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Reversed micelles can control the size of water pools and the physical property of water by changing
Wo(=[water|/ [surfactant]). The property of bound water and its function were studied based upon the enzymatic
catalysis and the dimerization of cysteine by the irradiation in water pools. Sodium bis(2-ethylhexyl)
sulfosuccinate (AOT), hexadecyltrimethyl ammonium chloride(HTAC) and octaethylene dodecylether(Ci:Es)
were used as anionic, cationic and nonionic surfactants, respectively. Hexokinase(HK) and polynucleotide
phosphorylase(PNPase) were used as enzymes. The electrostatic effect due to the inner surfaces of AOT and
HTAC reversed micelles increased with increasing Wo, leading to the suppression of the HK activity. On the
other hand, high HK activity was revealed in hydrated ethyleneoxide chains of Ci:Es. The PNPase could also
polymerize ADP in Ci2Es reversed micelles by using a small amount of Fe® in stead of Mg?. Furthermore, it was
found that the formed poly(A) was precipitated with increasing temperature. This means that the formed poly(A)
can be isolated easily from the reversed micellar solution. This phenomenon is closely related with appearance of
free water molecules due to elevation of temperature.

The effect of bound water on the conversion of cysteine by UV irradiation was studied. It was assumed that
the solubilized cysteine in water pools was easily converted into cystine in bound water by UV irradiation. The

results suggested a long life time of activated oxygens produced by UV irradiation in bound water region.
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At BWTIEAKORE AL & B EE S 9.20)
water pool %}ﬂ WC OO TR A f:ﬁﬁnﬁi%%%ﬁ%ﬁ‘
5o —DIX I VD water pool ICHEEZRHEL. KD
e AL GRS AT TR I O 0I5, BERE L

TUIMRL IR <FAAE Ly BT < B 2 25K 22 1
#. ~"F¥ V¥ F—¥ (Hexokinase, HK) LFHHLD IV
— TP RE L THE L TELZRY X LEF R 7 F
A7 #1) 5 —+% (Polynucleotide phosphorylase, PNPase)
EHW728710, X528 9 —D DWFFEITER AR U i
DOIEFIC X D IEWEER»FAET 5 7)‘\ Z DA L RO
IbE DRBREH LT 5720 IV ®D water pool
uvx%fy%@%t\%wiéw#%@ﬂtto
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2.1

SO & LT Sodium bis (2-ethylhexyl) sulfosuccinate
(AOT, Sigma). Hexadecyltrimethyl ammonium chloride
(HTAC, Merck) MU Octaethylene glycol dodecyl ether
(CuEs, Hr I ANVK) #Mvize HTACIET £ b ¥ —
5 ) —RA TR CAE S L7z NF Y FF—¥ (Hexokinase,
HK. Boeringer Mannheim) ZF#EEH®ECTH 5. Adenosine
5-diphosphate trisodium salts (ATP, Fluka) , 2-Deoxy-D—
(+) glucose (DG, Sigma) °Z DD SEHHE 1% Fluka %
B HIEA L7z
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RER
W2 VIEOF R ; Isooctane ICHEBE L 72 AOT %3
MERR L 72 Wo 12 UC 50mM Tris ~ HCI #&

i (pH8.0) ZHIAHT 5. HTAC i 3 &)L RS G
fif & LT Isooctane/octanol (85 :15v/v) %. CiEsiifi 3
IV O Isooctane/octanol (90 @ 10v/v) Z 7z,

FERDOG %X 2VROBEIUSNE AOT KU Wo A3
UElE OB L, —HIZIEDG & HK &, il 121
ATP & MgCL %L, W#E % 05mL DD EMEZ%, 37
CTHILZERIB L7z ATP O°DG @ water pool 128
2 RO 10mM X O 30mM TH ), MgCl @
BB 20mM THh o7z B HK D
water pool IZBIFTBHIEEIXZ AOT KOPHTACIZ LT
1 1.74mg/mL TH Y. 7NV 7 KEB K CuEs D13
00174mg/mL TdH - 720 BERTEEIZ SO 0.1mL % #%
i & CHCL THiMtE L, 0o, KEho ADP KU
ATP % HPLC Tilll L7zo HPLC iZ Shim-packWAX-1
& Shim-pack 7V # 5 4 Doil Z V2795 1 =¥ MEIC
FOMM L7z, %8 HK OA )T O Kinetic parameter 13
Eadie Hofstee plots {25t 5 72,

IEIVOKEZOWE : I VoK E S FBEIRYEEGEL
(DLS700, KIFE#ET) (2L il L.

water pool |

2.2 74274V 7—€ERVLER

S

Polynucleotidephosphorylase (PNPase, E.coli. H13%. Sigma).
ADP (Fluka). “C-Adenosine 5-diphosphate trisodium salt
(MC-ADP. NEN) Z & %Ml L7 NMR € i2id HYO,
doctane & Fl\3 7z, ML 2. 1 L H L’f?)oto

x5
2.1 L[ERIC AOT & Isooctane (2. CiEs 1% 12% v/v
1-Octanol/Isooctane |Z¥&EfF L. @ I LU ERE Lz 2
KIJZIZ 2. 1 THRRZZTHEICHK ). ADP i L 72
WmMIﬁs%@ﬁ(Mww3%%ML§%W@@'§&
» Wo'l ’7326415 WL 720 [FARIC PNPase #[F U Wo
b LI ﬁ?bx [Fl & 150 ul o2 L. Kt
%Fa'ﬁlln L7z 14C-ADP & ADP 2 A bE-EEx 20mM
(1.85kBq) & L. PNPase i% 25unit Zf#H L7720 MG,
BOBTE & _BiE & o). ENEFRIC02% T VT I v
E10% b 7 uufEREmA. RszEIEL. =5 )
— V1000 ul ZMz HIATA4NE—=THML., Tris#%
i e Ty ) = ZENEFN 1000 ul T2 MPEHEL. Ak,
WK Y FL—2a v h vy —THIATA NI — LD
BT A W L7z,
A1 poly (A) OFi
¥'g ) —BRIKE) Z AT - 720

BT A a— A ELIKE K O F v
T A — A ERIKED X 1.8

% T T — AT ITIT, & & D7 VO DR be
By FL—varvhv sy —CllELL, ¥y
VY5 —ELIKENZFEEANC Oligonucleotide Polymer
Solution A. ¥kEI#EME & LT Oligonucleotide &1 %
Fiv»C.HP 3DCapillary Electrophoresis System (Hewlett
PACKARD #:) €30 #llE L 720

WIEVOH A X5MAOWEIZ2. 1 THRRZZH DL
LTHoo

NMR & 500MHzFT-NMR"0O 7 @ — 7 ( H A& 1.
GSX500) Tl L7z

2.3
REWEERNT 2. 1 LR S D% Wz, Cysteine &
Sigma # % w7z,

AT DOREERIT

\’I

EEHE

WI Wi 2. 1 LM FERICHECTHB L, #3t

WAL B BRI R 50mM Tris 3 (pH 9) % Hwv 72,
water pool IZB1} 5 cysteine #EEI1Z 312 50mM TH - 72,
UVA. UVB o427 b —%:# HP-30LM. UVC 7
b —t1# HP-50C % v 7z. SH 2RO Z LIZH LRI TH
% N- (9-acridinyl) maleimide ZH T, #tEEs (F
—4500, HITACHI) Tl L7z I VB ORE O
HFlE ALY 7= KREEETHRLIE L7,

3. BRRELEEE
3.1 M3I+EIJLD water pool IIBfEL -BEFEMELE
KDEEE DR
3.1.1 AxVXF—HIZOoVWTM

ANFVFF—F¥ (Hexokinase : HK) (ZHIFLIZ BT 2B
RBICEBELRBETH L, TOHKIZ Mg 4+ V1
Ty DABEDOFF—EL LTATPZHWVWTIVI—AD
D ABRALE T 2BETH D 2, 20 HK OISR
FOFE b OWMPWEEICKE MEAFT 5, Hl2IFHK X
NHe & RilZOF 728k AL, ZoBikIkx I ba
YR TOARBICHAL, TOEERHIBL VWL EF
bht, 2O HKIZZVva—A ka3 5L, HK O
WX RI<F v 7128 L. KGTHIHBWHENSL Z &
DI SN TW5B, ThbH D HK OIFEEIZKDOHEE R
OB KE AR 2 2 A S D 810,

ZZCHRIMESEAE LCBA 4 v TR ZOHEI LI
DFx T 75 )E—Ta YHPHHLTHWSE AOT L& BIT,
TR RZ PR L 72012, BiA F o RmEER & L
THTAC. JEA A PO FHIEMEA & LT CeEs 272,
Fig. 11X AOT # I 2 VBRI BT 5 HK O %
Wo DBEZRLTWA, Wo = 10 ® & A THAMEAE
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5L W0=10T0015 CTHoZze TDIXHIZWo I
EDSHB T Z2BHE LTUTO L) Il SN D, bk
Ho ATP 3RAEMZFHDL, —F, AOT# I VoNAloO
R b-SO* 0B CTHELN, HEICERKLIEIIH
i, ATP i water pool DHILIZJFET L THAH0 —
77, HK 1% NHe- 3£ % BiKIED LI I2H o TV B DT,
7 EBUKAE G T AOT HiorF I I RTED 5 VW iZH D
AENTULUEELE LD S, LAL Wo bl KEL R DITD
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Fig.1 Effect of Wo on HK activity in 0.1M AOT/isooctane re-
versed micelles at 37°C
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Fig.2 Substrate specificity of HK in 0.1M AOT/isooctane re-

versed micelles (Wo=10) at 37°C

M, D-(+)Glucosamine; @ ,1-Thio-D-glucose; A ,2-Deoxy-
D-glucose; 9 ,Fructose; [, D Mannose; O , N-Acetyl-D-

glucosamine

WHHEARDZ MBI U R 2D —EESR) R 12
Bbh, BHEL ATP OFEIEEN HK OWEEIC~ 1 F A
<o —J7, HK 3NV 7 K h TiitE 2w S ORT O T
water pool 2K E L&D, Wo =10 22 % & HHAKDH
B2 EHFNERT 2 LS NG, ZOMKTSHD
ORI LD Wo ICROEMEAHBLT 2 LS h b, Zh
1 water pool @ KCl DD S &5 &, HK OiFHE)S
ML, REWoAHALZELL L IFFENZ, Thb
LEBMO AOT BT K A & V05 +las S, 1
MR LB &, HK 3D SBWH &, water pool D
JUJFET B L% Y, ATP & HK OBk 2 ffisd Ttk
EDEHE S LRI SN D,

ZHDEHIZAOT ¥ I L Tid HK OFFEEEIZKT
T 5H Fig. 218 & 9 12H 4 O % v 7 2R e
DFEHRTAOT ¥ I )T HK 253 B2 R L C
W5 ZEMHH L7z, ZNENOEE RSO IEIT L
KB EFR L TH o720 LALAOT #HI BUFTIRE
W pH IV 7 KRBTSR D ZF IR 05 7V A1) Jl~
7 P LTw7z (Fig. 3)e ZHIE AOT DA F+ ¥ OEMIC
X ) H HWeaE S, water pool H1C H D434 ASAG— 2
GolzlzOThhLEbILA,

Fig. 4 I HTAC # I VEHICB ) % HK Ot
$5 Wo DEEEZRLTWS, AOT # I L &K Wo
= 10 i THEORAE 2 7R 325, HK OiEMEIZ AOT ¥ 3 &
NVOWEICHAR, 2RICh) 2@y, SRR D
F BB ORI HK o8BI AAICE L &
MM SN D, KREWAHTEA & A PEREEEAR I £ VIc &
D HK ZESHICTEL SN D05 B A 4 v PR ms A 2
VI HK @B I N2 VWZ ERHSENTHWED T,

05

© I
w L
| |

Vo ( xmol/mg * min)
o
o
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Fig.3 Effect of pH on HK activity in 0.1M AOT/isooctane
reversed micelles (Wo=10) at 37°C




WX IV ERAWKOEE(L S Z OEERICET 5%

A2 HK O-NHz 12 X Y HTAC ¥ 3 2 Vo iRz HK
FECEAET, KOOIV T+ A=Y a B L LT
W EDBBHIFOND, T HTACH I DA AOT i
IENITHR, EOH A APKENT LD HK OFEFEB
WCHFNZEI K L) icllbh s,

CuEs ¥ I VR TIE Wo A3 20 ¥ T4 12 HK ML B
AL, TOHREZLPITEIML, Wo = 30 TEHRAMEZ R L
7z (Fig. 5)o CuEs i I U OREREGEMEIX AOT 3 &)V
L HTACH I LV DZFNSIZHARIEFICE L 1FIEZSV Y
KOFNEE Lotz FMAMEEZRLZ: Wo = 30128

14

1.2

0.8 [

0.6 [

Vo ( xmol/mg * min)

|
0 10 20 30 40
Wo

Fig.4 Effect of Wo on HK activity in 0.1M HTAC/isooc-
tane-octanol reversed micelles at 37°C
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Fig.5 Effect of Wo on HK activity in 0.1M C12Es/isooctane-
octanol reversed micelles at 37°C

WC pH AR & MR L7228, Bl pH 13N v 7 ko zh
LELL HY D53V 7 KO H O34 &4 L L HEH]
SN7ze LA L CueEs ORI ZMET L72#i R, HK Off
PRIZREORME & I2¥m L7z (Fig. 6). % Wo & —
FIZLTBIIE, REEER oREZ 2 L3¢ T, water
pool DIRFBIIZE DL L L WVIET TH 5, HMIGEH O &
EDHITHEEMET 528613, BEMSEI VO EEE
LCWaEENRL VB, AOT R TO HK OEEICIHT 5
AOTREDOHBIEZNITHYTZ (F—FIiIRIhTwn
) o LA LBGHICSEHTE PRI EE & & b 1ZIGMkAsH
THEAE I VKOG DELAE & TV H A
T, BERBEEEEL VW RV EHN SN S, CuoEsalfi 3
IV OLEFBREITHYS T 5,

F 113X AOT, HTAC MU CuEs ¥ 2 £V, 2NV 7 K
BWEORPTO Vmax KO Km Z2/RLTWhA, BR2To
Vmax & AOT<HTAC<<CuEs i#f I )b < 73V 7 KRB
DIETH o726 APTDO Km 1 CreEs ¥ I £ )V Tld/ NV
IIRBEBEDZFENEEHEL WA, AOTR HTAC#H I LD
ENL LR NED o720 TIUE CuEs i I IV T
HK &R OHBLEHAY OV 7 KER & 121Z5E L < AOT R
HTAC# I VO HELRESRLELILEZRL TS,

20 [~

Vo ( xmol/mg * ml)
= o
| |
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|

| | ] | |
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Concentration of C12Es

Fig.6 Effect of C12Es concentration on HK activity in C12Es/
isooctane-octanol reversed micelles (Wo=30) at 37°C

Table 1 Apparent kinetic parameters of HK in three kinds of
reversed micellar solution

bulk water | AOT | HTAC | CizEs
km ( xmol/ml) 0.99 3.69 2.79 1.02
Vmax ( xmol/min) 26.81 5.11 13.48 | 18.93




HKEAABA L72X 9123 ba v Y 7RSS &
HEITHAGL, HK 237 Va— 22 ExAt s, 202
VT A A= a YHPRELLLT B EHEI SN T VBN
SO I LV OHRTOREREEMED? S HK O3 H
HRERBICREMRGET H 2 LD L7z ERLOFEFED
5. AOT. HTAC, CuEsi¥fi I 2 WIZBIF AHERISD A
F—2 (Fig. 7) #7577, AOT#H I VORAEIHKOT
WENVIEZORBEOT I 7 HITL Y HK 2 ITHEE L.
WHAENTZL ) BRIREL LD, HKOI Y7+ X -3 3
AL LIS S RUBAHEIT LIS WS e E§75E—IC
FoNnb, HTACH 2 VD41, HTAC O ﬁ?:
HK ©7 3 7 HEOBEFMIIEINC X D T water pool @
PUCAE T 5 & & DI, Bt oRE,» 5. AOT #
SELVOREIICHR, HTACH I ELVOREX SITKEN
DT, BEENI VT H A= a VDB LR T W L%
AbND, SHITEEA T UM B 4 2o S G A
57 A3 3 2V @ water pool IZEREIAWE . FFIC Wo Y
KEL 5 & HHAKRDHEN L 2 OBIE5E < 7 5 @i »
5o o THILFEE D ATP % H* @ water pool I[2B1) %55
HSEA DB 5 RMPBEI5R < HEE 2T, UBKEE L BE#
O pH 2 2L 3 ¥ A2 LI ), HK Ot o/EH
2T %,

iy FEA F P CrEs ¥ X £V ik HK Ol v A
FTHotze ZOHHE LT 2o b, 1) &S
BRSO T, OSEE, HK, H* O456GA5 3 v v o
R CLEERIYIE — 120 AT 5o 2) CuBsalfi I IV OFER 72
HEEDBITONDL, CoEs ¥ I vidido &) LB EN
D57z water pool #Fio TWABDTIEZR L, FREDK
BTFIEWo =30 HVWETIE, =F L oFFH 4 FEHITK
MLCTWB 0, TFLrFFH 4 FEET7LVFILELD
B ZF LA YA FHEKFADPS DY MIVE
THY. TOPIHERD USEESHFIEL, BR IS

M . Enzyme

® : ATP

BEHEa Ly TUBOSETLTW L EHEME NS, in vivo 12
BOWTREBRIZAR )Yy I74 FEeZofEEKRTEDN,
ZOREBIZZF L U FH A4 NENL R L~ Y MV EFD
LTwatEZ LN, HK@(E‘I&iHKO)WﬁE’Jfaiﬁ%
ZAE BUKYE, BERER. MAKO L) BRTICREY

JF5Z EAHHL 72, Clesﬁ IV ogEIx. Wo = 30
CHWE TS ﬂ(ﬁ‘%&ék*ﬁ(ﬁﬂéhé# Wo =30 %
Mznl, WHEMETT20TIF Ly +3H4 FEHss
%53 Y PIZBWTEREGRPAEFNE < LR S Nz,

3.1.2 KRUXJLFFRIAZRT A F—EIZOWNTD

¥ 3 L VD water pool DHNIEERE, KUY X7 LFF F7F
A7+ 1) 5—+ (Polynucleotide Phosphorylase, PNPase) .
FeCls, ADP % i&f# L. RNA &% M L. water pool ®
KOMWHE & OMFRZEME L. @HiX ADP OFENES
WZIE Mg 4 4 UERTHHH, SIIIMGRED Fed A
F AW RN TH L, TOHHDO—DL LT,
Beljanski®? 7% PNPase |2 & 2B EEI O EA{LIE Fett 1 4
YOFBEMg A A VITHARESDH B Z LR L Tw
L5 THhH, O HOEEIZ, MmO i, =gz
e m Water IZFERIAHTH 5795, FERLAIE:2 R
DEEbI, FORTHHIKFEVDLELTH b,

Fig. 8 1% 02MCuEs # I ¥ VSR OREFE M ADP HAELIZ
R 5 Fedt & Mg? A 4 Y OFFAEFIZBIT 5 25C Rk 37C
DFEHTH B, T water pool D Fed' £ F VilkEE LT
FeCls Ol E D 0.05mM 2 HWVTWw b5, Mg £ F &~
IEEEAT water pool 2B\ T 10mM IEEZ H\v 7z, ZOR
EFe A4 VBREEEU Mg> 1 4 ViREA005mM 128

TR EBUBDSEIT L Do 720 Ty b KIS T L
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Archaeal membrane lipids are structurally unique and are consisted of isoprenoid chains linked to glycerol with
ether bond in contrast to the ester linkage of eubacterial and eukaryotic membrane lipids. The most striking
feature of archaeal membrane lipids is the presence of macrocyclic structures as large as 36-membered rings of
methanogens.

An objective of this research is to develop synthetic methodology of these extreme macrocycles and the unique
archaeal ether lipid, which are useful for studies on physico-chemical properties as membrane lipid and to develop
new materials with intriguing properties.

For this purpose, we have succesfully synthesized archaeal 36-membered macrocyclic membrane lipids ans its
acyclic congener. Described in this report is the biophysical significance of the archaeal 36-membered macrocyclic
diether phospholipid 36MPC as a function of temperature, which was studied by measuring of membrane fluidity,
liposomal proton permeability, and liposomal thermostability in comparison with its acyclic counterpart, DPhyPC,
egg yolk lecithin eggPC, and a mixed lipid of DMPC-cholesterol (2:1). Fluorescence anisotropy measurements
indicated that the macrocyclic structure led to a decrease in the fluidity in the inter-membrane hydrophobic part
more than in the membrane surface by limiting the motional freedom of the alkyl chains. The proton permeability
was also significantly reduced by introducing a macrocyclic structure. Liposomal thermostability measurements
using 6-carboxyfluorescein (CF) suggested that 36MPC formed liposomes with greater thermal stability than these
of DPhyPC. The presence of glycolipids to the corresponding phospholipids greatly reduced the CF leakage from
liposomes. Most importantly, DMPC-cholesterol liposome showed less leakage than 36MPC at 40C . However,
by raising the temperature, this situation was completely reversed. This suggested that the cyclic structure
contributed to the formation of stable liposomes, especially at higher temperatures. These findings clearly
demonstrate that the 36-membered macrocyclic lipid membrane plays an important role for the thermophilic

archaea to adapt to extreme environments.

1. #&

FTARTOMPBIEHNLIE X > THR» S HC %M L,
G2, bbbl 2 [AETnwa] 2L
DIETH %o WAEW - Bt - M Z b3, Kool
BRI E 7 vt u— L2 TREREZ LT VIRED
AP SR BIRE BRI L > TESN T WA, Ml
PRE A GoREE b w2 LEKESTH LT, HEKE
DEY TR TITHEMICE B 2D EEZ BN TE I,
LAY, BEDEMOAFTREEIIRE S RE o7, i
SRR, B & o X9 ER, EE. EERE.
7RIS O W R BB T TR L T A I & Ay
GLENTMERO—BENFAELY, HC /MR Z2 50 5
N AUFRTH B Z LW DL o TE 2o HHIR DM
a4 vy 7L 2 4 R )t a— i — T VA L

il

Fuctional Role of Archaeal Ethereal
Phospholipids

Tadashi Eguchi

Department of Chemistry and Materials
Science, Tokyo Institute of Technology

IR o Twb (Figure 1. k&1, 2) 2, %
DOHPRTHLBMO THEN R DL LT, £ V7L /4 FH#D
KimHEA Ly 36 BERZIEK L2 KEIRT — 7 VR R E
DIFAEDZET 6N 5B 2 Wl R a2 A BRREIC IS
ORFRBPFEIC L > T, #EL TV EEZ bNTIEW
BH ZOREIIUIREIZIZ STV,

—Ji. LI FIIRFESNSL Y VIREIE. FEETERERE
BN, PRRAL FUBHL AALRERIR Y Ry —2F & L
THHEINTVWD, L Ladsh, ZEtko ¢ M m A
HY., BREAL. MAKDHELR VWA RETH D, TORE
EEO RN AR ENICR S & LY F V2R & = 2
TURELTED., T2, ARARBTRIGFAEL TWD 2
LN L TWD, IS O OBRE DL 7 K
DRFBM P TOABERELEZE 25 L. Rz EhtL
W TRE L7oRBE & IRFFT A LBEER & LTHER X
EWMEMTHLEEZONS,

ABFZETlE, WM OBRNRE, R KRBRRENRE OB
REEMHTAZIE2HME L THIRZED TV D, F2
Ty BESOFE TIPS 2 & 2% L Wil ok
BIRBE 2. &I & - ThiKe > T 85 T ehd b
P XN B PR ORI O Wl 4 OWEEE VTR
Hyoz ke L BEICHA 1. McMurry o8 L O°F
L74 YA ARSI A8 b2HE L RlEER



EHARERO T — 7 VR IR DM Lk

ICET 5 EBR LTS

R_PC, 36MPC i Ecz DPhyPC
0
/\/\/\/\/\/\/\)l\
5°
/\/\/\/K\/\/\/\)J\O\K
OPC
eggPC

OPC HO
DMPC-cholesterol (2:1)

Figure 1 Sturcture of Lipids o

8T DA% ‘/éliﬁfiﬁ‘-ﬂ]@ Methanococcus jannaschii 34§
%36 HERIFE 2 OIS L TWwW5B 3, %ﬂ%ﬁﬁ%
)i AEI AN o FEz‘: LCHRELLOT, RPEETIZFEM
HEMW STV E, FNLOEREONE 75:43 L&l
THEREETW7E L,

2 B BRBIVEE

2.1 EEBRCTHEARALULEE

Eﬁ%/l TR VIRE OB E LT OME % HETT

W7z, BEEYOT AT VENRE L OB b1 72,

ZMiJf THWZJEE X Figure 1LISR LKA DBER L7
36 HERIFE 2 B L O Z 0 RRFBAEK 1 O AFka) »
#HiEfk (DiPhyPC B LUV 36MPC) %723, F72. =
2T NVEIREIZ =7 V) OIREL ¥ F » (eggPC) RUY
SVAM -sn-7 ) ku-3-FAKa) y&aLA7H
=)V (2 :1) Oi_EEE (DMPC-cholesterol) & fi
HTHhb,

2.2 RXFEHMBEICLDZIVRY—-LOEBHES

[%8%] GUV &KLk A2 WV CRE L, 30k
BHlmgZ2700RNVA-—RA%/—1360ul (2 :1) I
(ﬁﬁﬂrb ZDHALD15uL ZHN—7 52 FIZHT T 5,

0 MRS THRAT A TIROY ¥ 7L % B 112
%Jiﬂz‘\ 50ul ORI CTHNT b0 T FTHEVF VTN
REIIR -T2 THADPLERNXY 7 VOB R LIS
X% 5. B, FOAIIIRE - ERICIDATND
HOUWE Nile Red # Vv, JREZEREOR LA -V %
B—BE L7 (GhkEdk & 485nm. 46 & 525nm) .

[#2R] 36 B3 Y IFE 36 MPC OHOGIHMBI GO G H
% Figure 21207, W52 36 MPC IZHATE K R

Q
PC= $—P-O(CHg)oN*Meg

SO W e

Figure 2 Image by differential interference
contrast fluorescence optical microscopy of
36MPC (T =298 K, pH = 7.0, | = 551 nm,

Nile Red 1% mol.) . Scale bar 10n.

v—2x (GUV) 2B LTVEIERNGNb, TEK
BRIBENHEMTYRY — 22T 52 EW0hol
DTORITH 5,

2.3 #4594 (DSC)

W)~ R 36 MPC. DiPhyPC @ /K730l & 08
TIRE 1. 2 0ukEEEo DSC &2 illE L7z,

[E8&] V VIRESWOE:RE (Tmg) 2 FL 7Y

a—)—7K (50mg:4:1v/v) B L. 7T0uL D7 IV 3
= NBON VAN, MEDSNE, BRAEREVERLAHE]
C /min O#EBETERL? (-40 ~ 60T ).

a7 g AR IBE (ca.l0mg) 2Z0F % 20ul
DNV AN, ATE,ANR, FRZEHRVELZHZE2T/
min OFETEMA L (-120 ~0C),

[h%]Eﬁ%mU/P“%MHLDPMHWHBC%
K-—TFLy7)a—iv (4:1) PICHELTlEL 7.
W5 DIRE & %)?ﬁﬂ%iﬂfgﬁ%ﬁlﬁl“(“6i$ﬁ$ﬁ@@ﬁﬁﬂi%ﬂj’é‘tz
Motze fo T WIRTIHHHIREEZ L > TWwEH I 0D
5o

—F., G 7IRE 2. 1® DSC % Figure 3 1R
ﬁoﬁﬁ%méﬁ%b7l TV 3 7 BRE O

TIX-53CHEICT A FHOREFE BbN LY — 7 H
B S N72205 Yr—F LMo 7IRE TS FRE SRR

WY — 7 Dl S Tz EDBTIHEN T — 712DV T,
BRIRE 2 O F 2SIEBRIRIGE 1 1CHART T id®m <. AHa

ASc /NS WZ LA o Tze TOMBANLY VY T AT

W' FVALEWS KO Menger 5D Y T —F7 VEIEF
WMELEWS TORRLEFM DD TH -7 T hbHEIR
JREWCBIT2 Ted LAGHERIZ L D K E 2208 % 4
L L2720 THY. AHe O ASe DILT 1344 4 izt



1600 T T T T T T T T T

800 -

DSC (uW)

-120 -90 —60 -30 0
Temp. (°C) (Heating)

T AH, AS
(°C) |(kcaVmol)|(caVmol-K)

-56.5| 0.72 33
-78.8[ 1.5 7.7

36MPC
DiPhyPC

Scanning rate;2 °C/min

Figure 3 DSC thermograms of archaeal core lipids 1 and 2,
and the kinetic parameters of phase-transition.
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Figure 6 Temperature dependence of the fluorescence anisotropy of A, DPH, B; tma-DPH incorporated in
the bilayers of the lipids; 36MPC, @ ; DPhyPC, Bl ; eggPC, A ; DMPC-cholesterol (2:1) ; 2. The con-
centrations of lipid and probe were 0.5 mM and 0.5 M, respectively.
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Figure 8 Proton permeability of large unilamellar vesicles of the phospholipids (36MPC, DPhyPC, eggPC,
DMPC-cholesterol). Plots of fluorescence intensity of CF Ft /Fo vs. incubation time t. A, at 25°C; B, at 40C; C,
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Figure 9 Thermostability of large unilamellar vesicles of the lipids (36MPC, DPhyPC, eggPC,

DMPC-cholesterol) .

Plots of the leakage extent of CF vs. incubation time t. A, at 40C ; B, at

50°C; C, at60C; D, at 70C ; 36MPC, @ ; DPhyPC, M ; eggPC, A ; DMPC 3 cholesterol (2:1), 2.
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The investigation of bioactive natural products has, in recent years, assumed a greater sense of urgency in response
to the expanding human population and its subsequent demands for food, cosmetics, good health, and increasing areas
of land on which to live. It has so far been known a lot of hair regrowth promoters of that the efficacies are mainly the
stimulation of blood circulation and the vasodilatation. Recently the basic researches for hair growth and hair follicle
cycle have been rapidly improved by the progress of cell culture technique and genetic engineering. In general the
following factors have been mentioned as probable causes on hair loss: the hormonal effect of androgen, the inactivation
of hair matrix cells, the reduction of blood circulation around hair follicle and so on. The purpose of this investigation is
to identify extracts or components form plants having proliferating effects on mouse hair epithelial cells.

The proliferation activity of 49 samples prepared from extract of heartwood was examined. The extracts from
Cercidiphyllum japonicum showed proliferation activity on hair epithelial cells by [’H] thymidine uptake assy. Structure-
activity investigation suggested that catechol structure is important for expressing ability of proliferation activity on

hair epithelial cells.
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Koy =7y MIHEFEDFRMETH o 7225, TEOHEN
BEOZENAPNE R LI EF CEOFEEIILARLT
Wb o LUETOF BHNE F 0 BRES A R0 ARG, BRI
HRMEERETH 720 LA LEE. EORESCHEIEIC
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Investigation on active compounds of
hair growth from forest bioresources

Ryuichiro Kondo

Laboratory of Systematic Forest and
Forest Products Sciences, Faculty of
Agriculture, Kyushu University
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2.1 ERBERLERMEROEE

B R FR R Ao Higk s X 055 #8213 Tanigaki? &
DFE%E R L TT - 72,

4 Hig= 7 A XD EHBE S v 2 3R L 720 B2 i 2 1R
2 ~3mm BEEOEMIKICL. ZOR)E A % 500unit/mL
T4 AN—=¥ AN 5%FBS-DMEM IZE L. 4CTI17.5
BRI L7z COBRICHUAEYE (GIBCO. Antibiotic-
antimycotic) %1% v/v &% 5 XXM L 720

TARNR—EUALEERZ2, €ty P2 HWT
FREHEBRE L, BEE%2025% 355 F—EAD5%
FBS-DMEM 2B L7ze TN %E 37TCT1HMA ¥ Fax
—ML72e £ v Fax— i HEOME IR %L
HhAH5EFTERY T4 7 %i7\v, 1000rpm T 5 40 L.
B MEAE SR B & OSBRI A 15

HOfH, XLy MIPBS () 2MA, FAICBESE
7otk BLRCAGHESEAIE 2 HU D B < 72912 400rpm T 1 535%
DL, EERWSIRE Lz SOBMEZ 41D L
7oo S DICEEMAEF ML Z B D B 7212 70um O 7
ANWE—%ilil, 74 NY— LRIk 72b D% Ny 7 F
v¥al, IhaBHRARKE L7z

5 N7 BRI Z B OB THED, 0.25% MY T v
/0.1% EDTA @iz Nz, 54 ME¥~Xy 54 v L7 FBS
M) TV EREMAZESIZPBS (1) % 10 R A 72,
COMBEEEZEZ ) IV Ay YA THEML, )3 v R
vy akEMLCELDOEBREE LIRS L,

o N2 BARER PRI % 0k, RIE 2T B2
L. 5% FBS-DMEM (Z/# L7z MEREHE AR IS THIL
BEGHNL IrEEEE 25 X 9125 % FBS-DMEM (0.5



%PEWE 2 &) (CTHLZ AR L7, type 1collagen
Ta— b L7z 24well plate (FALCON) 125 x 10° cells/
well OMINLEEECTREME L 72, 378 L7813 37C. 5%
CO:2 5 FC 17 Refgssa8 L 720

17 RE [ B 2 %. 5% FBS-DMEM % W5 BxZ: L. PBS
(-) THHH, HiE MCDB153 (SIGMA) (insulin @ 5
ug/mL. hydrocortisone: 1.4 uM. EGF: 5ng/mL. BPE :
50ug &) ML, B A7, B#I1L37C. 5
% CO:2 T Tiro72. 738 MCDB 153 (2R A L 7=
HAERZEMNH L EHL 2

2.2 FERARLERMRETEREEMMEE

T2 S I RG 28 L 72 B ok R R MR 1S [*H] thymidine
Wi (8KBg/well) (statistic ability. 1.81TBg/mmol)
(Amersham) Z#HML—CREMEY AT 72, ZDT4,
% well 2% PBS (4C) T2M#EE. & 10% F) 7an
BERRC 1 WIPEE L7z 25128 10% MY 7 1o o ik 2 hn
A, 4CTT30~6008HE L7z MY 27 oafEfe Bk,
IN ®» NaOH %7 L 1 B LLE 37C TEHE L 720 Z D14,
By 74 YLK Y F L= arhw i =i
TS %2 e L 72,

2.3 HUTNARELVCRIU—-—Z2T

EEBAR (FICHE LT (SN RSB L ) W
YT VT Lz EAN 20em BLEORD L I3k E RIR
L. DMEBE BT 720 DM, Bz e e AR
(#80pass) 2L, HMTAY J—IZRLT1 HiiE %
MY BT LITE D 25 7 — Vil & 172

A EBIARIZEEERS, 286, A EhENRE TR b
U L 72

AL 7o dh Y 2 BTk B RAM R = H IS
o (1/1000v/v. =% ) —I)ViRiR) L7z 4 HIERGEE,
[FH]thymidine % @0 U4 AR AL G & 304 L 720 %
BHEBEOAZMZ 7S D% control & L. control % 100%
& LTHEY v 7V oM A e 1G4 % 5P L 7o

2.4 #HYV7Z (Cercidiphyllum japonicum) IC&%

h 39 DOHRFE

A IMEA Y 7 — VY 2474mg & n-~NFH 2,
I—7 ), BEBETF LV THERSE L. n-~F4 2l ER,
I— 7 VAR, BEEE T FOUNESR. KERiE %1572, &
A oEEZHE L. LA ER L% £ETo
R E SR O W TR L 20 S H I — T IVIAE
WEIIVAFVITAZUINT T T4 — (ANFH -
FERE T F IV —> X % ) —)V) [2X Y 8 DIZ40H L7z &
S EEN DG WS HPLC I X ) Bl L, NMR.
MS. BEtEIC X D EE L7z,

3. # R
3. 1 EREREERMEETEEEEEFTMROMHE

ir

e i B R AE T 1k B A R DFE L DBRIZR T 7 4 73 v b
T —)b & L CEMREK RN IR R & & NI
BEREIME SN TV S minoxidil (70ppm) Z w72,
& o T minoxidil & control @ EIZFHZE 7% [*H]thymidine
PO AARBOENPBILZINLROMEZHE Lz,

¥:28 2 H HPLBE @ PH]thymidine Y A& % RERFY
WHE L7455 55 22 4 0 HIZ control & minoxidil @M
RIZEPHE SN (Fig. 1)o ZO#EEDS control &
minoxidil @MRICENIBIE I NS DIIFE 4 HHRFI%T
HHZENHHL 72, F72 control DELY AR R ITRERFY
WA L TW L OIIZH Ly minoxidil i8R TIEREFE4 0
B LR HHLY AR m AN A LT b, Control 3401k
L. ZOEE, WIHENLDLNID AR B L T 5
L#EZ N5, —J minoxidil 1ZTFEM K BRI 55
bz B, BEH 2 LR35 7-D12854 4 HE 25 [PH]
thymidine JU ) AR RIZTENTTVELEEZ LN D,

&£ 5 T minoxidil & FEHOMRZFFOWEDIRKZIT)
CLEHMIZ, A7) ==y I TREEYHICY Y TV E
WL, ¥# 4 H HIZ [*H]thymidine Z#&0 L ZDHLD A
HREENET S & TEY v TV OEMRB R R AR
FHARAERN R 2 5T 35 2 & & L7z,

3.2 BAXHMEMOIIV—-Z27

OB ARMEME A7) —= v 7 LR TH~
PRI S AV 1 L7/ N A RN o AV Z L Y/N
—kTHTTHEXY J — Vi, Albizia myriophylla
FEER 7 & b AP minoxidil &[4 oM B hE e 1
PEAasEgE S (Fig 2).

KOFHE L, FLATIELTHLH Y THIFA Y
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mean£SD, n=3, *p<0.05 to control
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D AAEEREREIZIE LR, Ay IMEx sy 7 —
FEIZ D minoxidil & FARIZ BRI FRGRAMNE O 8458
WMEOERMESBIZE SN (Fig. 3)e SOTERLN
VIMER A F 7 — VAP minoxidil & FEEOREEFH
TOMEPEINLEEZ LN,

3.3 HYTHMEBAE/ —IVHEHMICETNDIED

(F:3:=

B TGMEBA S = VIEICEH L, ShicEEns
B DR AT o 720 ABRIE LA O & R O MR
s (Fig. 4) 2R3, MABOSRLY., =—F
VITERRIC 1 ppm. 0.1ppm MjJEREEIZ B W TEWERHIK
B AN ARG AR S e, £ T — T
BRI EEINDWFOREERAT 5720 TOMRE 2R,3R)
- (+) -aromadendrin. kaempherol, sexangularetin.
(2R,3R) - (4+) -taxifolin. quercetin. (2R,3R) - (+)
- ampeloptin. myricetin, gallic acid Z[W%E L7z (Fig. 5)o

kaempherol. sexangularetin I/t Hif - F2 L7214k
G MBI L2 25 (2R,3R)- (+)-taxifolin,

m 1 ppm
O 0.1ppm

7 H = Vb MeOHIfM )

#°Y Z 10 MeOH1H H#)

— &7 hH Y 7HEMeOHIM Y
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o
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DOWETS 572012, Wl &EIZEH Lol -1G1EHE %
1T 72

3.4 T7I7K/A4FNBLUEE{EYDOMIETERE
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AT s sl EABR it L 72 b & 0 —FB % Fig. 712, B
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H ® (catechol. 4-methylcatechol, 3-methylcatechol,
caffeic acid. L-DOPA. (-) -epinephrine) ZiiPEASER]
BENTe H YT X0 HEESNIZEELEW D 5 FHICH
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Alal, TR R BB R L o B 35k B X UF[PH]
thymidine HUD A 2 F v 72 4 094 508 A2 o 0 78 54
RS L7z 72 minoxidil 2SBAR R 1R RAE 0 1Y
MM ZERE L CwA 2 R EN, BRI LD
minoxidil & FHORREET 2WHLER LM, &
VIMEBA Y ) — VAR R B L2 Ay TR Y
— VH X TEAR R BRI Ly minoxidil & A
R\ R o> B Bl 1 ) D JE e s Bige S 7z

Y IMERA Y 2 — VI O & LT gallic
acid. taxifolin, quercetin. myricetin. ampeloptin 7% &
DR) Tz = VEERELZ. ThoDbaWwt b &l
Rk - MM 2R L2 2 A S TICH 73— Uik
EEHT AR 7 2/ — VEIOEE B SN, 2D
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o,0-Trehalose derivatives are known to have a moisture-holding ability and has already been used as an
additive for cosmetics. As a trial to enhance the moisturizing effect of o,o-trehalose without introducing any
hydrophillic functional groups, substitution of hydroxyl groups with fluorine atoms and/or introduction of one or two
glucopyranosyl residues to o,o-trehalose were performed to give the following oligosaccharides: 1) 6,6-Difluoro-2-O-o-
and B-D-glucopyranosyl-o,o-trehaloses were synthesized through the reductive cleavage of 2,2'4,6:46-tri-O-benzylidene-
o,o-trehalose giving the 2,34,3'4-penta-O-benzyl derivative, against which selective fluorination at the 6- and 6-positions
with DAST, and then o- or B-glycosylation. 2) 3-Deoxy-a-D-mannnopyranosyl 3-deoxy-o-D-glucopyranoside was
synthesized from 2.2'3-tri-O-tosyl-o,o-trehalose with epoxidation at 2- and 3-positions followed by the simultaneous
ring-opening and reduction. 3) Tri- and tetrasaccharides including o,o-trehalose moiety were prepared with the
glycosylation of partially benzylated derivatives of 4,64'6-di-O-benzylidene-o,0-trehalose. Remarkable increase in
moisture content after being exposed in wet atmosphere was observed for some trisaccharides.
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RWER, BRI L Th 2 EHEmIc oW T,
A, BT 2 ReME & HICHRDIERIRE R S
TWa, BRHI O ~DOFIHIZB W TIL, FEH L DR
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MWD 120 KETHL05, Thbd i S SIS 54
BB\ VIFLA AR LT X ) @Y AR AN =155 TR D
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| Synthesis of Fluorine-Containing
Unsymmetrically Substituted Trehalose
Derivatives and their Moisture-Holding
Ability and Affinity for Skin

Naohiko Morishima

School of Nursing, Kitasato University
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a- Mna—RGEFE K E LTHEELTW S
A, FNEHFICRKEERBE R TEwiR Y, B, 2o
STWNIZEL D Fax Iy Ve b o0 THWEAN 24

T 505 BARMEICDOWTIE, B RO X 9 R Bl
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PMEFEIRETHA ).

- Mg = 25T oL FREEX, OB E I
z«ybw IBWT 20D 7NV —A5FDARY MUHR

FolKERNGLCHPED L) Xy — v HALNL T
ENLLEL I, YAy FBREISH L THHRTH 5.
L7ehio T, —#IZiE, ZOFEMARS R IHEE LT

WELDOHNRLVH, ThFETICHRICLLEGH ) oy
WAL RS EE OV v OhPEFINTnD

F72, BREMDTETEDOERED b%ﬂfw%a7
v ZABRILEWM T, 7 v BETO L OB OKEREEGIEH
REASTEMERBUCH G L TWwE EEZLNTWD. Lizdis
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B L7758 KL, BN KEB AR X D K5
THRAGLR T RDIEDEZLNS. 7/$%@@%
) 1 OIS % pild, 5 FINKEREIC X 2550 2B
KL TELZETHD. PRBHIDE D5 FHIZBUKER
L0V ZERF—HAFELTVSLIHICEZLH, &
DB EINRE R 5 v B EBKE XN TE 572
W, 7y EEEGA) THIIIER L OREVERE & OB
FPEIENL T D 2R TFHEEINS.
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DOMFZATHEEEH & LTIz X baY—I2B13 55l &
ALPEIC BT 2 HRF AR SN WE DGR Z AT - 7z
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a,a- Pna—2A%ERREE T4 THEOAEKIC
AR B E AL FN TR Hw/z, BWE T 21LE8W
ELTC, [1] 7oFEagtt) I8 [2] 74 % U hn
5%% a,a- Nora—=2floxy T BXO [3] =
WICINZIABR A S T2EEDEZE Z O6ND a,a- LT —R
FET TR O UNCIUREE R A 2.

(111, a.a- FLE—Z2OEREB~NY Y 5
T = VOBICHBIZ RIS X D AT 55 RE o,
a- Mru—2ojEle Fax Vo7 v FiEke 7
VaymuickyElLz [2] oFHKIZE a,a- b
LAT—AD4,6:4',6'- Y -0- Ny FUHFEAKD IR
Wb b b 2o sz L2z [3] 13, a,
a- MO —2AF7203FD4,6:4'6-Y-0-RV V)T
FHEROE XY VLR FIH L TR 5N 55 R
F)av LIk D AR L7,

3. & R

3.1 a,a- b NO—XPSFBEINBZETVvEFY
dEDOEEK

a,a- PO —2Z2(1) #NN-YAFNVEIVLT I B,

ABEEND1,1- TV A PF Y PV Y E 120C T 2 B RO
45k, 2,244,6:4'6-tri-O-benzylidene-o,o-trehalose (2)
BEAERWE LTRON. 208 FrF o Liks N
VIMBHELZDE, 3OONYIYFUT Y — L,
I—FVHhAKEAT VI =AY Fra b7 VI =

LAEEH S 556 Z LK DBITICHASED L,
DIERIRFR PR A B 3 34K L7z (Scheme 1). L&
W3D6BIUV6 O FuF I VI DAERIRWIZT v&E
BEL-0BL, 2'12 a-BXO g- 7V ayfbziry, 4
W e BT 52812 L D 4BL U5 %25 a-7) 2
VARIZIE, 2,34,6-T 8T -O-RYVUNV-D-FNVa¥s )
— A% 7)) a it ke L, Hifbp-= haxyEr 2L
ARV, PUTVFTRAY AR VEEHL NN- I AF)L
TERNZIFBIPNIZFNT I V2S5 HED
EHW/. /2, p-rVavibiciy, 7N T7RESLV
a—ZA%MEAEL, N)TNFTRAY LV AVKVERRE
T M I AFNVIREER D HEz @A L7

3.2 THAXIUEIPSED a,a- FLNAA—ZXBA 1
JEOERK
1oRYI)Fr7Xe s —b%z, Hnwad1,1-YV 2k
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An odor sensor was developed using a surface polarity controlling method. In this method, changes of electric potentials
of the electrode show the different surface electrical polarity, and hence the interaction between odor substances and the
electrode surface is different in each electric potential. Thus the response ability and information about chemicals can be
obtained through controlling surface polarity. Pt electrode was adopted and the surface polarization of the Pt electrode
was controlled by sweeping electrode potential from negative to positive values (e.g. 0.7V to 0.3V) through a potentiostat.
Chemicals with electrical charge and high polarity interact with polarized surface, and nonpolarized and hydrophobic
substances interact with nonpolarized surface. Thus various chemicals can be detected with one electrode. Electrochemical
impedance was measured at each electrode surface potential to detect the interactions between the electrode surface and
chemical substances. Frequency dependencies of the surface impedance of the electrode were measured by superimposing
small amplitude sinusoidal signal. Equivalent circuit of the electrode impedance was based on a surface roughness model. The
equivalent circuit was determined by curve fitting procedures.

The sensor can detect various chemical substances; both electrolytes and nonelectrolytes (hydrophobic and hydrophilic
substances) with high sensitivity. As a result, various odor substances can be detected using this sensor, and much information
can be obtained through surface polarity control. Electrode potential profiles of the surface impedance had various patterns
according to the characters of chemicals. Adsorption of chemicals to the surface altered the surface resistance and capacitance.
Hydrophobic substances affected the surface resistance in the negative region and the surface capacitance in the potential
area where the neutral surface was attained. Furthermore, response patterns to odor substances, especially hydrophobic
odorants, could be modified by replacing base solutions in which the electrode was immersed; used base solutions were KCl
solution with additive of acetone and triton X-100. Principal component analysis was carried out to response patterns, and the
principal component map was able to be categorized into some groups by the quality of used odorants. Thus the information
from the electrode can be utilized to distinguish the odor quality. The present method was simple and bio or organic materials
were not used. So the results denote that odor sensations are dominated by physicochemical characteristics of chemicals
interacting with the electrochemical surface. These results suggest that the surface polarity controlling method can be utilized
for the mechanism of sensor transducers for odor sensor.
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We have investigated surfactant-free O/W emulsions (SFEs), which can be prepared without addition of
surfactant with ultrasonicator at extremely low oil concentrations ( ~ 0.1 vol%) slightly above oil solubility. =~ SFE
is relatively unstable compared with ordinary emulsion stabilized by surfactant, however, it keep dispersion for a
certain time under surfactant-free condition. For example, when droplet size was observed by dynamic light
scattering (DLS) measurement for benzene SFE, droplet size distribution changed from ~ 30 nm (S class), to ~
300 nm (M class) and to ~ 3000 nm (L class) with lapse of time during one or two hours, while for n-hexadecane
SFE, droplet size around 50 nm in diameter grew up to 200 nm during 3 days. Summarizing the droplet sizes of
several kinds of hydrocarbon SFEs observed by DLS, SFE consisting of hydrocarbon with longer chain length was

more stable than shorter one.

Furthermore, we found that hydrocarbon having longer chain length and branch
like glyceroltrioreto makes significantly stable emulsion under absence of surfactant.

Larger molecules is able to

form rigid surface of droplet and prevent molecular diffusion from droplet surface.
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The Establishment of a Preparation of
Stable Emulsion under Surfactant-free
Condition and Explication of flocculation/
coalescence processes
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Figure1 Size distributions at various elapsed times of ben-
zene droplets at 25°C measured by dynamic light scatter-
ing (Sub-micron particle analyzer system 4700 : Malvern
Instrument Co.) after ultrasonication Concentration of oils :
(a) benzene; 30mM, (b) n-hexane; 4mM and (c) cyclohex-
ane; 3mM. Ultrasonic treatment time 2 min.
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Figure 2 Temporal change of mean droplet size as a func-

tion of time for hydrocarbons. Benzene; 30mM( 3 ), cy-
clohexane - ; 3mM( 9 ), n-hexane; 4mM( @ ), n-octane;
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Table 1

Types of hydrophobic oils

(Al
n-hexane type

[C]
benzene type

(B]
n-hexadecane type

Solubility As low as 1 mM Quite lower As high as 23 mM
Viscosity Very low medium Very low
Interfacial tension ~50 mN m”* ~50 mN m” 25-33mN m™
Ym large small small
Initial droplets size 200 - 300 nm 90 - 100 nm 30 -50 nm

Growing Fast M to L change Slow S to M change Fast S to M change
Table 2 Evolution pattern and stability of fine particle
i Results
Molecular Mw. | mo.7c | b/ Density tSurf‘aci) I:terf.am:l Viscosity? Vaporrem
formula o P- P /gem® ensaon_‘ ensmnq /mPas pressu 2 Evolution | Stabilitty of
/mNm /mNm /mNm ) .
pattern fine particle
Water H,0 18.02 0 100 0.99705 | 72.59 - 0.7973 |3.1673%x10° - -
7 b)d)e) bdje)
Benzene CeHs | 78.11 | 5533 80.100 | 0.87372 | 28.24 35.0 0.564 |1.2689X10 [C] ~20min
Cyclohexane | CgH, | 8416 | 6541 | 80719 | 0.77853 | 24.65 | 50.59 0.825 |1.3009x10’| [AP? 0d
n-Hexane CiHu | 86.18 | -95~100 | 687 | 06603 | 17.90 | 50.80 0200 |2.5387x10" [A]??| o™
n-Octane CiHi |114.23| -56.8 1257 | 0.7026 | 21.14 | 51.68 0480 |1.8634x10°| [A[® 0%
n-Decane CoHx [14229| -30 174.0 | 0.7300 | 23.37 | 52.30 0835 [1.7315x10°| [BI"® | ~20min®
n-Dodecane | CpHn |170.34| -9.6 2145 | 07511 | 2491 | 52.78 1.257 |1.5351x10%| [B]?® |~3days~®
n-Tetradecane | C,Hy, [198.39| 55 2525 | 0.7624 | 26.13 | 53.32 1.783  |1.2645x10°| [B]?® |~3days~™
n-Hexadecane | CiHy [226.45| 18.13 |286~293 | 0.7734 | 27.05 | 53.77 2571 9.0072x10'| [B]”® |~3days~™®

a)20C, b)257C, ¢)30°C, d)Ultrasonication for 2min, e)Ultrasonication for 8min

Evolution pattern of oil droplets: [A]

~10"%middle class)—>~10%(visible class)

[B]~107'(fine class)— ~10"%middle class)
[C1~10"'(fine class)— ~10~*(middle class)—>~10"(visible class)
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Figure 3 (a) Size distribution measured by dynamic light
scattering (Sub-micron particle analyzer system 4700 :
Malvern Instrument Co.), and (b)FFEM image of benzene
droplets dispersed in water, immediately after sonication.
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Figure 5 Schematic illustration of different steps in droplet growth
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Figure 4 (a) Size distribution measured by dy-
namic light scattering (Sub-micron particle
analyzer system 4700 : Malvern Instrument
Co.), and (b)FFEM image of coalescence of
benzene droplets dispersed in water, and (c)
FFEM image of small aggregate of benzen
droplets 60 min after sonication.

to M and M to L class droplets obtaine by FFEM.
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Figure 6 Size distributions at various elapsed times of squalane

droplets at 30°C measured by dynamic light scattering meth-
od. Squalane concentration is TmM. Sonication time is 8min.
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Figure 7 Size distributions at variious elapsed times of oleic
acid droplets in water at 30°C measured by a dynamic light
scattering method.
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Figure 9 Size distributions at various elapsed times of glyc-
erol trioleate droplets in water at 30°C measured by a dy-
namic light scattering method.
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Figure 8 Size distributions at various elapsed times of meth-
yl oleate droplets in water at 30°C measured by a dynamic
light scattering method.
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Figure11 Plots of the cube of droplet size s a function of time.
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________________________

/

180min

120min

Particle size /nm

Figure 13 Size distribution (volume distribution) at various
elapsed time of methl oleate droplets in water at 30°C
measured by a dynamic light scattering method.



OOENZA, AFNVIFL—bD w HIZF LA VBO w il
DA D1 THolzo LIz T, LA VBEROGED
FANTNINHIEOREHEIZAF VL L — bOYH L
LI LML TE RV, —H, Z7)ku—Vv b4t L—1
O HIRIZE A LRRENEZ RS Rh ol TORER
M (105325 1804) BT 24+ LA YBEHOKN T-FED
KR AE & B AT 0% E) % Fig.12 ()8 L OOIIR T 1§
R TRHAT HEREBNTIET 205 TOHEDOE(
D0 F7BOATEBLIT 5 LN AT DOE A K
DIEFEIC DS DT, Fig 122513 S 7 7 X D/
FOWFHFBICE VNS oo T AL, X525
XL 79 ADOKKTHY90 75 LRSI S e < 7% A 81028
Dhbe TNE, FAFTVRIIKICEEZHET a2 %

i | -4@- Tetralin
i | O Tetralin/n-Hexadecane=1000 /1
i | A Tetralin/n-Hexadecane=100/ 1
£ 25001 t | A Tetralin / n-Hexadecane=10/1
S ; :
8 2000 :
[} H H
[] : 2
S 1500} ! ?
= : :
g ’ 3
c 1000} ;
g . ;
s 00906 o
500~ , ... S B po o pnaeee" -1
D et - S S AL | TOPPET A=t
ﬂ-" gh & R ceeses ﬂ """"" Y SEEEALD] -
0 1 1 | 1 1 1 | 1 1 1 1 1 L 1 | 1
40 80 120 160

Time / min.

Figure 14  Temporal change of droplet size in tetralin dis-
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Figure17 Plots of the cube of droplet size at various contents of
glycerol trileate as a function of time at 30°C . Oleic acid/glyc-
erol trioleate=25% ( O ), 50% (M ), 75% ( A ), and 100% (@ ).
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Three types of N-acetylated chitosans (NACs) with different degree of acetylation (DA) were prepared and used as a
substrate for enzymatic hydrolysis with a commercially available pectinase and a modified one. Pectinase modification
was conducted using polyalkyleneoxide-maleic anhydride copolymer (PEO-MA copolymer). The effects of DA on
enzymatic reaction with native and modified pectinases were investigated experimentally. Initial hydrolysis rate and
Michaelis-Menten Kkinetic parameters were measured by analysis of reducing sugars. DA of NAC strongly affected the
hydrolytic characteristics of native and modified pectinases. N-acetylation of chitosan increased the initial hydrolysis rate
and the enzyme-substrate affinity with respect to both pectinases: NACs with DA over 0.3 showed high initial hydrolysis
rate and strong affinity between enzyme and substrate. Especially when NAC with DA over 0.3 was treated with
modified pectinase, the affinity became much stronger than the native pectinase.
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mer.

Table 1 Characteristics of N-acetylated chitosans prepared
under homogeneous condition.

Rm* [-] DA™ [-] Solubility***
0 0.022 soluble
2.06 0.153 soluble
6.17 0.328 soluble
25.7 0.540 soluble

*) Rm, Molar ratio of acetic anhydride to D-glucosamine unit in
Chitosan 10 B.

**) DA, Degree of N-acetylation, was determined by TH-NMR
method.

***) Solubility, Solubility in acetate buffer (pH 5.9)
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vo value of native and modified pectinases, respectively.
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Fig. 4 Relationship between Km and DA. Open and closed
circle show the Km value of native and modified pectin-
ases, respectively.
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Fig. 5 Relationship between Vm and DA. Open and closed
circle show the Vm value of native and modified pectin-
ases, respectively.
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Long-term incubation of proteins with glucose leads to the formation of advanced glycation end products (AGEs), which are
characterized by fluorescence, brown color, and cross-linking. AGEs are thought to be involved in aging and age-enhanced
diseases. Chronic exposure of the skin to sunlight induces hyperplasia of the elastic tissue in the upper dermis known as
actinic elastosis.

Herein we used a monoclonal anti-AGE antibody (6D12) and a rabbit polyclonal anti-AGE antibody, which are shown to
recognize N ¢ {(carboxymethyl)lysine (CML) as those epitope. Fifty-seven skin samples of sun-exposed and -unexposed areas
were obtained from 51 patients aged 9 - 100 years. Immunohistochemically, CML deposition was observed in the elastic
materials from all these specimens showing actinic elastosis with marked elastic-tissue changes. In contrast, CML deposition
was not found in the specimens from sun-unexposed areas without significant actinic elastosis. Immunoelectron microscopic
examination demonstrated that CML accumulated predominantly in elastic fibers especially in the amorphous electron-dense
materials corresponding to photo-induced degenerated area rather than the electronlucent region. Immunochemical analyses
with enzyme-linked immunosorbent assay (ELISA) of elastase-soluble fractions demonstrated that the CML levels of the sun-
exposed area were significantly higher than those of the sun-exposed area.

These results indicate that elastin in actinic elastosis lesions of photoaged skin is modified by CML which has been
proposed as a potential biomarker of oxidative damage of tissue proteins in vivo. Although it is not clear whether AGE
accumulation in the skin per se is a cause of the disease or simply its effect, it could at least serve as a biomarker for the
duration and severity of oxidative damage to the skin in vivo. To support this idea, further studies are needed to elucidate

direct effects of UV irradiation on the formation of AGEs in vivo and i vitro.
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Phtoaging — Studies on the pathogeneisis
of actinic elastosis and the diagnostic
method for UV® syndrome —
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Department of Dermatology, Kumamoto
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monoclonal anti-AGE antiboidy % AGE-BSA THJX L T
v 2 B IGRER % 47 - 720

WPEBIEE . WEEB) X Karnovsky # CTHilE %, PB
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RCBECEEAL U 72 A SR S 55 7 DU A 7 SR R 0%
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There have been little reports about direct evidence of generation of free radicals including oxygen radicals during
exposure to ultraviolet (UV) light, although free radicals may be involved in various injuries caused by UV light. In this
study, generation mechanism of oxygen radicals during photodynamic reaction was examined precisely with in vitro spin
trapping technique, and then induction of radical reaction in skin of living mouse was examined under UV light by using
in vivo electron spin resonance (ESR) spectroscopy. ESR signal of hydroxyl radical (* OH) adduct of spin trapping agent,
DMPO, formed during uroporphyrin photosensitization increased in the presence of NADPH. This increase was suppressed
by addition of scavengers of * OH and singlet oxygen (‘Oz), and enhanced in deutrated solvent. The appearance of 'Oz, as
determined by the oxidation of TEMPD, was delayed with an increase in the concentration of NADPH, while the production
of " OH was upregulated. Addition of H202 did not increase the signal. These results suggest that the * OH was produced
10z2-dependently, and that its production involves neither superoxide anion radical nor H202. An aqueous solution of
carbamoyl-PROXYL was injected intravenously as a redox probe to an anesthetized mouse, and ESR spectrum of the probe
was measured at the dorsal region of hair-removed ddY mice and hairless mice using an L-band ESR spectrometer with a
surface-coil-type resonator. The rate of signal decay increased during irradiation of UV light. The increase was statistically
significant. The increase of signal decay rate was suppressed by pre-administration of spin trapping agent, PBN, while PBN
did not change the decay rate of non-rradiated mouse. These observations suggest that the estimation of radical generation
under UVArradiation may be possible by using in vivo ESR spectroscopy with a nitroxyl redox probe./
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VT FUBRE E N hoTce TORIBRICTY ) —
WdHBHVITERF M) Y ARFESE/E 25, DMPO-OH
DY T FVIFIREL D, Kb DIZDMPO @ "CH (OH)
CHs 14 ik (a=1.59 mT, a"=2.29 mT) & %\ & "CO» 1
Ik (a¥=1.57 mT, a'=1.87 mT) ZHIET % 6 ALY 7 F
VHABN SNz, =8 =N, EEF )T A DLV
dimethylsulfoxide (DMSO) % @l L 72354121& DMPO-OH
DY TFNN3 = 30% A L7z (K1, K1) ThHD
Z &K E 2 DMPO-OH @ 70% Ll Eix 02" - » DMPO
IR D MR 72 202 X 5 b DT L, 5o "OH & DMPO
EDORIBIZEDHDTHD I EARERENS,

3. 1. 2 "OH OAERICH T B 102 k7

NADPH & #£ F @ DMPO-OH ®» ¥ 7 F V& 10:
HEATHLT7T VLT P T A L AT T ¥,
1,4-diazabicyclo[2.2.2]octane (DABCO) DmMIT5E42
HELE (E1)o 7IEF MUY AZRINL 72561213,
OH &7 VfEF MY Y AL DRIETA LS "Ns® DMPO
RO Y 7 il A B EN o7 (K1E),
10 DFFIIHEHAZFEKRFENTLHILETERINSLZ L

1 NADPHTFHET UP RIBRERIC TEMK T 5 DMPO-OH
IR T AR EHER DR E

BREH RE DMPO-OH (relative signal intensity)
None 1.89+0.26 (100)
*OH iB%=HA
Ethanol 600 mM 0.53%+0.03 (27)
DMSO 143 mM 0.33+0.14 (18)
Sodium formate 143 mM 0.06+0.03 (3)
102 ;H=H
NaNs 5mM 0.06+£0.02 (3)
L-Histidine 5mM 0.06+£0.02 (3)
DABCO 5mM 0.26+0.01 (14)
S+ —hHE
Dsferrioxamine 20 uM 2.03+0.21 (107)
02"~ BT H202 ;5 &HI
SOD 100 U/mL 2.93+0.59 (155)
Catalase 280 U/mL 2.43+0.40 (129)
SOD+Catalase 100 U/mL+280 U/mL 2.70+0.20 (143)
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MHENTWAEZD, "OH DERIZBIT S 10: OG- % M2
T 572010, FUSERE A BRI L THEIZ DMPO-OH
AR % TRz 97% DK% BEAKICHE 32 5 & DMPO-OH
DHERHREE & AR ALz (K2), Thboll
(s 102 %% "OH OAH A TH 5 2 L &2l RIET %,
"OH O E 10: DBFRE <L 72012, "OH & 10: %
& llE LERfE L (M3), NADPH OfFFEL 72\
& %1213 TEMPON O ¥ 7 F VHHE & Sz iim L 72, &
DY TFNVIFEI0:DHEEFTHL T VILF M) 7 LR L-
CAF YV UDOFERETHRY L72H OHMEA., 7% 5 —
Y, BLOZA=N—=FF T F -V 2L —+F (SOD) Off
Y FFIVREICEB L 2h otz (£2), 20T LI
TEMPD #%*5 TEMPON ~®O{bid Z D&M T TIZ 10212
BRI THLIEERLTWS, DRI NADPH #157E
&5 L TEMPON Y 7 FVOMBIZS 75 4 AH4L
oo 2D 2% 4 MIZ NADPH OHEEEEMT 5 I2HEW
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UP+NADPH+DMPO % H20 (O) %%\ & 97 % D20 -3
%H20 (@) P CERAR L. JEHRE L 7=,

#F 2 NADPH 3EF7ET UP OIIERERIS CTHER T 5 TEMPON (IC &

I EMERREEROZE

BEH BE TEMPON (relative signal intensity)
None 0.396+0.084 (100)
10z ;H LR
NaN3 5mM 0.135+£0.025 (34)
L-Histidine 5mM 0.000+0.000 (0)
DABCO 5 mM 0.295+0.025 (74)
"OHEEHI
Ethanol 600 mM 0.393+0.020 (99)
DMSO 143 mM 0.276£0.031 (70)
Sodium formate 143 mM 0.275+£0.022 (67)
HFL— A
Desferrioxamine 20 uM 0.282+0.087 (71)
0z, H20z ;E%Hl
SOD 100 U/mL 0.425+0.060 (107)
Catalase 280 U/mL 0.391+0.027 (99)
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BIHRL 5 ICHEHRIC S W EB TER SN D T D HIVRIED
EREBATECEEEE T Br & U RBRLRFHEANDISH

LRI/ —F . DMPO-OH A #EE X NADPH @
PEEDSBEINT A IV L7z, 2o Z &id. NADPH &
R0 2 OHICEMEINEZ LA EKRT 5, 20k
& TEMPON O Y 7 F VOB T 75 4 AR LN D
i$, 102 & NADPH & O SA 102 & TEMPD & @t
WCHARTIZAPISEN D LS h 5,

3. 1. 3 'Oz fk%FHY "OH DERKER

'O I NADP)HIC L Y —EBFEITH S WIEEF#TT
SNTENEN O -2, H20e "L IND T & W s
FTTICHE SN TS, 0:7- R H:0: 3 &gt ™ "OH
EEERT A ENDIoTWAS, NADPH FF4E T UP )t
WK TR E N "OH A 02 - R H:0: ZRHLTT
X200 EDPE#HRL 720, DMPO-OH OAKIZ 1T
9 desferrioxamine (DFO). SOD B U ¥ 5 —¥ D3
BAIMR (F1), ZOMKEDFOBIVU A Y 7 —Fid
DMPO-OH OAE %= A &4 Hh - 720 SOD 1 DMPO-
OH DA Z LT NITWIMS A, Z2ITHhyT—X%
FHESETDIHEMIPZ ON LD 572 2O LIESOD
12X D) DMPO-OH @ 25bh 3 2 I2HI L 7245 54 SOD
12E 5 0: - OARHIT X ) HeO: AR L 7272
DOTERWIEEZRLTWD, 775 —BRGEERES
21000U/mL F T &s¢ T wBMm) - 725 DFO I
0.7mM T CiEEZ¥IINs €5 & DMPO-OH ® ¥ 7 F Vi3
WA L7z,

PSR Z S BICHL2ICT 572D NADPH /15
UP O8RS THEK T 2 HeO: 0w Lze ZORHE
FI50uM @ He O HHER SNz A Y T—EBIVUT V1ML
F MUY AEEEIT Ho O B 2 I Z 7228, SOD 1322
holzo DFO X H:O: DA 2 LM77, "OH
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X4 UPNEBRISIC LS DMPO-OH FRICRIZ$ H202 &
mogE
UP+DMPO (4 ), UP+DMPO+H202 (0.63 mM) (&)
UP+NADPH+DMPO ( O ) ,UP+NADPH+H202 (0.63
mM)+DMPO (@)

DEBNZBIT 5 He0: DI E 2 HFET 572012, UP B &
" UP-NADPH %12 0.63mM @ H:0: Z I L DMPO-
OH D AW % #l <720 412773 X912 DMPO-OH »
AT HeO: DFETE T THIML 2oz THOZ &I
HoO:e 05 "OH~NOZHIZ /28 2 He Qe DVERINTH S
ORIBRTIIRI DI VW EEZRLTWS, F72Z0%
HIZFEEC, DMPO-OH @41 % SOD »s8#4n s &, DFO
PR S0 - OH WK A% Ha Oz D SRANEE SO H R
L7272 Tid7% <. SOD BL U DFO ORDIIBIZ L 5 D
DTHDHILxRET 5, SOD I Cu filiilfE “ OH £ BUE
2RI LY, DFOX OHZHETAHI EAMEINT
W2 10,

3.2 Invivo ll&T3 5T HIVRIEDIKRE

3.2 1 V=7 A A NBERBTHESIE

ESR> 7 F+Ib

Carbamoyl-PROXYL A7 L A< 7 A kN5
L7ctk, B TH -7 4 234 VEHWTESR %
WEST S E, FITEBREDISABY 7 F VDB S h
720 DY T FINVORHMZALZ B SAITRY . Y7V
carbamoyl-PROXYL #5-2- 340 $ T L 7204 L
7oo —EHEELIT ZAOKEEBOD & OBI~NEL,
ZOLIZH—7 24234 VEYSTT, HIRNES L7
carbamoyl-PROXYL ® ESR #ll23 5 &, ¥ 7 FIVikE
RO ZADOYEDK2/3 Ll olee 2O ED
SEEEMTY —7 24 234 VERBHREHC X - TR S
Ny Z7FNo5 b#1/3 1328 AHFET S carbamoyl-
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K5 H#—714 X1V BEREIRBICLVERFR THESIL
7= carbamoyl-PROXYL ® ESR ¥ 7 F IV DRI & %
SRR DORE

A. NT7 L 27 X carbamoyl-PROXYL #* BEARNIZS
L. BEICHENTH—T o4 XM IWEHIRES #HBE L /= L-
N> RESRTY I FILDEE 8L 7=,

B. Carbamoyl-PROXYL %5 5 fh» SRR BE L &
P 5EIE U 7=



PROXYL IZHIRT 2 b D LHEE S NS,

3. 2.2 VIUFILOBERICRIFTRIMEBHOZE

5B i carbamoyl-PROXYL D55 5545 & 544
2R LA OHE L E &Y 7 FIVRIEDORRIHER %
R o HOEDICHE L THh S0 Y 7 F IV OHE G L %
WA (KI5A) IZHARTHEML 72, FHEL 2K H 2/
TOWEFNZR L7 A2 W THkOERRZT-728 2
Ay BIVRIBENIC X 2 ¥ 7P OVHEREEORINI R s h %
Molze TOT &I, I K D 2 7 F VI RHEE OB
INEB R ICHEAET A 7O —TOHEERICEL A L ERIET S,

DT IOVIHRHE L 1 RO ERE LTRD, A
MR OB CTHIR LR T L 3ITRT, ZOFERIIA
TVAI T ALCIZBREL ddY R~Y T A ZHWTIT-
T2 WITNOBAITD ¥ 7T IVIH I HE OB
CHETH -7,

3. 2. 3 BIBEBEHICEDVTFIVERREDHEME

S VHIRIEDER

RHRIRGIC X % carbamoyl-PROXYL @ ¥ 7 F Vi 2k
HEOHINE 73 ANV ISERE DRREZRRSL72DIZA
¥ I v 7#| N-t-butylephenylnitrone (PBN) ®OF45-
R E PRIz H6 ISR TRRICERERICE Y 7S
NAHREFE DRI PBN OG5 ) Roh % kol
— BARES L 2 WA I PBN XY 7 Vi
JEIHE L e otz 2O LD BERIMRIRE T T3S
D7) —=F T ANDBEL, FNAH carbamoyl-PROXYL
DY T FIVIHREME LTRSS EZ 5D,

4. £ &

In vitro OICHESUL TR S N4 R 1X. NADPH 75
TTl0: M LT OHDPAERTAHI EEZRLTWS, 10:
A7 DMPO-OH DK IE M4 2R THEZNTBE D,
ROFEFEDHERLE STV 5,

Metals , .. DMPO
H

e o €
10;—> 02" —>H:02 0 DMPO-OH (1)
DMP H* .
lor———gﬂDMPo%»]—>DMP00H+ OH

17)
DMPO._ 1 P00l @)

- o o DMPO
102£-SOOH%-SO + OH———>DMPO-OH (3)

NADPH OFF4E T T 10 MKAFIIZ 027~ X H2 02 DA A?
25 ZEHME SN Tn5 2w, NADPHAE T UP
I IEPOE T H20: D3RS 5 Z L DMERR S N7z 72 0,
b LEBESEDZ OPUSRIAAET UL "OH 23E)K$ %
WREMEAE R 5N b LA L, KWFZETHR S M72BIARIZ,

#z 3 ESR Y7 FHIVHEKEE (/min) ICRIZT UV B OZE

BREAIYTOR AZLRRYR
UVERST 0.063+0.006 (14) 0.082+0.008 (3)
UVIERET 0.048+0.007 (17) 0.065+0.005 (3)

p<0.001 p<0.05
HiEXFHLSD. (n) FEEREIIStudent'st-testick o7,
0.08
€
£ 0.06 1
]
©
£ 59
= 0.04 1
(4]
[}
°
g 0.021
=)
(7]
0
pBN (1) (4)
uv

Irradiated Non-irradiated

6 BIMEBHIICL B ESR YT FILEKEEDEIMICKIZ
T PBN D&
PBN (3BB4t 35 ARTICEEEEARS L 7=,

(1) BUSRIZ H20:2 2 LTS DMPO-OH DAl & D1
A ST oz, (i) H 5 I—¥, DFOIZVWIh
b NADPH FAE T @ UP EHE S IZ BT 5 DMPO-OH
DEFNHBE L Dozl bR ()L A5DTIE R
WZEDBHLNPTH D, 72, 70% Lo DMPO-OH @
VIFVNRIY )= ED  OHMHEROELETEDN
= Z BRI (2) 12X ) DMPO-OH 234 & 7= gk
LI N L), Buettner® 2V A5 4 YHFLETAT b
Fu7 4 ) YFHBEOSHESOS T "OH 2V EWR T 52 &
FRWZL, -SH & 10: LDOIBIZ X 5 -SOOH 28k
TANVIRZRL T OH PR L7z MR L7z S0
BB CRBEZ BUSATRE TO A PENEAHTH L5, 2
CTHOLNHEBIIINTETICHEIN TV AR L 1T
BT OHAPAER L TV AR ZRIB L TWwhb,
NADPH 3 ¥ A7 A ¥ L FAARIZAEMARNTHER § turn over
SNTVLWMETH B, AW THDL NI RITEE T
YO DMERT 1UE " OH OB EE DR CIRE T ¥ 71 v
[ZEIEE B SN LW ZRET 5D DTH b,

— iy IR THEL DS VB NVED in vivo WETIX,
BRIVRIRE T CARINDL I VA NVISE in vivo TE=
%) 7 TE& LR /R L7z, Carbamoyl-PROXYL ®
ESR ¥ 7 )V {H R BE O B AW 7 2 G EFE B 5



BIHRL 5 ICHEHRIC S W EB TER SN D T D HIVRIED
BREAE & KERE TR 2 BRY & U - ERIEEIFHE A~ DOICH

B7V—FVANDERICE DB DML, SHEMAmTY
HIVHERZHCTZED Y 7 FVHEEANDOEEZRRD 2
CICE YRR A D EEDbNS, T, BWIZZDOTY
HANVBIEDE =S Y v 7R S hiud, SilRibAl» %
WIEH YA Y= VHID S T ANV SO L in
vivo BT AFHIEE LTERE R bbb,
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Terminally differentiated stratified squamous epithelium forms a lining of the plasma membrane called the cornified
cell envelope (CCE), a thick layer of several covalently cross-linked precursor proteins including involucrin, small proline-
rich proteins (SPRPs) and loricrin. Their cross-linking isodipeptide bonds are formed by epidermal transglutaminases
(TGases) 1, 2 and 3. The formation of CCE and sequential expression of major CCE precursor proteins, TGases, and
25-kD lamellar granule-associated protein (LGP) were studied in human embryonic and fetal skin. Ultrastructurally,
membrane thickening has already started in periderm cells of the two-layered epidermis and an electron dense,
thickened cell envelope similar to CCE in adult epidermis is observed in periderm cells at the three-layered and later
stages of skin development. In the two-layered epidermis (49-65 days EGA), immunoreactivities of involucrin, SPRPs,
all the TGases and LGP were present only in the periderm. In the three-layered epidermis and thereafter (66-160
days EGA), loricrin became positive in the periderm cells, TGases extended to the entire epidermis, and LGP was
detected in intermediate cells as well as periderm cells. Immunoelectron microscopy demonstrated that all three major
CCE precursor proteins, involucrin, SPRPs and loricrin, were restricted to the CCE in periderm cells at this stage of
development. After 160 days EGA, the periderm had disappeared and CCE proteins and LGP were expressed in the
spinous, granular and cornified cells and TGases were detected in the entire epidermis. These findings indicate that
CCE precursor proteins, TGases, and LGP are expressed in coordination in periderm cells during human epidermal
development and suggest that periderm cells form CCE in the process of regression.

As a next step, five patients with non-bullous congenital ichthyosiform erythroderma (NBCIE), one patient with
lamellar icthyosis and two patients with mutilating palmoplantar keratoderma (MPPK) were studied.

In one patient out of five NBCIE cases, expression of TGase 1 molecule was markedly reduced in the patient’ s
epidermis. Electron microscopy revealed incomplete thickening of CCE during keratinization in the epidermis.
Sequencing of the entire exons and exon-intron borders of TGase 1 gene (TGMI) revealed that the proband was a
compound heterozygote for two novel mutations, 9008delA and R388H. These findings indicate that the compound
heterozygote for missense mutation (R388H) in the core domain and the frameshift mutation (9008delA) resulting in a
premature termination codon at the tail of the TGase 1 peptide leads to the NBCIE phenotype. TGM1 mutations were
also found in the lamellar ichthyosis patient.

In the patients with MPPK, ultrastructural, immunohistochemical, and immunoelectron microscopic analyses revealed
malformed CCE and reduced deposition of loricrin to CCE. Sequencing of the entire exons and exon-intron borders of
loricrin gene of the patients excluded a mutation in loricrin DNA sequence. These data confirm the presence of MPPK
phenotype with abnormal loricrin cross-linking at the final stage of CCE formation that is not caused by mutations in the
epidermal differentiation complex region.
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Studies on the developmental processes
of human cornified cell envelope and the
pathogenesis of its dysfunction

Masashi Akiyama

Department of Dermatology, Teikyo
University School of Medicine,
Ichihara Hospital

THEWFENIZ XY, cornified cell envelope (3 F I AS
ML HBC, ML loricrin, small proline-rich
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i, AT SE RV SRR ARAL B RE D FEIE IS BT, B
e E R LTV ARSI EZ 5N 5D,

AWFZEDH 2 O HINIL, e R &0 MILEREE
DIREF RGBT 5 cornified cell envelope M & H D
B L O ZFT$5 2 212X, involucrin,
loricrin, small proline-rich proteins % ® cornified cell
envelope Hi & 2%t M AJEHIIED cell envelope DFERE
HMEFRICR T IRB R T L2 L TH S,

2. % &

2.1 EMRREE®RE:

AR H WSz g RM#LIE 4 T, Central
Laboratory of Human Embryology, University of
Washington (Seattle) & ¥, Human Subjects Review
Board @& d & &, United States DHEW policies (2

W, i ENhb0ThbH, SN, FBE49 HEsh o
163 Hin £ To, FMRELDIOREFEIZ L YIET, 7203,
IR S 7z e MIRIR & D OB E MRS H W S 7z,

2.2 WERFEHEHE:

v MNEREEHEE 2% 7V — LT IVFNAL RICTHE
T A I ARRICTHREE, BLGE D BAKE TR F B
A, SEHEBISHICE S 1um OY R, EHBIZHIC
(& JEE 70nm oY 2 ERBIZE L 72,

2.3 #Hitk:

ARV z—RkPUkiE, DTOdDTHL €/ 2
O —J btk b SPRPs Hifk (mouse) 7\ Ko —Fu
Pre b involucrin Pk (rabbit) (Biomedical Technologies,
Inc). Rz —F ik b loricrin Jifk (rabbit) 8, F
)7 ua—J itk b TGase 1Pk (goat) @, K 7o -—
FPte b TGase 2 PUIA (rabbit) 0, KV 7 a —-F Lk
b TGase 3Pk (rabbit) ¥, €/ 7 u-—J gtk + LGP
YUk, AE17 (mouse) W,

2.4 RFHEXNEE REEEE:
FIEHOUPURENE, BB S D REEDEZ 6 um @
HAE R 2B, FITC 38 kYU % vt L 7z,
PEZE UC propidium iodide (& TRt % JitifT L 7.
TRIERBAIIE, BRI 2 R 7 1 28 v & o Tk
. LY =K o THEI L, Lowicryl K11M
WCEH L7z 7ay 7 2 w7z, BN &R, R
&% iifT. 1nm I — b FRCFRLG ZRPUKZ v, silver
enhancement 3% % 17 72 W —IRPUK D LA T 2 Bl L 72

2.5 EXMACERBERE:

AT f R ARALEZAE 5 1 (4 KR) . BEIRMEHEE 1
%1 (1 %%) . mutilating palmoplantar keratoderma 2 % ( 1
K&) \Z2OWT, %427% informed consent 220X, 7
AR A HEAT L7 BIRTEROMKDI-D, Ky % $F
B, genomic DNA Z#ili L7 FHEZ, RN DR E
5, W EIIZ DNA #1537,

2.6 EEEFEEDEE

BB O IR EO KNI L 1% 5 172 genomic DNA
IZOWT, LELOBE AR OF, FEBL 0 ISR E O
AOHN72HEM (SENZ. transglutaminase 13 X U loricrin)
ZOWCEETEROMZE 1T 5720 genomic DNA % #55
L LT PCRETZDHIEFDOTRTDexon % b LI
exon-intron BERERS A WIR L, HE) Y — 27 = =12 T
L7z BIZFERPECEEINTZH DTV TIL
enzyme digestion & %\ 13 allele specific oligonucleotide



hybridization #:12 & 0, #EETERZMHEEL 72

3. & F
3.1 ERBREXREICEHTS comified cell envelope
@%i 12)
3.1.1 2EBHOXKE BRE40—65H) :

2RMEOFE (EHE40 - 65 H) oRflor MEIREHE
R ERE D periderm &, O F i OIEER EoFEEAM
JBO2Rr5%oTwd (M1). ZOMHOMPIZIE,
B k. Periderm OMIfgiE, JEE 7-9nm O30 2 Al
EFHLTW (K2), BEIICAS L, Periderm OFlED
HINEIE 2SR ST 7 o TL A% IR o ZLECHITE oAl
NI IR X5 BN h o 720 RIEMHRSF I,
involucrin, B X U, SPRPs %% periderm DML Bk
TH Y, MMEEHFIZE DL AL Tz, i), 2ol
M. involucrin, SPRPs & $ 12, EMIEIX. EHL T
o7z, TGases 1,2, 3%, periderm IZBEtETH Y, 3k
BCHIIIZ S, 59 WIEHLDTE®D H 117z, loricrin (& Z DR
periderm ML, AL E S ICBEEETH - 720 TERHE
FWORDENS, periderm OO AR, FEBIAA LD
bniz,

3.1.2 3EMOxHE (BE66—95H) :

SEMDEE (466 — 9 H) %5 &, periderm
DOTFREIZIE, FEEHIEE periderm O @ intermediate
cel BRSNS (K1), SO, TEIHMIZIE periderm
OMPEEIZZ SICZORS LB THEEZE LW (H2),

e B hUARP:Cld, TGases 1, 2, 3. involucrin, SPRPs,

B L, loricrin &, & 7T periderm 2B TH o720 Z

NOHOHEAIZ, T TICZoRIC, EEHEMEEL XV TH,

periderm OHILBIFIZ A L TWD Z L5 o720 cell
envelope O & @ periderm DML~ AL,
FEEMIC X - THERE SN 7zo periderm & 0 Tl DAL
fld. intermediate cell Td. TGase OFEHITAD LN S D
DD, periderm & LT 5 EIEFICTHVHEIHTH - 72,

1. & MRREREFREOREDEAKN
(@) ROMELBED R & V) B2 FRKE (<40 days estimat-
ed gestational age (EGA)). (b) 2 BMNDXKRE (40-65 days
EGA). (c) 3EBMNDERK (66-95 days EGA). (d) 4 EBLIED
R (96-160 Days EGA). () EEBERE DAL E R TRKE
(>160 days EGA). &f® , periderm. (it 12 &V 5I1H),

loricrin, SPRPs 2 & ®, cell envelope D AEH X,
intermediate cell. JRECHIfZICIE, F72. IV H LA
Mo 2o TEMERL O RSB 1 periderm & intermediate
cell \IZFEHAIA S, FFIZ, BRVBIRD5AE 25, periderm
& intermediate cell 2389 % #5124 b7z,

3.1.3 4EM. LUV, ThUBEOXRE (a4 96 —
160 H) :

4, g5, Fhb oL EtoRE (KL 9% -
160 H) 2% & (K1), BHAMIZIE periderm DM
F 3O E ) ESICZDEI LEBETEEZHL, &
ORI DB D periderm DML A O ALAIIL O
cell envelope £ # 15nm OIE X OEBETHEDOE
ol (KM2). 3MUEDREILFIEHNT, DR
WMo A S, periderm 121&, 9% S EHUAE Tt
TGases 1, 2, 3. involucrin, SPRPs. # X T, loricrin i%.
ETHMETH - 720 2D periderm 128155 TGases 1, 2, 3.
involucrin, SPRPs. 3 X U, loricrin @M%, FEE DO
1Bz & 3 72\ periderm 28HE 9 % £ T, WO BNz,

cell envelope DREBAAAS, FEBZ, periderm DN
BT £ C cell envelope 2, T L TWA DN L) 2% 4l
B0, EEEAHCTHNRS &, PHERES Mlge
EEATEH L TWwa iR & 12, involucrin, SPRPs, B X U,
loricrin i&. periderm OHMEBEDIE 72> TV B E IR
FELCTED LN (K3), periderm [ F @ intermediate
cell Tid. involucrin DFEMAHLNL OB, Fofiod

DR D EFES

(a) 2BMDOERE (51-65 days EGA). (b) 3EMDERRE
(66-95 days EGA). (c) 4 BLIEDFERRE (96-160 Days EGA).
(d) EEEREDAILERTRE (>160 days EGA). (a) peri-
derm cell DHREDIEE L. 2BEOBIHOREICHNT
BECIAE > TWD, 3BHEDERE (b)) LU 4BLULEDE
K (c) Tl3. periderm cell DMMELIZIC IIEETFREDE L
cell envelope »BEICR 5N 3, (d) periderm 7 B#E L 7= &
EDFRKE TIEAIE L =REMEBOMATIZIC cell envelope
PR ENh TS, Bar; 0.3um. (Z#k12 LK W5IH),.



b hABHIZO cell envelope DAL & % DIEEERREE % K § SRR DT

cell envelope DHEEEE (loricrin, SPRPs % &) 1%, 3%
ECHINE, B &L O intermediate cell TIXEMETH - 726
TGase DIBIIZ OO RZ O LERBIZFED 5115 M,
MALICBWTE D EEL TGase @ subtype Tdh 5 TGase
1 OFBIL, FEEHALRE TIEES 2> 720 TR O B 558
Hiz. 3HEORKIZBIT 50 LFEMKIC, periderm &
intermediate cell IZ3%% 572, periderm & ZDEF D
intermediate cell &A%, #3 AMHIZH SN 5 IHWIRDFE
Hix, 3BUOEZOIALIY, E512, MFAINhTET
Wize ZhUE, periderm O FROMILIEDS, DB O
Bz, oMb r o b FIREDFZ 5.

3. 1.4 Periderm Bif0ALERIERE (Ba%E 161
B L) -

ERMER ML EZ R TIA 160 H LLBE D K52 T,

periderm 1352 4ICiHELTWA (K1), mEEOMILL

X 3. EEIES & MRIEFRKD periderm (23513 cornified
cell envelope MTZEL
Colloidal gold % A\ 7= immunoelectron microscopy (< C.
periderm OFARZEZ(C involucrin (b,c). ¥ &, loricrin (d) »E
BELTWBZENRENT, (a) I3, EERAEBICETSA
B OMBIEA D involucrin D3EE (32t 12 £ W EIA),

o7 MBIE, TEEBXZ 15nm @, RADKEOMED
cell envelope &FEBDOE L, BT D HITEEE % K
LTw/z ("2), cell envelope DKM, involucrin,
SPRPs, loricrin, 7 & ONZ @R DB/ B O § R THS,
C ORI o YER AR B X 0L IStk T - 72,
JEA R OB B A, AR & R o0 I AR IR < AR
W20 A LCwiz. TGasel, 2, 3. OFHIE, FEEEITA
51, TGasel B XU 3 D5 Ai lIMIE AR IR IZTED 5
N7z, ThHoOFTRIE. MAOEETRONS b O LAk
Tholz,

3.2 EHEXMALERBEREICHT S comified cell

envelope DR

3. 2.1 FEKEREEXRMRBBIRALEAE

5 B 4 51 0 FEARIET S Rk M SRR AR AL i B 12 B
T, involucrin, loricrin, TGases 1, 2, 3 O Al IEH TH
272 W, 1 FIOIEKRFI e KV £ Wi RR AL B E B 1T B
WTOH, TGase 1 DFRIBUMKF AR SN2 9, @BMIE
REAEM9I21E, B 4 1 Tld. cornified cell envelope D 1E
HERIBIEDPRD HN72H, TGase 1 DFHFITEEHI AL
N7z 1 #ITl&. cornified cell envelope DAL AL
Shiz (4) W,

3.2.2 ERAE

Sl B L7z 1 B o B2 IR MR B I B v T
involucrin, loricrin, TGases 2, 3 O AilZIEH TH o 7225,
TGase 1 HHDFIIALTF AR S, TGases 1 M S AL
TLTW, BIEESMIZS . cornified cell envelope
DI R S Nz,

Ve ey 'S
I = b < 5 K e

4. TGase 1 BMENET %538 1-FEKBE A SRR R EE
FIZ 6 (2 EEDREMZBE. HLUEHEE
(a) &BA% hyperkeratosis & FEE D acanthosis W E&E K
B2 R 5 h 7= (toluidine blue stain), (b) EIEARYIC (X FEFIHA
FBA®D keratin clump ®ERFEIEERD Shikh 57 (c) FE
KD T3, Eu cell envelope (RFR ) PIEEICHR &
hTWi=, (d) BB T, cornified cell envelope (&£R ) I3,
BEEETIEERITEL, KUK ERD . (e) EEEHFIC
&7 3 cornified cell envelope (&R )o Bars, 50 um(a), 1
um(b), 0.3 um(c-e). (F—& &k 14 LWEIH),



3.2.3 Mutilating palmoplantar keratoderma'®
281 (1RR) OBBERREIBEEN BV THRIEM
YehiikE:Cld, involucrin B & U°F SPRPs 1. JRAHR
TIRIEFEFICH LT, LDEVTHIPT, IEE O
RIBOIG LD TFHIZBWTHREIL Tz, JGIH
L~V T3 involucrin B & OF SPRPs O YR ML B

V5 MBI D JGAEDFRD S L7z, loricrin DFEHIL,

I FICBWTEICEII L TB Y, TR
WZBWTHHIENICT W RAEIRD 51Lb DO AR
THY, HREE~OLBETRD LN L o7 @B
TERE2E DI AL NI FE 2 IR 25580 H
720 BATHINL 2 & EJ7 123w T, cornified cell
envelope DA A S NFzA5, IEH & b TRlH
52 EAAINE 2 & AL 2 ) T, EFHEE
DEYPE DL X 5 cornified cell envelope @
JEE S SN o7z (R5). HREEHETIE F
BHEFICBWTEH, IEFEE & FERIC, involucrin
3 £ O° SPRPs I cornified cell envelope OTEZHIZAE
W cornified cell envelope ¥4 ICJRFEL TWwWiz, L
7> L. loricrin ® cornified cell envelope ~DiLHE 1%
EFEE LT LT (M6).

3.3 EXMACRBEREICHTIEETH

ik S

3. 3.1 FEKBREXRMABHERILRAE

TGase 1 OFEBUTRE 2 H 72 1 BT, direct
sequencing ® # #. TGase 1 gene (TGM1) 12,
heterozygous 7 2 D DZE, 9008delA (paternal) &
R388H (maternal). 2%@® LN (K7), IhbD
OERIZ, avbo—nE LAEEHHARANS AD
DNA 12, #Bodbheh o7z TCGM1 OTRTOD
exons. exon-intron borders (2 > \ T direct
sequencing #17o 7205 ZOZEROMWIZIX, FFHE
OB ALERIIA LN o7,

3.3.2 ERAsE:
LR L7z 1 BT, direct sequencing OfEH.
TGase 1 gene (TGM1) 2. heterozygous 72 22D

I AL A, L204Q & R306W. A3 b7z,

INSOEEE, av hu— & LZEFHAN S0
A®D DNA IZIE, BN rolze GM1 DT RT
@ exons, exon-intron borders {22 T direct
sequencing #{7- 72725 ZOZEROMIZIZ, WK &
LORAERIIA SN 5T,

3. 3. 3 Mutilating palmoplantar keratoderma :
loricrin gene @ 22O ® exons (21&, FRfGFL0E

o B et I
5. mutilating palmoplantar keratoderma FRZE S8 F2 /& ) ETE1&
(a) FBHEODMAZIZ, ERXATSFoRETT T VB ET
B LTV, (b) EE %L, 30U cornified cell envelope (&R ) ». F8
R DMICIER S5 hizy (c) BEREIBOAE TId comified cell en-
velope (&R ) DIEFELH % v) . cornified cell envelope (&R ) I IEE
BB (d)ICHEIT2HDEL SXNTERISED, - /-, L cornified cell
envelope & desmosome 5743 1) > JIRDEED . FBRE FEBD
BICES5h 7= (e) KF, comified cell envelope; %&EN, lipid droplets,
Scale bars, 2 um (a), 0.2 um (b-d), 0.5um (e). (3@ 15 £ 5|H),

C A A
6. & ETES - mutilating palmoplantar keratoderma DIEFIC $ (F
% cornified cell envelope DAL
BEKE (a) T3, EBAKE (b) £ T loricrin OMFZEAD
AP DEV, fthh. BEEE (c) TOinvolucrin D NJLIE, IER
ARERE (d) £ W)igw (Ek 15 £WEIE),

catalytic triad

ore domain

activation B.sandwich
domain

p-barrel 1 B-barrel 2

9008delA

peptide

100 residues

R388H

7. TGase 1 EFMNET #5830 -IEKBR AGRIEIREENICR
5N 7 TGase 1 Bz FNDZEE. 9008delA & &£ UF R388H

ARRNDXADLER, 9008delA i&. TGase 1 EED cKIC BY

% B-barrel 2 domain RICH B, BADEE, R388H (5. TGase 1

EOOEEFMEML%E D core domainARIC % % (XEk14 £ WEIH),



b hABHIZO cell envelope DAL & % DIEEERREE % K § SRR DT

. mutation IZERIN L h o7,

4. &

AR DOFER, T 7 cornified cell envelope FiBE&E T
% % involucrin, SPRPs, $ X 1¥, loricrin %, & MEH®
EB\BIZBWT periderm ORIIBICHEE L TWAZ &8
HOENI R o7z, 6T, KAEMIZ, TGases 1, 2, 3,
LPG %%, i3V, periderm OMIFBICHIL TWAH Z LA
IRENTze TNOLDORIFPHOGHT A &, BEIEEFEMIC
periderm OMEFEICHESBOSNL L2 EZ D
5L, b MEROBABEIZH HKED periderm 1,
ZOBRMEMIEII BT, WAL OALMBITERT % b
@ LMD cornified cell envelope ZH T 5 2 & A3t
END, FIEBEBIC L Z2MEOFSE, 74 cornified cell
envelope HilR#EH TH % involucrin, SPRPs, B X,
loricrin ¥, ¥ MEZJE periderm OME L 7K &
LB THIEL TS Z EPERINz, 2, RiEK
i, $7&bH, periderm A cornified cell envelope % 2K
FTHEVWIEZEZTHTLLDOTHL, D EoSHEESR
7257 —% X U, cornified cell envelope DR &9 B
L#bE, periderm OBHMEHEEIE, WAREREDr I
F /A POMALEBLEEB L3O THLLENVZETH
%9

periderm OMIIEIX. JEED» SIEIENEFET L0
5. BREMFEPMILE GO L T ComMic, HELRE
RELIELZ R T, 2D periderm ORMILDOILRERIZALD
Ty Bl GRED) oZfbd. Mo fmbe o
Wi, PSSR S5 A, periderm OMNE D . BiwHN I,
PRI O Z LT MIBW/INMEE 2 v, BITEEL
TL %o INSHOHTRMS, periderm (&, [¥@ & 13 %%
LAk R T A biilakE | L EXOoNEDITTH S,
periderm DB H R DFAL~D, LA DI,
Fkm S HAEROBREINE . RIS 2 7HRRELIC,
GIRSEIGT A L), WBOREKNAEZ LT LIl b,
periderm OAFEAEESE, MU, FOBRMD A 1 = X L %
T 27:D121%, S 5L25%OMEILEL Ebh b,

WA, cell envelope HIBREH DN TEELRDDOTH S
loricrin ® 2 12 X % cell envelope @ & B & 4 A5,
Vohwinkel syndrome!® % erythrokeratoderma'? %o ji
EHACREREORKNTH L P2, Tz,
loricrin 23 F DO ¥ UAMZ B cell envelope O ¥ B
ALESDOREE 2 D EL I EARBENLTVWS B,
RO —FHWOEKRTH, TGase 1 DEFIT X 5 cell
envelope DIEEAENZDIHNTH 5 Z ENHESNT
W55 0, SROWIFEOME S, B L1 Ao A
ANZERfE RS 12 BV T, TGase 1 #EETICERDFED
HN7ze &6, FERIERSE KM A0 B AR AL JE C b

TGase 1 DBIZTEEMNFEKNTH W REEI RS Nz £
72. KIFFE DX} S & 7 - 72 mutilating palmoplantar
keratoderma DJEH Tl cornified cell envelope DIEEA
LB Y eSS, BEAIO cornified cell envelope BHZ
BIETICERDN S B REIEENTH o720 2D D
5. 4 mutilating palmoplantar keratoderma ®¥Ef
oWk, ZORHHE LT, o ZHS»IcshTwn
72\ cornified cell envelope BIHLAR FA&E A% S 7z,

AR i b B R ER % B9 2 FRAE 2 L o4,
GO NE I D cell envelope DI 7 & A5
HLTwaAWREEREZ SN, v MEEMERO
periderm ®3B#i. 75 F %4 boALR E0BIEIL,
TR DFEE, LD A H = XL ZHET B &) Bk
DOARTHR L, FEEAMBFEOREOM L V) mrbdb s
BOPIRENIIERN R TH 5,

AR, BEEESSIED X H = XA, BB R Zom
AW, EETREE S L -l E s, £FfEo
At B OHEE T DR, R4 0B CTRA SR
T7a—=Fik EAIATDNR TS, 5. $TFT. K
G ISR B RS, BB DAY R T o B R ENX
KEL B0 EZONL, ZOREFNT Ta—F &
LR EIREDOBEREE EZ MR E LRI L ST, 2512
i cell envelope MEREH D5, BHPHL 2R,
@ cornified cell envelope B#L& T & MALIEDIKIK DR
&, ¥ 51213, cornified cell envelope A&, 72 & N2 AH %
DOREREEA DRSSPI b 2 s RS,
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Microdialysis is a relatively new technique for sampling tissue extracellular fluid that is gaining popularity in
kinetic and dynamic studies of drugs in experimental animals. Intradermal microdialysis permits us to measure
directly the concentration in dermis of test substances applied to the skin without loss of fluid volume. In this
study, we have attempted to use this technique for characterizing the kinetic behavior in dermis of cosmetic
compounds applied to living skin and evaluating the effect of cosmetic compounds permeated through the skin on
biological elements in the surrounding dermal tissue of the rats. In general, several cosmetic compounds showing
pharmacological activity were formulated in commercially provided cosmetics with various additives. It is important
to evaluate the adequacy of intradermal microdialysis to quantify the interest cosmetic compound in cutaneous
tissue following the topical application of its commercial product including various the other cosmetic compounds.
Therefore, first we used Sandimmun that is 10% oily pharmaceutical preparation of cyclosporin (CYA), a low skin-
permeable peptide, as the model product reflecting commercial cosmetics and measured the dermal concentration
of CYA applied topically alone or with absorption enhancers. As the results, intradermal microdialysis enabled
us to monitor cutaneous CYA quantitatively in proportion to its applied concentration to the skin. In addition, we
found suitability of glycerin as an enhancer in the cutaneous penetration of CYA from its commercial product.
Subsequently, the effect of barrier perturbation by delipidization on the cutaneous penetration of salicylic acid (SA)
and the effect of SA permeated through the skin on the dermal endogenous homovanillic acid (HVA) were examined.
SA was chosen as the model cosmetic compound because it is extensively used in the commercial cosmetics. As the
results, enhanced cutaneous penetration of SA was correlated with the increase in barrier perturbation activity by
delipidization. However, the dermal endogenous HVA levels were virtually unaffected by the increase in cutaneous
penetration of SA in the various delipidized skins. A correlation between the dermal endogenous HVA levels and
the cutaneous concentrations of SA was not found in the barrier-damaged skins.

This technique must become an available tool for kinetic analysis in dermis of cosmetic compounds and evaluation
of their effects on biological elements in the surrounding dermal tissue.

L2 L, WIURAEHI OIS HIIE, 205 B YD EMNICER

1. ¥ &L, EEREEE BT TR BE I, 20

il

AR, EHAR ER A i L bR EM SRS s LT
WAHHS IROALHER IS, TR OT e, FEFEE
BRTALEWABHRA R AT REAEH] & LTS Sh,
BTN TS, LA Ly RE £ ORAIE
B9 B AEBH. FHRA S R NNOYE OB
BN TR L LTIV T WA 20, BEET S
BB BHNNRET A2, FLWHIER2ZIMZ ShTw
Bo T OEBBEREC BT, AR B AT
RFTHHI DML ELRSTERY, 22T, 1RO
(LB & S T B 36 B2 D B I E % 1) | &
EHRAL LT, MERE & BT E Itk o H 2
R, Gk, WY oREEBEREOHITHHShT A7
R AR SE R DALRE A~ OIS Y S A S ST v b,

Application of Microdialysis to In Vivo
Kinetic Analysis in Dermis of Cosmetic
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alysis. Cited from reference 4.
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L 7252 B BALHE S5 O WX EYRE & 7 ) PN AR AR 850

ANCIIUREH] & LTRSS hTnb
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2.2 WIEHREE
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) Vil % 2.5 ul/min OUNEEE THEG L 72,

2.3 BMER

Wistar RHEME T v + (KE 250 ~270g) 27 L ¥ v
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5E 1 h #%I1CHE %4 O CY A MMPEER 2mL % ZOHICTRE L,
HH6h#%ETEMEZ LhEBICBENI Y EINL., &%
# CYA BEEMEMICH L 72,

SAI¥ ) — Vsl W2 EBTIZ, 9 A1) F—N
—xEE L% TEby VI FLT—TVEE T
ORVL /A5 =)V (2 :1) REW2mL 2 ZhZh
D= N—=ZZ, 1hiZhloTHEBOHIEZIT-
720 TV P E—IVIZOWTIEAEBALRKZINZ 72, BIRE
W 1ThBIZS5 B SA Y ) — VB 2mL 2V F—N
—rhCAE L, @ 6h % E TEMKZ Lh \ICHEN L
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VT IR Lz BB, AT a— T 3 e
DRI 2B CHNT 1M #IEER 10uL 2272,

2.4 TE

&N o CYA 1& TDX H 8 #ll % 2% & (Abbott
Laboratories) % FI\ 72 8B GSRIERI E 3 X 0w/’ L7z,
BT O SA 1. BICHE LY 285120, 4
SNHBHI T2 b= MYV EREARINZ -IE &
L7zt ik a~ b 757 4 —8EMmEIc X g
U720 Mk o~ b 75 713 LC-6 A KR ¥ 7 (B
% vy, RF-535 BEOuk g (B &Rk R 300nm.
TEWEE 410nm IS BWTHW 720 7T A 1% Cosmosil 5C 18-
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K—A% 7 ——WEEE (58 :38:4) ORGWEBEME L,
FIRT, BY7WHHEA 1.0mL  min IZ3%E L T o 720
BENEAFON T a—VT I VT, BEEAks o< b7
574 —BAALFEMIMEIC X D ER LT, mliiks 0
<7971 FLC-6A MK FEZH\w, L-ECD-6A BIE
SAbF Mg (5E) %3 EM 800 mV 2BV THI /2,
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W IR 1. ImM A2 2 Y ANVK VBT N 7 A,
ImM EDTA - 2NaBE15% A% J — IV EEGHh ) vk
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720 e B B ENTE R TOWEORHZLIZEFN~D
WE D BREWIUE OB ZLE S LW ERETE B 720 7,
FBRORPGERE L 5 7% 4 2d, CYA BX O SA DAD
VT OREE WIPGEREE & BRI D T 7 5 4 DY T %,

2.6 fhstinig
155 N7 EBEO A EEOBE X Student O t B %
HL7.

3. BREEE

A OWMADPEA SN TV B HBS2 S L 72
CYA DS Z. 7 v MEEERRI~#EH L% CYA
DREFZ WL B % RERZ BN & W TR A B35 2
EAC XD TBRALRE A KRS A L 7 BT R A~ E
N EROOEREE L TOREDH RN Z S L 72,
CY A MR &2 B CRE S @ L 728312, R U N ENT
FEICEDESNI R EN CYA LR L 20 BFEE ORI
{b% Fig. 213" 7. WL @HEHL? S EENICCYA
A E N, FOREIIHERLNICT T b—1TE L, 72,
B2 2T U 7= EE R o CY A IREZ M€ %
L.OREHO CYA BELBR L 72,

T, EHNBREOREEND S, ADTORREIK
POREEEL 75 4 225 L7244 (Table 1), R
MICHEA L7 CYARED EA L CYA OHRNT ORI
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Fig.2 Level (A) and cumulative amount (B) profiles of CYA in the skin dialysate after topical application of 0.5% (@) , 2% (&)
and 8% () CYA oily solutions in rats. Data represent the mean=+SE of 5 rats.



SGHEE DB BAT 72 IEOMHBAHED Hi/z (Fig. 3)o
ZOZE XD, BEBUNENTIEZ. EENNRZE L 725
W OWINEDZEALE in vivo DIRETIEMICE=% —T
ELHETHBHZ EDPVAEE NI,

CYA W 1LHOT 3 7 WA o 4 2 S K % 4

Table 1 In vivo skin apparent absorption parameters
for CYA after topical application of CYA oily solutions
in rats.

CYA Apparent absorption Lag time

concentration rate in skin dialysate (h)

(WV%) (ng/h)

0.5 0.85£0.39 0.21%0.14
2.0 2.781+0.89 0.18%+0.22
8.0 19.02%2.08 0.0610.05

Values represent the mean+SE of 5 rats.
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r= 0991
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(=] 7
T T

Apparent absorption rate in skin
dialysate (ng/h)
»n

0 2 4 6 8 10
Applied CYA concentration (% w/v)
Fig.3. Correlation between topically applied CYA concen-
tration and in vivo skin apparent absorption rate of CYA.
Data represent the mean=SE of 5 rats.
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B A 2 SIEL. v MR 2 H Wi fE 2 oG &
T, CYA DS EBEEZRT I L2MEL TS, L
2L, CYA O &8P LT, Duncan 5 ' 137V
I—)VHHE Azone DRI L Y TEEI NS LG L Tw
% %5, Cole & ™ ZWRIUEHEH] & LT 7 v a— VEZ RN
LTHEHESIN o HELTWDE, TH CYAD
R WIXPE I BT AWFZEAE R OMEIL in vitro TOFEERS:
HOENTERT2DLEZ 5D, HER. WHEORK
WU % 5EAM S % Bk & LCid. BRTE L 72 FBRE) 0%
B8 %2 L VEEE 12355 Ly in vitro TZOE MY
Bt s kg sh &z, Lyl Mkid, J¢
AR T CTOERBTH 5720, Ttz F M o &k
DFENT, RMAEM O L OMBEELD Y FEE
DHEART O IPUIRRE 2 Fd 5 2 & 25 L vy, =R
NENTEIC K B in vivo B RINERFTICBWTIX. BE
WTHRUNER 21T 9 720 KGR D —E T AFWEMEC
JE NIRRT HEBRIY) E R Bz WM & WS C & 2RI 5 o
Z 2 TWIT, ALREMIC b T RE e R E R DR & L
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Fig.4. Ratio of total CYA recovery in the skin dialysate for 6 h after topical application of 2% CYA oily solutions with pirotiodec-
ane (A) and glycerin (B) at various concentrations to that without them in rats. Control value was 16.5%=5.1 ng. Data represent

the mean=*SE of 3-5 rats.
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D ERBEML722%CYAMMEERO#BAH 6h %% TORK
B CYA FERROEE%Z Fig. 4 1R F. ¥aF+ 57
W TRIIEEEDS 6 % LUT Tl B I o U 3% % 520 70
S>b D%, 10% T TEFSE CYA ORIHHN~DOULIE
FELCHWRL, A0 T ORBEIDGHEE (X 4.9 f5A =ICH
KL7: (Table 2)o LA L. iRIEEZ 20% F TLITA
EZORBEHEE L. ISR REL Y, B
CYA ORI Eo B TR F+7h vy 2 Hwb
BAIIE, ZORERBNEEREIFAT B 2 L ATRE
XNize —JH ZV kY Y OBEAIE. RINEEA 3 ~ 10
% DHLPH T Z DPLEE LTI L 72 %8R WU 0 Sl 4
MDD LN, 10% 2R 5 EZDORENRNT S L Vo
=W 19 22 WU AE ) O S P 2578 80 & 7o IR R
CYA OAPTOREWIPHEE X, 6 %D 7)) VO
T 3.0, 10%LL EOBRMTIE 6.4~ 6.9 fEARICHK
L7z (Table 3). SHOWIZERED S, JL <ALBESIZH
WHENTWD 7)) A5 K ERTEDIR I DR
WIEL D 7= DI b FIHTE L 2 EAVRIE E N7z,

WIS, LR & L TEH SN TS SAD5 %Ly
J = VIR R I T KR IO LRE i 53 O BRI 1 &
Bz AR B R 2 e 533 A R O R 7 i o 5o B & %

BEB/INERTER S & D BRES L7z — RIS D B i & 112

WEH B ISR T, AEEHRLE (stripped skin) B &
ORIz (delipidized skin) Tl EA$56 2 EDH5
NTwb, AEMEEIRELZ RS 5123, fie 0K

B WD HEFHE SR TWEA, KRELSHHETLE,
AF )=V, )= VBIOTE b rEHEoKERNED
WIEEZHHT 2 e, AFH Y, VIFLVI—-F LB L
U7 auk)lb A EOIHRMEOBEZ MR T2 HETh b
2 Zof. X0 IREOBIEEOmOGEEE LT, k&
RAE, FFRMEOBEORARICOVTDH, Zuouk
VA AF =) (2 1) BEWESHESATVS ¥,
N SHE A OEBEOBIRRIRIC O W TR, KOB#EMEDZE
bR e L2liiERH D, =5/ — <7 hr<yx
FNIZ—F < Z7auaRVr<r7aaRiVL " AF ) —)
(2:1) REWONETH 5 2 ARSI TWD Z, —H,
FRBE P INERT IS & 2 KR AR ofitid, —ERfbE
FW w2y I P BT ku— L Ep v M E
727y FMOIEFEERAHCTHESINLTWS, LaL,
ALRE S B 733258 D ERE & 72 % £ 2 B R BB L & iR L 72
B8 & Ty B NARE s 28 & e L 723k 1
RS0, ZEHEHE. ShETT v FolmiEd. KN
B L OB SECBOYTHREA Fa— VT I VR
WEL, ZOREEZMELTX2T 7, 22T, AFET
. BRsIROBRLLZ TR Ny, VIFNVIZ—F), 21
ORNVL/ A5 =) (2:1) BEWD 3 OOEHICE
DR L7725 v MEBEHWT, 5%SA ¥ J — ViR
BRI, WREREVEDZAL L2 IREO R E 20 5 IS
72 SA BREE KD B L FAKFIC, BFNONKYES 7 —)v
73 el L, EhS OB BT L 72,

Table 2 In vivo skin apparent absorption parameters for CYA after topical application of 2% CYA oily solutions

with various concentration of pirotiodecane in rats.

Parameter

Pirotiodecane concentration (w/v%)

0 1

3 6 10 20

Apparent absorption
rate in skin dialysate (ng/h)

Lag time (h)

2.78+£0.89 2.09+0.21

3.27£0.65 5.40+1.93 13.67+5.17* 2.64%0.71

0.18%£0.22 0.10*0.10 0.18*0.16 0.15+0.04 0.14*0.19 0.18%0.13

Values represent the mean=®SE of 3-5 rats. *P<0.05 compared with value obtained without pirotiodecane

(Student’s t-test).

Table 3 In vivo skin apparent absorption parameters for CYA after topical application of 2% CYA oily solutions

with various concentration of glycerin in rats.

Parameter

Glycerin concentration (v/v%)

0 1

3 6 10 20

Apparent absorption
rate in skin dialysate (ng/h)

Lag time (h)

0.18%£0.22 0.04%+0.05 0.19%0.24 0.21%0.11

2.78+£0.89 2.93*+0.50 4.78%1.67 8.39+2.78* 17.67%4.46* 19.21£1.37*

0.05%0.05  0.01%£0.01

Values represent the mean==SE of 3-5 rats. *P<0.05 compared with value obtained without glycerin (Student’s t-test).
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Mo<VZFNZ—FN<ZOORLVL/ AT ) —N(2:
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TWb, AiFIE. fx OFANC X 2 SA OREH % Wl
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bo FlEIE. AWML 5%SA ¥ ) — VR
ZEMEL. AT LAT Y FOIEHEE, MBI %

5B E IR EH T 2T 217> CTWab05 Tk
b X BBIREERE 22 & D SA ORFWIEE, IEFRZE
TOREREEAC L o7z M LTV 5. SA ORI
P 27 &~ 2 DOBUREIHRIC OV T DK 4 & Benfeldt
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Table 4 In vivo skin apparent absorption parameters for SA after topical application of 5% SA ethanol
solution to normal skin and verious delipidized skins in rats.

Parameter Normal skin Delipidized skin
Acetone Diethyl ether  Chloroform/methanol (2:1)
Apparent absorption rate 0.16£0.05 0.19%£0.03 0.36%0.06* 0.59+*0.21*
in skin dialysate ( ug/h)
Lag time (h) 0.85%0.41 0.64%0.22 0.45£0.25 0.46+0.31

Values represent the mean==SE of 3 rats. *P<0.05 compared with value obtained normal skin (Student’s -test).

Table 5 Endogenous HVA levels obtained in skin dialysates after topical application of 5% SA ethanol
solution to normal skin and verious delipidized skins in rats.

Parameter Normal skin Delipidized skin
Acetone Diethyl ether  Chloroform/methanol (2:1)
Level before application 0.46%0.18 0.54%0.16 0.58+0.25 0.68%0.13
of SA (pmol/h)
Level after application 0.48t0.14 0.541£0.17 0.63£0.31 0.78%0.08*

of SA (pmol/h)?

Values represent the mean=+SE of 3 rats. R average value for 6 h. *P<0.05 compared with value obtained
level before application of SA in normal skin (Student’s ¢-test).
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During the sensitization phase of contact hypersensitivity through skin, it is widely accepted that Langerhans cells
pick up antigens within epidermis and then migrate to the draining lymph nodes to present antigens to recirculating
T lymphocytes in association with major histocompatibility complex class II molecules. We discovered trafficking
of connective-tissue macrophages from dermis to draining lymph nodes during skin sensitization as an independent
phenomenon from Langerhans cell trafficking using FITC as an antigen. We could differentiate trafficking of
macrophages from that of Langerhans cells using monoclonal antibodies specific for macrophage calcium-type lectin
(MMGL) that is a connective-tissue specific macrophage marker. The extent of dermal macrophage migration was
greatly influenced by the selection of vehicles to dissolve FITC. Using several kinds of vehicles, we observed a
positive correlation between the efficiency of skin sensitization and the extent of macrophage migration. These
results indicated that chemicals in the vehicles may exhibit an adjuvant activity through the induction of tissue
macrophage trafficking. We directly demonstrated macrophages migration upon skin sensitization by local cell
transfer experiments. Interestingly, the migration was induced by vehicle alone, such as acetone/dibutyl phthalate
(AD), without FITC. These results also confirmed the critical role of vehicles with adjuvant activity.

We observed the initiation of dermal macrophage trafficking using mouse skin after epicutaneous application of
AD. Thus, we immunohistochemically detected that MMGL-positive dermal macrophage density was transiently and
reversibly decreased after epicutaneous application of AD. We also developed an organ culture system, in which
skin fragments taken from the site of AD application were subjected to a short term organ culture. The density
of MMGL-positive dermal macrophage decreased irreversibly in this system. Using the organ culture system, we
discovered that AD treatment induced local production of pro-inflammatory cytokines during skin sensitization.
Furthermore, we also found the activity that induces dermal macrophage exit was mediated by pro-inflammatory
cytokines, such as IL-1, using recombinant cytokines and antibodies against cytokines. A possibility that IL-1f
treatment down regulates MMGL expression in macrophages has been excluded.

In conclusion, our studies revealed importance of connective tissue macrophage trafficking during skin sensitization
as a mechanism of adjuvant activity of chemicals. Our ex vivo organ culture system using skin fragments will be

useful to examine chemicals that might enhance skin sensitization.
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WTOMEG2HR5720, £3. AD &AM LYY AR
JBEMBEE L CZoRE REZRINL 2, RlE~Y
ADEEIRERIRRICAD ®A Lz~ AR EoRE -
WERMUBIZET 5L, K2 LIEO@RME IS U CHE
?D MMGL FatEMR o 54 85 B O T 23BlgE S vz, RIS,
BEREZzEY M)V 74V =2 OTHET S &
WEPEE ST 5 10,000 DL EOWE SRS Nz, 202k
X TEHEORGER T EH A Y TEEL. FRUSOF A F
HAVTHDHIERRBLTWS, S5, ¥EHA V%
BRIEG Y v R THY)FHEEHERICEL>TY
TR MEENHESNS Z LML TWAED, AD &
L7z A ORERBERCANTEHEEL TSR T
b, B O MMGL Bl o 4545 B O T %2 ik L 7
Nolze

AD ®AG L72< 7 AR DM ERAESRICIIEMET A M A A
T B YA E AE S TRB RNz, i R IL-
la. Hi~e™ 2 IL-1 g HukOIAFIZ X 5T, AD A 4D
B A 5 D MMGL BRI 04254 B2 E S v za8,
SHHDONLAY —1gG TIEBEDN o7 (K8). F
72y PL¥ 7 A TNF-a (2 FBRICRI RO H 17z (not
shown)o, &I, IEH~ AEEOLRER£E T, AD A
L7z~ A O848 B O R F O % 1< 2 FEGR
ZHWT, PRV 2720 88 EiEosRiE, i~
7 A IL-1a. B~ A IL-1 f PifkiC & - TR S 7z

30

i medium §
\

(NN |

anti-IL-10
(P <0.02)

%2 analysis

anti-IL-13
(P <0.05)

Frequency
g

hamster IgG

o N TR S
AL L Nm

0 0.5 5.10 10-15 1520 >20 0-5 5-10 10-15 15-20 >20
% positive
M8 ADZHYIARBREREEBIZSIBZHY A bHA
BEDR, ADEZEH LAYV ADKEEEHRBRET B85
100 ug/mL Dtk & £EFEI B /-, 24 BERIE DO MMGL B
MIEOERFTOREER7 EEAKICKDOEX VT T LEE
B 7=, e, MMGL B OEE. Htdhh Zz Ol
EEZRET3HEBOHBBBEEERT, AD ZHE MMGL [
MHIEDBEDZWEE (> 15%) »iEd§ % 5 (medium).
IL-18 ® IL-1a (ST BfAaeHFES L2 & Z0ED G
Shico MBONLXZ—I1gG ICIIRIRI G D o 7o

(B9)s T/, Hi~w™w A TNF-a 12 RIS D
57z (not shown)o & 512, MIEZIY A MH AL PO
WAMRIz2e ¥~ A 1L-1a, ¥ AIL-18., ¥% A TNF
—a & BB RAEEOHRERERIIBNT, HE2S
® MMGL Bl oA 2 #3572 (X110).

WIS, AD BAi~ 7 AL JE ORI ETEIC, EBICYA b
WA VHEENTVDE L) & #~R7z, ELISA I L5
T ADBAT L7z~ ARE R EFEPICIL-1 f 2k
WMEhz (£2), 512, ADZBA LR EICBITAS
IL-1 B OFEAMIL % REMBRZNICHRD L, KED T
NN AR EE LA TH S T E b7,

NS DOBIERERIE. AD ORI X > TRIE /AT IL

P <0.01 P<005 P>0.1

MMGL Bttsifeo®le (%)
¥ + SEM

NLAS —1gG

KOE  Hikzl  HIL-1p HIL-la

K% EWEGET
M9 EEVIIAEREHREEBICSTZADERYIIESE L
BEOMRE., MAFICL S5, ADBH LAY XAFEE &R
BEUEBFE#ESE LA, EEYIARELBREEET IR
ICHELEERNTBEEDIC, Y1 MHA 2ICHT 34K
HHFEI U, MEIC, BERE2ABBEEOEEENDER
(253 MMGL B4R OMIEZEEDFEE R L /o 1B
BELERMCEL > THED L= MMGL IBHEMIRZEEH IL-18
RIL-1a T I3MEICE > TREL 27, WBONLZX
Z—1g8G ICIEIRP B D - 7=

MMGL-positive cells/field (mean % + SEM)
0 4 8 12

Ny

Medium

-1 NN P < 0.005
nNNH P < 0.005
N\ P <0.005

K10 EEVIIAEEREEECHIIREEY A MHT >
DHR, WEIC, BEERE24BBEOEEEOERICS
7% MMGL Bt OMIRBEOFHEE R L/, Y7 X
IL-18. IL-1a LU TNF-a 3. EEYYXEEROERE
D MMGL [BHEMRERE 2B S € 7=,

IL-10

TNF-o
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We synthesized lipophilic cyclodextrins (CDs) having ionizable amino groups to investigate their abilities to form
ion pair compounds with a biologically important reducing agent of ascorbic acid (vitamin C, AsA). Although per-
methylation on the hydroxy groups of hydrophilic CD derivatives to make them lipophilic is unsuccessful, per-
acetylation affords lipophilic CD derivatives having amino groups with excellent yields. The preliminary studies using
hydrophilic amino-CDs revealed that the amino group introduced to the B-CD platform is able to form an ion pair with
AsA. The binding constants of two monoamino-$-CDs, one of which has an amino group at the primary hydroxy side
(1) and the other has it at the secondary hydroxy side (2), for AsA are 140 and 220 M !, respectively, indicating the
superiority of the secondary hydroxy side modification. B-CD itself may bind AsA, but the binding constant for the
B-CD-AsA complex cannot be obtained spectroscopically. Guest binding studies with adenine nucleotides, which have
similar negative charges support the ion pair formation between amino-CDs and AsA even in the highly polar aqueous
solutions. Binding AsA by the amino-CDs is also supported by the retardation effect on the oxidative degradation of
AsA. Ion pair formation between lipophilic CDs having amino groups and AsA is indicated by liquid-liquid extraction
and liquid membrane transportation experiments. When the hydroxy groups of 1 and 2 are acetylated (Acl and Ac2,
respectively) to make them lipophilic, they successfully extract AsA dissolved in aqueous phase into ethyl acetate phase
where the lipophilic amino-CDs exist. The extraction abilities of Acl and Ac2 are greater than tetrabutylammnonium
bromide, a well know ion pair agent, indicating that both amino group and CD framework are critical for the uptake of
AsA from aqueous to organic phases. As the binding strength difference observed for the corresponding hydrophilic
CDs, 1 and 2, the secondary hydroxy side modification is superior to the primary hydroxy side modification indicated by
the greater extraction ability of Ac2. The results obtained in this study suggest that (1) lipophilic amino-CD derivatives
may be useful in uptake of AsA across an organic layer, especially those which have amino groups at the secondary
hydroxy side, and (2) the transmembrane permeation abilities of lipophilic CD derivatives for AsA may be estimated
from simple binding studies in aqueous solutions using corresponding hydrophilic CD derivatives.

A5, NREAL AsA BRI IR B A W 3 B I A5

1. #&

i

TAANE U (AsA; Fig. 1) 1ZZF0OEHERLEE'"
#70.127V (vs.NHE, pH5.0) TH»V, HHIHELIh D
WE, TbbEiHITHY, ARITHT 53 L K
Ehby, HARNTRETLIBALENZET L5V h VEE
FRICTH L THRMBILEHOEE RIS EH- T LY
BThHbHY. —fKIZASA DX ZEwBKEEZET 51
BN, EREENS OWEINLE L SN DR
2, FNOICHTBE%ESY 87 AR FICEAL, #
DL EIT> TWAh., LMD, ks v 87037k
WHIKL R, AsA ZREBIICIME G L Z BN PR
LIEH 2 20 S & 2355020, MR TR E %

AHEMIITER SR WAERBEOHFIIIRE 2T L 2 5.

AsA DRG0 E2ZET A %6, BUKTEO MK B R
MlAHFEZER S ELLEPDHD, ZOBEDPS AsA

RN 2 BA T 2 AR S hTwb2. Lk

Development of Carrier Molecules Capable
of Transmembrane Permeation of Ascorbic
Acid and Exploration of Its Mechanism

Iwao Suzuki

Graduate School of Pharmaceutical Sciences,
Tohoku University

<, MBI~ AsA O AICIE AsA ZHEBZEWINSE 2
HNBEPRWEWZ D, REFFETIX, AsA [k &
KT 2HEEDPIFELI K728 7F A MY ¥
(CD;Fig.2) 3 \CIE&EM %728, »olEEtds2 &7,
AsA LRBEDA F vt B S, AsA OfE M % %
BN GOV ToOMEH2IT) e & L.

2. X B&

2.1 Bl

KB4 B-CD DB7 £ F IV : B-CD & 5\ IFEEH ) 12
FOEH LT VIE-B-CDHBVIE2,3- v/ RFY
F-B-CD % ¥ I VICHEM S EMAKEEEZ Nz, 50CI2T
2 HEBUG S 7:t, WL, Rl ook Azl
A, WERAKFET MY AW, RERKFE TS ) T LB

B L ORMEEAKISTHREE, YU ATX VAT A7 b
777 4= L (BEEEERIFV- 25 ) —VR),

H 9% % I 83 ~ 92% CTHF7z

Acl1 DA : ETHonBT 2 F M- 7 V1L -B-CD %
AL =) - BEBRVEEE, KFEFGT T/8F ¥ A fili i
\Z & B HEMRIC R R, W T H W & I 75% Tz
Ac2 DER - LTHEonz#m7TEeFNVIL-23- v ) R
FYFBCDIL, XVINTIVEEHASE, YU TNV
va—bhSaruv 574 = CTER GALIXEERE
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IFIV-RAF =) Ltk ZTOXRYINVELX Acl T
FolzDEFULLT, 737 Y% A X 58RI
TH:Z:L, HIYY 2 IR 44% T /2.

2.2 AsADRTEM

AsA1.0mM & #fKENE CD #FEAk L 5.0mM &)
VSRR (100mM; pH7.2) ZMEIEANIZBEE L, &M
BICH > 7FVEFRILL, HPLC (UV #l, %% 284nm ;
ODS /17 & 4.6 x 150mm ; A#ER pH5.0 V) & AR -
TER=RFYIV (8:2), 5SmMORELTF FSZF LT
YE=w A (TBAB) #&t) 12T AsA ZERLD, #
— RIS RN AsA DRI OEIEEER k %
B U720 #EEEZ 7, 15, 25, 35, 45C D &IREETITW
Tlowx7ay b BLUOT7A Y Y7 7ay b X gkt
THV¥— Ea, HENT A By LE— AHT,
BIOM LDy o — AST ko7

2.3 WHAETEHOES
AsA D 7.5 x 10 MKW (pH5.0 V) > Btk ) (2 1H

OH

-H*
e O 0  pKk=417
HO  OH d7 o’
ascorbic acid (AsA)
-2e, -2H*
E'° = 0.127 V(vs. NHE, pH 5.0)
OH
HO o o
(o} (o}

dehydroascorbic acid

Fig.1 Structures of ascorbic acid (AsA), its deprotonated
form, and dehydroascorbic acid.

(top view)

Fig.2 Structures and space filling model of 3-CD.

DWW D X9, FHAKEMER-CD FEMARZRZML, M
AR PV ERPIE L, 265nm £ o g R
ZILED, RAV-LAFTSyF7ay b8 L0, #EE
ER AR FL L7

2.4 & -KHEER

AsA1.0mM V) ~ M# @ (5.0mL) & & ff g i 1%
B-CD #5#E k% 1.0, 2.0, 3.0mM 127 % & 9 &R S 270k
BIFVEREI T AT v 7 A —F—12T 900rpm DFf
HEEIZTI0 7 L, 2MHICHBER, KB L OHR
M2 L, HPLC (5fF122. 2 12F L) 12T AsA % & &,
SEREL Kp (S[AsA] A /[AsA] KHH) %R 7z

2.5 HEHXEER

AsA OWERIHEIIZNE 20mm, ¥ 70mm, R
DOEZX50mm, HEFEFROWNEE 20mm @ H ALV % vz,
WA E L TIOmM @ AsA ® pH5.0 V) >~ % 18
5.0mL, ZHUH & LT pH5.0 V ¥ BE#EA % 10.0mL % F vy,
AHREANIE RN A B-CD #FEfR% 5.0mM & LR
FOVEM 30mL & Fv7z, @iz 2 oK% 5 10mL
7Y, BMEARLZHE, HPLC (&#iX2.2
WCHL) ICTAsA ZER L. 2B, EBH, 220K
Wi~ 7 A F v 7 X% —5—=12TC 100rpm O fAHEICTHE
L7

3. # X

3.1 CDZEEXDOERK

REFFECTH V2, &5 VIEEE kA7 B-CD &R %
Tablel IZ/RL72. CD® 1 DODOKEEFIZEFEIZLD b
YMMELZEE, TY RHBWIEIIRFY FIZ#EE, Thb
FRIADRIET 2 KEEEE A2 Y'Y ¥ v CHEKEER 2 v 5
72 F VLD HDH\WEDMF H Nall- S 7 b X F v E v b

Table 1 Structures of B-CD Derivative Used in This Study

Rl R2 R3 R4 R5 R6

=
3

R8 R9 RI0O RII R

p-cD OH H OH OH H OH H OH OH H OH OH
NHp, H OH OH H OH H OH OH H OH OH
2 OH OH H H NH, OH H OH OH H OH OH
3 NH, H OH OH H NH, H OH OH H OH OH
DM OMe H OMe OH H OMe H OMe OH H OH OMe
™ OMe H OMe OMe H OMe H OMe OMe H OMe OMe
Acp OAc H OAc OAc H OAc H OAc OAc H OAc OAc
Acl NH, H OAc OAc H OAc H OAc OAc H OAc OAc
Ac2 OAc OH H H NH, OAc H OAc OAc H OAc OAc
Ac3 NH, H OAc OAc H NH, H OAc OAc H OAc OAc
R R6 R1
(0} (6} (0]
R11 R9 R R4 R2
O 5 O
R R10 R8 R5 R3 —l




1) XF WAL, & 5\ E DMEDMSO R A H Ba(OH)2-BaO
HAETTY A F VAR TRIET 5 2 2 F LI L Y IREAL
A RBICT YV FHEEETL, TRFVEEINVY
VT I VX BBRRR, BMEICICE D 7 I 2 HEALE
Bz, XF LU, BIESAZ S BB

BPWEETH 72, —F, TrFMLZEhi L7z Achb, Acl,

Ac2 TIE, —MICERHFZRIETHME % CD hEkz
RAEZLEHNTEL. CDICHEOT I/ HZHEALTZ Ac3
&, BIEWALZ CHMWZMMTHRS Z LI TE b7z
B, PRI FEBRIS W72,

3.2 K CDFBHFICKL D AsA DAEDHESD

JR#EM CD FEM/RZH W SHIIZ, REBELL TR W
- 15
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o
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Fig.4 Circular dichroism spectra of AsA (7.5x10°M) in phos-
phate buffer solutions (pH7.4), alone or in the presence of
5.0mM of B-cd (top), 1 or 2 (middle), and DM (bottom).

B-CD B X I ZDFEARIZOWT, AsA DTFEHIHT %0
L% MET L7z, Fig. 412 AsA O " A~x27 L &
ZF U RAT§ HBHKENE B-CD FHfk DB 27T . AsA
& B-CD L OGHEALAEWILIEIZ, T TIZ AsA OIRGEE
BSOS KT T B-CD OB L ) DG EHA pH 1
TK=1200M"! £ HiEENTWAEY A, bivbdMro 72
M a7 5 O NMR O T3 pH5 B X O°7 TB-CD
MWASAZIFELTWAEWH IO o7z L
LA S, Table2 IZ/RL72E 9512, AsA O LR %
Pl 2728, 590250 b EHRITE T o T2 eSS
B, —J, 7IAELB-CDTHBH1BLU2 T,
AsA DM ZBPEANRZ PUA T B2 ORMCL Y ZE
BL7z22E25, 1E2I3ASAZEELTVWDLZ EDUR
WEN, CoOMTmERANRZ PVOZLE Y, fEEEK
HPEMTETH Y, 113 K=140M", 213 K=220M1 2T
AsA ZWETHZ DY L o

AsA DK (pH7.2) TOLREMEICRIFTHIE CD
FHEROR PR AL ZAH, HomEARY MV EICTY
BAURBEE N1 & 2 Tld, JEFIZ AsA OZEELZ R
&7z (Table2). F72, AsA O5M##EFEo DH & DS 12
FAF3 s CDFEROBEIT/NE L (Tabled) 9,
AsA OBALMAEMAZEUSIZIE CD XS Lwv, $4bb,
WHT BT LT AsA OFALGEZ IR L T 5 2 &A%k
CRBEENG.

B-CD ® A F NMALIKETH % 2,6- ¥ A F )V -B-CD (DM)
£236-F)AF)IL-B-CD (TM) FZMBEEWETHY,
KEHEBEMLTWDZ Eh M aIc X UM
Aol A, AsADOM AR T P VICHER S
A, WEAEWIERIRBEN. LELENS, HEE
Bopprcik, 1 1oua#EezRELTH, MEEHims
g, MobFmamtt OUBELEW OIS E 2 D D5,
BE N TRZoOFMEIARHTH L. T2, o B-CD FHiE
REIZEZY, DM & TM X AsA ORELZ WD SE12
LMD, HEVIBFBEY BALTROUELEY E T
BLTWAIRELEZEZOND.

KEWHNZBIT B4 4 YRR 2 LiE, AsA
LB O BB AEBMEN pHICBWTHABWNZAL, 2
D5 RS RO T T2 A7 LEF FEHWT, &5
WCHE L7z, Mo AaRy PVICE 2GS, ST
FoURAZLFFFELIBLO2 EOBOUEALEW DK
HGREBERL ZEDTES (Tabled). ZORRE, RIED
CDLRIZT I VHEEBEATLILEILLY, AT =F ¥
EDOBOREI A & Y ITERAEZ Y, BT &2 FEz 2w
B-CD X IKHTF=V X2 LI F Feilil #ilkT& 5%
ZEDWFEIIR SN, 3612, ITH-NMR AXRZ M v
W L7z 2Ah, VE—ADT7 /<—70 b YHCD FHil
BRI >TREL YT ML, TF=V X2 L FFT
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Table 2. Apparent Pseudo-First Order Rate Constants for Auto-Oxidation of AsA in at

Various Temperaturea,b)

TX DRI A A I A
fEshiz. 22T, ARMEICHER

IFVEV, ZOHRICEHEIRE

-1
Condition - . . /oh 1t CD 8 R % i S &, KA
(AS 15 25C 35¢ 15 CHAET B AsA DAL & MR
AsA only 0.0095 0.0278 0.124 0.131 0.365 L. #b. AEMOREY LT
with -CD 0.0094 0.0248 0.0408 0.116 0.257 FEEE = F VPIAMC S 7 B a v A
with DM 0.0182 0.0408 0.158 0.277 0.408 Rn-TE ) — N AT Z
with TM 0.0166 0.0338 0.135 0.225 0.412 DHFEIIRA - |_E HFIZT~
with 1 0.0105 0.0204 0.0630 0.136 0.315 VY a VIERASE S 572720,
with 2 0.0078 0.0178 0.0356 0.102 0.244 HWEEZ I 2 2 L IEARRETH -

a) All measurements were performed with 0.1 M phosphate buffer (pH 5.0).
b) The initial concentration of AsA was 1.0 mM and the concentrations of the additives

were 5.0 mM.

Table 3. Activation Eneregy (Ea), Activation Enthalpy (AH:;), and Activation Entropy(AS

¥ for the Auto-oxidation of AsA

72 W - A o#E R % Table 5
\ZRY. B-CD M7 & F bk
TdH5H Acb id AsA DAEBEH~D
HH T SRR AR S o 72
oL, TI 2 H,E2ET D

Acl TII/AZ W25 b HlibE

e . al AS* FEB R 551 Ac? i

kJ / mol * kJ / mol * JK/mol’! Acl X0 bAIRIIC AsA & A
Ash only 105 731 137 HNEBATSE5 2 L hsbho 7.
with B-CD 649 e 116 B BT H 5 DM B & OF
with DM 65.2 67.5 122 TM 7 Va3 DR ERE AR
with TM 66.5 69.0 126 ThHdHILPHESNTWDLHR
with 1 69.4 72.0 132 W AsA O - I IZ B VT,
with 2 68.8 71.1 127 ELEDOMRE RS otz T

Table 4 Binding Constants of B-CD Derivatives for Adenine Derivatives in pH 7.4

Aqueous Solutions at 25C

noid kdow@y, Kb T
AsAZWUET LI EDVRBEN
TEY, POARBEEISTETD
LI hb6T, AsA DA

guest K/M"la) HHNOBITEITW R ozl &

B-CD 1 2 Mo, HEEHAD AsA OBATIC
adenosine 16 (12) 13 (5.9 - ()Y X CD OZERMOATIE R L, A
AMP 44 (44) 46 (39) 79 (52) BERH) AT I EOHFENE
ADP 19 (15) 66 (4.9) 140 (38) ;féf“%)% Zk, Lo, 7ME
ATP 32 (38) 75 (30) 160 (120) -HBHORETOA F ¥ WK

BLETHLH I EARBI NI

a) The values in parentheses were obtained in the presence of 20 mM of MgCl,.

b) Values could not be obtained owing to the small circular dichroism changes caused by

the addition of 2.

37 7= YETIER L,
FW L7

VAR—=ZAEGEHENS Z LS

3.3 [EaM CD BEKICL S AsA DR - kil
IKEME CD SBERICK 2HE2S, 7TI 7 EEAL
B-CD #HEMRIZA A WK 2 HiBIEREN ) & LT AsA =&
BT LdVRIBE N, LD oT, & DBUKWY B8RSR
TTit Acl, Ac2 & X OIREALL 7= B-CD Fitithk & o i

COZLIIMIIERLE LTI 72
TBAB % A & Y RIEEHA & LT
HW72812, bFhTEHL0%
ARMHANORBITZBGTE I Lo dbFEING. 72,
TBAB & Acl ® Ac2 D AsA IZK$ 50 EARE Kp 2 It
By 5E, Acl TR 2, Ac2 TIEH 4 foftingdsiE
oz TOZEhS, B AF R TIEZ L,

FUTTOWIZIZ CD LB L T2 2 LRIz S e,

-,

3.4 B3 CDFBEMRICEL D AsA DRRIEHX
FfiTORBEELATZ, HEELLVZ T WD AsA Ol



Table 5 Partition Co-efficient (Ke) of AsA between Aqueous and Ethyl Acetate Layers®

4. £ %

Additives - — & — — AsA B EABMETH D,
F & U CHURPER B % BKE)

Acp 0 0 0 0 HEF% B-CD & (LAY

DM 0 0 0 0 AW LIS WHETH S, L

™ 0 0 0 0 P L%d5, CD R REFHT

Acl 0 >0.01 0.02 0.04 kv AR AET LB, BT

Ac2 0 0.02 0.05 0.08 BKNTHZIETOHIIVKRF Y

TBAB 0 > 0.01 0.01 0.02 T — bR % BOKPEZ2FLNICEL

a) K, is defined as (concentration of AsA in organic layer) / (concentration of AsA in

aqueous layer).

Table 6 Transmembrane Transportation Rates (unit in mM h™') at 25°C for AsA Medi-

ated by Lipophilic CD Derivativesa)

DAATVSEZ EPHILNTE
D12, AsAIZDOWVWTH, 7T
KHE S Twd X9,
B-CD W E N B W e MEIL &
ETERV., TN AsA DR

Acp DM ™ Acl Ac2

VS E NS LENTH D &

Ac3 TBAB

0 0 0 0.0146 0.0201

0.0226

Bbhzhs, Mo ermTik

0.0078 TIRRAHALE IR & AT &

a) See Experimental Section for the detailed experimental conditions.

WEICOWTHET L2, 22 THARME LTl 5V
A L7z ZofHE% Table 71383, - WlHICC
MED%Iro72 Acb & DM, TM ix, FHEMED AsA DR
MR AT W e o 72, SRS L, - IS TR
W2 RLZZAcl BEIWAc21d, BEWARNS il Hfn%
AWz 72, $hbH, Aclid0.0146mMh! O #ME T,
F72Ac2120.020lmM h-! @ EEECTREHAH D S B~
EAsSA #lE L7z Acl BX O Ac2 i3 AR, WwELHF

RRVETHY, 70k AbT 5 2 & CIEME T 2.

L7295 T, Fig. 3ITRLA L), FHETAsA LD
27w b 2 & R A ST, ST A E OFNC

TAsAt7u bz daEPEZONL. T2,

AR T S TIEHBHD, 22007 I 7 H,2HT5 Ac3
RO HARE LTV L 2 A, FRARR ORE
LEBDICAHMBL, REFHTOWEIEIATETH 7225, I
DEFEAEX 0.0226mM h! TH Y, ZOFEIEBEOT
I/EDOCDNDEAILLD, XDRIERNE AsA Ol
PR E TN TELIREMEZRET 2D TH 5.

AsA +H' Ac1 or Ac2 AsA +H"
(Ac1H’ or Ac2H"):AsA’
receiving phase AcOEt layer source phase

(water) (water)

Fig.3 Proposed mechanism for Ac1- or Ac2-mediated trans-
portation of AsA across liquid membrance.

T, TOMEGEBMEITNE VD

DERETE D, WM,
pH5H»BWiZpH7.212CTFa b AbL, IEEHZAHT S
1 BLU2TIE, KBBETPIZBWTS AsA 2L 5
ZEHUREENS. T, RA MICIEEM, YA MT
HbHAsAICABMYED Y, ZOMTA F IR R
D, AsA A B-CD LIS SN DEEZ LT LNT
X5, ZoZ ki, AsA LUK AW pHICTHAR
WY, PO5 Mg EYETLT T X7 VEFF
W95 CDBEELOT I 7304 F VRIS
BN OO MRT LI ENTE S,

ZZT, CDOBHifiEICET 2@ VWERTALE, 1
FOKBEILMNC 7 I 7 BABALZ DX, 2 HoKEEIEM
W7 I 7HEEALLLDODTH, AsA DEEEDOBIKR
W AR E V. T2 EiE, 2O KBEIIELE
L, X0HKNLRERETHLEEZOND CD D 2 KK
FEMNCIEBMZEATHI LT, LVRENZE AsA DY
Waft) SEDMRICARLZEZRLTWAE B,

Z D 2 BAKEAEMA~DIEEM OEADEMEE, CD %
PREAL L7z Ac2 2B W T, - Wl 2 & OIS i
EEBICOEN:. Thbb, WIS 5 1SRRG
RTH D Acl T, - aE TR 2 5, %
HETH 1.4 0OH % AsA OFHBAT I LTRL.
T, A URREL LTHHENTWS TBABE B
LT, Ac2i3f 4o - wiihiting, BIXOW 250
WHEEERE A AsA ISR LTRLZ:. 2T &, -
BT AsA & Acl, €L THRIC A3 IZHAR DA 4~
ST & > T AsA ZAHEHIIBIT S LDATERL,
AsA DR EZFBR L CUET LI L2REBL TS, L



T72AE CERIEEBIEEY v ) 7 — DR S HEIBIRK

ML T I DLW Ach R, KIBWETTH AsA %
WHET LI EIRBEEINZDMBLOYTM TIIAHTO
AsA DI ZITVE L7205, RiEIIBIT 5
AsA kD E7- BHEIEA F Y APETH Y, CD 224l
D53 5781 (B% 5 {1 van der Waals I TH 5 )
BB B EHoTWAEEZ LN,

T3/ HEEATHCDFLEKIZONT, KFELLHES
NIRBO 12 LT, KEBEWPTASAZEUELI DD
DX, REIZBWTHHENLAFAME LTHRIEEL, KEH
FTOUROME & R TORMILIN LD 2 BEOHIE )
BOLNIZETHDL. TEFEIBV RV, fEENZ
ZEIEWV R WS, ARIAKERH T oM R & FLH T o
NEPNRTVUNLRERICHDLETHE, 5%, 04T

DASAWEF Y )T —% A ) —= VI THFELELT,

BT 3 % KT T O RIS TR & 5 @BAL o
WA TR 5 = & TRINT & 5 THEMEAD 5.

5. # #&

AWgEcCINFEFTCREONIR LI LBOE) TH 5.
Thbb, B-CDICOLIT L1207 IV EREEATLIL
T, KBEWTTO AsA ORERZ I LS5 T &5k
Tholz. TNIING CD 2L T L5 THFRA My
TELTAsA ZW#HEL, BARIKICE MBI 2
BEEEZALTWLIERTLIDTHS. 61, IhHd
Kt B-CD 287 tF MEICX W IREILT A2 LT, &
B EOHB I F VAHAND AsA OBITRIRET S Z &8
WHETH o7z, P To7222007 I 2 k%243 5HR
B B-CDFEKIZ 1 ODT I ) H,DAEALET S B-CD i
BARE D DRI AsA OFEH~OBIT 22T % 4
ENRESNTBY, 4% 220073 7# %2435 B-CD
FHEAROFENEREB L OB REEELT L LT, H
VT X DRIREN R F X ) 7T =T % BT E B REMEA
H5b.

ARWFZETIX, AsA OIREBEE®LZRETZ2F v ) 7 —
R, AR 2 EEOMK CD FERICTHEILS &
B RIZOVTOREZAT) FPETH - 72785, OO NRE B
EMPEEBGET AICIEES oz, TOHIZOVTIL,
SHEDINEMEMATLTETH 5.
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Injury to the skin tissue elicits a repair response aimed at restoring the epithelial continuity, which is essential to a
normal skin barrier function. Epidermal keratinocytes at the wound edge are recruited for the re-epithelialization of
the wound site. However, the mechanism of the re-epithelialization is not easily understood compared with the simple
epithelia. While the migration of keratinocytes occurs in the form of a stratified sheet, the relative contribution and
ultimate fate of progenitor and differentiating keratinocytes during this vital process remains unclear. In this study,
we use the transgenic technology to induce the wound specific gene recombination. We prepared two kinds of the
transgenes to introduce the injured epidermis specific gene expression at the suprabasal keratinocytes, one for the
wound specific expression of the cre recombinase and the other for the expression of the marker proteins. We used
the double transgenic mice to trace the migration of the suprabasal keratinocytes activated at the wound edge. By
this transgenic work we might be able to conclude the long term question, whether the suprabasal keratinocytes could
recover the mitogenic property and migrate into the ulcerative surface or not.

AT Do REMBORGHRBEIIE TR, wTho
LB oM Zh ED X ) ZikHzHo Tw o0
PEbho TV, T2bH EDREOMIANEE B
AL, AL EEALL 728 R 2 L 9 2 01k &0l

1 EC&BIC

Bk e b oD b AMINALE L. E%V\]*B@Hﬁi%ﬁ%
T HLEELN) 7= LTHWTW S, FMER &I

LREFOREIE, LD TTIERWHERICET] SRS ‘i"o
Z ORMERIE IS, AL CH b S /MR A
AL BEG-9 A %R - IEMBOSIZIE U ). B RUHESSH
faiZ & 2 BIBEER DU « W DI, RE R~ DK
AL O - B E SN BIC & AR O LEL
7 B TRV UL 2 FERE LR 0 PR A~ & g ¢ O 3800
AHRZEED R TH ) AREZ A 24 < LM
HALE R - B CoWKRER ko g L X 0 #E
SN HHFEE IR L), EfbL%E XD 7% 5w
FRIC X DRI T 50 T b b EMIZIEEHE (Basal Cell)
&R O I E S A A HUE  (Suprabasal Cell) .
WiRAE (Granular Cell) 2 HIZmAMVEL T MEROK

JIICHE L TWEDO1R EE, WERRESIN TV ARV,

T K SN B BRI L o flG G0 £ 57
WVELTHERID 2O00FFLAREENTHS (K1)
CRT. 800020 S 3T F R O FRALIZ B VT HE R
&é: FRRIZ, SEECHITL O30 & 7 O ADSEH B 2 e % 11

OREIERE LD RICHE S B ARG X B i 2 1 o A
%:%Oz’)\ HDHVIITEMY RGN NWETLEZTHD
(A4 74 7)) (K1 1),

—J MOEFVTHEO—) Y IRHICE Db &, FFE
MR BV TR YR O ATHIIE AT, LR~ L fizd5 )
EHbF Ay ETDEIITkA ERIB L EREE - TWwL
EVIBDTHD, TOEZIZE D EILKRE LIEoARH

—THEOMIL X VIR S, Hg LR & iR L CEDN
BMERERR 2 & 0 72 B O

FEIEANRE DMK L g DM~ & 5 b L o5 7 PREERET)
ZEHLOOT R =Y AFPO T AT 2L Y FEIR LI
HL TV Z BRI AL E T, FER R TR, £
7 & D ERE T LA LB TH 5. S5 LB
FEORNLIE 122 2 A OFERE R Z 1 RE ) ey
B - AL R E AT 50 SO0 RTMBRO RIS
HaEFE L, B LRAREO D O X0 D135 2B BERE

SLIDING
mechanism
e
- The epithelium migrates as a unit

- Basal cells are actively migrating;
Suprabasal cells are “carried along”

ROLLING
mechanism
_

- Suprabasal cells are migrating;
Basal cells are stationary;

- Some suprabasal cells recover a basal

Injury specific gene marking to follow the location in the re-spithelialized wound;

wound healing process under the injured
epidermis specific gene recombination

Kenzo Takahashi

H1 ZhETICEREINTVWIEE LFHABORIEAREBIE
DEFIV
BSREOEKEBOMED 4 » EEHICEEEET 3 &F
ABATAT 4 L UEBE. BREOMIZEESEICED )
Eb, ERILICEMT 2 ET320AIRIBENTE /=

Department of Dermatology, Kyoto
University Graduate School of Medicine




Blif £ 8-> - REMBBICHENTEEFOMRAE A AV, AIEABBREDEIEREBEXHZXLDRE

fa b RE DALMY 2 XEZ R LD LR D
(K1) LIFLITEIBAEREFREOEFIZE VT, Hbl
J& DML S FE AL 2 T Dk 2 AN L HF HIAA TV D
PO L) RGBS, Zou—) Y FIKHIZIO
X9 ARSI RACIE D $KAKT 5. L LARABIE
TR AR BV TR, AU & D g oM R
fak 0 b Largiex ko 7-MifaThr L EZ 5N T 5,
FERE <~ AR NOFE B E % B BrdU SR+ 4
IV VDT TR L CTHIEE R ARE oML T NV
XNTIHhV, ZOLHIcu—1) v 7K. Hifgs
B2 EORBIC LY, FROBERE - 402408 % 1nl4E L ZE S
HaD MR ZEILY RSB LERI LD 2 0h & v ) HiEIC
HIiT 5, 2OLHIZ. B LEOAGREREYEZ 5
EC BIBRAERICT BB AL U 22 A 2B SRk AY A BB
BEORIEMIBIZDOAEHET D00, HHEFREE EEOH
AN D RS 2 02, KE OB IHEIIZEIC BT 5
RAEOMITREKRELGETH 5,

G4 L TFEOBRTEAST T A ZILH L.
BB G 27 2 R f MG, 8 A U oMl <
=X 7% T 5H I LT BMEIBALEEE O A BRI S TR D
HERBEBIZBWTE ) HEEL, BEOFAICED X9 ik
HEHS TVEOPRIELIVEEZ T2,

2 EBRAE

AR AR IBIZ T2 553 5 72012, AR
BHEOAPMILICRS BRI A LML TVwE e T
F U6 MEFEMAT B LSO, FridIhFET
e DT F V6 EETIIE 6 FE UL L FAAR DR
L. TNENEL > 28T 223N TWAE T & ZRE
LTwab(R2), ZOFIDEIER 7 + VK-V AT,
LF A VR EORIEIC X 0 i d il < FE S b FALK
THhoHr7F6aDFEIEN (K1) 2+ 72T 2=
v 7 AOVEBIZ WA Z 212 LT,

SRIOWIFE T CTIHEEE LT 2 A C& /e bor
7 F v 6a BT o5 MEMRERD ¥ 5kbp) 271
E—F—L LTHHLZBERY ¥ -2 L7, T3
DIZ, ZOFHENRT ¥ =2 HWCVR—=F =505 7
M —EERARZ R -BEFEMEL. 208 AER
FaREOrNTF VAV v sy ARER L. (M3 1)
COTUE—F —OFEEEE A BRI EINZ T2~ A
DOFRBHREICB TR Z IR 72,

COEAFEET RO Y A TIIERMER (M4) 1R
T L) WA REICORFERNIIAT T 7 ¥ F—E#inT
BT B e EINT, oy R EH VT
BB ERRZ ATV, HRE R 2 ARSI B R 5 2 & T
B REAE ORI B 2 ABilaowEED X 5 5o
BT REE 2 ), T2 DT E—F —DREEE O

BLH LEOMICOARTEET S & 2R L7,

Z 2 TELICABHREERRI D 2 W ILEE R AT L
AL & 727 O P A 2B AR A3 FE IR & 2 VI3 Bk
DELSOMBCHET B0 ERET S22, AR
BRI E G T HABL VAT LB E L. N7 T
V477 —YHED Cre/LoxP DHMAEZ VAT L% HW
BRI IR 2 BIET OMA R 2FHE L, BALL
BIZTHRZ~Y— =452 T, BEHICEET LA
A2 BT A2 2 HIBL, ~—h— & L CTEAHE
EFHEZIEHTAZE T, LE—% — & 25 &AEHH
TP T S IGESREIC 25 2 2, BREEORE
W B 20O TR OB L 2 % &
#2720 ABERGBREOE TRICH2ICH LR sh R
FARAEDLR—F —%RBB L T 200%BET52
& Ty WA RMIG R ILICHIL S 2 IZ SRR F g o A i
HMaD &6 H5ICHET 200 EBIE L, AGHEEREICS

a's(asa. 789 KS/6-p
————17—Tﬁéﬁﬂwr —
Kéb K5/6-a
<Skbp

Kéd Kéc

j;mﬁﬂu T

M2 k5 F> 6@8EFRAKENEE
ENDOEBELEICEDVPELLELBUEDT T F L 6 R
BFEHFEEL. ZOVWLKDPREWVICBEEEL THEET S, TV
Yr—A L PAVIEER AR S L EMED THEUL 2EEE R
ElS

HH—

x1 b MrIF 6aEnFRMKEDRERESX
T7F 2 6RMUFIEED THEUL ZBEFEBEERET S
». REEERBRUGE TRECEE>TWVWS, T7F>
6a REIP VT ORIV THERICEEL TV,

No. of clones
examined

Isoform profile

Ké6a Kéb Kéc Kéd Kée Két

Skin cDNA library 64 77% 13% 0% 0% 5% 5%

Kéa Kéb + K6f Kéc Kéd + Kée

Tissue samples
Scalp skin 155 66% 31% - 3%

Sole skin 86 84% 14% 1% 1%
SCC skin 15 69% 27% 1% 3%
Cultured samples

Foreskin 88 99% 1% -

NHSK 51 80% 14% 2% 4%
SCC-13 28 96% - 4% -
sCC-9 53 83% 7% 4% 6%

Head } Rod { Tail
1A 1B 2A 28

mino Acid S T T T D) e es
:"‘::‘A:“m-::’.;tm " 2136 s 11 185 w2 27 Jaso 68 w04 || 82|
20 sl s



hK6 - LacZ construct
TATA

\/

globin gene
non-coding exon

Lacz

human Kéa promoter
~ 5kbp region

hK6a gene 3'nc and
poly(A) signal

hK6 - Cre construct

TATA
=

nisx 3

T i

CMV - 1ox P - GFP - lox P- LacZ construct

cmMmv
promoter

/

poly A

poly A

/ lox P
l;f(

WA E DML S IR IS
WETE B
CDHIT, RO 2O AMIEF 2R L2, 1
DOHOEABETIE. N2 TV F T 7 —VHED Cre V)
O ¥ A — A %A R O B O R AR R E
T5-00bDT, Eiov MroFr6adET ko
5kbp D 7UE—F —DFill Cre J I ¥ ¥ x— A % il
Bg (M3H). SHICEABET 27 ADEKRNT
=N LTI 72DOD LR —F —BIETOMAEHE
L) 1 Oo0EABIETE LTHELL £—DLE—-%
—T%éﬁ’éﬂaanE (GFP) OWjiiic, Cre ) a2 v ¥
X o TSNS LoxP e il LT < (M3
T)o COHE—LVKR—=F—DOTFRICEE_DOLR—% —
BZFELTHIZ Py ¥y —ERETF BT, 25k Rl
WCHEAETEIANVADTBE—F—I2X ), & TOMIBIC
SN L HITHEE L7, T OB ABIE T % efafk b

DRIEEMYIRL ) D%

WCHEBAESNI NG VAV 22y 7T A% ENEIER L,

WH 2P EbE, MOBABEFEZDF TNV T >
AV x =y 7= R AR ERICH 72,

COFEFRIZBWT, ﬂ%%ﬂ%&ﬁﬁﬁﬁ%%077
Fr6aDTUE—F —IIFHEESND Cre) IV E R —
u\@ﬁ&i&ﬁ%k%ﬁéné_ti&<‘Lmeﬂ
Tl L ARZIGEZ S v, L2 L, 0 EZO
ﬁ?wrﬁyxyl:y7v#x0&%’%%ﬂﬁ%%i
e, EBEOFBRBICBNTH, 5F v 6aBmETIC
Cre VI YEA—ZAORBAPFEEIN, ZoHEIC JZV)
LoxP B Z A L728E—D LR —F — iz OMAKEZH
BRI AOGEBARI VY VI NL, ZOKE, 8l
FMZ2Z T 7-H A CIE DOV R—F —THoLH T
S —VRIATORMIHEEIND LE X T2,

b LAMG AL~ DA LML D A 52200 5 T B

lox P

Cre recombinase 7 F

3 BAEGEFOHEE

FE& (K6a-LacZ) 't k5 F > 6a
BEFIOE—42-—OTRICAHAZT I b
DE—EBIETFEET D, COEANE
BEFICENTTIFr6adEzFe AV
FRIBXY7 2 —0in vivo TOEER
& FEMICARET L. AlERERISDH])
HICBT2ALMROEEDKRF %
5T L 720 EX (K6a-Cre) 2D E K
TIFBaBEFORBENT Z2—I(C
Cre VAL EX—X&EERELAEAE
ZFTH5, T (CMV-LoxP-GFP-
LoxP-LacZ) idH 4 b XAOTAILZX
TOE—42—IC&WEEIh B LKR—
2—EEFERT, BE—DLFR—%—
TH3iFEHIER (GFP) 3 Z DM
URIC LoxP EEFIEH L. ZOTHICIE
BZDLKR—Z2—-—THDHFTI Y
2 —tEEEFPIEET S,

poly A

/"'
ﬁ "‘.~?’f'$f@$ﬂd$%

" HF
w
HF : N

"f-ﬂ‘«

K4 Kb6a-lacZzE&A~ 77X zRAWEIERBERER,
BUEXR 7+ WAR— NI XTI, LF/ABERICEYAH
Z 7 b E—tEEEFREIEEEOEHEOMIEICH FE
I, RAEMDTZF > 6aPEENICKRT 2EEL
EDREMBEFHICIE. 2<EBEFEIEH L,

DS, FERANET L20b 0P LR Mk L
LT, FE—DL A= —Tdh ok t&Er (GFP) Ok
ERBELTwS, —hu—Y Y ITIRHEPTFET S LI,
FLENE L OF BN 2 LA b 0% 513, #
HELRBEAIZIE T TIZCre VI Y EXA—=RIZX B LK
— 7 —BET DMATEZ DR 5 2B %D T, EOLK
— 5 —THDHH T 7 by —YREIETDIEMNLA S A
JEOMINL  TETOREMIE THAERLIZB VTS
N5E3TTH5%,
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3 # X

B 31278 L7z 3O G AR T & Jeffk RIS ARE
NEFS VAV 2=y 723 A% FNERERET o/
L7zo ZOHTRBUEE DM { FHRANDEABILT OIRH}
DRI 2 - 3RO 7 ARESI LT OERIZH 72,

FTRESEOEEROKBEE D555 v 62T %
V723 BIR 7 & — OB % FNISRET 3 5 72012,
5o sy —CiififeELE—r— (M3 E) L7
AEETEHO NI v AV 2=y 73T 2 HWCAIEIE
WEBRZIT- 720

L rDrSF Y6 EAGIRT ST Y 6aikEAE S
O, EFEREFICBWTIE, BECERL EOMNIEROHE
WIZHEI L T 25, K2 AL E 2R 5 & Al
J&g ., BERIEOWVA R BHIKIC B FB L T v, LA LA
BT A VAR—IVIT AT Vi BN X B ORI E FR I A
BETXIFODEAEIIAEICZ L TARICEERBID
b EBoOAME - FEREoOMCHEEshS, (K4),

t b 9F v 6aifnT®5kbp OIEFIFREEZ 70 €
— =L LTHHTAIEICEY, 57 vy —EHEiE
TAXRVBHAS 7 + VAR — VI AT, LF /4 VRICK
RIS A 9 7R, R 2 & O LRz LRk o
R L0 B oA RRIICE < RIFE S s Ak
rIF Y eMEHIICHEHL TWLERLR EDOEEOMNE
W COREFEITERE LT (M4), 2OT T A
TiE, A% ) 7R R EOERBRYERICBWTOA
HT 7 b —ERETIFEESNLED, EOMOEF %
Fp Mo LA B VT, B EOBKE LB
LTEABETFRER SRV, FAI6HRICB VT H L
R OMNLIE AT T 7 b Y ¥ —ERIETORBUIA S L v,
INLOFEREY S5kbp DT FF ¥ 6aBfaT 7T HE—S
— XA R DG D~ — % ¥ FITKREAH 38BN
F =Ll I EHGEH S Nz, R AR RO R
BT, AR EE DK ML ANER BT E~ & #EET 5
Beropliggshz (K4), LALEDPS ZOMEEELY
R AT ORI AN S5 221 %2 B LB AL L7 ps %
L LT % S I3 P TE v AR ol AR SL R
OMIE S BHF ML R L, ZOBOSMMEBRIZX ) LK
J& LIg~ & AL LS S 2 b Yy — Y lis T & 588
FTHIESELEZONDIZDTHD, T2 LD
KT L BORERERICBWCIZ—HRBIL-FF 7 MY
F—CEAGBEET ORI R R, BHOGHICLD
Blgsh e,

FITERAIZORBRY 5 —DOT 4 7T %Al
PACHFEENDL T T 7 by ¥F—EERHATIE R LT, MIEF
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In an attempt to identify unknown target genes for SREBP-1, total RNA from a stable CHO cell line (CHO-487) expressing
a mature form of human SREBP-la (amino acids 1 to 487) with a LacSwitch Inducible Mammalian Expression System
was subjected to a PCR subtraction method. One of the fragments was found to have 90 and 86% homology with rat and
human ATP citrate-lyase (ACL) cDNA, respectively. When Hep G2 cells are cultured under either sterol-loaded or -depleted
conditions, expression of the gene is induced approximately 2 to 3-fold by sterol depletion. To investigate the direct effect of
SREBP-1a on transcription, luciferase assays using the promoter of the human ACL gene were performed. These deletion
studies indicated that a minimum 160-base pair segment contains the information required for the transcriptional regulation
brought about by enforced expression of SREBP-la. Luciferase assays using mutant reporter genes revealed that SREBP-
dependent transcriptional regulation is mediated by two nearby motifs, the SREBP-binding site (a TCAGGCTAG sequence)
and the NF-Y-binding site (a CCAAT box). It was confirmed by gel mobility shift assays that recombint SREBP-1a binds to
the sequence. Data from studies with transgenic mice and reporter assays show that the ACL gene promoter is activated
by SREBP-1a more strongly than SREBP-2 in contrast to the HMG CoA synthase and LDL receptor gene promoters, which
exhibit the same preference for the two factors . Therefore, SREBPs transcriptionally regulates ACL enzyme activity, which

generates the cytosolic acetyl CoA required for both cholesterol and fatty acid synthesis.

1. #&

B RINIBNRIZ & 0 a— 7 1 ¥ 7 SN/ REMHENE,
ZOTRICEEMBHkDOIRENS EigE % % L. Ko
WYX —REEERHS> TWwWh, ToOEWEIHEI L
&, MADOREHREVPBET LI L2E2 5L, BN
TONRERHRE MR E TR, HEICE VEETH S
W) b NDL, AWIERETIE, RERSK - 2L
A 71— VA i o G i i) 2 48 ) 25 K F- SREBP
(Sterol Regulatory Element Binding Protein) O#EREZ .
SRR T 7a—FICX VLT LI LI L
D B2 3307 2 DR BRI 0 BRI 72 B
ZErHME L,

SREBP IZ H. \» {2 47 % @ # [F 1 = ¥ > SREBP-1 &
SREBP-2 ® 2 i OHEHE» LKA 7 7 I ) — % IBK
T 2H, TORBMNAE GO W TAM LR EIE W,
SREBP-1 234 & L CIRIMRAEH B MR F. SREBP-2 2%
I VAT U= VAHB R T 2GR T2 b0 EE x
SNTV R AWIREAMRLED W T Kxid, Thzh
IR D MIekk 2B L. SREBP-1. 2 D%
NENIILE T 5 En T % subtract PCRIZICTRET %
ZEERAY,

il

Regulation of fatty acid and cholesterol
metabolism in human fibroblast cells
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2.1 Ek MEME SREBP-1 %2 — @MW ICHIRT S
CHO fHfatk DL
HoH L Lac 1 LSBT 5 CHO Mtk % B L
(CHO-Lac). Z#hiZLac TICX ) ZH2HH S 5588
75 A3 Rz MEMER SREBP-1 # #lARAA D D% i
fZEAL, IPTG &AM T—BINIEEHIADONS
MRk CHO-487 % JE15 L 720

2.2 subtract PCRZICK BICEETFDERE

CHO-Lac % 5 N2 CHOA87 Ml I L AT H— L %
WENCE LRI, ImMIPTG 23, 19 KL,
FRNA ZENLL 72, EiEICHT &, CHOA7 il T4
HOITGEL TV AERTOTITAY N2 EER L, 20
777 xA Y N EHWT, oM 5 EUXL 72 RNA %
JH\W T Northern hybridization #17\>, A2 CHO-487
M THRBOITTEIED SN 70— 2O TENLD
HEHECH & e L7z,

2.3 Luciferase assay ;& IC & B ICERIBEDRE
INEBIET- & LTI RSN/ ATP 7 2 VY 7
—¥ (ACL) IZ2WT, & MEETOWERGH» 5 1
it 300bp 25 Tt 29bp # F LA 70 —=V 7 L, WV
V72T —YEETOERICHEALZ ACL-300 ZH55E L
720 PCREIZL D — 251 726 + 29 & ACL-251, DAF
L THiA DESD7aE—F — iz et L R—%
—BEETEME L LR—Y —#{5T &R SREBP
13875 23 F% HEK293 Mg Efz &AL, 2H



BIIVY 7 29 —BiEEEZE L7,
3. BREEE

CHO-487 #iig T SREBP-1 % —# iy 12 @ 58 8 X Hifin
BHILHE L2 E 5T % subtract PCREEICX D HEEL, Z
OWHEEH # RE LTz TOMKE IhFTHEOD S
SREBP I8 & #fz ¥ ofilc ACL #ifz 23/l &, =
ANF—HERETI VI FYTHNTER ST 2F
WV CoAlx., 2D FFORTIHMBE~NERITTET, 7
IR AR AT L. MBE T ACL O
WKCEDTETEF NV CoANEERENL, 2OT F IV
CoA RN, oL AFu—LVEROEEE %5, o
T. FRBGEE. 2L A5 a— VAR 2 R4 % SREBP
BEZOMEBZEOET 2 HHT 22 &, +7Ild ) #
LI EEEZD, TITH W EEEZT L LTHES
7z ACL. SREBP Ol %1} 5 HMG CoA synthase
mRNA OEF % FNnFho CHO Makkz v TRE L
720 CHO-Lac fifld, CHO-487fiflaz 2L A7 u— L%
BECELREWICIPTG 2 RML, 19 REHIEEL, &
RNA Z[HLL, 7HI—AFVICTEKIK L, Th?
o 7a—7 % Northern Blot fi##r %47 - 72 (Fig.
1o WIFNOMBETHBEOIL AT H =L DIZDITH
KD SREBP IIATEHALIREETSH . CHO-437 Mg T
OAIPTGIZ X VAR ¢ MEER SREBP-1 23583 &
nNCTwb, ZOIRWF T, HMG CoA synthase mRNA (&
CHO-Lac g CldmmBRA LT £ TA L, —F CHO-
487 MK TIEAMRE SREBP-1 12 X D x> RSk & 7z,
ACL 122w\ Tid HMG CoA synthase mRNA &[4 7 i
ROy = FBOENZH0D, TV AT a— VBEIR
P o CHO-Lac Mg T FHAMEFR S . SREBP-1 1
EEO—#HZHE L TWwb I EHERIN,

C Ok ACL B FOIRG |25, SREBP-1 ©#F

A B Fig.1 Northern blot analysis for the ACL
and HMG CoA synthase gene in CHO-Lac
ACL '. and CHO-487 cells. CHO-Lac/A) and CHO-
Syn _— 487(B) cells were cultured with 1 ug/mL of
25-hydroxycholesterol, 10 ug/mL of cho-
S17 - - lesterol and 1 mM IPTG for 19 h. Twenty
ug total RNA samples were fractionated
on 1% agarose gel, transferred to nylon
membrane, and hybridized with a DIG-
labeled riboprobe for ACL, HMG CoA
synthase or S17. The fold change in ACL
mRNA, relative to that in CHO-Lac cells,
was calculated after correction for loading
differences with S17. Signals were quan-
tified with a Fluorlmager 595. In three
separate experiments the same relative
mRNA levels were obtained.

BB VBB EIND ANANEHL 200, Milaka L
AT 0= )VOKIZIE U Tk Z %5 SREBP O LIZ & -
THFHXEIENDZDONITONT, b MFMN Hep G2 12
X BN 2T o720 Hep G2 MIf%E 2L X5 0 — ViR
WHL<EaLbaro— VARMERZ &R TR
L. RNA # X L. Northern Blot f## #4175 72 (Fig. 2),
ACLIZHIIEN D I L A 7 0 — )V OBINIAE WAL T
L. AR BIMASRD Sz DL Eomiid, A4
P COMIEN T L A5 0 — )V EOEENLE S MK
SREBP OiEMEAL. AWEEILISPE . R =T 23 G i
EZNLIEEERLTW S,

Tk M ACL#EEFO T E— % — iz 70—
=YLy VY7 25— EEETOLRICHEALLZLER
— ¥ —B\ETEZHCIVY 725 —ET7 v & A 20,
SREBP-1 |2 & % #n B iR {0 A IR O [ & k2o 25
Bt s 5 131 bp L % Ti& SREBP-1 12 X 2§l 2 %\
7oA, 94bp T THL T4 & Z0HESIIIbN (Fig. 3).

Z Ty 13125 94bp O¥EFEE S, SREBP DL
FCy DERERAL % 3 4 F. SREBP 54307 00 B2 (A AE
LR < NF-Y O & A 1 7 Fric e Eh 4R
EANTZVR—=F —BETEHBEL. VY T725—ET
v A BATo 7z ZORE, Bt 110bp FHEOBELHICIE
%9 HEEHIC (ACL-131SREbKO), ZhIZEHET 5
CCAATBEH HPMICUIETH L I EFHSE NI 72
(Fig. 4)o SREDb E2¥~® SREBP O#s&I137X VY 7 b7
v LI X DR L 720

ACL BRI G, L AFu—LalkomsEmygc
HBHTEF I CoA K% fillls 2EEH TH ) B OFEH
WCEETH LN [ VA VADIBEEZ T TOHR
I A F— BRI T CTRBRARELHF LT L) KD
oy VEHEE L CEBENTWwES, T, IV AT
O — VA B R - O MR BRI I 31 BE 9 5 SREBP
2 (T ATHR IR AR 3 B LB AR T O G ENIC 55 %
SREBP-1 12 X 2 X&M< 2 AW etEdrd %, 22T
Vo7 x27—ET vl DRI F SREBP-1. SREBP
2FEBETIAI v FEENRZFNEAL, WELTWRF L7

Sterols + — Fig 2 ACL mRNA expression is regulated
by cellar cholesterol levels. Hep G2 cells

ACL . . were cultured with medium containing
S17 - e 5% LPDS supplemented with either 1

ug/mL of 25 -hydroxycholesterol plus
10 ug/mL of cholesterol (sterol-loaded
conditions) or 50uM of a HMG CoA
reductase inhibitor, pravastatin plus
50 uM of sodium mevalonate (sterol-
depleted conditions) for 48h. Northern
blot analysis was carried out as
described in the legend to Fig. 1.
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Fig. 3 Regulation of ACL promoter-luciferase reporter genes by SREBP-1a(1-487). HEK 293 cells were trans-
fected with one of human ACL promoter reporter genes (200 ng), a plasmid encoding b-galactosidase (100 ng),
and an expression plasmid (10 ng), pPSREBP1(1-487) for 4 h. The cells were incubated for 48 h and then lysed,
and enzyme activities were determined. The ratio of luciferase activity in relative light units (RLU) is divided by
the B-galactosidase activity (U, units) to give a normalized luciferase value (RLU/U). The values given are the
average of data from more than three experiments performed in triplicate.

Fold activation
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Fig. 4 Effect of the mutation of the SRE or the NF-Y binding site on the expression of reporter gene. HEK 293
cells were transfected and cultured as described in the legend to Fig. 3. The fold activation (luciferase activity
with SREBP-1 versus without SREBP-1) is shown. The luciferase activities obtained by the reporter genes were
in the range of 400 to 1000 RLU/U. The values given are the average of data from more than three experi-
ments performed in triplicate.

(Fig. 5)o ZO#EH, ACL 12 SREBP-1 {2 & b @& mRNA E2MEL72E 25, HMG CoA synthase. LDL
WaEFE-> TS L7z — i, T bu— )V THW/ HMG ZHEEMRNARH NS YAV 22y 72w A TENR
CoA synthase. LDL &R EE T IR ITH L TIZIZF DN 57D L, ACL mRNA X SREBP-1 5
HEORISER LT & 512 SREBP-1. SREBP-2 % i# VAV =y IRIATEMERL, VT 2T —ET v
BT DT VATV 2=y 7wy AP COZERENRD A DFERE—F LT,
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Fig. 5 Differential sensitivity of the ACL, HMG CoA synthase and LDL receptor promoters to overexpressed SREBP-
1a or SREBP-2. HEK 293 cells were transfected with one of reporter genes (ACL-131, pHMG S and pLDLE;
200ng), a plasmid encoding B-galactosidase (100ng), and an indicated amount of expression plasmid, pPSREBP 1 a
(1-487) or pSREBP2(1-481), for 4h. The cells were incubated for 48 h and then lysed, and enzyme activities
were determined. The fold activation (luciferase activity in the presence of SREBP-1a or SREBP-2 versus in the
absence) is shown. The values given are the average of data from three experiments performed in triplicate.
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Sebaceous gland is one of important skin appendages and sebum exertion is considered to associate with
maintaining normal cutaneous functions. Development of sebaceous glands is dependent on androgens in vivo and
sebocytic differentiation sequentially occurs with accumulating abundant cytoplasmic lipids. In addition, the abnormal
augmentation of lipogenesis causes the sebaceous gland disorder such as acne vulgaris. However, the regulation of lipid
metabolism in sebaceous glands remains unclear. We have recently established the culture system of hamster sebocytes
from the auricles, and investigated the regulation of lipid metabolism in the cultured hamster sebocytes. Insulin,
interleukin 6 (IL-6) and prostaglandin Fa (PGF:4) were found to augment the accumulation of intracellular lipid droplets,
whereas epidermal growth factor (EGF) suppressed in hamster sebocytes. The regulation of lipogenesis by these factors
was due to the alteration of intracellular triglyceride (TG) level. On the other hand, perilipin, which is located exclusively
at the surface of intracellular lipid, mainly TG, and may participate in the lipid metabolism in adipocytes, was found to
be expressed on the surface of lipids accumulated in hamster sebocytes. Furthermore, the expression of perilipin was
augmented by insulin and IL-6 along with the lipid formation. These results suggest that insulin, IL-6 and PGFz are
endogenous modulators for lipogenesis in hamster sebocytes, and that perilipin may be involved in the formation of lipid

droplets and the regulation of lipid metabolism in hamster sebocytes.
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Molecular mechanism of intracellular
lipid metabolism in hamster sebocytes in
vitro

Takashi Sato

Department of Biochemistry, Tokyo
University of Pharmacy and Life Science,
School of Pharmacy
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6) RTURY TV (PG) HOEMEEIIHT 55
ARG L7z F7o0 RSB W CTRHE S =M
DIREERORAH ST THHR) Y E Y LIZEH L, 2)
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Cell strains from a subset (Ddb") of individuals carrying XP complementation group E (XPE) lack a damage-
specific DNA binding (DDB) activity. Because DDB was reported to recognize many types of DNA lesions and is
inducible by treatment with DNA- damaging agents in a pb3-dependent manner, DDB was originally expected to
play a role in damage recognition prior to nucleotide excision repair. However, recent studies have reported that
DDB is not required for nucleotide excision repair in vitro. Thus, its function is still remaining uncertain. Here,
we reinvestigated the classification of three Ddb' XPE cells and found that they belong to other complementation
groups of XP and UVsS. We analyzed the putative p53 responsive element in the intron 4 of the DDB2 gene,
and found that it has a week binding activity to p53 as determined by a gel-shift assay, and that it stimulates
transcription of a reporter gene containing the element when co-expressed with wild type p53.

1. % 5
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Regulation of expression of the UV-
induced damage -specific DNA binding
protein, DDBp48

Masaru Yamaizumi

Institute of Molecular Embryology and
Genetics, Kumamoto University

p53RE) IZEATAEI AWML TWwb, KT
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IEH e b ERMEEMIIEC 20]/m® © UVC 2 B4t L. #
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PN 7 bT v eI ) BRI R TSR L 72 (RT
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DDB2 #{ZF DI D725 7 ) AFERA % UL g
LT, pb3#&HS (p53RE) ZMsKL72& 2 A, H4 4
> haYMIZT 7B pb3RE ICEET AR &2 W L7z (K
2)e VY7 FT v A TIEIZIODDB2 O P p53RE &
GST-p53 & D#if. UL p53(421) PURIZ X B A —73—
¥ 7 MIERL 70— 72 X BBEHENER I N (3),
L2 L %45 DDB2 @ p53RE & p53 & O #ifid p2l/
WAF1 ® p53CON & iz LTI S 22557 720

3.4 DDB2 ® p53RE NExEEM1{LEE
VY 7x25—¥T7vt412L) DDB2 ® p53RE i p53

#F1 Ddo" #RT XPE AR SHEEET I FOF &0

Cell strain NER* PRR?® UV sensitivity ~ DDB activity? Mutations in Proposed complementation
DDB2 gene group

XP24KO Normal NDe¢ + +¢ ND¢ uvss

XP43TO Normal Abnormal + NDe¢ ND* XPV

XP82TO Near normal Normal - —hi A730Gk XPE

XP89TO Significantly reduced ND¢ + +h None XPF

GMO02415B Near normal Normal - — G818Ak XPE

“NER (nucleotide-excision-repair) determined by UDS (unscheduled DNA synthesis) levels.

YPRR determined by PRR and RDS (recovery of replicative DNA synthesis) assays.

UV sensitivity measured by a colony-forming assay with/without caffeine.

‘DDB (damage-specific DNA binding) activity assayed by an electrophoretic mobility shift assay.

‘Not determined.

fUV sensitivity was observed in the presence of caffeine.
#Kataoka and Fujiwara, 1991.

"Keeney et al, 1992.

‘Itoh et al, 1999.

JChu and Chang, 1988.

¥Nichols et al, 1996.

- 107 —



1000

750 -
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250 -

relative density unit

0 8 16 0 8 16hr
p21/WAF1 DDB2

1 E25MFRRET% D DDB2 MEEEM L
b MEERRIC 20J/m2 O UVC 28BSt L. SiEREEICE
¥ L 7= total RNA (Z & % Northem blot (2 & V) EiEZR & h % DDB2,
p21 DN RBE#T LY M X—82—THRELEDHD,

p53 Responsive element in DDB2 gene (Intron 4)

Long probe

Short probe

GTGCCT TTGCTT-3"

5'-aggcttgctcagaacccggggtgtggggggcA

5'-AGGgcgcCCTcaGGGgcycCTT-3'
mutated probe

5-PuPuP yPyPy yPyPy-3'
p53 consensus

5"-GAACATGTCCCcAACATGTTg-3"
p21RE

X2 SN TRTFyvrA, W2 T2 57—ET7yEAICHWE
DDB2, p21 B3 p53-responsive element (p53RE), DDB2
Tl p53 consensus ICHAY TS 53— NTO—T & ZDERE
OERFbECO I TO-TEAW . BED/HPS3 I
+ Y XIEEESI & p21/WAF1 @ p53RE(PS53CON) #7/R 7,

.
3
cold probe H
ags (=] o [-)
competition e & 8 =
X X X x
Ab -+ + + + - +

- supersift band

-— p53-binded band

Rl probe DDB2 p21

X3 DDB2-p21/WAF1 ® p53RE # 7O0—7J & LTHWE
TV T RT7yt1d, ERITO-TICLB5E. P53
K (421Ab) FINC LB X —IN—=2 T RHEIERI N B,

DFEBIHEVIEEP KT LI b rolzs LML
S ZFDiGTEALEEIZ p21 /WAF1 @ p53CON (2 & 2855
WWHALRE L W 2 D §S o7z (M4). E5I2DDB2®
p53RE O 5' D52 p53CON DN &3 3 % 10 3
EOBHNIS oD 505, O F TELEYE H W2
AIIE pS3RE LA IR TV AWVILY 725 —¥ 5
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K4 DDB2HXEMDPS3RE #T>/N\>H—& LTHWEEAED
P53 IC LB EBEFEMILEILY TS —EEME L THEEL =
> hA—JLid p21/WAF1 B3k p5S3CON, F&Ea >

FO—IWRE I N Y=V T 7 —ERE TS
ZI REFHLTWS, p53 IEFHER (wt) D, &EEME(L
BENET ¢ 2ZEEF (R273H). p530RF &/~ H LAY 2 —
D #H (PRC-CMV) % [ER%IC Saos-2 (CEA L TW3,
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M5 DDB2HRMDp53RE DEADEFEE LN H—ELT
RAW/5ED ps3 IC & BB FEMEILE LD T2 7 —HiEE
&L TEIE,

- 108 —



RIMRIBE THE U 5 DNA BEE ICHEEMNICHEES T % 2 > B DDBp48 D REIRFALET

HFS52AI FEEEay ba— e LTHVWZEESUTO
VY72 o—YiEERE LA (K5),

4. ¥ &

RIS 0 DDB2 OB kiE. [ < p53i
X VEBEBEOEEALE 2% p21/WAF1 X ) 2% DiEhC
I o TWwiz, DDB2#ETOA ¥ ba v 4ITHTET 5
p53 RE @ ph3 B HEA VY 7 M7 v A Ik W RS
N, ZoOEEFEHELEL NS 725 —¥T7 v L I2X DI
REND, FoiEHALEEIX p21/WAF1 @ p53CON &
W45 LMY < . HIZDDB2 # s 1@ p53RE L%
OENDEDOTNV Y T2 T—E¥T vt 2479 LB
Y b= VLT OEEEELEEE R L. ShbDZ
7225, DDB2 BIZTDA ¥ a4 2S5 pb3RE 1.
WAL L7z p53 12 & D g5 iktkfbz =21, LA b pb3ik
ORI L D FHM WA 2 ZITTwDE I ENEZD
N72o p21/WAF1 ® p53CON & it L7234, DDB2
® p53RE & L ToOWEEIZE <. LA ZDHLORANIC
X OPHI R RE 22T D 2 A, BRI %O
DDB2mRNA 5= OINAS p2l /WAF 1 O & ILig
LCHEIT. Lad ) B RIS LDHERETSH ST
BEEREZ b5,

DDB2 X E2F1 (DNA & K B #E = T 0 3 H %
positive (ZHI#HI$ 2 EINT) @ co-activator TH 5 Z &
D SRTW S Yo MBI 0T % 110 5 7 )8 <
p53 & Vi E2F1 @ co-activator £ \wbh b DDB2
DWEGEAHELEINLDP, —AFEL TS LS THHH
DNA {5 ® p53 £ DDB2 DRBD I L LI —ZAD R
L2 THELZONMS LV, DDB2I2X % E2F1
DIEMEALIZ. E2F 1 o#ifl#aE %2 £#> Rb A OIAE T T
LROLNLFH LY, WEEOMILEI A CH AT S 205
ERIZLTVBIRESEZ bND,

bt MM BV TEARTHEE SN2 DNA D
global genomic repair {2 pb3 WSERK I N DA, FD AT
= ALDFMIIAWHTH 5, AWFZEITME 124572 DDB2
BIE T OHIEETEHRE D L1, 20 CON EH| D HhE
fRMTT HHTX 7 LA F FEREBEEROHIEINZMNT 5 p53
OFEFMEWALPICT IRV E525b0DLEZ 5,

SHROBEE LTI,

1) DDB2 $x 53R B DO fFAT
bR AR RAAE SE A\ DN A 815 % b 2wl
AMVA (BT avr, BEEYa v 7%) Tpd3 &k
MLBEE, BT NI A2 Y Tph3 DB E R
HTEBREEMIICUV Y L22Y&0 DDB2 H O

AL a—AJFE2F1HIEITFODNAKRY X7 —+F a,
dihydrofolate reductase £:® mRNA. & L IZ&EHDI
Hoy 4 2a—2A%z~X, DNAHEEOAMIZX Y DDB2
FEPL E2FIESEDNpb3 L VFEINLE YA 20—
IRV AVE U e W HERR T 5o

2) DDB2 MG bEHE DR -

1. A< DNA $#%C DDB2 OG- A - HICHE
ENTVLEbPIE, NS TLVA - RV S
VALV AV PONT AT $4PDH DDB2 EIZTF D
70 E — & — IR ORI RS 2 oMl R &2 A7z
7y M7 Y MR, Y AT LAY VBEICE ) 0%
Z il 9 % p53 UHOIRG R T D[ E % A4 5o

2. Yeast two-hybrid system (2% ) DDB2 & #EA9 5 &
FEZBRL. ZOH5 5 DDB2 @ E2F1 #x 55 LR
WCHEE G2 DGR TZRET 5. FHEICIZE2F]
TUE—F -2 DHEENEZ VY 7 27 —EiHEE W
T, DDB2 &L LI /LA EOHEI B I N D b
DEFT

3) MREBNCAE D IS — » DR -

b MR R O M B2 X A FFAR Z v
T, MR EN 2 UV-DDB IGHEOEB RV h, b
2 G1/SHITORMMOA WA BETT %,

Lo ZefifgEasnEi e bh b,

(BB )

1) Nichols A.F, itoh T, Graham J.A, Liu W.,
Yamaizumi M, Linn S: Human damage-specific DNA
binding protein p48. J. Biol. Chem., 275, 21422-1428,
2000.

2) Itoh T, Mori T, ohkubo H, Yamaizumi M: A
newly identified patient with clinical xeroderma
pigmentosum phenotype has a non-sense mutation
in the DDB2 gene and incomplete repair in (6-4)
photoproducts. J. Invest. Derm., 113, 251-257, 1999.

3) Itoh T, linn S, ono T, Yamaizumi M;
Reinvestigation of the classification of five cell
strains of xeroderma pigmentosum group E with
reclassification of three of them. J. Invest. Derm., 114,
1022-1029, 2000

4) Hayes S, Shiyanov p, Chen X, Raychaudhuri P;
DDB, a putative DNA repair protein, can function as
a transcriptional partner of E2ZF1. Mol. Cell. Biol, 18,
240-249, 1998
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The induction of contact sensitization is associated with the movement of epidermal Langerhans cells (LC) from the skin
and their migration to draining lymph nodes where they accumulate as immunostimulatory dendritic cells (DC). It has
been reported that interleukin-15 (IL-1 #) and tumor necrosis factor a(TNFa) are key cytokines for LC migration and/or
maturation. This study has determined the effect of 24,6-trinitrochlorbenzene (TNCB) on contact sensitization in IL-1a/f gene
deficient (IL-1KO) and TNF a deficient (TNF a KO) mice. IL-1IKO mice showed weak ear swelling response (about 85% of
wild). LC existed in IL-1KO epidermis appeared to be morphologicaly similar to that observed in wild. The migration ratio of
LC in IL-1 was almost the same as that seen in wild. These results suggest that IL-1 may not be a key factor of the contact
sensitization in mouse skin. Additionally, we preliminary found that functional changes in immune reaction in TNF a KO mice,
however, the findings will be required further study.

Ultraviolet A (UVA) is known to induce the expression of many stress responsive genes due to the generation of reactive
oxygen species (ROS). However, UVA's role in inducing metallothionein (MT) gene expression has not been studied.
Furthermore, Ishizaki et al. (1996) demonstrated that UVA enhanced 12-o-tetradecanoylphorbol-13-acetate (TPA)mediated
induction of ornithine decarboxylase (ODC) activity in mouse skin”. Considering these facts, we examined the interaction of
UVA, TPA and antioxidants on the induction of MT and ODC mRNA in mouse skin. UVA (19]/cm?) induced MT mRNA
in mouse skin. The study using antioxidants suggest that ROS produced by UVA exposure may contribute to its ability to
induce MT mRNA. UVA enhanced TPA-mediated ODC enzyme activity and TPA-mediated MT mRNA induction. Alpha-
tocopherol pretreatment inhibited the induction of ODC enzyme activity by TPA treatment combined with UVA exposure
(TPA+UVA). In addition, pretreatment of mouse skin with curcumin resulted in the almost complete inhibition of TPA- and/
or UVA-mediated gene expression. These results demonstrate that UVA can induce MT gene expression and enhance TPA-

induced ODC and MT gene expression. The data further suggest that these effects are partially mediated by ROS.

1. #&

B2 8 AR NS B OBk 2 2 RIE S 2 B R & SR
723 L3RI, RN OEBIEEROER O TLH 5,
R, £ vy —a4 %21 (IL-1) Z2iELo%L
DFA N AA VHBEEAE L AERPIIE D S ORI LA
B2 D B IS A Oz IC EE kS 2 2 L Tw b
EEZLNT WD, BFIZIE, BIEWET LVX—%2 T2
FCTEELREEOBIEICBVTIE, IL-1 & TNFa 25 b
VA=) FOFEELREHERI-LTWELEESbI TN
Vo L LAad s, BETRE~Y R 27z iE 25
RSN TV vy,

T LIVF VR S AL RIS BT VN
v AN (LC) 2R ZJRFT Y ¥ 7S EiICIR T 5 2 &A%
JWEANZALDE—EETHLLEDNLTVWEN, 20T
VNN Y AR D N OB IL-18 2 TNFa A3k

i

The study on immune reaction and stress
response in cytokine knockout mouse skin.

Takemi Yoshida

Department of Biochemical Toxicology,
School of Pharmaceutical Sciences, Showa
University

ELHGLTWEIERZENETNOT A ML VITHT A
Pk Z W22 2 E Tl SR Twb Y, L Lads,
ZOFFICOVWTRAHZ T LD Y, A bh A Vil T
RARBIW € 7V & 28I X ) 2 OB 2 1
PEoNL EFREINL, 22T, AETEI-1a /B
v 279 b A (IL-1IKOX % A) BLUTNFo /
vy 772 <2 A (TNFaKO) Z2HWT7 LV F—#
il iz 1 45 R0 EAE D R BFRC BT 20 A4 P AL v okEE
e L7z

UV I X %Rk i 4 0B ROsE R s h /-5
ETHb, LALARAS.UVAIZZ0eHEIT IS <.
TERBEE S UVA IS X 0 EE SNz SRR 53
75, UVBR UVC LI t#HEOMS HEI R RS L
WEINTVWD, T2, OV UVB R UVC I3l
KB H% L OMFEHED D 528, UVA IZENICHERS
EHEDL L v, E512, UVA RIEEMEZEET S
Hpo, HHBECLIVRHATLIA ML RAREY V308
B R RIEFTOTIRI RV EE R T2, &2 TAIFZETIZ,
UVAIZ XY A L72IEEBRENEEICBIT A X b LA
By N FICA NV ARG Y V82 E LT XL
RENTVEAZOF TR A Y (MDY R4 V=F Y Bij
% (ODC) OB TRIUCEDRRITEEL TV 50
WZOWTHE BRI KNS  HWHTws CD-1 %Y
A% TG L 72,
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2. X B&

2.1 TLILE—EEMER K DOER

2.1.1 ERENELIUHEIE

FERIZ1E 10 BRI O IL-1KO Y, TNFaKO?® K O°
Wild =7 227, ¥4 b A4 Y#EFRE~Y 213,
FORRFEREIGEI aRE—MZEIz X v it5- a8
Mea G RFEBRBWITE RN TR S, PCRICK S
BIZTF v 72 2iTo CENEFNDOH A b A A V#EETR
HY Y AMB IO Wild ¥ 7 A2 5B, RFHER25E %2 17
o720 AW TIZ. M~ A 2R L7z,

2. 1.2 Ear Swelling Test

< ADWEHDOFEEMNY 3% 2,4,6-trinitrochlorobenzene
(TNCB: 7 F>¥ 1 AU —=T=4: 1 OBEIZHER)
Wi w 100uL B/ Lz ZO6 HRICHFOHIZ1 %
TNCB %3 )R HOHIZERAL 25ul 2% D, 24 ¢
BICHEZZ A TV y 22 A5 =Y (BWIv h3) Tl
ELZOHEZEZFIR L,

2.1.3 YIADENKEY — FDRELE

0.5% TNCB &%~ ZAOHZh 2 25ul §2
BAT L. €O 16 R BRICHE M 2RI L 720 RIE 2 B AT
L72lOBF A% 20mM EDTA &4 PBS LB L 7%k v
— M2 BT b VBHTEZE L%, EFF bt
<~ ATAdYUE (77 —3I vV vfh) Tkt L7z,
PURIZAV A F 27— R L7, DABIZX D J X
VRGBS T ENRE (H x 20, FEIR x 2.5
0.336mm?*) Z{7\v. ZOHEEEZHWTLC#E#L, 1
mm?® 470 O LC #z KD

2.1.4 Y2NgiEkE (LNC) EIERIS

0.05~3% TNCB %~ ADWHIZ 25 ul/ear &AG L
ZO T2 REBBICH T Y8k b LNC 238 L, Y
FILF IV VO AARERE L7,

2.2 UVAICKBAPLRIEEZINVBEDEIEF

RBEANDZEDOEER

2.2.1 EEREMSLULE

AARF v —IVAYN—=FKT7 M) — AL Y HEA L7
% CD-1 7 A& Wiz, 7 Ak, FEBIHN%2~3
HENCERDOEEZ N VT 2B AT ) LA—N— (&
AR ICTREICEZRY Bz,

2.2.2 XE
H#0t Black Blue 54 + (FL15 BL-B. F3 3 7 ; 300-
400nm) ZHW, FF9 AT UVB 27z, JEE1Z UVR

305/365 Dradiometer (7 =HVH7FI44) ZHWT
HE L7z,

2.2.3 UVAERSSSIUREBEHERE

ARG THW PR 1E. 1,4-diazabicyclo-[2,2,2]-
octane (DABCO;10*M). a-F 27 xzua— ) (2 x
10°M), Zrvz 3y 10°M) THYH, wFhdb 7
VIWCHERL. BE L2~ ATEEBE I 100 ul #45 L 72,
12-O-tetradecanoylphorbol-13-acetate (TPA) &, ¥ X5
WANT +F Y FICERLBET 2 b TLOR/BARLD
D% 100uL (8nmol TPA) A L7ze XfIRENWIC X FE
DEBER AT L7z UVARE LY 21219]/cm® 1]
Wl7zo F72. UVA REFIERER %2 0 el & 2R L7z,

2.2.4 RNASRESLV/—H>TOvY ME

Wi — RGOS Y ABMEEEZRY, FT7=Y
FAYTR—b-Tz )= -zaakl A
T total RNA #$RHLL 7z, total RNA (20ug) % 1.2%7
HU—A-KVAT VT N7V ETEKIKE L7 /
—¥r7uy MECHWwEZTa -7k, Fv=F ViR
%% (ODC 5 0.72kb, pMK 934 mODC ¢DNA @ EcoRI
fragment)., X ¥ aF %+ %4 -1 (MT-1:0.4kb, ¥
A pMT-1 ¢cDNA @ HindIII  EcoRI fragment). 2V
VT IVFe F-3-74 A7 z—bFFur)r—=%
(GAPDH:0.5kb, GAPDH ¢DNA @ Pst1 fragment) T %o

2.2.5 REYTIVERES LV ODC BREME

Eik

<~ AFKIZ, O'Brein E0HFEICL VLA T
bbb, L2~ AR 26 KI260BREREL 7
. 55 C OB 0 MHE L, MW KIRELZ, &
DRZFIOREERHAI V) THEY, 50mM Y ~
BF b)) AR (pH7.2, ImM Y FF+ AL A F—)b,
0.1lmM ¥ F¥H—vY) Y, 0.1lmM EDTA &4) I
fb, Vor—s—Tv=4r—1F (19W, 24) L7 2
Nzl L7z (30000g, 20 40fH) Rif%HwT ODC B
WP E 2 47 - 720

ODC i1 (3. Russell & Snyder @ HEC & 0 illsE L72%,

3. BEREER
3.1 IL-1KOYIRERAWET LIV —MiEf kB

ROMR

3. 1.1 Ear swelling test D1&5%

7 LIV — PRl R I %5 IL-1KO ~ 7 A THE L % 0
MRS 5 BT, 7 LV F =LA kofgiE e LT
M ENTW5 ear swelling test 247-72 (Fig. 1), =
DA, IL-1KO X7 A0 HEAIZ, Wildv7ADZh
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DI 80% & DT DBV LI L7z,

3.1.2 %ELEICKS LCEEDEIEET

WIZ, 0.5% TNCB ®4i 18 B D H#K Kz LC Z i~
7 A TAd PR TRIEGM Z TV, HELE O D 0 & g
TAHIEICLY LCHEEEZMF Lz (Fig. 2)s £9. L
IAd PURIC & A0 gtaofE . IL-1IKO v 2123 LC
AAFFE L TRREEIBIZETIE Wild @ LC EHFICRE i

0.20

0.15 - T

0.10 -

0.05

Increase in Ear thickness (mm)

0.00 -
Wild IL-1KO

Fig. 1 Ear swelling response induced by TNCB in IL-
1KO and wild mice. Three percent of TNCB was painted
on mouse abdomen and one percent of TNCB or vehicle
was applied on each ear 6 days after the sensitization. Ear
thickness was measured 24 hr after the challenge.

[0 vehicle
TNCB
1000
o 750 -
£
£
o
£ 500
=}
c
Q
-
250 -

Wild IL-1KO
Fig. 2 The effect of TNCB on LC migration in wild and
IL-1 KO mice. TNCB (0.5%) or vehicle was painted on
each ear and epidermal sheet was prepared 16 hr after
the treatment. LC was stained with a monoclonal antibody
against IAd and number of LC was counted.

WRD LN oTz. 720 TNCBEAIZK D, K,
SHLPIIZLC WA LT ALFENED bz, FEERIC
LCKAZFHILTHREELZZE A, IL-1IKO X ZAD A
DEHEEFSTWD LCBAZ WHINIZH > 72 TNCB AL
EICX ) LCIE, Wild, IL-1KO LIy BaLE I2 ik LT
¥ 20% WA Lize SRHDZ EIE, IL-1 L% LT
HLCWHEHAL, N7 7 ORI d s L CilElEd 5%
ERLTWD, €Ty WITEMY Y288 TLNC 2507
TYDREGEZTRS THIEL TWEHE ) »% LNC #
BB & MG L7z

3. 1.3 LNC #HERIE

EAEVEE DM R D —D>TdH 5 LNC Bl UG %
0.057%5 3% TNCB THEf L72& 2 A, 0.1% TNCB ®
WX IL-1KO v 2 To LNC #4613 Wild X 0 55
{ % ZMEINASFED 7275, FEikEEo TNCB Tk Wild &
EIEFABICHER SR E TV A Z LR L2 IR - 72
(Fig. 3)o
AAFFEDFER, IL-1 BAETH LC O LR EIEILIEH
By & AR UL IL-1 24 S 2w LC il R0 J&AE R AT
DRPHEHET LI EIRIBENT. LALEYS, #EnT
RIEBIWIIAE TN D512 LT D BIE T W 2SR L
TWBZENS, TS POMDO KT X » TR A3 2E
CCTWRHWEEEDBETE RV LS, SHEDHICH
T LMDV LETH 5

3.2 ZDOMOYA bHA2KOYIXzEHWH
R

8000
O wild

IL-1KO
6000

4000

2000 -

3H-TdR Incorporation (CPM)

0 005 01 05 1 3

TNCB (%)

Fig. 3 The effect of TNCB on LNC proliferation in IL-1KO
and wild mice. TNCB (0.05-3%) was painted on both ears and
draining lymph nodes were excised. LNC was isolated and the
incorporated radioactivity of *H-thymidine was measured.
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IL-1KO =% ZIZBI1F 5 7 Lv ¥ — VBl i 212009
BIBA, Wild v 7 A EHRICK X 2 AHLEDED 5z h
5722 M5, TNFaKO v 7 2 %2l koM % i
D7z BIET THON TV L MEIE. BARMZFRH 72 i 38
ELBELETHHDOTHHD, TNFaKO Y7 A TIELC I
BEDPBEL TV IR LN TS, SHITREMNT
IZBWTD 7 LV F -V &2 EEEY X 0 i2ise
DS PIR. LTS E W) EELREEI RSN TS,
ARSI LC O 7 LIV F —Vgfil iz i 5612 B0 5 %)
WL THEEZEZRMET 230 TH 5, BEBRIICZ
DIFHOIGET 2 HED TV 5,

3.3 UVAILKBZ XL RIEESZINVEDEGF
RIFADEE

3.3.1 UVAIZLS MT B FREOEEZIL
FTFIROIC, UVA RS~ 7 A E MT 2 E %0 2175
Ax5l&RIT2rE) 2l Lz (Fig. 4). UVA
MTmRNA % BEEHETT TICHF LM s e, HEHH
6 4 RER I, IR OK) 6 5D MTmRNA 23728 H 7z,
ZD%. A I mRNA 2R Lo, BREF 24 B 1%
RiEFay be— L ANVIZEBE Lz, UVA XYY A
FREIZBIT S ODC B TFIHIUT, RIEBRTHE LB
WCBWTRESHEEL o720 ZThIE, R0k o
B 7V —TOME L~ LTws Y,

10
MT mRNA
m 7.5 I
(7]
“ *
s | .
g 5- U
o
e l [
25 - 1 .
L
0 T T T T T T
o 5 10 15 20 25 (hr)

]
UVA exposure

Fig. 4  Time course study of MT and HO-1 mRNA following
UVA exposure in mouse skin. Mouse dorsal skin was
irradiated with UVA (19J/cm2) and the skin was collected
at the times indicated. Time O indicates the starting time of
UVA exposure. Each blot was semiquantified and the signal
of MT mRNA was normalized with that of GAPDH. Symbols
represent the mean = SE for three mice. *Significantly
different from controls at p<0.05. (5IHEX#E 9 &£ 1))

3.3.2 UVAICE3 MTmRNA FEICRIFTHELER
DEE

UVA RIGHBREEZLELLIZ END. ZOWEERED
MTmRNA FEICBIIZTL TV A EELZ BT L HNT,
WA CTH L a- ha7zo—n Y BLO—&HEBEE
HHITd H DABCO™ % UVA M5} 30 48 I ALiE L 7= (Fig.
5)o o- P27 2@ —)Lid UVA 12X % MTmRNA FHi&z
20%. DABCO 12 40% % L7z Z0FEH»S, UVAILX
% MTmRNA #FEIZESWIC UVA BEHZ X ) B U2
PEREHE Y, BIC—HEBENWE L TWAH I EAURIEE
Nzo EHMBEUSMNOERE LTIE, UVAIZX A
NpEHEENTBY, $2 FFFY 22K MT
FHOTALRERE VDTV IL-6Y 232 5h 5,

3.3.3 UVADTPAICKWUB[EREZIEh% ODCX®
MT ZEDHEBYHRLESTIC a- a7 T O—-JLICEK
2 Bh1EER
TPA RN ZREERT Y 7aE—F =L LTHL NS
BAmSAALEWTHY, ODCH 7 R MT* Z & Hkx
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expression of MT gene in mouse skin. Antioxidants were
applied to the skin and followed with UVA exposure. The
skin was collected 4 hr after starting UVA exposure. Each
blot was semiquantified and the signal of MT mRNA was
normalized with that of GAPDH. Symbols represent the mean
+ SE for three or four mice. *Significantly different from
controls at p<0.05. #Significantly different from UVA alone at
p<0.05. (5IAM@ 9 &£V))
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Fig. 6 Effect of a-tocopherol on UVA-mediated enhancement of ODC activity, ODC and MT gene expression after TPA ap-
plication in mouse skin. a-Tocopherol and/or vehicle was applied to the dorsal skin just before TPA application on the mouse
dorsal skin. Two hours after UVA exposure, the skin was collected. (a) Blots of ODC and MT mRNA were semiquantified and
normalized with that of GAPDH. Symbols represent the mean = SE for three or six mice. *Significantly different from controls
at p<0.05. #Significantly different from TPA alone at p<0.05. (b) The epidermis was obtained from the rest of the skin and
ODC activity was measured as described in "Materials and Methods." Symbols represent the mean = SE for six or ten mice.
*Significantly different from controls at p<0.05. #Significantly different from TPA alone at p<0.05. ##Significantly different from
the group without ?-tocopherol treatment at p<0.05. (5IFANEL9 £ V) )
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Fig. 7  Effect of curcumin on UVA-mediated enhancement
of ODC and MT gene expression following TPA application.
Curcumin was applied just before TPA application. Skin was
collected 2 hr after UVA exposure. For a group without UVA
treatment, skin was collected 4 hr after TPA application. Blots
for ODC and MT mRNA were semiquantified and normal-
ized with that for GAPDH. Symbols represent the mean =
SE for three or six mice. *Significantly different from controls
at p<0.05. #Significantly different from the equivalent group
without curcumin treatment at p<0.05. ##Significantly differ-
ent from TPA alone at p<0.05. (5IHEMBEA9 &)
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We, multicellular organisms, must cooperate, to some extent, all cells when we behave for one purpose. In this
regard, we carry the autonomic nervous system and all cells are cooperated with each other under unconsciousness.
All cells in our body are under the regulation of autonomic nervous system and leukocytes are not excluded from
this rule. Therefore, if the autonomic nervous system becomes unbalanced, the distribution of leukocytes is also
deviated. This leads to the disorder of organs, including the skin, and we finally fall victim to disease.

Key words: cooperation among cells, autonomic nervous system, leukocyte, disease
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Solar ultraviolet radiation with wavelength between 320-400 nm (UV A) passes through stratospheric ozone without
absorption and reaches the earth's surface. When exposed to UVA, reactive oxygen species (ROS) generated by
endogenous photosensitizers cause damage to DNA, mostly oxidative base lesions, in living organisms. In this study,
the damage specificity has been elucidated of two base excision repair enzymes [endonuclease III homolog 1 (NTHI)
and 8-oxoguanine glycosylase 1 (OGGI1)] that are potentially involved in removal of UVA-induced oxidative DNA
lesions. Duplex oligonucleotide substrates containing unique lesions were incubated with the enzymes and products
were analyzed by denaturing polyacrylamide gel electrophoresis. Pyrimidine lesions such as urea, thymine glycol,
5,6-dihydrothymine, and 5-hydroxyuracil were efficient substrates for NTHI, and purine lesions such as 7,8-dihydro-8-
oxoguanine and formamidopyrimidine were also good substrates for OGGl. Interestingly, further analysis of the damage
specificity revealed that NTH1 recognized formamidopyrimidine, a purine lesion, and OGGI recognized the pyrimidine
lesions except thymine glycol but in a paired base-dependent manner. These results suggest that NTH1 and OGG1 may
be able to act as a mutual backup enzyme, albeit not perfectly, in cells. The repair activity for 5-formyluracil, a major
UV A-induced oxidative lesions, was also investigated using mouse tissues. Incubation with the crude cell extracts from
several tissues including brain, heart, lung, thymus, and liver all resulted in incision of a substrate at the 5-formyluracil
site, demonstrating the presence of repair activity for this lesion. Several lines of evidence suggested that the observed

activity for 5-formyluracil resided on a novel enzyme that had not been identified before.
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DY I %2 F0 70 F DRIV WIS 5 &, 7 F
OREREVZEAL L 720, WEHIRSFE 2 EOBUSH 2 4 Uik o

STERET L. DNAKEENS 4oL (A, G C,

T) Fwgnd 260nm (IR Z 55, # 300nm
T O8NS ERINT 5. L7255 T, UVCHB LU UVB
(&, DNA WIS MEH I AE OREEZ(L 2 5] Sk 2

K1 KEXDLKIRE DNA E5

RIMER S uvc uvB UVA
HR (nm) 190-290 290-320 320-400
AR T RILF —(%)° 0 0.5 5.6
DNA DB 0} Hh) RiER) L
DNA 181§ ° CPD, 6-4PP CPD, 6-4PP L8l
DNA {B1R#515 © NER NER BER

CHRICEZTIABAIXF — (FRIMR, TRK, FINR) (CEHDBEE
hCPD:(:ycIopyrimidine dimer, 6-4PP:(6-4)photoproduct

°NER:nucleotide excision repair, BER:base excision repair

Cellular repair mechanisms of oxidative
DNA damage induced by UVA

Hiroshi Ide

Graduate School of Science, Hiroshima
University

. RFRAIT L AN 7% Watson-Crick B3E J5 2 ak
&, BEF ORI O 2R E 2 R 2T 720, H
SELACITAE S TR RE D AT 1E, WIS L > THRO T
EREHRE RS, UVCBIUUVBIE, 220K 3

T UIESEANERE L 72 dipyrimidine site (2 cyclopyrimidine
dimer (CPD) & (6-4)photoproduct (6-4PP) #4U 5%

(1A V. miEEIE DNA #H# A5 HET 2 7-0Mi
FHDOFHE 25135, 6-4PP T, HEE# RO MR /2
DNAB#ESEZ 5 &, HAESICHMN TIIZWits7ax

VAT PP AFNERERIGERSINS. v T,
2T 2O IE R IR, S HITEWA
FBREORIEIZ S D% 5. FnRZ LI, WIREZID £

KAV UV RBIZERIGEE WIS 5720, M LICERT 54
Wi, LB E%RLUVCOTRT, B I OENEEHEE
UVB 2 X % DNA OE2 LTS,

—7J5, UVA ZFV VB E o 7 NS e 1FRICEE S
5. UVAIZ UVBIZHAEFZ AN F—I/N DS, HiFIC
HEFTLETANF—mIZUVBOK 1051ET 2 (1),
DNA & UVA O3 E¥ (320-400nm) (2 IEWIT % H:72 7
W7z, UVC R UVB &34 ) EH#NICIE DNA 5%
FIEEZI S 2w, Lo, MEMICIE UVA BRI
EROZMOMENG T (72& 21, NAD, FAD, ®L7
1) ALEM R E) AT S, INHO5TIE, ARFH
AP BV T - = A VX — RN Lol e L
TEERME %2 L TW5HA, UVA PHIIICHE S s L
EN, TANVF—BENC L ) iHEEESE (Reactive oxygen
species, ROS) 23%82E3 % (Type II reaction &I %) 2).
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ROS &, JRBICEET % DNA, Ak, & vk gL K
IBLINSOGT2BLT 5. ERBEOIREBELR S ~
NWIADHREIINOEZHERT AT LICL YU TE S
A, BIRNEHZ ) DNA o#f51E, UVCB XU UVB D
Yty L AARICAEMTEENCE > TEREBIBE 2 5.
AMEPE TS F2385-3 % UVA Hisko DNA 855 LT
13 thymine glycol (TG), 5-formyluracil (FU), 7,8-dihydro-8-
oxoguanine (OG) 2,6-diamino-4-hydroxyformamidopyrimidine
(FAPY) ZEDESNTWS (M1B) 3-5. TGH X
O"FAPY 1 ZZRERMEIZEWAS, Wiy DNA H#% ik
CHEST 4. —F, FUB LV OG IZH B ERHEITK
NS, PR R IRT. L7zA%> T, DNAWAELZINS
DB, HRPICHRESINDZLEND L. Rk, Thb
DIERACIEN; 2 3853 2 WFLBUBERER (B PBI U< Y X

NTHL OGGl) #E S NBIEFH 7 a—=> 7 EN26 7,

NTHI1 X TG, OGG1 i3 0GB LU FAPY Z#fiklL, b
DG E DNA 226kET 5. 2512, OGGLIZDWTI,

A  UVB-induced DNA damage

Q GHzHc §
HN NH
oJ\T T’ko
dR dR

cyclopyrimidine dimer

(6-4)photoproduct
(6-4PP)

B UVA-induced DNA damage

o] 0
CH3 CHO
OIS
T T
dR dR
thymine glycol 5-formyluracil
(TG) (FU)
0 o)
HN HN N
A= ij
HoN SN T HNT N TH
dR dR
7,8-dihydro-8-oxoguanine formamidopyrimidine
(0G) (FAPY)

E1 UVB&ELUUVAICEWERT 5 DNA RIS
ATUVBICEWERTBEY I Y2 5 B:IUVAICE
WY BBRLIEE

977 b= AHMERLE N phenotype DIFENTAMTH L
725, =T AFZIEREICHEE LERICEWSERIIEE SN
hrolzs 9 NTH1 v 777 b~ 23 FRHEIN
TWiaWwds, KIBH o NTHL A€a 7 /KE#k (nth) Tid,
BH#f 22 phenotype 25ild LN W &5 10, NTH1 / v
77 M ATHABRRHENFEEINS. L2 T,
NTH1 B XU OGG1 IZMiFLE O F 2 A M LIRS % &
LTMESITLENTWRIZE»0bET, IhEOREEIC
X BAB1ERIEASE B 12 phenotype & L THINZe Wil gEMEDS
v, DNA offbid, UVA O X9 ZAMIERZT TR L
FRMRH L Vo 2N RN TOAEL D720, wBEEOR
WIRBETH B, T X BB LTIE, TS DK
T—DODOBEEDE TS, MoOBEsINE Ny
77y T3 AHI LX) fail-safe system T L T\
e 2 6515,

A7 Cix, MLEOBUE2 5 NTH1 B L 0GG1 o#H
FREE 2 GRS, BT A OF —N—F v TITX
BNy 7Ty TOWREEE S IMEF L7, 512, FU
T AMFLEBEERE I I NI TICRIZE SR TR Wn
ZEnn, ZOEROMEDLHDbETTo 7.

2. ¥ B&

2.1 #VIdXYULAFFEE
TG, urea (UR), 5,6-dihydrothymine (DHT), 5-hydroxyuracil
(HOU) 13EH) 1 @ X oFBf, FUIZEY] 2 DY O, OG
B L O FAPY 135 3 D Z OEMIZHEIGIEA L 72,

fics 1 ACAGACGCCAXCAACCAGG

iy 2 CATCGATAGCATCCGYCACAGGCAG

iy 3 CATCGATAGCATCCTZCCTTCTCTC
EEH 1 — 3OMEIEFRAFTT I &4 FEEICE A%
L7:. DHT, HOU, FU, 0G&, ZhZhxtied 545
TIFAMEI =2 HTAKL, EALHEEEL)
IR L e VAR e S T CHURE AR AT o 72, TG IIMIG T
AREICFIVEELFVTXZLAFF (51, X=T)
@ KMnO« LEIZ X D &1L, @i#] HPLC 12 & ) 0 HURE 3 L
72. UR Z&ELREHE, TCZ2EL AV IXZLEFFOT
VH ) LEE (pH11.4) W CX DB L7 FAPY &, RiERIAE
ELTT-AFNVZT7 =% DNARY X5 =YL hE
AL, TRZESERT, pH11.4 TR L FAPY (24301 7.

2.2 BEERT7vEA

~7 ANTHI, &  OGG1, KI5 endonuclease II (Endo
), formamidopyrimidine glycosylase (Fpg) B X'k
b methylpurine glycosylase (MPG) &, #hZFhr o
—= VT LBETORBRHBBRRZHWTREL, 14
YEWBLYT T4 =T 4= b T T4 —I2ED
SDS-PAGE TH—NY XA FTHREL L 2 BER
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W7 v A T oM iT-7-. iz &bt aIxs L
FF K& 5P Bk, MMSE 7= — 0V LESIE E L
72, #E (5-10nM) #F#% (1-10ng) & 37CTA v Fax
— L7 BUSEBWIE16%EMRY 720 V7 I FER
kB (PAGE) T/MEL. /S FORIELEZ BAS2000 12
LV L7z NaBHe N T v €V 77 vk A Tld, ikt
B & NaBH: (50mM) #iR&L, ZHICEHRZINZ 37TCT
THERIA v F 2=+ L7z, OSBRI, 10% SDSPAGE
THHEEL, NV FOERIXIGET v &4 L FERCA TS 72,

3. REHLUEE
3.1 NTH1 DiEHIFEM

NTHI1 2%%8#% 3 % DNA #5525 20123 56729012, UR,

TG, DHT, HOU #[—EyIHIcEL A+ IX 7 LA F F
CHEZRHE LEERREEMES L2, UR, TG, DHT
O EHAEIIT A, HOU O GHi&EI2IE G 2 w7z, &
% NTHL &A1 v Fax— 14 EFEWE PAGE THHT
L7z, 4MOEEBETRTNTHLICE# S, BEHT
B ISR S 2R N v RS bz, 72,
Witk e o 7 v OFEIEE DS, 3 Kl hydroxypentenal-
5-phosphate TH Y, NTH1 ® APV 7 —EiEMEIC X )4
L7z B BB ERW CTH A LAVRENZ. WIZ, ThHo
HE T A2 BRI 572012, WYk
DTG % W E LI AR o/ % g L7z, URISH
T HEHIIMMOBHEICHR2HEHREES OO, $TH
HHEENTHI O L WIRE L 252 b h o7z (K2A).

FERAY ORBEE) (2id, NTH1 ®&E1 2 Endo A
AT H67 W, WMEEORENFREOEREZHO2ITT
572912, Endo M® UR, TG, DHT, HOU \Zx}3 A iG:
# NTHI1 &% A CER L7z, Endo i, UR, TG,
HOU % [MfE ORI TR L7228, DHTIZH L TIEEL
CARVIEE L AR E o7z (M2B). BLEONTHL B
XU Endo MOKEL S, WilEE TIE DHT X 516
WREL BR LI EIRENT, ZOHBEZHLNIZT S
72912, TGBLIUDHT IZX$ 4 NTHI & Endo M D%
FXF X =% (Kn, ke) ZWEL7. NTH1 D Kn iZ TG
¢ DHT CTHUETH - 720128 L (3nM), Endo D #
NIE TG (Ku=19nM) & DHT (Ku=510nM) T 27 f5®
EMNRD LNz ZOFERIE, Endo Mo DHT 12X 3 5 H1
AEDHED TR E 2R LTS, £72, NTH1 @ kea
& TG & DHT CTHEE (kee=0.02-0.03min!) TH o7
DIz L, Endo MOfHIX, TG (ke=0.78min!) & DHT
(kew=0.07 min") Tl fEOENH o7z, TNHD/T X —
% %5, DHT 283 % Endo Il oD TG EPEE, IE
BAMEOACT B X Ol HE O 3D oW ] TR L Tw
LI ENHENRE RS

FROWEET v A4 OfEE2 S, NTHLIZE Y I V¥

BRBHZAE Y (UR), C5-C6 ik (TG, DHT),
C5 KM LY (HOU) % DNA %5 [RMEOMECTHRET
HIEMRENT. 512, NTH1 OF#EME 2 H = X
AW OENITT B0, SHEEOREN 21772, 2D
HiT, NTH1 &3 % NaBHi fFE T TA ¥ F2xX— |
L, BSAE % SDS-PAGE THHr L7z, ZOfE5%, iF
MEDIE DI NTHL- REBEA KRR SN #
T N-Z)avs—EEHICIWELEOT VT
K3 (C1'f7) & NTHI OFEMHEFGICH S Lys ORICTE
B E N7z Schiff 38 (BOSH K) A5 NaBH. I X 1 3%
TENELZbDEEZLNS (M3). 72, UR, TG,
DHT, HOU T+ 5 v 7&K AEORIZF L TH
oz ORI, T L ORREED —F L.

3.2 OGG1 DEMBFFEM

OGG1 127 ¥ ALl OG 5 X U FAPY % DNA %5
B2 BIEEEZ RO EAHONTVET S, 0GIZoWw
T, FAFBT7IFA MEEHWA) TR LEF R
BREDHELEINT VD720, £ OMRENKTLR TV,
LA L, FAPY 2 RIICELAY) T 7 LA F FIEHD

A 5.

2>

=

5 1.0 L

<

(0]

= L

©

o 054}

m & -

0.0
UR TG DHT HOU
B _
15 Endo Ill

P

=

©

<

(0]

=

kS

(0]

o

M V==

UR TG DHT HOU

2 NTH1 LU EnNdo MNDE I ¥ U EMLIBEICHT 5 7E M
urea (UR), thymine glycol (TG), 5,6-dihydrothymine (DHT),
5-hydroxyuracil (HOU) z&CEBEEBREM ¥ 1Nk
L, &£ U-EMER % PAGE HHRICEWE L7 SEE
(X9 2iEMIE UR (ST 24ExHEE LT/RY. AINTHI, B:
Endo I
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HHAEIEINE TITHL I TR
holzizd, 0GGl OWFEZ KT
ATk OE BRI 2 TbhTw

Lotz AEFETIE, T FAPY "M
BABEEWRA L 7-AF V7T A
NH,

= (TmG) &, 75z DNA
IDAIFY—VEPHERL ATV
FAPY I22{t$5%. 2T, FAPY
DOEEEE LT, 7-XFIVFFFT
77y =) iR DNA KDY A
7 — XIS & ) BHIWORLHIHIZE
AL7 Ihax=iRT, pHIl.4T
MILL, 7mG % FAPY (ZZ53 L 72,
YR Y VAL X O 4 O RAL
2 XY 7mG H 5 FAPY ~OZEH
A E PRI AEE, EALTmG
ZERICFAPY 124 S Tw
A EWRENZ TmGIET 7Y
F—TarvERILRTWEETH
B0, EBIZHWLMETIET Y
=T a GRS o7
FROFFEIZI D FE—HFTIZ0G B I FAPY &

L) IX 7 LA F FIEOTEDRTRIC R 722 85

& T OGG1 OMFRBI3 5 161k 2 elehat L 72,
OGB LU FAPY Ox&HLIIEC RV, HEE
OGGlZ#A4 yFax—1bL, £EW%E PAGE THHT LT
R, AL CRRNICYR SNy PR 6
7o (K4). mEGE AR g BEEICX Y T2y
Wit Tdh o7z, KEH O OGG1 HiE-REu 7 Fpg i
DWTHRMLFEREIT-72L 2 A, BEWELTIE S
LB s U7z (K4)., L7z25-> T, ERAYHEK
OGG1 BXUEEAWH K Fpgid, OGB LU FAPY #»
HHRLN-Z7V a2y 5—¥E LTHEATLD, 51&H<
APV 7 —Y¥OfEHE—FIIR LD LEZ NS, KIZ,
flie OB SRMTFT TR UAEEMZ 2w L, OGGL @
BENTG A= PtE L7z, OGBXUFAPY T 5
Knid, ZNZN23nM B LN 15nM, F72 ke 1, F10
Z10.034min! BL Y 0.025mint &0, WMEETRKE
TEVITFEO N o7z TR, HISEIE  (kat/Kn)
HITITFEL WL 2572 (OG:FAPY=09:1). Lo
KRS, OGGL BEETY YLl OG B XU FAPY
W LA TDNA 2 6RET LI ENHLNE Lo 7.

3.3 NTH1 & OGG1 DER#EEA—N—-F v 7
NTHI1 & OGGL O¥EF —N—=F v T2 FAXRD 720

2, W EE# o UR, TG, DHT, HOU, OG, FAPY IZ

X9 BEME R AN, B XA NTHL (3.1) B &

waryEish (a),

0
HN)JICHj
OH
PN

07 "N” "OH

s stran_d
scission

DNA

Schiff base

C | NaBH,
Y

DNA
j?f/—

DNA

cross-linked complex

M3 NaBH4 (Z& 5 NTH1 RISHREED b5 v TRIS

NTH1 OFEMES ICHD LysDTFAF VR -—XC1' AOHBEIZLY N—F UK
NTH1 EEBDORBICRISHREE (Schiff base) RIS, 2
hh5 B BEERSATEI ) DNASEA RIS 13 (b). NaBH4 727 F TIE, Schiff base
D imine METEIN, BELABR-EHI/OX > 7EEEITEERENS (o).

Substrate  OG FAPY
@ o2 @
Enzyme § 2 ¢ § 2 ¢
2280280
P

4 OGG1 LU Fpg DTV CELIBIEICE T 2 BEAH
7,8-dihydro-8-oxoguanine (0G) ¥ & U formamidopyr-
imidine (FAPY) #&tHEE%, OGG1 2\t Fpg &1 >
FaNX—bML, EFEM%E 16%ZE % PAGE TAMH L 7. K
DOEENLE, B HBEERME 6 RBERDERT.

FOGG1 (3.2) oFEETIZ, HEHEoOFAERE A (UR,
TG, DHT), G (HOU), C (OG, FAPY) & L7:7% A%
BClik4foxaiilt (A, G C T) 293 X_XTHWTIE
PEEBET L7, WL, RHEBWEOS v Fax—Ta
WX ER LWy FabE®& L7z, NTHLIE, UR:
N, TG:N, DHT:N, HOU:N (N=A, G, C, T) 727
TH<E, TNFTOGGL DAIZHEMENLEEZEZSNTW
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72FAPY:N (N=A, G, C, T) &L THiHEERL
72 (M5). E5HIZFAPY I8¢ 5iEM1Z, NTHL A&

ROIEED1DTH D TG 2L FIEETH > 72,

LA»L, NTHLIZOG: NIZH L TidF o iEHEEZRE

me

no enzy
FAPY : A

FAPY : G
FAPY : C
FAPY : T

" -

5 FAPY (Z3x49 % NTH1 OiEES
4FEDEREEIE LA FAPY (FAPY:N, N=A,G,C,T)
EFECEBGENTHT &1 FaN—bL, £ E 16%%E
% PAGE TH# U7, MbhDOXRENE, B BBEERMERT.

A
s = &

. ¢ 4
i
S £t o 9 5
Y

T z

=

6 ~ U RBEEED FUBEEME

Specific Activity
(pmol/mg/h)

mdrol. —7, OGGLlix, NTH1 & ®74b, [§ UG
TORAEEIC L D HEESE L. 7)) VBT
LGt oSG, OG TIX OG : C >> 0G : T>
0G:G>0G: A, ¥7:FAPY TIZFAPY:C > FAPY :
T ~FAPY :G~FAPY A tZzot. ¥ IV UG
T, UR:C, DHT :C, HOU : CIZHf LiFM %R L7225,
o3k (T, G, A) &AL EEZRo LN
irol., L72hoT, OGGLIZZNETHE SN TS
T) CHEEENY TIE R, BV IV UVEBICHLTHE
M e BAETEME 2 FEORS, & OTEEIZIEBI0 70 5 430 34k
THERTZEDPHL N E R 5T,

3.4 FUEBEEH

FU % 3853 2 WZLBIS R R 2, FREER B X Ol
ML % TR L7z, REEER 2 W% T,
BACEEBERE (NTHL, OGGl) ®IE2z, KEH®
FU R #Th 5 AlkA OWFLEKERET 7 (MPG)
ZHW212 19 LaL, NTHI, OGGl, MPGW§hd
FUICH LTIZEMEEZ RS eh ol Lzt T, LM
DFUBHEBEIIINEITICIHESNR T RWHIHAZ D
DTHHEEZ, MM T O FU BEREE 7.
<~ AOM, (DiE, M, W, iz L, FhEho
SR 23R L 72, ShEREE M v F2x— Mg,
Beg o8z L, USERW 2 PAGE THH L7z, ZOkEHE,
Wi H L D00, W23 XTOlEET FU #7
TYIM SR shz (K6). o4k,

B
0.8
0.6
0.4
0.2
0 T T T T
E 5§ 2 % o
@ >
s 2 3 E 3
c
=

A= 5R, (O, B, AR FFEZEEL, MiEEmEMERARLE ChE
5-formyluracil (FU) #&E8EBEA > Fa2~N— L, £ % 16%ZT M PAGE THIL /.
MbDEREIE, FUBENGTIMERYERT. B: FUBRENLYIMERMEE L, ZE:S

DIEEERL 7.
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FUDORD Y IZKEBHEOF I v 2 AL EETRRO LML

Mol Z b, HEHRNZTETH LI EARENT.

PR AERT 5 BT, AL 2 KREIHEL, 2
NEHEA+rrau~v b 774 =1L 05872 BRE
N2 FU, TG, OGi&k%Z5Hr L7z#R, FU G
X TG B LU OGIHEAEN S5 5H & T I8,
SZAHICEHN SN, ORI, BRENTHIB LY
OGG1 28FU Iz LTIk 2 R S o 7o & K —%
T5. 5%, ZoOiWEM%E SDS-PAGE TH—NY FIZh?
FCOHHEL, BoNnBEOMIRZFEMIZHT L TP
ETH5D.

4 # B

UVBB XU UVA L, ZhEnfA0#sT#HE%#
L, MiHETIRYY I Y ek (CPD, 6-4PP) HHHE
THDHDIHL, BEHETIIMBANICHFET 22 00F
MG LB LRGP EETH LS. AR TIE, UVA IS
X0 AU BRI O B1EIC B b 5 I FLES HEE
FNTHIL B L OGG1 DGR LA L7, NTHI
BLXUOGGLIZ, #hFEhY IV VEEBITY ¥
BEFRNBEBERZLEZON T EBE TCB X
FOGIE, TNZFNNTHI B X FOGCL DAIZEME

N, WMEROREGLIEEThHo72. LaL, ol (UR,

DHT, HOU, FAPY) &, M&HIEIKL L7 CHlilE
FOWE L e o7z, WHEON SRR T 2 4: W%
RO T IISHROMETH 5725, ZORFIE, MBI
EEBBHEICBIT A NTHL & OGGL DBENNy 2 7 v 7
VAT AR AT T ALDEEZ LN, SHBREOD 5
TL % L FREN L MOMHAFREFE IO VT D Fkk 2 MG
ATV, MBI BU BIEEBRIBE N 2T v TV AT
AOEREHSPICL T BEXIH L. T2, ThF
TIZEBAY TR S 223 T d - 72 FU BN
B AOEHAAEL, BERBEEZHVZHREB IO
7ax M7 4 —OERERNS, ZoOEMEIE NTHIL,
OGG1l, MPGOWITNTHHWI EHIRENTL. 514,
COFHMBERET SOITEHEL, UVA 7 5 ONICH ~ 085
T2k 3 2 fa TR c B A %82 1 52 LTwl
VDB 5.

AfFEZ BT o) TERZH Y EL2ax X br
T — WP R BN R FLE L BT T

(51 F3CH#K)
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An outbreak of skin cancer may be caused by exposure of ultraviolet light in the sunlight through induction of apoptosis on
skin cells. Shielding the skin from the sunlight, especially from the UV-B light by use of sunscreen is thought to be important
to escape the harmfulness. However, action spectrum for the induction of apoptosis by the ultraviolet light is not well
known. To determine the action spectrum of apoptosis upon mammalian cells, L5178Y cells were used, and the wavelength
dependence of the apoptosis exposed to ultraviolet light was investigated using monochromatic lights from the Okazaki
Large Spectrograph (OLS) at the National Institute of Basic Biology (INBB), Okazaki, quasi monochromatic light from filtrated
lights by mercury lamps or fluorescent lamps, and from natural sunlight. Cells were exposed to ultraviolet light at different
wavelengths in the UV-A, -B, and -C regions, and the frequencies of apoptotic cells in total cells were determined with
chromatin condensation after fluorescent staining following adequate post-incubation after UV exposure. The light-exposure
level used to induce apoptosis in 10% of the cells were 24 J/m? 182 J/m? and 141 kJ/m? at 280, 300, and 320 nm, respectively.
The measured action spectrum for apoptosis induction showed a slightly steeper curve to that for the minimum erythema
dose (MED). The peak of the effective action spectrum for induction of apoptosis to sunlight ie. the products of spectra
for apoptosis induction or MED and solar-light intensity on the ground, was found at 303 nm, which was also took place in
shorter wavelengths region than that for MED. The difference between the effective action spectrum may be caused by the
shielding of the skin keratinocytes locating just above the target cells.
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The purpose of this study is to examine the impression of asymmetrical makeup faces compared to faces without

makeup and normal makeup faces.

200 female students aged from 19 to 20 years at women's university in Kobe participated in this experiment. 8 face-
photographs ( 2 person(A,B) X 4 conditions (non-makeup, normal makeup, two kinds of asymmetric makeup)) were
presented, and subjects rated for each one of them Z2lscales. The results indicated that asymmetrical makeup was

non

looked rather eccentric ('preference to novelty", "different from others") while the face without makeup was looked more
friendly and the normal makeup face was looked more attractive. The results also showed that one of the asymmetrical
makeup face was looked more attractive, while another more eccentric.

It is found from these results that the effect of asymmetric makeup depends both on the person's face itself and the

type of asymmetric makeup.
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Cleft lip and/or palate patients are born with the incidence of 1 for 500 births in Japan. Patients must be
taken some times of surgical operations to develop oral function and aesthetics.

At present, aesthetics has been improving due to progress of the operation technique. Still, because of
wound in the face, and moreover the psychologic influence on these patients can't be avoided in daily clinic.

This research is to investigate how the facial wound and asymmetric, middle facial concaved feeling varied

according to having make-up.

We examined a facial three-dimensional change by wearing foundation and lipstick. And in addition to this,
whether the impression received from other people changed by making up.

As results, middle facial concaved feeling, asymmetric and scar impression improved even by using only
foundation. Impression improved more by using lipstick which was dark red.

Though it became clear that facial impression improved by giving make-up, it also became clear that facial
three-dimensional change could be solved only by surgical operation.
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Effect of Make-up on the Faces of Cleft
Lip and Palate Patients
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Dentistry, Osaka University
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T, KRBV D5 BTN Z T ZOMIC2H
SRLET, IhERYETE, ZOMBBOFEY 52 E%E
BETAHIENTEET, MlZZolhxT L2FTHH
PR LBENT B ENTELDTL L) D%

3.3 #mBIETERR
PO TR MKICIIEGDD LA, TNEHERL T HHM
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JZIZFERII R NWE VI e —D2DT =L LTELLNT
WELZ, BULbNTwWienwrkhd, FoLRE0FERRH
FIZHEOVTWE L. TP IEe— T E 9 9 S
FRICHIZ 50y 2D -TWE LTz DWT/SAY =)L D
B TH LA VVIEHG HEEE LTV A EOFHESE MR 30
BAERMNZ D72 o THZELBT TV ADT, ERIZIZHEGH2D
BN, TN LTV AAIRICIEEmIZ R v, ERELT
WET, EZAPLI6LIEIIANA T v 27 EETAY KA, fiflu]
FBRA R o> THMBAANETE\ 2 B & Z D% e %
KAWEFND 2150 BV BIRERSITE L7z, ET 5
WIEH MBS IERRICIZ A BT E R WV ) IEFITH DR Y
ZFoTWD, INEAALT7Y) v 7 ORRFURGLEITFATHE T,
CZTEATREZ LA GETLEEND EGRTE
% e B REHIA RS o P HROBBUI AN D L L) ZLTT
(Fig. 2)o BI9O#ADPF2HDEERTYH, MEHK-TET
¥ —LIZHCTLAMBELE T IR0 E L TE B
EITHEN)TEERBYRLET L, KMERIIONITITOMIL
FBEEFCTRVETVEALRESRLRDET, DT HFHEES
IR E, 2OBREL TR H 5 LM
L icgshE L7z,

3 L7208 w9 2 &% FK 41 population dobling
level (PDL) &FWEd, MBROERIG AR THZSN
LI T3, TIG3 Ml (v MAEZFEMIL) < 28.3PDL @
FAORHESEMINE L 80.5PDL AR & o 723 M & e L
THAETE, VMBI LTEE o7 I R E L), M
FADOBIEAENTL A Z R ENBBINT T, FEDK
DOFOMHEF ALY ¥ — L HT 50 145 100 [=E 5211
9, 150 [al& 2 200 [MEWVHBNIEFTHTEE A, DX
N2 ANAFEI R 2 L IcFR A DR DM 7222727 50 [A]

SUBCULTIVATIONS
0 10 20 30 40 50
I i | 1
/,'<—Ceu line

CELL ALTERATION

(May occur
anywhere on curve)

PHASE
(Primary /culture)

01 2 3 4 5 6 7 8 9 10 11 12
MONTHS
Fig.2 RELATIVE NUMBER OF CELLS
Hayflick, L. & Noorhead P. S.
Exp. Cell Res., 25, 585 (1961)

25100 ML SFRTELVHIIRTHZ L) ZETT,

3.4 {HBSHEAOMER

epidermal growth factor (EGF) &\ )RR T2k
LT Mgz i35 L, EGEF ZE WMz 724 Wil
FElZIERIC KI5, — )i 62PDL O4ER-7-/fa Tl
EGF I X BIEMRE SN LD, ZHUEDTHTH L, K
Wil B 5 EGF OLERII K 25ng/mL #HETH L, 2D
THRREIIECTOD, FLoMETOIRETH S, ETHIC
L ST S EGE Millgtho RV 2MATD, #
WHITIZIZ IR L 2o 4R E 5722 3 S5 3R
v, BV IEFICEBN R EAVRENTWET (Fig. 3).

3.5 WHEEGHYT M

FlFEDONA 7 v 7 OFFCHITBIZIZ 2R BUZ R DS
HDHEFVFE LN, BHIETIZE D D 7 AORMER
MBRCTHLL YRR AT T L, L ITOGALITKRE
QiEoTWE T, M 2O &L pRETERVET,

10 T 1 T T T T

EGF

(x10%)

CELLS/CM?

U N 71]
P aad B S

0 L T I 1 | |
0 6.25 25 100 400

EGF (NG/ML)
Fig.3 EGF DOSE-RESPONSE CURVES OF WI-38 CELLS
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Fig.4 ~ 7 #gHESF A2 DRI E R

CZETRE MDZENEFAKTT . ZDH%. Y7 ZADHHE
FHMLIF VOO FITHTBRERR L -OFEfifaic 2 ) £9 (Fig
4) WL Z O X 9 ICIEF M2 — 52 DR R %
S 72 BICAL %o Ml e IEFMBIZZoaBBIcEEh
o COBTHFAPHTIVY T, 725 —ENZ
NOEDOBREDOF =12 o> Tnbd, 7272, 7 ADYEIE—
HIGRE)) & Ko 72t L, BEATHM SN DK L
FOBE IR NZ Ko, FTho &) THRIZIIE
iz L v, & POYA. HARIZIELIZ Y v — Lo
TREIS>TIHRWVEW) I ETY, RIHILRE A
T 258K C2FTELb0xMiEaE ERL T
o B FOYATTES0H 5 100 HTEAS, & oMl
#7613 50PDL %5 100PDL THh 5 &) T & 1240 9,

4 EOFEFS LRSS

4.1 BMORESG®EMRES

COMNBTF e MR DT a3 E )M T 50 %, Bl
MeSFMIRa D Fay, MEICEI Y O EFHmE T Ty MLTHT
AHET, BIRITe MTIIREAF G2 100 5% T, ST
DFHEIF 50 MTE, YTRAIREFGHIETHY., M
ML 722072510 [ T OBV A LB, v~
EDTT B EDTHFIIOWTHTAEITE, oMM
fa ez dr Bh O B a3 R MR H ) & 5728
W Z e 20 FERFNCL — AL WA ADHRIE LTV E T (Fig 5)0

F72, TN 30 ERRTOT—F T, EWIELZED
ORI 728, Z DERICW25F TO 90 4E,
100 4ERNCA B ST R LTINS, FREILIN N
WEBS s LA o FI0 5o 7R HE R M e 75
WAV LUFD o TW57259, FEBITHHME S MM in
vivo IZBVWTH, ZOHETLHE L ZTVT E2 o
722 b S OMMEIEHNLIT A RO A S 4 F THELEK
ZRLIIVES Yy —LOPTHBEEINE LV ), Tt

100 [~

10

PMORRES (F)

TR | ! [E T A B |

10 100
RS mREOMAaEa (PDL)

ROME, D. (1981)
Proc. Natl. Acad. Sci. USA
78, 5009-5013

Fig.c BMOREH & 7 OISO MRS 4 D18
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Martin, G. et al. (1970) Lab. Invest., 23, 86-92
Fig6 bt MEROMHEE T & Miaskda OERE

Martin O3 T (Fig. 6)o TOWMBHICEHLTIESH 52
ERCERDPTEE L. WALWARE L 2 TR wiT %4
VIR TWETA, SHOFEOMELELTIEZOTF—%
DIELWEWH ZETERITHEDIZVE BNE T,

4.2 ZEOMEWTEIIRZE & HERr R
FALDWFEIZIZ DD F L TOMELH Y T3, —2iF
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BRI 2 IEZECTH D D ) —DIIMERI R IZE T3, B2
X701 5 Cc—n AOMICATRELY L CELoWi7Ex 3
2LLET, EHOTHLEMEmMEIIOARDET, TuY) i
FHVEHZEAREAADINOMAGE D AATRIIG DA%, B
FZRWRAAND LV, 70 FidEiEib L7z A bhsgE
ERHEZADLHTT, 70 FIZBWTELZ RN
WCHIZET 5 &, B MEBEVEIZIZWA WA REHOfE L
TWVDLH, BMEICLELEALL LA, LWVWHEATHEN
KamsTTL bo MMIOHIZEZ 35356, HEE LTI X
I BRBE S 72T TTL o ZAUIHT LTI MERT I 2 0F
T Tb Ry EFtAi. Ao—4138 100 £ T
A5 100 4EIC D725 T 1,000 ABLEDKRS ¥ 54 7% T—
LTBVT, HMEAIBIT2MEEO#TEZRRTNL, £
DX BIHERT A) ADORIVTF 4 ET T 30 HERiH72 0
POEHEINTVE, HRIZBWTH ZF0D X5 iksesrsd
Loo#ATHET,

Z OREWIEI O ZALIZE D FH 2 TR L T3 ZAE 92
W, BPFRIIREL, TONEPPHIEIREFE L
THRNENZZEDBHHLDTT, ERMP 62+ DA
ORI 2 > T EN 58 115> T b,
BI)—MERD F L7z DFVRILCAD 36 E 4THDE 2
5 CHRAMEERIL 2R YD £ L7zs HICHo AAS50 Rt %
S 7eBEETHRIL, HECNEZRHRTVWET, 20 LI
F U5 # AR R 2 #872 & 2 A TOF — 7 O st {i ¢
FRESNTWRAL 36 ME A7TRTIIEIE) PERTT L,
36 % TH-72H D TIE 66.5PDL, 47 K THR-7-d D TIL
62.1PDL & 11 4FfRECF 97 L IREHIZ4PDL OEWHT
TEF L7z ADO—AIE# 100 £ T A5 10%FLHEE O I
HEATIZBT 5 PDL 2L Td, —EDOMIZ 40PDL 0%
LIRS E 3, BUEZ o33 20 H I 5 TW T,

100 T T T T

80 -

60 [~ ]

40 .

Population doubling level

20 -
PDL=—0.39XYr+80.5
| ] ] ]
0 20 40 60 80 100
Donor age (Yr)

Fig.7 FINITE LIFESPAN OF TWO SKIN FIBROBLAST
LINES DERIVED FROM A SAME INDIVIDUAL

00

D20 FEMDOF—FIEKAED 3 HEIZIZFREA TS L b
NFEF, 36E ATHRDO L ZATMEGETE LN ERTET,
ZFHILTINZHFEL T, ZOAD0FORFICIZZF DML
TR 32T BRI H LD e v) T2 WEL T T
&, 80.5EWwHZ LD ET (Fig. 7). £NT1AEMY
7o) OFMEIZ 0.4 B L W) BAEATTEE T, BUEZ DA
57T TEAN HE 10 FER- - oBilst b e 07—
DR VEHNPTELLDIIRSTL AEBEDNET,

4.3 [E¥EE

Hifea 20PDLI.OE ZATH#HEEID 7 » H 37C TR
e 3eFEg, pEITLWVIRBICL I, BEHBE (2
CTR72H) BRI o7b0%F 58T L X
ICLET. ZH)THEHHENEE LTEZ TV L0,
—HDORIEFAR TN D DR THEDbN S, FEBRIZT %
HEW) P x—LOHTORKEICBWTYH, 52Kz 7R
FBLTWwaLEWwW) Z eI LA (Fig. 8)s INAMil%
FIRLTWa 9w EHIBOELE W) DGR NE%
¥z B HETHEITL TV, TRAXUMBEHZ T
T2,

4.4 FOXTIRER

FOAOMGE 7027 (Jefufhkimbl) &vunF g,
FOATIIRERLFHICOIFEHOTTH, AMEiri
EEMEET L, BIIPRDHVE 2L T O AT E WS
DOWMOENTWT, ZOEHIFITE AT L W) ZEITIE%
< Btk Kb ORI, e RRmRL & v ) AT THIT
WET, TOMEDFE UHED b D% FEEIZ DNA ORI
ZHRTHD EHEIZTTAGGG &9 6 DDIHIEIEH 5
72500 K LEHNICR>TWAHEWV) T EDH - TE
F L7z & bOBEIIE I N 2,000 82> ThE T,

70
(IMR-90, 15, 0 PDS)

60 -

301 b

2 L .
0 45

10F L 185 ) J

Population doublings

150 200 250 300 350
Time in culture (days)
Fig.8 CUMULATIVE POPULATION DOUBLEINGS OF HU-
MAN FIBROBLASTS AFTER RESING FOR 45 AND 185
DAYS IN CONFLUENT STATE

0 50 100
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INAGR L TRONLHEY ZE LIS E V) 2 & THE
FIHET LD EBbNET,

TTAGGG. TTAGGG O#DELEHIAHLHE, N
BRT D7D TREL TV, BIb 2 5T 5
LIS TTURATBEEZEAHLEN L L) - T WL, &
LG HOBRERS7-LZATHNEEILLTLE I EVHE
ANHTER THIE KR 1990 4E205 2 2 10 4o TL
VIS EINTETVET,

FEBIIEAIZTEAT, 2FD,. 2O TTAGGG OFELFIAS
Lo TWLDOPEIDEYF 7oy Fend) FiETHN
FL720 BALDHELIZONT, ZONY FOELDEA/NEL
Lo TOLDONBDLNTE T, MIEIETHINHST, T
AT HIVNEL o T EDFEIOBNFE LT (Fig. 9),

DFN, KlIED 36 L AT OO TUATOESELE
F&, ldkbp LW EEDS8kph D EEETFAoTET
WBZEDFEDPOSNT, DNA OHTTF X7 A HEFEIZHEL
HoTWIERbRNFE L, 5DLIADNA LAV THI
EMCED I LT T AT s TwES,

FORATAEMTH LI >THIR AL T 5, 2%
B HED A% LD, MBHREASTEYVRLZSE) 22
Ho TV BENEDSHE SN LALICE S, BILThE &I,
THXATZTCIIRTHREVIDDDVH T, THATORS
ZIIRLTLE ). HIb, TuXT7—E0H 5 LR\,
INPRERNOBTIERWAEVHIZTETT, LrLl, O
THAT—ERHFEINLEEFMTORHICZ-TLE) D
FTTho, TOBITHELVFETT

WIS oG B DT UATIZE ) L >TVDHDN, &2
AHEIAHIT, LATHRLEWTUXTHIMBITS 2 &AL
s, IbZoMBohTidraxs —¥asiGtbshT
W, HEFDOGARIIBCTIIIEICEL L >TLE ) ¥
A TIEZOIIICHE R REDTUATHBILEEINT T,

5 HRRFRICEEE5ZATF

5.1 FOXT7EHEOER

AL T B X 7T 52 LIk > TR %, 47
RHI BT ATHEML TN, L) T ersT
O A 7IEME L OREFO&E 2 L TV 2 DTk v,
EREVbNTWS, 2 THBORGEHI I F I35 LIEEH]
LOT, R bDONEDORSE W) DITVhA LD LA
CHEMMZEDDTH L, Fpd MFZNTNY v L]
EWVIHZTLIZRD, RADOEWD v, LaL, BERADS
MOZHE->TWEDIE, 207 a X 7 H%EH T 5 IR
HFAT 8 X T OFAMEREIEEL 52 TWbEDTIE %W
e 2L TY, TORERTE LTRENL D DG
HFERIIREEINDL D D, T2 MMEOFIZH LA b A
4 v & h growth factor 12 & o TEDIEHERNZH - TL
LUREMNEDSH B DT Ve DF D, JHHEHEE ICEBRBE R

21

FTAAT
(TTAGGG)n

Y770XA7
Hinf | —=

Fig.9

[Sa}
o

R
O o
T

—— DO DD LW
O OrT O OrT O o1 o ol
T

Average APDL[PDL]

1] L L . L L il

0 5 10 15 20 25 30 35 40
Oxygen tension[%]

Cell Lines
2%

APDL
1 46.
2 44.
3 45.
1 43.
2 45.
3 41.
1 40.
2 .36.
3
1
2
3
1
2

Average
45.3 1.2

7% 43.5 1.9

20% 38.6 2.3
39.
32.
30.
35.
18.
15.

3 13.3

W I1-38(started at 18.3PDL)

Fig. 10 WI-38 #ifa Dz Kk (1E T EREDTE

30% 32.1 2

40% 15.17 2.8

—_——J— U1 TI|O0 O O DD O DD O

T EDEENICH L HTHER LTSRN SH 2 DT
Ewhng 2 ETY,

TR A TSI T R WO TR, ADIERHH
FZAElZ TNA-a (tumor necrosis factor) &\ & 20D
A ML VEMATRARTRET L, a3 ¥ be—iZx
L<C. TNA-a 100U RIMTCIEHFEGT»ERHLET. LT,
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THATSRIEHING, —HHh DHH
IZ2WT TNA-a 7% 5 & D IEFICH
HEVWHI LD FE LA Brok lhIE
MR T L7,

5.2 HERPEOTE
RICHRFETEOG % L E 9o MMM % 3
WOMRFIFIETHIER LD D L, 40% THEL
Zb0EWMNIF L, BEODLDTIX60PDL

fHEE TV E EF5 40% T, %n#wpm; 27;
BT TLE Do HVBRMIETEMEG  Z
B3 7 B @%QVZ%‘7%\M%TP§ B of
L2 bDZRET 2 EmMEDNESRHAE LT %ay
ZERLPIZFGDVEL 2D L) T EDbRY § ol
FL7z (Figl0) - HEZOTRATORES %

2%BERNET

20%BERSTET A0%BEFET

—o— 2%-oxygen
—=— 20%-oxygen

TOXT7ERES

—e— 40%-oxygen BRDE (op/PDL)
2% 79.0
20% 81.2
40% 179.0

WELTVRZEIATT, ML) BT LI 2
AN (smooth muscle cell) THE 2T, B
FHIE2% TREELZLDOTIE—HO5RIC
BILC7a £ 713% 80 base pair (bp) #H F

T BESENEL L L, TOHBUEOERSTED
% (Fig.11)o T BIIBENEDEHNE ZATAEF LT
TG ORETETHEN) T L, 2
D EHIZTa X TIIRBALRGEITI A E0RIbd %X
ZOBRERFIZL > TRELSEMT 5. Rz L CTHRERT
W&o To THZTRKESZEALT 2 b 02 KL OMINLREE!
Vo TRVWONEI LWV T L HHICHEICZL > TE
F9. THATIRLT—HWITHEL 2D 325 HlkD
PIABBERTICLE > TRV ELIRE LWV T LEHIR
SNhFE L7z,

5.3 RERKIMEEERE L8

WIZEEORBLDFHIZ D) 9. THAMD L H KB
DI HUV-AD0%EDTWET, UV-A 255
LIS THIBIZE I VI F A=V P TL 5Dh, %E
B AN DBZ R HER ORMGHESMIEIZ UV-A # B TTEILZ
THZFE L7 UV-AREEG I NS & HHEBESSAELF
TA, COWHEEBRED S b ENB—FHNTH A 9 ho I
MK L V) DRI—HEOHKETIE R T, w290
MERHL, Y7Ly bEFT Tz (singlet oxygen).
super oxide Z#72*5 H20:2. hydroxy radical 2 & ) 3
UV-ABRHHI L o T, ENMDPRELEELZGZ2Dh L0
I DERAZI HEFERF LTV T T,

UV-A TH2HB L TL 2Dh TNEPFEETLHD
T, M UV-A % BBS9 5 & RIRRICRED 2O 35K % i 2.
THEEBELE L, FlZIE, CAF VU 2MAET & singlet
OXYEen WAINRNY IV x =L L& 9, )5 D20
(FEJK) 1 singlet oxygen DFHFZIEIFT T LIHEHLEL

30 35 40 45 50 H5
Population doubling level

Fig.11

b NEEFHEROMIEEL BRI EDE
60 - 60
55 controi 55 H2°2 ! L“ :::ngJ
p z L ZEo MR
a a - —o—0 M
a 40 a. 40—~ HAﬂ?éLMM
35 35—/ —Eel2g
y =o=(QJ control
] nt il
2 e e 1012 02 4681012 e
passage# passageft
60 60
55E.020 | 55 L-histidine
50 50 fl
45 1 45
2 40 E 40—
35 35
30 30]
5
2852458 1072 25524 8 1012
passageft passagett

Fig.12 #H2EILICH TS UV-A EEZINIEDRE

720 T2, B—AXRYFIVTTA, B—AXRVFT I E WV
DX UV-A L 13BfR % B BOHNEE M T5S L singlet
oxygen AL EF T, TO3IDIFEHLTAZE L7
UV-A %10 ] 4T3 &, MaHFmI GG L 3. ZOm
WZHEAK (D:0) 22T ELDRIBALET, DO
LWV ) Dt singlet oxygen DEFMEZEITT HDOTTH S
Z® D:0 12X -5 T singlet oxygen 12 & 5 ELALD 1/31_
NDZEPHRFEENL, KR TR ) FHT A dr
5> T&72 (Fig1l2)e 2O ENHUV-A%Y4THZ &
X B F NGO F %2 RN 4 45 singlet oxygen THAH ) &
WY ZEPHEESINE L, 72, UV-A 24 TH20TRE
BTy HICHHAEH THZ LICE > TH=ARVH N
7% singlet oxygen ZH DT, FEBEIZa—AXVHF N2
AT, BN TTEET L EMEGIEL R I, #
DIFIZEAF Yy 2 ANTEL EZOMEHMEZ T, B X

F T 12 & 5 T singlet oxygen (& & 2 k280 S
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42 Fose bengal(control) 42 Fose bf-‘ﬂ'!all'l'L-l,’listidlne

40 2 40
38 38 IJA
136 X 136

£34 Z1 % Ra 1(4/
32 32 7 —o—FEREN
ng l 30 | b it
1 1 1 2 L 1 1 1
2g S b 3 G 4
passage passage
42 rose bengal+D,0 42 Fose bengal+o -phenanthroline
40 40
38 3 38
136 . 36 A
Sa4 g 34
32 32¢ /
3% 30f— 4
2 L L L 2884 L L :
o 1 2 3 4 o 1 2 3 4
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Fig13 —EEMFDMIBIEERE & EHMNIEDRD

5o DF N, rescuefEAR DL L V) T b F L

(Fig.13)o T— AR FIVIZEIZIGIT ED singlet oxygen

ZRINCIR72E % D20 TI1772 ) LRIl Bt L TLE ),
HIEDO L Z A UV-AIZLBHFMEME VI DX, Zhonrs

RERYIZH: 5N B singlet oxygen ERWETH B L)

TEDPEZLNTVET, ZOHTL-LAF TV &) Hi

M T I VP UV-A OfifaEEzEI L 2 0w) 2 &

Wby F L7z,

6 MWROTRERITb—Z

ZNTIRRICHILDO T RT b= ZADFHICED 7onv & i
WE T, MIEEASHE T 12D I COiES & BRI 25 2 T &
9, WH, Fxr DhkopT—FELOR—A X —F—I
%09 5HbDRFMEDODNEMETHAH. L) 2 LTI
BEOMBOMED#EDTVE T, FTrxOMEKE VI DITFE
O OMBRE. E S —FNAIC D 2 IE O L
Hbo HTaxDEROEALIIIMID LR FOELL LThh 5
L. WEBOEILE V) DIZZ ONEMIIEAH > TV b DT
7D

FFEA T M. ANTOOFFIRNB AN Z HEE L F L
720 TOWEMIEEREET L7012, HSHFED growth
factor 3B TY, Z D growth factor # k< EHILIZFEA
TW&E F9, growth factor 12X o THIEATEA TV & W
e, FEIFWRI L TT, A% growth factor 237
W eI B A 5T 13T, L. Shods
Z @ growth factor ZAEAFHRTFE LTHEHATWE 5 L,
Z DICRFEREZ AT E L7z,

Gh 0 8AEFO REEH, TETRT b — Y ZOW5EH
HIRD - EHDOZ L T TR b= A0 LIT534E
BHZIEHIZE L OR— =TTV F T, O T
Apoptosis is not general &\WhbiLh { HSWIZE Y HIF LI
THL VRl L 5T,

PRI D 53820 & growth factor #BR< & 4~ 61

MTHIEAZWCE T, TR b=V 2% EZT, 2FD
HLAFEA TV Lo FAIFIZX 7 LAy — 4 ALYk A%k
1920 SRETET P =V AZRILTVD b OIIFY
BICASNEDDTY, AIHNEMIEEH 5FED growth
factor S WEAEFTELRVE WS T L TT,
CHIE—2 W BT, NWEMBIZEERT
growth factor Z W E 550V in vivo TIEE ) B EEIZ
Fx ofkoPTcHNEMICAFRTFZH LT 501388
L CTw5% smooth muscle cell TH A9 LBbhEd, 2o
DI A TOMMNBDDH - 72 B H 2T O
FTHELARTFEL LG T HFEPWE Z L 2R L TS
HWIEEDEWH, TIWVI) hy bT =7 PAEFOHIZ
S TLD2DTIEGBWHEVIZEREZONRT T, f
AT & KIOBRTH S & LE T, MkiHEZE )
W3 % & Z oMM IZEEMTE 2 S EfER T2 o
{eho ZRIZE > TIHATYL . Wl | AAAELE LT
WAIUEAESHIL O 4G 2R3 720125 % growth factor %
BHIENTED, BRMICIIAE SV FE T L nurve
growth factor 2R TIES LTk X N5, L7228 T,
SR NIARRIIE T R T b= A &I LTw <,
WHHEZDEVW) I LICRBEELNET, 2OXHITL
THROHTIZ, B4 7% growth factor PMEHFRTFZEL T
BHEWIAEFEZITEoTWAEWV) ZEDPERT T,

7 hbdsDESRFE

Q02250 LTI, N DDEHFEDI,
B, S5IIEFTAXA PO Y—ICBLTD, FEEIELT
BEELZODT A=V KDY T, ZO—DOPBAER
ANT ) ABESPRTWAEI L, ) —Dldra—r
WL BEAEERTT, KA M AL T ITRMD X
I, B MDFT ) ABETH o7 nw) 2T, 2O7
I 2 ERHGTMRTE S0 ZHUCIEDNA OFEE &R
TRHEOMEO O H b B nwEd, DNAHEDOT
12 DNA OZR, AIES 2 f\EF 2o Twab Ew
T EMBF —F— AL FOfLhEg. =5 — A1 FO
WS X RFANLED L, S HIETN/HEIC somatic
mutation, ZERZER (FHIIRZEIRZR) 2522 ) 9,
DEEHEZADDNA DL T — ORI R T,
COVIHELIERR MY A O—o0 KL LT
I3, DNAZWIZEL L) EWVWH T ETT, b9 —DIFHIC
LU XIICKRFELRZEIEZDNADE D) W BRBETHRIT S
7% gene expression DRETY . THRHMD L HIIZRA T
J LWRHROIEF ICHER B L LT DNA v 7 & 7% DNA
TULALRELNEHON, BEH A TVET, This
@ DNA O L, gene expression O [IRED [ % 17 <
TODOFESL LWHETT, RA M 2RIEZD 2o
OFHTEH L WL DTIZ RV BVET L, HROHFIC
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MLFEFLTH, bBEMICELTH, RBICHLTHF—7F
— A4 FOLOIERINTL B THA 9 —FHERBENT,
Bl Z AN 72 o 2B & BRALA L AR D - G4
2. DX BRT I ADBH TV DhEV) T L, T4
b gene expression D RE T,

ENERBFIZHIE, EATDHIRVWI LRI 572, Wb
W5 ) —DFEHTT, RAOHIIE,r SN —=EF N
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