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[#=) HEORINBIALE T D AEMBEICEBWT, BF 2 K (ceramide: CER) ., BN (fatty acid:
FA) BLO =L RAT v—/Ve EONREIE, RN OKDEREFCIN D D OEREY), MiFEB LY A LA
DIFANZER SPBEINY T & LTOREIZ R, A7 ¢ VA EIL, £@EFHKE L TAT 34 RE
H9% CER, A7 4> =3I =xV  (sphingomyelin: SM) 3 L O/ /L a2/t 7 I R (glucosylceramide:
GC) R EDIRE DM THDH, CERIE, 7 I ¥ —1F (ceramidase: CDase) ([ZL W A7 4 IA R
BLOIEMEA~ L RSV D, A7 42 d 2 (sphingosine: SPH) (FMFIEICBIT D FEE AT 1>
1 FT&HY . mouse alkaline ceramidase (maCER1) °E/LE v ML EITHBIFH7 /L5 U CDase

(alkaline CDase: alkCDase) {&EPEICKT DB EMEN 273, 7 FE—MERE RIS L OafiEze & o B3
fAEH CER GRITMFALY D7, FEANY THEEBIMET LTS, 7 FE—MERERBEHE~D
CER A7V —20OREEHICEY, HENY 7THEEOHRIED —>Th b RKREKSHEKLE

(transepidermal water loss: TEWL) 135 N ERIEDO L~V ETHETDHZ LD, AET CER &
BEHET 2 Z LI EVEEANY THEEOUGENRFTRE TH H LB X bivd, BIfE, CER OB 24k
ZHME LT.CER 284 LA £ I3 ESIINL B 2 72 A — I — LD IRFEEN TS, LnL
CER O3l & v 5 Bl b O AEH CER & &HHIC DWW CIEIBIEE ClcliESh Tunny, 22
T, FHIIPET CDase IEMEDEEIC L 25 CER SEOHIEICHEH Lz,

[ 1%] b NE&KIL, alkCDase 8 L UM CDase (acidic CDase: aCDase) 1HEMZH>, b MAJE
i alkCDase 7% (pH9.0) 1dhmic L v EH3 5, 7 M —HEERBHEKEICIT Pseudomonas
aeruginosa & V) 73U S 7= alkCDase W FEL TE Y, CER &V O—KTH D EEZ LTV D,
AL TIE CDase PHFEAIE LC SPH #IRL, ~T VAU RLEL L O=RockiE e RREH O
alkCDase /5 L O'CER & &~D B LZHMAE L=, 7725, SPH % 721X oleoylethanolamide (OEA)

(positive control). 125 mM Tris-HCI buffer (pH 8.5) BILONT L A~ ARG F 7= 13 koo
b hREARETFR— F% C12-NBD-CER (250 uM) #2—7 4 7 L7 1.5 mL F=—7IZML, A
¥ aX— | (37°C 1 F£720% 10 Fef)) L7z, BEMCEEIESE, A TH 5 C12-NBD-FA %
HPLC (Z L 0 oy L. #temtel (B R: 460 nm, #FHEE: 534 nm) ZHWCERT 5 Z LTk
» alkCDase /ﬁﬁ%{ﬁum L7z, "7 VAT AEHIZ 40 mM SPH %7213 OEA #@H (1 H 21\, 3
A L7ckicAalEassm L, BEAfmt Lz, #EEEICL Y, SPH/DPPC/DPPG (4:4:1) 7 HAERL
ShbHVARY—2 (SPH 5 LODPPC: 10 mM, DPPG: 256 mM) ##H# L7, SPHEH Y KRV —A

—WoiER R e FREA~IINL, 7 BEEEE (837°C. 5%C02) L7-fIT b’%%?ﬂﬂnﬂ L7z, TREHhH# S
® CER 3B~V v~ k77 7 ¢— (thin layer chromatography: TLC) {EIZ LV DBEL. /N> REE
LV ER L, ZORR, ~ U AZERE TR — M alkCDase ?ﬁ‘@liiﬁ@"é SPH @ ICs0 (% 0.09 mM
ThHV, OEADICs (11.1 mM) &l L CTHEICEVMEZ R L7 (p <0.001), SPHiEMA%ZIZHT
%@ CER[AS]E &% SPH 259 % Z £ 12X Y . normal A% (4.3 ng/mg stratum corneum (SC) )
Ll L CHEICHEM L (7.1 pg/mg SC, p < 0.01), A, CER[APIE &I SPH O HIZ LV
normal £f (8.7 ng/mg SC) & bk L CHEICHEIM L7 (17.1 pg/mg SC, p<0.001), =Ktk b
K ARE T — b alkCDase IEPEIC %% SPH @ ICs501% 0.1 mM TH Y . OEA @ ICs0 (7.8 mM)
L CHEIERWMEEZ R LT (p < 0.01), SPH&A VR Y —AiEH%IC H=WonEERE e M FR
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Fz CER[INDS] & &3 15.8 pg/em? T ¥ | normal £ (7.5 ng/em?) &L CHEICEMERLT (p
<0.001), BA XV, SPH X OEA XV 7z alkCDase [HER &2 01520 Z LI LN E o7,
F7o. SPHOBEMIZ LY~ U 2 Mgk LO=Rocki#E L FERKO CER G&RITHEMT 22 LRH 6N E
o7z, SPH OiEfHIZ L5 CER G&DOEMA =X LDOEDE LT, KEF alkCDase i PEDFHE
NEE LTS Z LRI T,

[E2FE] 27 23 ERiE%#%E (sphingomyelin synthase: SMS) (%, CER % SM ~ & Z5#4
T DHEFE ThH 5, SMS (21F SMS1, SMS2 35 OV SMS Bii % > /X7 B (SMS related proteins: SMSr)
O 3TIEDOT A VWA ABFHET D, BE, SMS OEEfEHZ B L LT SMS a2 KB L7~ v
A% INTEBFED TN TER D | Hia RERBUPRE SN TN D, BIfEE TIZ SMSKO v 7 2% Hlv
72 B2 & SMS HREIC DWW TR E ST, SMS 2 KR L7z~ v A @2 1) 5 CER & &,
AR (wildtype: WT) ~ U X 38 L Z enTPansd, £7-. SPHEM%ZIZEITH SMSKO
v AfJEH CER &% WT ~ 7 R L3 52 Lick v, SPH O#EHICE S CEREEMA =R L%
AONCT DI ENTED LB X T, RIFFETIE, SMS2KO ~ 7 AZHBITHEEF AT ¢ v IIREN
HERTEYE, CER AIBRATH D SM B LV GC G &, g+ CER & &EB LOKE Y 7i#iE (TEWL)
ZRE LT, X512, SMS2KO ~ 7 A fE~0 SPH #H#%IcH T 5 AE+H CER G&ZE L, #
=TT TRy &~%ﬂ%b\fc$8l’]n’ﬂ?ﬁz X 0 ERE L7- SMS2KO ~ w7 A %I FE  #d% (FfAi K
BRI B ERE E AR LR E) LG &7z, C12-NBD-CER (40 pM) # X 0'DMPC (200 pM)
a—7 47 L7 1.5 mL 7 = —7(Z buffer (120 mM Tris-HC1 (pH7.4). 6 mM EDTA-2Na, 60 mM
KCl1). UDP-glucose (215 ptM) B LU SMS2KO ~ 7 AFJEREY X — hE2HRML, 4 v F 2X— |k
L7 (87°C. 3 WffH]) BB St 45 1k =  HPLC 12 L Y US4 (C12-NBD-SM #5 £ U C12-NBD-GC)

EmTHILICLY SMS BXWGC &kl#% (GC synthase: GCS) {EEDOHEEIT- Tz, ¥~V A
*B@&F':"i% ITARE AR, IBEEME L, TLC 12Xk Y SM, GC BL U CER #E& L7, 7f7;<
Wi EHKEL, 2 HZIZC TEWL Z2HIE L7z, ~ 7 A5 H~0 SPH @ ftk. fAfg i L CER % /&
L7z, ZOfEF, SMS2KO ~ v AR EHd SMS 1 L O GCS #1413 11.6. 86.8 pmol/mg protein/h T
HH ., WT v~ (62.1, 135.8 pmol/mg protein/h) & g L CTHEIKVWMEZ R L7 (p<0.001, p<
0.01), SMS2KO ~ 7 A L@ HIZ81T 5 SM & &iT 2.2 pg/mg skin TH V. WT ~ 7 A (2.3 ug/mg
skin) & OEIH SN - T2, £72, SMS2KO ~ 7 A2 EEH 2815 GC & &i% 1.1 ug/mg skin
ThHYH, WI' v 2 (1.5 pug/mgskin) & g U CEMEA 27~ L7 (p=0.08), SMS2KO ~ 7 2 A&
iz BT 5 CERINSIE L OV CERINPIE &% 28.2, 2.7 ug/mg SC TH Y, WT ~ 7 2 (47.8, 4.2 ug/mg
SC) L L CAHEIERWEZ R LT (p<0.001, p<0.05), SMS2KO ~ 7 Ao TEWL (13.6 g
/m2/h) X WT ~w 2 (88¢gm2h) LV LEZICEWMEL R L (p<0.01), SMS2KO ~ 7 2$ L
WT ~ 7 A® normal FEZE1F % fi/@+ CER[AP] & & (4.6.5.3 ng/mg SC) & tb#k L, SPH i AT (7.1,
7.5 ug/mg SC) TIXZ N2 56.0. 41.0% 800 L7=, £7-. SPH i fAlEICH T )&% CERIAPIE &
I3, SMS2KO v~V ZAB L OWT v 7 A TEITA LR -To, LLEXE Y SPH O@EMIC L 2 AT
CER O KT % SMS DFHFHII/NS WD EDVRIB E N7z,

[#&3%] SPH i% alkCDase iG1EZFLE L, KT CER GRAZMMEEH-0ICHARLAEH THDH
DR E T, SPH O I L 5D ZJEH CER O A 71 =X 5L LT CER A£G AR D
EM LN PRI D2, SMS OFSIT/NEI WD EAURE ST,
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[Introduction] Ceramide (CER) in the outermost layer of skin, stratum corneum (SC) has an
important role in water retention as well as physical barrier. Sphingolipids, such as CER,
sphingomyelin (SM), glucosylceramide (GC) have sphingoid. Ceramidase (CDase) hydrolyzes CER
to sphingoid and fatty acid (FA). Sphingosine (SPH) is the major sphingoid in mammalian. SPH has
inhibitory activity for mouse alkaline ceramidase (maCER1) and guinea pig epidermal alkaline
CDase (alkCDase). Compared with healthy volunteers, CER content in SC is decreased in patients
such as atopic dermatitis (AD) and psoriasis, and thus the skin barrier function is impaired.
Transepidermal water loss (TEWL), as an indicator of skin barrier function is recovered in AD
patients to normal level by topical application of CER cream. It is expected from this evidence that
skin barrier function could be improved by regulation of CER content in SC. CER cosmetics and
quasi drugs have already in the market to directly apply it, although little reports are found on the
regulation of CER content in SC by inhibition of the CDase. I then start this study by a hypothesis
that CDase inhibitor may increase the CER content in SC.

[Section 1] Human epidermis exhibits alkCDase and acidic CDase (aCDase) activities. The
alkCDase activity is elevated by aging. Since alkCDase is secreted from Pseudomonas aeruginosa in
skin of AD patients, the enzyme subsequently decreases the CER content. In the present study, SPH
was selected as a CDase inhibitor and the effects of SPH were evaluated on the alkCDase activity in
skin homogenate and the SC together on the epidermal CER content of hairless mice or
three-dimensional cultured epidermis model. C12-NBD-CER was used as a substrate of alkCDase.
SPH or oleoylethanolamide (OEA) (positive control), 125 mM Tris-HCl buffer (pH 8.5) and
homogenate of hairless mice skin or three-dimensional cultured epidermis model were added to an
1.5 mL tube coated with C12-NBD-CER (250 uM). The reaction mixture was incubated (37°C, 1 or
10 h) to determine enzymatic reaction product (C12-NBD-FA) by HPLC with fluorescence detector
(Ex/Em = 460/534 nm). 40 mM SPH or OEA was applied on the dorsal skin of hairless mouse (twice
a day for three days) to extract lipids from the stripped SC. SPH liposome
(SPH/dipalmitoylphosphatidylcholine/dipalmitoylphosphatidylglycerol at a molar ratio of 4:4:1) was
prepared by a thin layer method and applied to three-dimensional cultured epidermis. The cultured
epidermis model was cultured under 5% COz at 37°C for 7 days to extract lipids. CER in the lipid
extract was separated by thin layer chromatography (TLC) and quantified from the band density. As
results, ICs0 of SPH for mice skin alkCDase (0.09+0.01 mM) was significantly lower than that of
OEA (11.1+1.6 mM, p < 0.001). Both CER [AS] and CER [AP] contents in SC of SPH applied group
(7.1£1.0, 17.1£2.6 pg/mg SC) were significantly increased compared to the normal group (4.3+0.4,
8.7+0.7 ng/mg SC) (p < 0.05, p < 0.001). ICs0 of SPH for alkCDase in three-dimensional cultured
epidermis model (0.11+0.03 mM) was significantly lower than that of OEA (7.8+1.2 mM, p < 0.01).
CER [NDS] content in the SPH liposome group (15.8+1.9 pg/cm?) was significantly increased
compared to normal group (7.5+1.1 pg/cm?2, p < 0.001). These data indicated that SPH is a stronger

1



inhibitor of alkCDase than OEA and suppresses degradation of CER by inhibition of alkCDase.

[Section 2] Sphingomyelin synthase (SMS) converts CER to SM. SMS are classified into SMS1,
SMS2 and SMS related proteins (SMSr). To reveal SMS function, SMS-knockout (KO) mice are
generated and investigated. Although various phenotypes in SMS-KO mice have been reported,
SMS function in skin has not been clarified. The CER content in SC of SMS-KO mice is estimated to
be different from wildtype (WT) mice. Mechanism of increasing CER content by SPH application
could be revealed by experiments with SMS-KO mice. In the present study, SMS2-KO mice were
used to determine sphingolipid metabolism enzyme activities, SM and GC (precursor of SC CER)
contents in skin, SC CER content and TEWL. In addition, SC CER content after application of SPH
was determined. SMS2-KO mice generated by homologous recombination using targeting vectors
were gifted from Prof. Tadashi Yamashita (Azabu University, Sagamihara, Kanagawa, Japan).
Buffer (120 mM Tris-HCl (pH7.4), 6 mM EDTA-2Na and 60 mM KCI), UDP-glucose (215 pM) and
SMS2-KO mice skin homogenate were added to an 1.5 mL tube coated with C12-NBD-CER (40 uM)
and dimyristoylphosphatidylcholine (200 uM). Reaction mixture was incubated (37°C, 3 h) to
determine enzymatic reaction products (C12-NBD-SM and C12-NBD-GC) by HPLC. SC and skin
were obtained from SMS2-KO mice, and lipids like SM, GC and CER were extracted and
determined by TLC. TEWL was measured 2 days after dosal hair of SMS2-KO mice was removed by
forceps. SPH was applied to the dorsal skin of SMS2-KO mice (twice a day for three days) after
removing hair to obtain SC. Lipids were extracted and CER were determined. As results, activities
of SMS and glucosylceramide synthase (GCS) in skin homogenate of SMS2-KO mice (11.6+3.4 and
86.8+20.4 pmol/mg protein/h) were significantly lower than WT mice (62.1+11.0 and 135.8+15.6
pmol/mg protein/h) (p < 0.001, p < 0.01). No significant difference was observed in SM content in
skin between SMS2-KO mice (2.2+0.3 pg/mg skin) and WT mice (2.3+0.2 ug/mg skin). GC content in
skin of SMS2-KO mice (1.1+0.2 pg/mg skin) was slightly decreased compared to WT mice (1.5+0.3
ug/mg skin, p = 0.08). Both CER[NS] and CER[NP] contents in SC of SMS2-KO mice (28.2+6.5,
2.7+1.0 pg/mg SC) were significantly lower than WT mice (47.8+4.7, 4.2+1.2 ug/mg SC). TEWL from
dosal skin of SMS2-KO mice (13.64.6 g/m?h) was significantly higher than WT mice (8.8+2.3
g/m2/h). SC CER [AP] content was increased in both WT mice (56.0 %) and SMS2-KO mice (41.0 %)
by SPH application compared with normal, in spite of no significance. SC CER [AP] content in SPH
group was not different between SMS2-KO mice and WT mice. The present data indicated that SMS
is not much contributed to the CER increase by SPH application.

[Conclusion] SPH must be a beneficial compound to increase skin CER by inhibiton of alkCDase.
Although SPH may also be affected by another pathways, like de novo synthesis, it is expected that

SMS does not much contribute.



MXEREDOHROER

Fe & e E o JEfifafl o' 7 X K (CER) . fEMiEgR L= L AT v —/u7e E D
BiL, RAOKGRFFCIA NS DFEY), MIE B LY A L ZADIR A% PERR) S
U7 & LTo&EEIZR>, CERIZ, A7 a3 (M) 7 v=aviktI IR
(GC) L& BIZRAT 4TI NERZEOREGHRETHLZ b, A7 ¢ TFHE
SIZmEsnd, £7=. CERITIE, e X UEliis s A~ > 22> (SPH) 7
572% CERINS], a-t FuxfgLEE L SPH 225725 CER[AS], a-t RKu X% UHEH
el 7 4 NAT g4I B 705 CER[AP], FEe Ra X UiEliRE 7 4 F AT 1>
I b7% CERINP], FEe RrF UfENiBE e Rr AT 4 oI b s
CERINDS] 7 EEE D4y T FENFET D, Tz, WABEIZHB T, SPHIZFEE /R A~
g4I A4 R THDH, WITNOHTFEDCER &, 7 IFX—FIlckv A7 T4 K&
BRI\ C RS d, —FH, A7 4 FI 2V UAREEE (SMS) (X, CER & SM~¢&
ZHad %, SMS (1 SMS1, SMS2 F L TN SMS B 7 7 B D 3 FEHDT A VA LD
FAEN LN TEY , SMSBETEZXRB LI~ T AZHWEM TN TV 5D,
7 hE—MEERB LR EOREORIEAET CER &8 L& T Oy O
LI N B D, £, 7T FME—MERERBE~D CER G/ 7 U — L DR
WA, BERENY THEOIRIEDO—>Th HIRE LA HELE (TEWL) Z @ A L [H
FEOLNVETEETDH, 2O D, AP CER &%, KENY 76 & FHES
T35 EEZ BN, CER OEENMi#EE BRI E LT, CER 2 &/ L7 bkt 7e & 3Kk~
IRA =T —IBIRGES TS, LA L. SLARHMHRIC CER 2 fiFmH] & W 5 Bl 5o
R H CER & EflEICRET 2 WS IZBIEE TRV, Zo7d, BARREKIX, KED
CER 3 fRBNHIRERE1C 35 B L, SPH O MA@ CER & EICKITTHESL in vitro EBRARE
L~ 2% MW in vivo FEFSR THNT 21TV T O R Z 2 R Thim TV
Do

F1ETIE, ~"TVASYURAFREB IO = ooiEEe NEEAZ WS- in vitro®#
B2 CSPHOT A AU ®T 4 —TF (alkCDase) IHMERLEIER 2Rt L=, S 512,
AT VA<D A% W= in vivo AT SPH 235 5l R 8124 L CER & &~
DR P~

Z DOFER, alkCDase {EMEIZKIT 25 SPH D ICy1d, R T 4 7 a2 ha—LdDA L4
ANEH ) =T I K (0EA) O ICs Tk LTHI 1/120 fHERVMEA R L7z, F7o,
in vivo EERRIZEBWT, v hu— /Ui L i LT, OFA BARECIIA BB
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7phyo 7oA, SPH BATEECIEA EH CER[AS] & #1389 1. 8 {5, CER[AP] & &3/ 1. 6 /%
ML TWAZ L ERIH L, &I, ZRotiE®Er NRIE in vitro F53R1C SPH
GHYVRY —LEBMENNST TT7A4 L& 2 A, CERINDS] OBz ha—/L & b
B TR 2 N L T,

VL E. in vitro3ZB-2 T, SPH X OFA XV 7= alkCDase FHEH|TH 5 nlHEME
o Uiz, £72. in vivo FEEBCRIB XN in vitro FZ2ERR T SPH N & A T DR E D
CER 4 FREEAZBIME A Z LA OMNC LT, 2D &b, SPHIC X A @ CER
BHIMNMA D= A LD—>E LT, SPH IZLDEEF alkCDase {HMEFAE 2 —HBI 5 L
TWHEBLELT,

%2 T TIE, AT KRR E T ERE 2R A LB =L T B ot 252107
SMS2 / v 7 7k (SMS2KO0) ~ 7 A D 7 J& D SL R & ffdT L 7= . SPH % 55557 &2
@A L. BJET CER B E~DREZH T,

ZORER, SMS2KO = AZJEFH D SMS {EHEB L7 va st T I REREESRIE
PEIZ, BRI (WD) ~ 7 R & Hol L CH BRI 2R L7228, fihod SL fREimEZiEER
FOSME&EE GCEHRICKE BTN oz, —JF5 WT &l LT, SMS2K0 ~
U APZJE T > CERINS] &3 L O CERINPI & &I, A RICIRIEZ R L7223, flid CER
BRIIREREIT R o7, F72, WD &l LT SMS2K0 ~ 7 235D TEWL 134 E I
EfEE TR L. EEANY THEEMET LTV A REMEZB 62N L,

WT 36 L TN SMS2K0 ~ 7 ZA DISHEL R G SPH 2834 L7- 45 . #HEHICE B R =I13 A,
SILIR Mo 7208, CER[AP] D F A3, WT 35 X OY SMS2K0 ~ 7 A i J7 CHIMME 1 28 7, 5 4
7275, WT & SMS2KO = 7 Z DR Tl R oo 7=,

LAk, SMS2 1ZRZE D SL RN K& i a2 52 50D, SPH OBEMIZ L2 A8
H CER OEINNZ X325 SMS2 DR 5O R[GEMEIT/ NS W EBER LT,

PLE, BPARKIE, KERCIZBWTC, invitro FBRAB L ONT L A~ 2% W=
in vivo FEERA T, SPH L alkCDase DIEMZFHE L. FJET OKFE CER 4y FH & %
mEt, FREANY THEZ ) LS E DA aetE A R Lz, F72, SMS2K0 = 7 A & /-
WFFEC. SPHIZ K % B CER & & EAMERICIX, SMS2 1ZBA G- L2 W ATREEZ 7R L
Too RFMICTIL, EO SLARFO—MA2 AT 5 & & b1, SPH LAY HIC X 2 %
JERSRELCEE IS O — 8 2 LT 5 Z N T2, Eo. ABFIEIE. RERkEE
dELE B E Lo EELOBREMEROBBICbEIRTCE 2 L HFTE 5, Lo T,
AFSCIE, AR X AL GERR) @WsticHoaEd 5 LHE L,
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