVEMZ/ER L (Fig. 9). 3#H]
BAIOME 2T o720 D% HE R, 7405 F - <
v g, X7 = UG O EEHE 2 T, 2 T
= VIl Of BRI % R 72,

ARFFERE H13, The transdermal inhibition of melanogenesis
by a cellmembrane-permeable peptide delivery system based
on poly-arginine. Ookubo N, Michiue H, Kitamatsu M,
Kamamura M, Nishiki T, Ohmori I, Matsui H, Biomaterials.
2014 May; 35 (15) :4508-16.
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Titanium dioxide (TiO,) is widely used as an ultraviolet-scattering substance in cosmetics. Here, we investigated effects
of particle sizes and surface modifications of TiO, NPs on their genotoxicity to human skin fibroblast and keratinocyte
cells with the micronucleus (MN) assay. Induction of DNA strand breaks and reactive oxygen species (ROS) were also
measured to elucidate the mechanism of the toxicity. Three types of TiO, NPs (35 nm and 1000 nm) with different surface
coating (AI(OH);-coated-, Al(OH),/C,,;H;;COOH-coated-, and plain-TiO, NPs) were examined. All TiO, NPs induced MN
in both cells in a dose-dependent manner. Plain-TiO, NPs (35nm) induced more MN, DNA-strand breaks and ROS than
other two coated-TiO, NPs. Small TiO, NPs (35nm, plain) were more genotoxic than large TiO, NPs (1000 nm, plain). The
ROS production was closely correlated with the cellular uptake of the TiO, NPs. These results indicate that difference in a
balance of the particle size and surface properties of TiO, NPs affects their cellular uptake, and causes different levels of

genotoxicity.

1. #&

F A ZOMUMIFOBEIBRE I TS, 2hE
THWEDOBEMRBO A H = X 20%, WEIEEE ST &M
HAEHT BALHEETH o 7255 A ERGT- & oS
D WERYE CTH - T O MR R 2 L3 &
Wik 720 ORI WE OLFME oIz, KX S LT
RIAET B0 —HOMIBOKRE ZZ30umBETH Y.,
1,000nm L FOKE 2 oRFEITMisoGEEHICL - T
MBI A E NS, 72 & 2 IXEFER 10~ 100 nm O FkE
TaMBCBERET 2 L. S TIEAESICHIILICID AEh
TT7REMN—VRAZEIT, ZOBBIZEREOTHEE (F
72IEUVA) L OMESEHTH A Z VLM N, &
MFESTHSDNAHZYIN T2 E 20N Tnb, 72
TEH nm - £ EH100nm OEHROZEH —KR Y F /) F =
— ZIIET T OGRS A& 4 L CHIfE O DNA $H %
YW 52 ERMOND, CDOAAZXLIZET AR D
FREA N AN EDOIBEETHEB SN TV 5,

ALHESIC RSO F ) 4 ZOWEFBHER TV 5,
T2 2 ) LR ORI B LTy R
FRAL ST SRR BIA] & LT, <A A I3GIRA & LTl
HEND, SHICENENPENETICE > T4 OBEE
BLTWAD, ANLRICE@ IR, REHEAIN T
BAMTIENZ) LTwb, TREDF R FI13bhEIC X

il
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o CHEIEE OIS L, BB L ORIt
oyl b g

COX)BEFROL L, RMLHDORR BBALTF 5 ¥ F
J KL (TiO, NPs) % F¢ J§ Hi3k o 2 5 R 55 28 /4 LA e
(keratinocyte) 3 & USHHESFMNL (fibroblast) \CHESE L,
E@HEOf 2 /IMEHERERIC X - TR, $/220%
PER T = X5 %W 52T 57202 DNA SHEI T & 6 PR
FFBEZNFNTAA) I A Y FT vt A4 EHEFIC
Lo TR L7z, kD) THLE 35n0m & 1000 nm D
TiO, NPs (KEELR) OBZHEMEL LKL, 2hbo
g, TiO, NPs D@ fzm 0l Sid. Z O ~I Y A
AEIZIHIT LI EDBH LN E o7,

2. ¥ &

2.1. ¥#

TiO, NPs %, % 35nm. &5 3w+ v El, k1
FMALFIE AL (OH), CBUKALER), AL(OH)y/ AT 71 ¥
B (GEKH), WMo SHETH L5, g e LTk
THAEALEE O 45 1,000 nm TiO, NPs & w72, #ifgid e b
s N B2 I R 2 5k oo M (LAl HEKn 38 X ONRGHE SRl
FJT. M ZM Humedia-KG2 3 X I RPMI1640 5T\
37C. 5%RBH A G THREL 72,

2.2. &

HRALIERFD TiO, NPs DR « 5512 &% L 72 TiO, NPs
DX — & B2 ERKEDERELE (L—Y—Fy 77—
%)\ M2 BGEGELE: O MBE) 12X - THlE
L 720 TiO, %Z HEKn Ml & FI MM LB L, 6 WER £
OMBEOREX LY —T7 3 5 A MNEFMETHBEEL 72,

MEDFRE 100 HOMIBE 6 con B2 MR L, 153
¥ D TiO, NPs % 0.1, 1. 10, 100 ug/mL DL T 6
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WR LB U 72, MR 2 42 R B 28 t%, H v TRIE L,
KRB A S A F 75 AW 720V L vy
Yt L, HOGHMEECMEER AT MO E G % R 72

DNA S8 DEIRT : 10° M OML % 6 e Br 22 MLICHERE L, I
FL3ME$H D TiO, NPs % 10 B X 1100 ug/mL D i JE T
1 RERHALBE L 720 M@ ZfIBEL, 7V A Y 7 a— AL
WIHEATA K7 T RHHF L TTIVA ) BRI L 720
MR % A A N—= 7)) — et HORPHMEETa A v b
7=V DOKE E (tail DNA) il 72,

EMEEZE (ROS) MFFE : 10° oML %E 6 cm K72 IE
L., 3RO TIO, NPs% 10 B X O°100ug/mL D)
T 1 RERLEE L 720 I8 L 725 % H2DCFDA CHLB L,
FETBUNEEAA -V YT A P A= —TilHllo 72,

TiO, NPs D#FZAEGA : 10° Ol % 6 cm £ 28 M 4%
L., 3RO TIO, NPs% 10 B X ¥ 100ug/mL D)
T1REMMEE L 720 FEEL 2Mifex2 7a—H 1 N A—%
—1Z2*F Tforward scatter & side scatter ZllE L. #%
# % Ti0, NPs DALY AR OFREE L L 72,

3. # R

3. 1. #REMIBEFD TiO2 NPs DHHE
{135 Medium H @ TiO, NPs B o ¥ — & WAL & kL

FHEDLS % By LRSS Ot A 2 Hw Tl L7z,
INHORRELLIZT LD,

TiO, NPs/L¥#% & HEKn Ml & FI iz LY —7 3 >
oA MHMBETHEL, TOEEZK1IIRT, TiO,
NPs 23984 A H Witz X - T, TiO, NPs 3 35nm-
HEALRE > 35 nm-Al (OH) ; R > 35 nm-Al (OH) 5/ A
T 7 VEEFMEALE > 1000nm- R ML O IHIZ, Mg
EHBFEL TR (FEMYAEFRTVD) Z L5

07:o

3. 2. IMEDFEH

FALRING & eSS B\ T ALEE T & /NI AR
JETHAE L7225, TiO, NPs 2 AL~ 2 & REEICARAE L C
YO EHEIMERER L2, B2 I2HER SN/ MEOB)
ZRY . KEMAE D 35nm TiO, NPslZ 35 nm- ¢ i AL
P> 35nm-Al (OH), £HEWLE> 35nm-Al (OH),/ A5 7
VU ERETALEE > 1,000 nm- KT ML DONIZ, X 0 EH
BEC/AMBE R FR L 72 (K 3),

3. 3. DNASHOEIET (ZIVAYUMEI XY 7yt 1)
THAHVET R Y +T v A ORRO—BIZ 4 ITRT .
AL BT D MFHESAIIBIC BT d, KL

=1 TiO, NPs O#IRA9M4EE
% 1H & fifi FEEMN | ORI (nm) DLS (nm) Y—2EAM (mV)
AI(OH); Bk M 35 973.4+176.0 -15.88
Al(OH)3/C1H:sCOOH | #E 7k ¥ 35 572.6+124.2 -5.58
Plain BK M 35 1291.3+218.9 -7.77
Plain Bk 1000 2149.8+382.1 -11.06

X 1
FOEXEREL TV,
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TiO, NPs (100 ug/mL) #0432 L 7z HEKn, FJ#RZOL Y -7 3> b5 X MEHEEER. TiO, NPs #*
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2 TiO, NPs (IC& > TERS /DO H], MBS TiO, NPs
(35 nm-plain, 100 ug/mL) 4132 L 7= HEKn (&) & FJ (F) #kz

3 AL E L ORMEMIEICE T 5, REWIEODR L % 3FEHED TiO, NPs (2 & 5/\ME5ER, SEIOMILL /-
HROFE £SD 2K T, *BENBHEHELERL TEEZEZSHY (p<0.01). a,b,c,d, e, f,gh,ij kBEXFET
BEESHY (p<0.01) (Tukey-Kramer i%). #edhldERE2 L /-#Af2 1,000 B & 7= V) D/ MR ERIBHISEE 2R 7
CTIAEI hO—Jb, MMC <1 bv1>>C (BB bO—I),

AI(OH)3/C17H3sCOOH

Aok,

B4 TAUEIXY FT v DFl, £ A{LHAR(HEKN) . 4 : &R#ESFHAE (FJ)

—125—



A X MAY-ME#RE Vol.23, 2015

72 % 3HH D TiO, NPs IZUBEEE I KGE LTI D E LD 3. 4. EMEETER (ROS) DFEE

DNA I (tail DNA) %8| #2272, TiO, NPs ! 35 nm-# Talif A=Y ¥ 794 b x—% — % 724N ROS
T 6 AL B > 35 nm-Al (OH); 1 AL B > 35 nm-Al (OH) 3/ A E O —F 2 46 12773 H2DCFDA ASROS 12 & -
AT T YEFRMEALE > 1,000 nm- T HELHONEIZ, X THALSNDCFDA & 2 D #6 %55 %, fMibfilgs L O°
D% << ODNAYIWiZ#RZ L2 (X5). MLHESE M BRI B W T, 3 o TiO, NPsiZ 10 B & O°

5 A{t#lE (HEKn) & & UHEMEFMIE (FJ) (SBT3, ZIbAUMIOX Yy Py ESICE > THRIEL =
TiO,NPs (Z & 3 DNA HJ#f, 837 L 7= 3 @D % Tail DNA ODFHE +SE, * BEMBEH LKL (AEEH
1) (p<0.01). a,b,c,d, e, f, g h i EXFRETHEEZH ") (p<0.01),

6 A{LHRE (HEKN) (&) & & UIRMESFMAR (FY) (B) ICH1F 3 TiO, NPs100 pg/mL 2LE# D ROS HAE
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100pg/mLALFEIC X > TROS Z #3452 L 2Sb o 72,
TiO, NPs (% 35 nm- 2 [fii # 2L B > 35 nm-Al (OH), ZK i L
B> 35nm-Al (OH);/ A7 7 ) ¥ M # 1 WL EE > 1,000 nm-
KB DNEIZ % < DROS ZFHE L 72 (M 7)o

3. 5. TiOz2 NPs DI iR IELA

TiO, NPs % 10 8 £ V100 ug/mL. 1 RfLEEf%, 71
—H% A M A =% —% v forward scatter & side scatter
AUWELZ (K8)o MiFHIIMEORE I Z WS S, BE
WEHIBEPICHL Y sA 72 TiO, NPs D % KL $ 5, &5l
oo 9 BAROBRE L D 254 L Tw AR E &1,
100 ug/mL TiO,. 35nm-Al (OH); FIMALFE, 35 nm- Al
(OH); / A7 7V ¥ BRI, 35nm- F M EALEL, 1,000
nm- 2R M HAH, AT ONIZ, HEKnMilg Tl 63.0 %,
60.5%. 90.0%. 426%. 92% TdH 1. FIMHIZTIZ 86.1 %.
336%-+ 91.0%. 312%. 03%TdH -7,

Tbb. AAIEE L ORHEFAIIIC B WT, K
WLBLD TiO, NPs 285 b LY A F 11, KW T AL (OH), L
FASHLY sAE 3 <, Al (OH)3/ AT 7Y & ERALERIZHL
NDIAEFNIZL WZ EDRDbh o7z, FRMBELIE O 1,000nm
TiO; NPs 28k b Y AT NITK W T Db o7,

{E¥EmAEE S/ MR OB EEEFRORER

4. £ %

AL F % > F 7 kiF (TiO, NPs) 1% FIBEE 0 S/
BLA & L CHBET kDS bimIcH S Twd, F7,
HERE R - ABERORMLEL % i X 7z TiO, NPs 2 &b
B d 5. AWZETIE, KL O & BRFHEL D
MERZW S Lz BRI, FMMmAEE Tl A R
% % 2D TiO, NPs Dt fnalh b ik L7z AbhE &2
B CHAT 5 2 L2 ZE L. b N EE AT G
MESFAIN B X O L) 2 v COMERBR 21T - 720 2
DFEFR, Al (OH); RIEALHE, Al (OH);/ A7 7V Y&
ML, KmMELHE o, &0 TiO, NPs (R4 35nm)
b IFEARLE I 2 3 L e BRI RN LB Ok 112
X BNEFREEN R D B ole T2TNMAY T A Y b
Ty kAIZE Y, KL D TiO, NPs A% 3 DNA 84
Y2 FRT A Db ol S5, ROSHAEREE.
HOBRIEZ TRz 2 A, EHMWLE D TiO 2 NPs
A D ROS % FHi L 72o NPs D/MEHETERE. DNA B i &,
ROSPEA & L AN~ DHLY A K D BIAR % 728 RS
ZFNSICIEOMBER R SN2 (K9),

UEDZ Eh5, TiO, NPs® b b Bz A5 A 12t

7 AL (HEKN) 3 & OSHESHRE (FJ) (281 3. TiO, NPs IC & 2#f29 ROS 48, M LA~ 3ED %
Tail DNA OFfE £SE, * BB LS L THEEESH Y (p<0.01). a,b,c,d, e, f,g,h, i, j, K EXFRET
BEEEHV (p<O.01), HtEHlE I PO—IILTHOROSELEEX1 ELAEEZDHEIEETRT,
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¥ A MREIEOE N, RIFEC X 2N~ ORY A ThHEERONL. HiaEH (pH 7) hd TiO, NPshif O
TN FTSITRNT 5 2 LAVRE S N7z Mg dF; 2= — ¥ EAMIIBUKENPs TREWZ L %HH ), TiO, NPs
THMEL TSI L5, TiO, NPs DAIE~DHL Y A PEELTVDH I E 2Rl HEEBRTLZOZ Loh
Thy 313 KA OBUKTEDOMIZ, R AT 12 b AKAF Mo Tze BUKIETEAENEA S 35nm NPsid% < ®ROS

8 7O—YA hXx—%2—IZ&3 TiO, NPs DIfZRELAE (side scatter) DBEIE, L:AILMAE (HEKN) . T #RMESFEMAE (FJ)
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AL, DNABEGB IO/ ZHEEL T, 2 1,000nm NPsiZ 35nm NPs & HX_T, K& S s CHllk
TiO, NPs 23835 2 212k 5T, flad 720 OHLY A B 8 d b SR N =72 b | WO S (VPN § i
AHAHHE 2. ML ROS pEE R & ZhiC X 5 DNA & B 58N B TiO, NPs D ROS %41 L 72/ MEFHFE D A 7
MR, BHECTMEIERET S LHIHTE %, A ZALEKI0 TR,

NPs 1 ZEEEEDME < MBLE BT IR E 2 b5,

B9 TiO, NPs ® ROS E4E. DNA BEM, /MIEE CMRRANDEAH & DB, £ A{L#AE (HEKn). T : RSB (FJ)

10 TiO, NPs (C& B/\MEFFED X HZ X s
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In contact hypersensitivity (CHS) induced by haptens such as 2,4-dinitrofluorobenzene (DNFB), CD8" T cells producing
IL-17 (Tc17) are important effecter cells. Tc17 cells also produce IL-22, which promotes dermal inflammation, and IL-
27 is an inhibitory cytokine for the differentiation to helper T-17 cells. The present study suggests that IL-22 produced
by Tcl7 cells is essential for the CHS reaction at the elicitation phase and that IL-27 inhibits it by suppressing the Tc17
differentiation.

1. #&

B BOE (CHS) I, EHERRPBIC L 2SN LT
EARZBZNM7 LVF—ET, BRELLT LTV
. LB R CICE I N AR ELEWE TH B Y,
OB G FRO/NSMEFEWE ONT T )1 RN
BALERBEMEOEAE EHE L. ZoBfMEr gy
AEINENFEEINL, CHSOL 7 =227 ¥ — THIlL E
L TLLHI 2> 5~V 3 — CD4™ T (Th) 1% 0 Ha 455 5 1k
CD8" T (Tc) 1HIEAEZ Z BN TWds, wiLliE, N7
7 ¥ ¥ Fluorescein isothiocyanate (FITC) ®¥;4 13104
Z R 5 Th2 il As, 24-Dinitrofluorobenzene (DNFB)
DOYAIXIL-1T7 Z e 5 Tel7 M EE 2 2 & HH 5
Mo TETWS Y, IL-2213. KFESIC L Y CD4'/
CD8" THifaeF+F 25 V¥ 35— (NK) /NKTHIE, y8T
MRz EofEMle & vl s, REALHIEZ: Lok
SIEANGIZE L. PR 7 F FORBFEE R AL
B, REMWE 2G| &5 A A A 2T Tel7 Mifgs
SHEAEINSD, CHSHISI B 2 BHNICEY 3 4 Wit id
F7Zw?, —H L2711k~ 7 107 7 — IR (DC)
oA SN, PO Thl SLFELIRES 225, B0
Thl 43t Th2 3 & O°Th17 5L EIHI§ 5 DA% 5F,
IL-10 % PEA 3 A M THIR T % Trl Mg stz 5k
Uy RIEVETA P A A VEEDHRT AEN 2 E9 545
BETEY A M A4 v THB, 22Ty AW T, IL-22
BT KRBT A L2272 BAEHLTWE IS VAV =
=y 2 (Tg) =7 A%HWT, CHSHISIZHIT 5 IL22 D
FEE S BITIL-27 DEIRIS DOV THE £ 1T > 720

il

Studies on the regulation of contact
hypersensitivity reaction by cytokines
Takayuki Yoshimoto

Department of Immunoregulation, Institute
of Medical Science, Tokyo Medical
University

2. ¥ &

2. 1. IL-22 RIE~Y I XIZHTE CHS KIcDFEW

2HENCEROREOER D 2 L7-BAER B L OIL-22
RI~ T ZADEEBEZE 2N T F > & L CDNFB % ®4i L
BAEL 720 5 HBRFI UNT T v 2T O, B &
R OFEMCEA L ZDIE S % 24, 48, 72 R &R
MIZHE L7z 24 RERIRICIZ, ZNZEFNOHEANZ UL
RV CREE L REARBEA R LA P F Y -
T4 Y Y (HE) e L. RIEDFLEE & MG L 720

2.2. IL-22 RIEVIRIZH(TBDC OB /INEIND

WEFEREDIRET

IL-22 DER R 2 X570, 3. NTFr e LT
W% 3T B NT 5 T 5 Fluorescein isothiocyanate
(FITC) TEAEH. REDODCTH 2T ¥ 7w A
MHRZ S 2 A8 ) v /8 EiNlEET AR & G L
720 BAEZREHE T 720, WAEMB X OFIL-22 K~
T ADKTTDEMNNT T v AT L. BT OHA I
DA% WA L, 24 K%, TN ENOHEAOFTEY) » %
HiThBHHTY Y NMZIY W L7z, kI, ) vl
OBBRAAE L, MHCZ 7 A1 & DCIZx ¥ 5Pk T
et L, TNENDOFTIVRY T 4 THINEH O FITC Bk
Mile DG % FACS % JH V> THAT L 726

2. 3. BAEL/ZIL-22 RIEY IV ADFREY > /NSO

BRIBEOY A O O EEDWET

WIZ, IL-22 O Th oAb ~DORBEE X5 720, THER
B LUIL-22 K4~ 7 A D H4r% DNFB TIEfES Hk. A
B CEITH BT 8E IR L, in vitro TR U
PUEME % A3 5 K EMEAL AW 24-dinitrobenzene sulfonate,
sodium salt (DNBS) THHIT L. 24, 48, 72 Wil DR;
# Ei % EILL 720 20 i o122, IL17, IFN-y®
A M HhA vEE, FNFNOELISAICL D ER L7,
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2. 4. ERREFICHIL-22 A5 D%ET

L2 0ERMTOZIMETARDL DI, NTT v
DNFB Tl&fE L 728 LBl < w7 2 O H 412 DNFB % %A
THE MIL22 PR Z2 %G LHEMEZIE L7z, S 512,
w24 B ZEhENOE A2 R v~ VREE L, R
MR ARZER U HE a2 17\ SE O R % elhiesd
L7z

2. 5. BE24EFEHBEOENTOITIIVI—FFDHFE

IR R

NTTF U THEA 4 BO T 7 £ 7 % —40 DO mRNA
e ligd 720, BAERMB X OIL22 KIEvY 2% N7
7 ~ DNFBCEAMES5 H#%, K /i®H 4% DNFB T, KXt
DH A% EHE720 CHRAT LA L7z 24 BERIRIC, HA kD
RNA Z it LcDNAZFHE L, V7V % 4 APCRIZED
IL22 B X UZD Y 7 FIVEED T i1 CXC3 % CCL3.
SI00A7 7 & O 5B % kG L7z,

2.6. IL-27Tg ¥ ATO CHS KD

Wi, IL-27 ® CHS KIS ~DEBE TR D 720, Fea H
DR L2217 I 04 FPRASO7aE—7 —DF
WICIL27T D 20oD% 71 =y NEBI3 &£ p28% 1) ¥ /1 —
EHRATEWTIARBEIL2T # MPICL®mICELTWA b
FUAY v s (Tg) =7 A%z, BAR<y 2
BLOZDIL27Tg~ ™ 212, LA DNFB &7 7
vELTHWEMEE B ATV, BAE 2RI HE L
720 72 ZOBRER 24 RHZOH -2 RV <) YEEL,
I3 BRSO AT B RIBRICAT o 720

2.7 BAELEIL-27Tg ¥ RADFRREY /B O BRI
BOYA MhA EEDKRET
IL-27 DR 2 AR5 720, bBak & RERICIEEL 72
<7 ADHTEY Vo8 5 CD8 T Mld % AutoMACS
Prox W CTHEH L, in vitro THLCD3 HLfk & PLCD28 i

YA MO LIS EBEMMERERFEOHEICE T 5 EBAE

PR T 48 I 1 2 D K5 28 B3 O IL-17 R IL-22. TFN-y,
IL4 % DY A b A4 ¥R % ELISA THlE L 720

3. % R

3.1. IL-22 RIEYIRICHITBCHSRICHIET TS

NTF v ELTDNFBZ v, AR 2B IO
IL-22 RIE~ 7 2 @D CHS KIS ~DIEZ M0 E W & HaT L7z
L2 A, IL-22 RIE~ 7 A TREAMIE A L0002 055 L
72 (W1)e &512, & 24 BEI % 0BT L 0 .
AR~ 7 ZAZHARTIL22 RIE~ Y ATk v 28E8kICiz
R OHUE, FRIE 7 & D RFEFEIRAEIR L Tz &
nX b, IL22 K$H~ 7 X TIEZDNFBIZ$ 5 CHS SUG A
BTT25ZEbh ol

3.2. IL-22 RIEVIXICHTDDC OB /INEIND

VEFEREICII & LY

IL-22 DEH R 572012, FTHRHICNT T
v & LCTFITC % & itk 24 Wi #2, $URTH 5 FITC il
52 7:DCOFIERY ¥ sfli~OE % k4 5 &, IL-22
KB~ ATHEAR < 2 LRI FITCTMHC 7 5 A
II°CD1lc MO FIR Y v Sfi~O#EES RSN, =
Ny, IL22K#E~~ A TlE, DCOFEY ¥ 73i~D
BRI E DS W EAURE N,

3. 3. BAELIL-22 RIEVYIADFRBY I/ gD

BRIBEOY A M1 EEDRE

W2, DNFB CREEAEEFTE Y > 73 HifliE % in vitro T
DNBS THHIM L. ZO8# L oY 4 M h A4 VAR
% ELISA THll5€ L 720 IL22 K~ 7 A Tld, IL-22 EAE
B IS N d o A5, IL-17 AR IFN- y A
ARBEIAON o7 (H2), ThED, IL22 K
~ 7 AlE, DNFBIZHT 5 THIRGALICIERE L 2w &
ARSI NTz,

M1 IL-22REYI AT CHSRISTENE ERERICHETT S
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M2 IL-22R#EB7T7ZXTIE. Th17 X Thl MEICIEREL 5V

K3 IL-27Tg~¥ 7 X TlE. CHSRIETENE ERERICHIET T3

3. 4. EERICHIL-22 AR 5(CL3 CHS RIEHE

T95%

DNFB Tl L 72 B A Bl = v 2 |2 ZEE I BT S HUIL-22 3L
k%P5 L. DNFBTERET AL, 2 bu—LifkE#
B L7230 ACHARENEPAREIER L. S 5I3HEHN
A D ) R EROBRERL R OMIE, FIE 2 & H5RES
LTWwize Th& Y, IL-221%. CHSBUG O &ALk I /E
LTWb I ERWSRITR T

3.5, BE24EFEBEOENTODITII I F—FFDHE

IR

& 512, DNFB CTREAE - &t 24 B O HA 2§ T o
L7z Y—5toRB RS &, IL2 KIEY T AT
FIL-22 8B, FIFMB S E, IL-22 2 7 F Vo ik
WMET AT =274 —451TdhbhCXCL3RCCL3 % &
D EHA YR R TF TR ER R EolEEIc S 3
5.9 % SI00A7 S HPE THMICH o 720 TN KD,
IL22 RIE~ 7 A Tld, ERFFICIL22 D TFHRDO Y 7 F )V
METFTLTWDZ EATRENT,

3.6. IL-27Tg ¥ JATH CHS KIEDETF

W2, IL27Tg~ ™ A % W TIL-27 12 & 5 CHS )G~
ORMPEHFRDB L, IL27TTg~ 7 A TIEEAM < 22k
NEAOREDFAZ A Uy WA L v )~
ISEROBH R R O, 246 72 EA%E5 L Tz (K13),
Ik, IL-27 (X CHS Bt & #ifil 3 5 & & 234l 35 &
L bh otz

3.7. BMELAEIL-27TTg Y ADFREY 2 /INEiDEFI#

BOY A MhA CEEDRE]

IL-27 12 & % CHS Ke Ol OEBEFE % X% 729,
JEAE L 72IL27Tg~ 7 ADOFTE ) ¥ 73 il o CDS T
fa% . in vitro THLCD3 PLAR CTHIB L 7z B3 o4 A
A VEAE ELISA TH~N5% &, IFN-y FEARHAR <
A LRED SR o 72 IL-17 R IL-22 B A WS (A
L Cwz, IL27 13, Tcl7 404k % ¥l L CHS RO % B4
T5IEINIRENT,
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4 IL223ERBTHOI T 72 —#BICEE T, IL-27 @ Tc17 21t

ZFHE U CHS RISHIHI ¥ %

4. £ &

PlEX Y, DNFBZ /N7 5 > & LCTHWCHS G IZ
BT, IL22 REMEAHTH 5 Te/Th bz ik < 1352
Law, ERMICBWTTEIS VR EDTT T ¥ —
ST O5EH & HR L, CHS BUG 0 #3512 5 2 £ 2 41
STWAIEDPWLPIZ o7 (M4, 512, IL-27 1.
Z ®DNFB C#iti £ 5 CHS IIBIZ BT, Te/Thl7 43
L% fHE LIL-17 R IL-22 AR 2§ 5 2 & THpfilsh &
RIS H I EAURE N, IL27 12 & B BHER R O1EH
B & L Cid, IL-27 2°CDS T HMlHEH o Tel7 5 bic EE
% RORyt X RORo 7% & DB R T-HH 2L T ST b
WHEVEDSE 2 S5 b. AL V. HAGEHBIEICB VT,
IL-22 B fE D B EH] 2 o APk, X 512, IL-27
P G2 HRN 2 R T I RE ORI S 7,

AR

KRIFFEDFATIZH72Y . T A X b a Y —HF7EREL T X
DIEMEFE L2 L0 & D SR L B Ed,
T 72, HEZEE L LTE KA B T 2 TH 72 e R R
KA - REN Al BB - BWARHNA SR SRS L
S

(51 FA3CHK)
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CALM is not believed to be an essential component of clathrin-associated endocytosis of transferrin. However, we made
CALM-deficient mouse and found that CALM does indeed appear to be involved in clathrin-mediated membrane traffic.
We also noticed that CALM-deficient mouse showed pale coat color and started a trial to analyze the relationship between
membrane traffic and coat color. As an initial step, we successfully established CALM knock-down melanoma cells for the

analysis.

1. #&

HROZHMRIIEZE 2 2O TR A Lfad R o Tnb, AT
S RFEEIND L) ITBRISHIBAWGE > A T & Tk
ENDHT LKV EA - FEEND, T OB AE
Lal, BIZIZRBICBITL Y I otERibE S0l
MFRIDHEEZONDL, E\W) LR IOHEEHIHT
OB EHIE S 2 K TOMIEEIT) T LB TEIUL, K
J§ % AR D 720 DOH LWAFZERER & LT D RETE
DE Ll EEZOWI Y AT MG T ART L aFEOl
P & OBRDIENT S NIBD TV B o RFERZIIHIE X 5
I )= AR TORSTEGY Y7 DRab DB & TH
2V, LaL. $IBNOWHE Y A F 21dRab DA TH Y 7.
DOTIE R\, K E LT /I3 /N B G K 1
ArfBER Arf OHIEKF D GEF  (GTP 2 #i i+ 8 T/
BKOTYEALH 1) %2 GAP (Arfl 2582 GTP MK 5 % Tk
DOIEVAL R F-H#E T/ OAIEEALH F) . BEDO 7 7
A VR ZFDEAKNF O CALMEE 4 Dk 4 7 KN+ 0 5
BHHLZEIFHHLTWEDTHAD, ThortaFln
MDA I3 4 & LTHEATH W,

Falx, ERPOREEMBTORENNSNTEZ2 T A
V) VAR O CALM % AR L <OV TN % 72D 12 i
FUCHEBRIT T2 v 2 7 b= ZA&REL, ZhEHw:
wrgEr e, 77 A YEERT CALMIZEGE, N7 A7
) VDY A CMHAFEO /NI E B L TRk D
HEIZEYSOBHEEZ LTSI ENHLNI R o720 Al b,
WD FIF ¥ MARTT 4 TR BEEIHIRIZERR) R v
75y kIR TIZCALMIZB G- L v &

il

An analysis on pale coat color found in
CALM-deficient mice —A trial study on
the relationship between membrane traffic
and coat color —

Toshio Watanabe

Department of Biological Science, Graduate
School of Humanities and Sciences, Nara
Women's University

R

ShhTwizds, /v 2779 FTIECALMKGFELA R S
N 29T TRENT VAT 2 A X BEOHLD A
AOETIZEVEEORME RS EZ2WE2IILEYY,
S 51T, KBUBLEIA T2 SRR S HEE STV dEk
EHREERPMON TR o7z, CALME T IVY N A
Y—IEE DR GE, FTRADERLI ) v 2T YT A
I2X ) CALMO#H LWHIRDER LooH 2 1Y,

COE)BFEEITIHFT, KAy T A) VEERT
CALMRIE= 7 A DRI HE W Z L IZK D w7z, K1
DOHVEEIRFERBEY Y AT, FEO WHHIRIC T
R, ZOH,. KERDMEIKOTN > &kt A
5., e O EnENE LM L2 R L TWw5,
AHFFEIE. MBI Y AT 2038 D X ) ISk ot &
MRLTWEOh%E, 792 VHEERTCALMRIE~S
7 ATHRRB LB BOE S 2§52 L THS
PIZL LD ERAD, HERIZHEVIHETH B Fx HHE
172 CALMDRIB= 7 AR SN2 8 LA %2 3:12,
BRI SN TV WCALM O RIE< 7 A TOERHMMED
OIS ZFHNY & LT, BEETII—YouArien
7R yERBEL LT MNP iERE & ERHLER O
B OMBREWOPICTLIEZHMET B,

2. ¥ B&

2. 1. CALMRAEYIZADEDESIATICHKT HDH

W RO S HSBE SN O, WK, TR R
i, Bz, BTHY. ZOED»OMBETIIEOH S 1IN
WTlEZv, 22T s OMik TRk BE IES 5
SFOBBIZED L) RERHEL TV LDh % CALM
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IR CEERF CALM RIETIRICES5N 3, ECHEBOBOF O —MEAMERXEABENRELRS—

RE< T ATHE L, BRE L TR BT ERET Do 7
TV URIFrub sy EOMEmEY V87 EH A DT
WRIZHELEFHELTWS, 20X itz iEc iz
BALH L 720

2. 2. CALM ZABIEEMRARDBISL & T

BEWZAER L T 5 CALM R FE~ 7 20 kR (14
HIE) 22 & 0 E 2 A AT, B W o dkHESE e (MEF Hia)
1% SV40 7 1 Vv A DOARFEAL#E R T o THEGE 5T % &
AL. CALMRIEB L OB AR oMM %2 837 L 72
S L 72 MRR 2 T 10 I B G AYEE X B s e
DN &, BOEHEHE LS v 272 YREGF%, ~
5 A MREMED T Y B A b=V A TR AT RS 5T
RD A F %0, IR STHORBEMEE 2 HD W TR~
DY AR ENDP N D E RIS D0 <7 ADFEN 25
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The purpose of this study is to contribute to the socio-cultural knowledge of cosmetology by exploring the halal-certified
system and Muslim consumers’ perceptions regarding notions of /alal and beauty practices in Morocco. The term halal means
“lawful” or “allowed” according to Islamic Law. The global halal market has gained a lot of attention because of the universal
rise in the number of Muslims. If a product is marked “halal,” this means that the materials, products, and process facilities of
the products have been subjected to approved certification systems and that they provide consumers with a guarantee that no
forbidden components are present. All Muslims and non-Muslims who value traceability and high-quality products are expected
to be the new consumers of these products. The data for this study was derived mainly from ethnographic fieldwork research
in 5 Moroccan cities in March 2014, including discussion with about 130 students, a preliminary questionnaire administered to
116 students, and face-to-face interviews with several persons involved in the certification system, as well as scholars.

The Moroccan government established a halal-certified system for foods in July of 2012. Halal-certified cosmetics
and personal care products had no approval system in place at first, but three months after my fieldwork, it was instituted.
Producers and makers who desire a halal logo have to contact IMANOR (Institut Marocain de Normalisation) for an
inspection. It can help the procedures in Morocco if the cosmetics in question already have ISO 22716 (Cosmetics Good
Manufacturing Practices) certification or have been approved by such certification institutions as JAKIM (Department of
Islamic Development Malaysia). The government has approved the halal industry as being economically profitable, but
most Moroccan consumers do not know that Morocco has entered this new industry. They believe that “every Moroccan
product is halal,” so they are not worried about halal as long as they are in Morocco. Besides, people care about whether
or not food is halal rather than cosmetics and personal care products, so they use homemade, co-op, and big name brand
cosmetics. There are also some people who consider cosmetics “haram (forbidden acts according to Islamic Law)” .

Thus, the reaction toward halal-certified cosmetics is split. Some people regard selling them as an opportunity for
economic growth or as a chance to start a business. Other people regard halal-certified cosmetics as excessive consumerism,
believing them to be a capitalistic exploitation of religious norms. Companies that emphasize social responsibility can work
on this point. An association of women in argan oil producing areas, for example, has attempted to raise awareness about
sustainable development by promoting such concepts as environmental protection, literacy education, and so on. Now, more
than 200 associations display an awareness of natural resources in their manufacturing processes. Likewise, promoting halal-
certified cosmetics and personal care products can be promoted as a form of social responsibility as well.

Halal business can provide an opportunity to deepen mutual understanding between Muslims and non-Muslims, on one
other hand, while running the risk of emphasizing the differences between the two, on the other. At the same time, the gap
between the rich and poor is inherent in it. Nonetheless, halal-certified cosmetics and personal care products are in demand
as a mechanism that ties religious ethics to business ethics even more strongly than organic products and halal-certified food.
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The olfactory epithelium includes the odorant receptors which connects adrenergic nerve fibers. Change occurs in the
autonomic function by olfactory stimuli, symptoms appear in the circulatory system, such as a pulse.

However, a strong sense of smell has individual subjective elements and, it is difficult to be evaluated. Therefore, it
is considered that if it is possible to observe a functional change in the autonomic nervous system involuntary, such as
parasympathetic and sympathetic, highly accurate diagnosis can be done. It is considered that, it is compared to the response
of Parkinson's disease by knowing the response of the autonomic nervous against odors variety of healthy subjects.

In this study, when it was in healthy subjects sniff the fragrance of the rose-like odor which is generally good smell, the
activity of the autonomic nerves was increased. Further, when it was smell the odor of feces (skatole) like that are generally
malodorous, it was found that the activity of the autonomic nerves is greatly enhanced, and the parasympathetic dominance

yet.
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Psychological research on cosmetic behaviour/consciousness has been conducted primarily within the framework
of social psychology. However, psychology does not focus sufficiently on the possible transfer of cosmetic behaviour/
consciousness to an individual’s specific cohort and age. The purpose of this study was to understand the transforming
role of cosmetic behaviour/consciousness using questionnaire and qualitative research methods. In the first experiment, 90
participants (age range, 20-80 years) were asked to rate daily cosmetic use on a scale and report their cosmetic assumptions,
their identity and gender identity. In the second experiment, 20 participants (age range, 20-70 years) participated in a semi-
structured interview using the Schedule for the Evaluation of Individual Quality of Life. The data showed that cosmetic
behaviour/consciousness in elderly women does not lead to general beauty consciousness and/or anti-aging consciousness
from the perspective of life-span developmental psychology. Rather, social and common-sense dignity was emphasised. This

attitude is expected to lead to deeper self-understanding and attractiveness due to cosmetic behaviour.
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An examination of socio-cultural development
and cosmetic behaviour/consciousness:
Cosmetic assumptions among different life-
stages and cosmetic behavior/consciousness
in elderly women

Ayae Kido

Ritsumeikan Global Innovation Research
Organization, Ritsumeikan University
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In the past decade, cetuximab and panitumumab, molecular target drugs, have been widely used in the treatment of
advanced colorectal cancer. The skin toxicities are seen in from 70% to 90% of patients, and these agents are also strongly
associated with improve of overall survival of patients. For assessment of skin toxicities, Common Terminology Criteria
for Adverse Events (CTCAE) is usually used as a method of grading severity scales for adverse events in cancer therapy.
However, this assessment method is subjective and toxicities are evaluated only by medical staffs. Thus, more objective
evaluation for skin toxicities is required for more precise evaluation of efficacy and safety of cancer chemotherapy by
molecular target agents.

The aim of this study was to evaluate a new method for assessing the conditions and degree of skin toxicity using
photographic images of skin toxic site in patients receiving cetuximab or panitumumab with advanced colorectal cancer.
The assessment procedures using RGB color values obtained from photographic images are developed in combination with
a color reference marker, and the method was applied to an objective evaluation for skin toxicities in patients. The time
course data for the RGB color values as well as the CTCAE grading scores were obtained in a patient. Currently no clear
relationship was detected between these parameters, and further researches are needed to clarify the validity of the present

assessment method.
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Analysis of the skin toxicity and care in
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Hairstyle is one of the most important features people use to characterize one’s appearance. Since whether a hairstyle
is suitable or not is relied on the aesthetic sense of human, it is difficult to model the suitability mathematically. We focused
on the fact that the suitable hairstyle is related to one’s face shape. This research proposes a new technique for automatically
retrieving a suitable hairstyle from a collection of hairstyle examples through learning the relationship between face shapes
and suitable hairstyles. Wee first designed the facial feature vector that are relevant to hairstyle. Aesthetic knowledge on face
and hair stylists’ ideas are used to design the facial features. And for producing realistic hairstyle images, we use matting and
thin-plate-spine interpolation to improve the synthesis result. The four major contributions of this project can be summarized
as follows: 1. A new framework for retrieving suitable hairstyles through learning the relationship between facial shapes and
hairstyles from successful hairstyle examples. 2. The design of a compact feature vector space enabling fast non-parametric
sampling in statistical learning. 3. A method of hair-face image composition utilizing modern matting techniques for
synthesizing realistic hairstyle images automatically. 4. An evaluation experiment demonstrating the validity of the feature
vector and the effectiveness of the example-based approach. Experiments have been conducted to investigate how different
features of face shape can influence the results. The effectiveness of the proposed technique was validated through subject

studies.
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Prevalence of non-infectious encephalopathy was high among children in Meiji and Taisho era in Japan. It had turned out
that lead poisoning due to the use of face powder by their caretakers was the cause. In this study seven face powder samples,
manufactured during Meiji era, were analyzed for lead by inductively coupled plasma mass spectrometry to characterize
lead in those historic samples. Four of the 7 samples contained lead at elevated levels (17-55%) and the other one sample
contained at moderate level (0.35%). Lead was not detected in the rest of the samples. Lead isotope ratios ("Pb/*Pb and
*%Pb/**Pb) of the leaded face powders indicated that the face powder of those days contained lead either from Japanese or
Australian ores. The lead isotope ratios were consistent with those in human hair of those days suggesting that leaded face
powder was one of major contamination sources of lead of Japanese people of those days.
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Leaded face powder used in 19-20"
century in Japan
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O 2 58 [FALAR e 52 F REGIEAZ %9 2 NIST SRM 981 %,
BLAVEE &R 5ng/g 3 L C R AL & W
DEBRIE % 1T 5 720 Pb, *Pb, *PbZhZh 3 KA
MY AR, KRA VM 033HESE L (1 secHir/ <
A) 1000 A F ¥ TR Ly 253k S [l 247 - 72,
T BEFEMARILIEOBEIL, EH50lkd,. EoifRks
LTBIZ03%BETH -7

3. # &

7 RFOWAEE B L A VO HER GRES X OH
PRk 2FR1ICEF LD TORLA. BB LAWVWE LTH
HBEINTVW2EWIH[HETEL 6] TAE] [HRODIZHA ]
D3FEDH L, [HITEL 5] OREN LV DEH (0.35%)
A E N5, M2 A S 1372 LSRR S v A

®1 PHLEBLAVERA

BFL) DINRE B L URERMLIAL

GiiE (%) “"Pb/*"Pb 208pp, /206pty
O 55 0.942 2.203
Ve argd 32 0.847 2.091
LB 28 0.847 2.088
HEHTHI LB 17 0.847 2078
5ZE¢5 0.35 0.884 2.131
HZ <0.01 — —
D D IFA <0.01 — —

— i THRDRE] THRERECA ] 9 RA | [ bt
DAFEDOB LAV 51F 17 ~ 55% &\ ) SO
HE, WhbWLEMBLAWTH 22 EDEMNITLN
72

ghoskih S 7z 5Bt o s MR o 9 B [k
B ] TRRA] TEEELNE] o 33T E b TRV E
Thotzo ZO3IRFLKRE LHENZZFMARILE FO DD
[HROAE] T ARRESVHRH SNBSS I #HO
AIEMB3FEEDL &9 EHEL SVOMETH - 72

4. £ %

GWMBLAVARF DI B, 3K D P/ Pb id
0847 T LTH Y. “*Pb/*®Pb %2078 ~ 2091 & FE# 12
FEVETH o7z (1) THNIRENOSIIL2SHE BT
8 (“"Pb/**Pb=0.844 +0.007, “*Pb/*Pb=2093+0.014) &
FIER UL TH B, SO RS, [HPEEE] T
R TR X ENES = 5oE & 3 2 8Mba = &
tboLEzoNd, —Ji [#DIE] ©*Ph/Ph,
28ph/2Ph i3 0942, 2203 &, MOEEHB LAV 3R E
B ERLLANAILEEZ L >TBY, TOBLAWIE
ENTVAHIIENDP SMASNZ LD TH B LS
P Thbo BHHETL 2L, 1900 ~ 20 4E (2D AEN i
AENTOWRSOMEMIZ, F—2 F5) 7 (43%), HA
(24%). 7 AV % (19%) DIETH o720 Vo F—A b
79 7 O FEMW % 8510 T 5 Broken Hill D $ @
27ph /2L 13 096 TH B Z L BEI ST WS Y, [HD7E ]
DORAERIZINE TV, BEDHEMEBLAVE LTH
FINTWT, 450 &I % & 1/100 BIEO S =
Thol[HITSL 5o, BERMISGHEMSN b0
2 EMEREE T A ORI L o T IERBICIRA
LTLEo72b 00 EWHMHIIZHITC X ZRvas, 2ol
KILZEFEE A=A TV THEOD & ) EHHOETH -
720 BHEZEMTHNZE L H2OHEZIML DO TIZEM
BENZDOT, [HTEL b HoE. FERHNERAD
MERTHo/- LG T LI ENTE S,

W~ KIEFR O LM OB th R A AR Y & Al sE
Ltﬁtéw&@l#kﬁ~zbﬁUTF@%%E@%ﬂ
EER1ICTa Y b Lz, BIRLZZEHIC, BLAWL, HE
%ﬂﬁ(aﬁ\ﬁ—xb7U7)@mTwmmx”%wm%
Ty MIEM DS 2o & RMVAOBITE (v
TR NY) T L) OBGEEOLRINAKLLE L7, 7o
(EEMENCB 72D THE7-0THD, MDD
THEZER O RINMARIEIZ. AAREOSH L 1T R & Bk 5 FMA
WAL -oTWD I EIZTTITIHEM L, URFOBEIZH L
TOZEORMARL Y b B2 EHh5, FHEPOE
LAV OSREEIRBRBIEEAFEN ThanwZ Exikm L T\»
%Y, BISHRTRL, MEDAZH T L E VI 2 &I
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2.040
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207pp / 206Pp

1 B#mb LAV, EBE HADIMEERMIKL

AGBRBEOH T, A2 DOHETHAEINL[ DO Ih50E
BoHERTHH ) EHNEIND, ZRZTHIEZEOEWE
LAWHBBRENTHA SN T /202 3R, B
WCRWESN I AREEROFEIRNE LT, B LAV
ZORENBRBERHTH A EEZLONHARTDS ),

YO L OHEZSHOFARLIE, £ <A1 D4 1)
MIZHALTEBY. 720 DHICEPOEEH L. Thb
LEHEZP O EROR L 2 HWHBOHBOREMTHLZ L
Whhb, TOZ i, EESGEMEHLEZBLAVID D,
F =AM THHEMHL72B LS OAOIKRGEED E D
5728, LhLBELLS LR BLIEE—HEHOBLANT
Bl BEOTIVFOBLAY (AREHOBLA W
A=A PFUTEOLD) HLTWZZ L, ZRE
LTw5h,

SRIGH L7z &8BLANTIE, EEHRZERETS
DRI A=A LTI TESEFELET L2001 mE.
EFHEELODN DL oz h, K12 RAHEY, +
—ZA MU THESETERNETLIBLAVCONEMEET L
WOHNEho7zbDeEZ N5, BLAVOERKD
DHPEFETHAIEF—A ISV TETHALHIE, D
ZEIEBLAVCOWEE LIRS R o2ETTHD .
BELHMICHHICHMLBLAVDOL L B —A T
UTEMEBHHL TN DD TH72DTHA) 2D
ik, BEHOEGHITTEF—A LSV TERTD oL LS
CHOWHLRTWAZ ENICE TSNS,

5. # #&

BRI LDOB LA W T HIZE TN AN 2170 720

TR ARIIEZERDT1I7T ~55% & V) HiRETHEEINTED,
HHBLAVTDHDL I EMPWISNL o720 2 KUITEIIM
HEh$, 1RIEBL 5 CREBRETOIREMMREA
EEZ LN BRRESR DI SNz B LAVOHE
ERMARLIE, MEESRZEOBLAVE, A=A T Y

THEREZEOLBLAVYEH LI ERR LTV, BliE~K
1B O HAR AN OBEZE AR IO W TOHEF ORESE
RTE—Fy LB L, BREORMEEZF—Z M T TSR
EELCBLAVOMA»S o728, W ULMETHHEE
DBLAVEMALTW/2Z &4 EATRE I NI,
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1) JWIre—, SFAET, WHRAKE FAT(2008) [EF
MERE 1 2383 S MR AT R b I 28 (SR PEINIE) (2B
HWFFED R (1) FHEAREBIC X 78 F T, FEF
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The purpose of this study was to investigate how laypersons are aware of their own faces via a questionnaire between
Japanese and Korean. The selected subjects were Sixty Japanese and 60 Korean females from 18 to 27 years old, who are
students in Dental Hygienist Academy. All subjects are asked to fill out a questionnaire about awareness of their own facial
appearance describing focusing on the visual impression. The Japanese and Koreans are similar anatomically. However, they
chose the one that will completely different likes of own face. In addition, Japanese compared to Koreans, had to feel about
the front than profile, and especially for nasolabial. Compare Koreans, Japanese felt a very dissatisfaction for their own

profile.

1. #&

AR, RO HT B GRS T A EikAsm L, o
OB TR L W OREDMEN TN TV S h A
G R THREGIERR L AE T2 EEPWEINML T 5,
FRIZ, AR > T BIEEEEHE T 2 BERITKE
CHMLTw2 Y, WEHGIEHEmMO T—id [E vk
WO TE] L) HIOAZR ST, 1E LW IPERRGE
2T B 72O DOEEIEFEKAE (IELwhAEbE) |2
VTAEV) BN H B, F2, TETIENAEDEDE
LEL2MEREEFESCHROANEGITECHETLEHE LS
NTnwasrZ o, ERPLBEHZEDLIBTTH 5,
—Ji. WEHB IR IIE L R AR EbE0iE L W
e TIEEDOHAMESZILT LI s, Haik
L7 % FiR e L THEBELZ T 28530 % <
WV, LT3 oOE L 8205 L TEELRBERZ RO
EEZH6NTEY . WAHBIEGRH Tld Tweed 3T BHTHIME (B
B O 2 BB AEO 1 2128IF 5% &, EBEOBR#T
— V& E Z 5D LTI (B TS REHGIEE IS B W T
WWEELMVEDITICH b, ZOMBIEEDFHNIZ I,
Tweed 73H7 ? 22— M2 b A 4 7 Ricketts O Esthetic line
(E-line) ¥ 7 & OWAREONT 3B %o BT R HH
FESHICIEFHET R EOFHREO LIS HL OB R IR
BD->THEYN, ZORIZEFMMERAD - TEAKRZ T L
TWwb, 3502, ETHEICH L HME IIEHEHA. LT
BY., COMEPIVEOREZROLRELENRNE L S,
ZD7D, A EZ BRI NS R TR A

il

Investigation of Consciousness for Own
Facial Appearance between Japanese
and Korean

Toyohisa Kusakabe
California Orthodontics Sangenjaya

EHIIIBEMRENMGEE O REEETLII LR T
ZHVENRHDLILIEIE)I T T RV, TNEERICT,
FHEIERHECIIMGoL v vy BEE (k7 7027 5 L) H
S REHRHLRR I B b B SHT 2TV, Wb b [ LW
PR —DDOT— Ve LTRELTVS, L2l (DHAK
NEZ 2 BB 2 BakAsii < v v ) i v,
(2) FHAT A T OERICTE Y REL SITHT 2 Bk R —
F—L Ao TETWAWHEMDNH S Z &, (3) HImk
MBERBIIEHEICRESEAENEZ L, (D) 1) vl
DMEZ & aging lS T 5 ik o Twb 2 b, &
&L RS B BN L FEOATEL S 2K 2%
FTHIRATHEEDLEL 2 /L VEREICER L T,
INFE TOMETETIRIMTED D 5\ k[ — AL MlA
OMFUCEHL TED L) REIREZFEOPE V) O EE
THolh, E5FLHTHEVHGOHZ LD X9 12K
LTWADOHh, EVWIHEIIRITLLDTHo72 ZD&
IR EEEEICESE, #MHEF A FH 5 D retrospective
BHRFECIE R (L [—MARBIEEEHS HEOHCH
WEHLTEDL ) E#ED>TVDEOHN, Tz, Ths
KANOHEHHAMIIEE L0 LS LHEICH 00, E5
WZINSDHA ADBED XD RERETFLON, ZHLH
3528 L7 STOXH)RHET, UYMW
T2k, BRAOHCHICHET 5 Ei#iRe2 S Tnz
AR E DD o7, MR —MADElne (BB, S 5
LHRICET A8 O OFHNROITONMEIL. Ricketts
DEIHFLVI LIy MIEMLTWAIZH b ST,
H OO WO RIS R "B OB R 1R R A 6
MZH o7z Fow TIRCDCHA", B2 LT &L
BEAOEIRIE, RRAMIZE LTz, Thonb, &,
B2 L CHEM 5 MY 2D Eline A%, A ORH % B# S 5
FECLCHEETHLILERTEEZT, —H, Thb
OFEFIT T 72, VB L Eline O FEE & WIS, B ER R
TEO W TEIEN 2% RS, BEOITAZRET S L bR
B35, $abbHCHIX. HIEABRTICH Y. AR
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BD LB HICH - 7205, —AFHCHEICOWTRR
Az E L TwWie, e T, RBREIZHARIC—F
EVETH B EFRFIS, HERANIRDTEWREE Wb T
Who TALRBEETH D A5, HFERICHT LR £
EHFOEREATH, BHERAI D ENZ L) AR 5o
ZZTAN, HARANEBEAOR T, HEEHOE#IZED
EI) BNV HLEPHLNTT ST EEHWIZ, WIgEEAT
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2. ¥ B&

2.1. & &

AR E KA RERBEREASZ L YV v K
ASANWEMBEBEZOBRELZHETIT) DD TH b, Hif
JEXt BUIARF RO EAZ S 7z 18 L Lok T,
T R Bl A R R CTEB %47 o 7ok A
AL 60 N &, wHE ASANJEEEIESE (VL) 12T
FB 2T o T2 R O 60 N E g & L7z (18
A5 27 %) o

2.2. FEBER®EHE

B EHMEEEBEL L TR Lz b b, HHED
BEZEADAY—Oy FIZTBI %W, HER, X5
MEEHE2 15m & LT 217272 # A 7 1% Nikon L
DAO ICCH MBS S Y DL Y AR Wz, 5123y
ay EToF oz, V-5 —Z2FELEmIIETI L E
L7z BB EEOREIEIEE, 45 ERMT, Mmoo )
A 51T 720 Pedeth e LTt MHA Z2IRE (BRARIHE
WEh) CTETFIEZRMNLIRE, BLIUOKEr AL
EHTHIT> 720

2.3. & #

g L 727 — & 70 O S5 EVR L 72 i o BB
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HEHRGDEline &L LTIVE L MM 250 L 720 2
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G E D S1E, LT EHOT ORI EERE <7,
LY MY DS, EBEOETHER, SEHEY L
(Fig. 1o

2.4, 74— RE

BEERE IR LT T OAECEICH T2 E#ICHE T2 7
v — Y%A % T o7 (Table 1)o 7 > 47— Mid 30 3 H
Bo4R5H, Wi (1) IEHE, #E. FoEomg, 7
7 b IAYOMR,  EEERICHT AR L5 9IH
H. 2502 (2) B, . O, O, 2AEhE, . B,
HT. 2o, HEDEADS—Y 45 15HE L. H
BT ) MOBRIC T A RGRMAD 6 IHA & L7z 2hb
DT ¥ — MR D S A F T 5 BRI o R NEAL
DREAELEDLHDTH b, EHITART V47— MMz T,
(3) FTA DT B2 HRAMBOFH I VT v & RHC
Eline% 3 L ICETFIERZ —HIC L THiZIC2mm$ D
BE)SECERLZSHO I VI Y b e, FMEEICE M AA
HMEMBIZ2mm T OBE ST TR L8505 2
HEOI VT ) —=AE2ERL, ZhENT [HRDUF
FLWLoO]ZMB e (Fig. 2). ¥/, )45 FTICH
SOME 2 BERE FAHETERLTALI END LD
LREDRE (B2 TId % ), BFHZERL TR LD D0
—HITEEL HWEEE DO ZF L D ALHEDORFICERICIERE T 5
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1B 2UB5PEVIEHR BEBSLHLARL AEEBHEVIETE 5T
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FOELEDOENR
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MIZEIHh, REOHFEEREICHT LT Y r— MeiTo72,
—H. INSDOT Y — DRI LR AN OEHR
DEFETF—% %% 7L v hPC (iPad 2, Applett) I
WL, G) 77 —1rQ1), (2) LTHCHEIIH LT ]
b LEIAm L ) mEx 5 2 723 B I2oW T O HKRY
WAL CoOR & & Wik E1T- 72,

BCEICHT2ERICEATIMRE —HBEICHITEN—

3. % R

ETIEOZMEDHME (Table 2) LIFAD Y VT v
b (Fig. 3) 13, HARAOEALSEORARES, @EOH
AR OZER L TEFHN R LD EEATV . T
. REFRNCIIBO TEM L TV A TH - 7205 H

b) EFOESE—RICLTHRIC2mm FOBESE/2IILTy b
Fig.2 ZAERWIARED L ILI Y bo FROKENE, BEADFHDOEEERT

Table 2

HBAANEEZEAD, ETFTAEEE-line & DFEBD

FHafE. &AfE. &/IME. FRfE,

ave.

upper lip -0.8
lower lip 0.9

Korean ave.

upper lip -0.4
lower lip 1.0

#F % LW UIibdaw(d)
& 25
<
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5
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1 2 3 4 5 6 7 8
®
1% % LU JhMouth(J)
ﬁ16*
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o
0l
5
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max. min.  median
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1% LubJaw(K)
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<
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CHUIHT 28 A (Table 3-1 ) 134 #2278 L7z, LCw/z (Table 3-2). H#i2. MIHIEREIE, “FIHIZLE
T2, Ebolwv) L ARNEEANL D, B E S MERLL Tw7z2s (Fig. 4,5). MO TR OFEEED =W T
LW, EH2SRONSIT) MWL ZO% S & 512 Lo 720

Table 3-1 HZA A (Japanese) & 8&E A (Korean) D7 > — MER

Japanese Korean
1:5 /8 « 5: 7~ ave. max. min. median. 1:5% B . 5: 4 ave. max. min. median.

EEELADENZR 37 5 1 4 EEEE2ADENR 3.2 5 1 3
MOBELADENR 3.7 5 2 4 FOBEEADENZR 34 5 1 3
BELARDOHNER 39 5 3 4 BELADHNR 35 5 1 4
BB &R (IEME) 39 5 2 4 EED P (AEE) 33 5 1 3
BB &R0 (1) 38 5 2 4 (0L EC ) 37 5 2 4
BEOREBRDINFTUR 3.6 5 2 4 EDEBRDINTUR 3.3 5 1 3
BEOEADIINTUR 3.7 5 1 4 BEDEAED/INTUR 35 5 1 4
MBI S 37 5 2 4 BTN S 32 5 1 3
=eXUNDISIE S 35 5 1 4 =2 NI 30 5 1 3
EJ) 33 5 1 3 = 25 4 1 3
EFN 35 5 1 4 ERN 2.7 5 1 3
B 35 5 1 4 B 26 5 1 25
V=N (B TD) 3.1 5 1 3 OB TD) 29 5 1 3
=} 3.6 5 1 4 a2 32 5 1 3
F 2.7 5 1 3 B 23 5 1 2
[ESES 35 5 1 3 [ESFS 2.9 5 1 3
tE 33 5 1 3 =3 2.6 5 1 3
T 33 5 1 3 T 26 4 1 3
HZ 36 5 1 4 H 35 5 1 35
Zb 34 5 1 3 Zb 35 5 1 3
5] 3.1 5 1 3 3] 3.1 5 1 3
EIRieN 3.2 5 1 3 EIniAey 3.1 5 1 3
hAEHE (FIE) 3.1 5 1 3 h&EHE (Rt 30 5 1 3
hAEht () 2.8 5 1 3 hAEhHE (BiH) 2.5 5 1 2

Table 3-2 B A (Japanese) & E&E A (Korean) D7 >4 — MER

1&hD  2EBLMENIEDHD 3ELBLELLAILY

4 EBE5MENSELLY 5 £ Ly ave. max. min. median
Japanese
$ECLERORBEESAPE A% T ’e . 1 )
BHLTHE=IEAHBYFETH? :
{LEEDBY (B TIEAC) il ad 5 1 .
BHLTCRICEABYFETH? )
1:RI2H3 2:E50hENSERICES 3 EAE
4. EBLMENSERIZEHLELY 5 RICESAL
[F5NLMRITRICEYET M ? 3.1 5 1 3
IFSNWNMEDFESFRITEYET M ? 33 5 1 3
1 &pB  2ELLMELNSEDHD 3 EBLLEBLNAEL
4 EH5MENSELLY 5 &< 2Ly ave. max. min. median
Korean —
SETICTENDEEEEEPETAET 20 5 1 9
BHLTHE=CELDBYFETH? :
{EFE DB (B2 TIEH4Q) | #EEEE 20 5 1 9
EHLTRECEAHYFET A :
1: %1243 2:E5hENSERIZES 3 TR
4:EBELMNENSERITELELY 5 RITARLREN
[EINMRIEIRICEYET M ? 34 5 1 3
F5SNWMEDRSIFRIZEYET M2 3.7 5 1 4
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