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mag-fura 2 % VW CHIE L=, NIPAL4 OEREIEMEL, L7 27— BiEaEEL L ClELZ, AHEIRIT AT,
By by AL DANEEIRATEL , EOASRA LT,

[ K] HaCaT HEfZZAWIRERZ IR 72225, BILRFThD p53 OT EF ALENEEINL, NIPAL4 mRNA &
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1. HEEM

B e St s OBREEHIC, ER-NTERO
BEENRERSREIT 2> TS, ElE O 7 Bl L
DHLNT 7 V%2 TODEVbI, KRS BEBE ORI
DIEERIND, KIEDORLZITAERE, TR, All)E,
KIERE D 4 J& TSI, SMHHD B DR AN
MHD KT DEEFH ANV T ELTOMEEE R T 5, Z
DAV THERED AL, AEE IR e L u g,
BIIR, aF—F Lo T RIR K - SRR 2 31T D
fa B &R G D EE R EZ R 3, B0 - R
EAPL ASDZFEIY, MEEIZRB T DB T DR
EEREAEDO W ENRD L, NITHEREDNME T35,
ZO1=8, IR R T OREAZTUHET BN 11X, EilnEic
B DRV T HERE O IR IE A AR C& D,

<R MIMEAWNZT by 7 A, I5EIE, EAL
MEEHTDHENDI, =SV LYV, SEHEOHEK, T
4T —IRTIL 89 72 DR S AMEHE SR A AL LT
FIREND, £, EEREOBEBIKRHFIN, 7he—
FIEROUFEFEHO RNfESHTWD, Lo, Lo
RIBST > F oAV TIZBIT D~ T F T LAOVER A
T =X LIRE 7 DA ThH D, BRI TIiX, NIPA
like protein 4 (NIPA4) Z/rLC, ~7 R U LA
~RVIAENDEE Z B TWD, 3R HI IS0 1 {2 fi
O AR N ERE~ 7 2w AR EE (M) 1, K
0.5mM T—EIRT-NTND, &Y a RS im it
FlliE O B2 R BB IR TC NIPALY OBAR T4
HPFEESH, v RV LNREDIKTETTF /YA
DL & D BRI S T2@),

NIPA like domain containing 4 (NIPAL4) 851128 -
Ta—R&EN5 NIPA4 227378 1% 466 (EOT /7%
MHRY, 5B 50kDa TH D, LR TIIEEIC
EAEBLL TR, oMK ICIITHHE&ITE W,
NIPA4 | I~ R T LT X L ELUTHERET 203, /NI A
R HUIRED 2 flih T A EE T DI TEDO,
NIPAL4 /v 77 b~ AIHAERBIFL THDHT-0?,
NIPA4 [ IR JE VT DHEFHIAR IR ThHEE 2 HID,
AV RO B35 TIE, G142V, A176D, S208F 7¢&
DEBDOIAEL AL BAEPRHESTNHDED, L,
DB RLEDOBIRITIFEAE RSN TURY,

B Fk ~ 13, NIPA4 RBEOK FI2LY, e7 e fig
SR EETFORBBLOE T Lo A RME T T
HZEERMRIALIZO), Ffe, ~7 2T NIRRTV EAE
ZICHEL, SEAMVR BB IC LM E AR T 520 %
FERLIZO, LosL, BIICE DG AU THEREDIK T &
~ 72U LAOBGRIE, R ERL D, TRRGHIER
W, DNA ~A7a7 LATICID~ 7 220 LT3
RE Rl R O BRI G 2282 R LT, $72,
EALIZHED NIPAG <7 22T AT v /L DI BLE DMK
TTHZEEFAL, BIIRIT 16~20 DRFHEDOE
BT T va— Ll 16 DL ED R B O KSR
TINFEA LI ETHD, ZORKRERKELEZ, 1 LD
IKEEIE DAL L T= AT 4 TR E OV B L L2 AT o
VAVENAERKT D, BE7INIEERSaL AT r— L
ETATHEREREARY, R OWHR AT 2B T 5, £
7o, BZINIINREAT 4= —H—L L COBREEH 15,

B2 & U TS RE DHERF 1T, ERIAIE 5 HIE1E
Bemb BB Z R -T, ~ 7 XU LI, KEA
EIR I OIEEER N HDZENHE I TODNO, 20D
PRI IR EETH S,

KIFZETIE, BRICEDAS T R T LT v VDB
K THE, BLO~T XU AL v TINEADBRER
ST DRI, BEANUTHEREDHERFICRBIT D~ %
T LDEEN E Sy F L L TRETLTZ, SbI2, #kick
% NIPAL4 OFBUK FITRIL, dEERAED >R fhEM
YRR LT, £, ~7 22U LA O E IR 5
THZENRESIINTNATD, ZDOEREFEERGIL,
2. BARAE
2.1 fpEELIN SV RTTY 3y

vhK [ rFF %A M K HaCaT iR 35 KOV NHEK
HRE % W CE R R 21T 572, HaCaT Mifdid 5% v
A U2 iM% (FBS) % & ¢ Dulbecco ’ s modified Eagle
Medium % v \C, NHEK iRl iE® e bR AL
HAGE P A ifn 35 % AR5 b (Lifeline Cell Technology 1) %
FWNT, 5% CO, Ao FaX—H—NT 37°CICTHELT,
0.5% trypsin-EDTA V&% IV T 3~4 B ZLIZHkRL,
EERIZHWE,



FT7AIRN DNA ORI A7 =7 a iz,
Lipofectamine 2000 ( Thermo Fisher 1) Z i F L 7=,
SIRNA OFT7 A7 =73 a|Z1%, Lipofectamine
RNAIMAX (THermo Fisher £1:) Zf# FIL 7=,

2.2 BYEER

SEBRITIE C5TB/6N ~ A (HEVE 5 i, 36 1R in) 2 {4 ]
L, I BIERFEER F - B R ZE B 2 D7KRERF T,
M B B RS2 3 1 2B FEBR I BRI ) I2h & D
WTHEMLTZ,

2. 3 RNAHiH&EUT7ILEA L PCR

TRI reagent (Molecular Research Center #1-) Z IV N CHllfa
M5 total RNA ZHilIHH L 7=, ReverTra Ace (BVFA61E) & UV
THHRGREITV, cDNA ZFHRL 7=, &R T L2 A
2 polymerase chain reaction (PCR) T, Real time PCR Eco
(TRTAE) &2V T mRNA &2 HIEL, (HBDY 7Y
=7 NC CHEA R I, (A7 DOHBLE% B-actinmRNA
BT,

2.4 SDS-RUTVYINTIFTILERKBIETIIREY
Javkii

7 x 10* i@/ =)L DY L THifa % 6 well plate |ZFEFE
L, 4 HREEEFR L, BAVATLA—% FH W Tl =
I¥ L7z, Lysis buffer (1% Triton X-100, 0.1% sodium
dodecyl sulfate (SDS), 150 mM NaCl, 1 mM EDTA,
20 mM Tris-HCI, pH 7.4) Z W TRl N # o~ 7 B %
AR L, 1@ OISR AR sy A L7, 10% %72
1% 12.5% SDS-RUT ZUNT IR T WAL NITEH T
NETTTAL, 30mA T 90 ZyHESIKEILT, 7 vE
PVDF BEICHE G A%, 2%AF ALV C 30 4y MALEEL, 7
Ry T EfT ol FFE R UAZ 4°CTBRALEL
7=, Tris Buffered Saline with Tween 20 ¥A% C PVDF J&
Y%, HRP ARk KPR Z=IE T 60 47 MRS
72, EzZWestLumi plus (7 h—+t) £7213A L/ A% —LD
(& L7 AV LREHEAL) Z N TH N TE DR
R UTz, 2o R E DR RIE, C-DiGit {bE5%EA
¥ F — (LI-COR #h) ZHWTHREL, ¥ /378
3Bl 8% B-actin B CHEEUEL L=,

2. 5 [Mg?] MAIE

5 x 103 i/ = /L D YR FE-CHfifiaz 96 well black plate | Z#
FEL, 4 AR LIC, ~7 R0 NSO REED
mag-fura 2/AM % 37°CC 30 43l &1L 72, Infinite F200 ¢
e~ Ara7 L —RN)—& — (T H41) Z VT, mag-fura 2
OEIFREZRE LT, Mg 1%, B & 340nm &
380 nm OHEEIRE LI > THEHLZ,
2. 6 LIR—32—7vtA

5 x 103 /7 = /L O YR FE TRz 96 well plate | ZHEFEL,
24 W8 LT-. NIPAL4 D7 0F—2— il A 9A A
TEVIR—5—_ g Z— & B DT 53 WIRT VTV TR A
Ty —VIBRRIH—% T AT 27 a LTz, Secrete-
Pair Luciferase Assay Kit (GeneCopoeia f1) Z v T, /Lo~
=T —B LT INHVRAT 72 —B DOIEMEZRIE LT,
2.7 RiGBARET A

7 x 104/ =)V O EETHlla% 6 well plate |ZHEFEL,
a7V ROREE TR LT, Xy My 72 v
TAWGZTERA%, 0.5%FBS G AR CA L Fa— g2
L7, BZ810 Bifsss (3 ——o 24h) & VT e
IR R A fiRe LT,
2.8 HARERE

7 % 104 {El/7 = /L OYRFETHA 6 well plate (EEHIIZ
TIN— T T A% \THEFEL, 4 AMRGEL, Kz
brEtg, A%/ —/VCREELT, 0.2% Triton X-100 %
TR I 2 TV L1, 4% 7 0y 7 o — AR &
TT X T EATo7c, —IRPUEE 4°CT— BB f%,
Alexa Fluor 546 &k “IRPLAZEIE T 2 B/ F=
AR—hL7z, Yl DAPI LT, B R—H TR
BATARHBZAZOH, LSM700 FEAE L —F — Bk
8% (Zeiss t1) # T, #OCHB AT LT,



3. MIEHER
3.1 REXITAVILFYILDOEBIZHTHE(E

REFIDFE

HaCaT i jg 12 L2 ¥ Al @ tenovin-1 F 71X
leptomycin ZLEEL /=LA, ALK T THD p53 OT
T F AL B INU7Z (Fig. 1) , £7=, NIPAL4 <7 %
U LT ¥ RO mRNA B LTz, Elhe~T R T
AR ORI REI N8, [Mg?); 12kt 5%1k
TRAERI DN R AT LT, EOFER, tenovin-1 F7-1%
leptomycin DORLFIZLY), FIREED[Mg> ] 234 L
7o Fo, M~ 7 27 DR EOIK TR siRNA 2 H
W72 NIPAL4 D /7 X780, Mgy O F 2358
LZaniz, UL EOFERNS, 77T /AR BALHIE %
ZF5HE, NIPA4 ORBURTEZ LT, [Mg¥] MET

THIEIRIRE T,
3.2 EIIFERERORBICHTHELRERD
2

YERIE DT F AN, 10 FEU Loy RO+
TINEET D, ETINGFOLARMEL, BETINEHE
BT DRI L AT 4 A D SZRRMEIC LD 2 M
HHILTND, 7T I AN TEKRSNIZETIROKER
VL, T ai e IINGEESR (GCS) 12X 7 vay
NEIINET VNI NaL REIIR~, AT 4 d3IxY
B REEFR (SMS) IZkh A7 Tz v ~RFian s, &
SICAEMEIC SN =7 v ay e TFIRERT 4
IV, TRER B-Zvakl T ey X —E (GBA)
EAT A3 F—F (ASM) IZ L TR D fiRSH, &
FINITE#EIND, ZNHOWE TERLIZEIIRIG,
NEIAIESaL AT 00— L ETATHEERZAED, VT
ZIR T %,

HaCaT il EALAEHER 2B L 7L 25, GCS, SMS,
GBA @ mRNA &23F ZI2A Lz (Fig. 2), — 5, ASM
mRNA &I L7 o7, Millash~ 7 220 LRED
R NIPAL4 D7 X7 AZKY, [FAEROFER PGS
iz, BLEXY, [Mg>] DI FIZE->T GCS, SMS,
GBA OFBLEIME T T HIENREINTZ,
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Fig. 1 Effect of p53 activator on the expression of Ac-p53
and NIPAL4 mRNA.

HaCaT cells were treated with vehicle (Veh), 10 uM tenovin-1
(Ten) or 10 uM leptomycin (Lep) for 6 h.

(A) The protein levels of Ac-p53 and p53 were investigated by
Western blotting and represented as a percentage of vehicle (Veh).
(B) The mRNA levels of NIPAL4 were investigated by real-time
PCR and represented as a percentage of vehicle.

** P <0.01 and * P <0.05 vs Veh.
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Fig. 2 Effect of p53 activator on the expression of ceramide
synthesis enzymes.

HaCaT cells were treated with vehicle (Veh) or 10 uM tenovin-1
(Ten) for 6 h. The mRNA levels of GCS, SMS, GBA, and ASM
were investigated by real-time PCR and represented as a
percentage of vehicle.

** P<0.01 and ™ P> 0.05 vs Veh.
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3.3 RI4VOITYVEEIZHT HEILREF DFE
AR AL B/~ 7 1o DR DK TS
X, A7 IITVOPEAICE G925 SMS O E
DD LTeT2, HIBNAT 4 FITY AR EICK T2
BRI, T ORER, tenovin-1 AFRFE7- IS¢
TRV LREOKTIZEY, MlaNAT > TIT)

RENH B U,
3. 4 NIPAL4 ORFRAEIH1T5H E2F1 DEE

L EHER K THD E2F1 1%, p53 DIEMALIERZL
DIERMBINTND, siRNA Z VT E2F1 O3 BiE
VIR LTZEZ S, GCS, SMS, GBA ¢ mRNA &5
N7z, ZOZhRIX, pS3 (128D NIPAL4 SO D3R
BrEnizizHiEz LD,
3. 5 Z{LREHIZLD NIPAL4 mRNA EDOHIBET

HiE

NIPA4 (ZXD[Mg>) OFREIN, BI7ING Rl SR DR
BRI G T2 ERHALNI-T2720, BvidE
FNC X% NIPAL4 mRNA DI HL THAEZRFILT-,
mRNA &3 G IE M LB K> Tl h D, T
TN T 2T —BDIRBLATRIE L L T NIPAL4 DERETE
PEARELIZEZA, tenovin-1 ALFRIC K VERBIEMEIME T
LTz, D72, BAMRERIZID p53 > 7 F LV OiEMEAL
&0, NIPAL4 O¥REFHEZ L C mRNA &3040
HZENRBINT,
3.6 EIZkDEIIFERBROREEL

B IINGAEER DFEBUT T DB DA fRPI
B, 6 8ERE 36 BRI O~ AD G5 RNA ZHhH
L7, 36 D ~7 A TlX, GCS, SMS, GBA ® mRNA
BN LT- (Fig. 3), £/, NIPAL4 mRNA &L L
T2, WEOREGRITREIL-,
3. 7 NIPAL4 OFBREMERZEL DL EMDIFER

ZALHIEClX NIPA4 O BUR T A2/ L CTETINDE
A BT HZEDHELRINTT2D, NIPALY DIEBLHE
IERZS LA WMERSZ T HZ LI LT, FHiib &4 &
LTV INNAFT IO T IR IARTAT T —LHF
WEITA THREMBEMEHEH LI, TORESE, tenovin-

IZX DI TEE MO IR, BHEEOLE
AR LTz, AFIETI, 7RO REICEENEIRI 7=
J=IVDL AT —//VIZEBL, ZOREMRTT5
izl

HaCaT a2 3V N, tenovin-1 LBLIZ LB 7 &2F L4k
p53 BOBMA, LARTha—/ L DA L ES
iz, 7=, tenovin-1 JLERIZ LD NIPAL4 5O T i
VAT ha— L O IR Z L > CRAE L7 (Fig. 4)

PLEDOFERDNG, BIREANCLD ps3 v 7 A DlE
PEALZL AT b — /WEHEL, NIPAL4 FELOK T %
Pl T D EMRIES LT, Tenovin-1 1ZX5H[Mg? ]y DX
THLART I a— )L O EIC K-> THELTZD,
NIPAL4 DFEBLIZNT T, MBEANA~DO~ 7 Ry LEY
IABBELYGET HIENRINT,
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Fig. 3 Effect of aging on the expression of ceramide
synthesis enzymes. Total RNA was isolated from the skin
of 6- and 36- weeks mice.

The mRNA levels of GCS, SMS, GBA, ASM, and NIPAL4 were
investigated by real-time PCR and represented as a percentage of
young mice.

** P <(0.01 and N P> 0.05 vs young.
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Fig. 4 Effect of resveratrol on tenovin-1-induced reduction
of the expression of ceramide synthesis enzymes.

HaCaT cells were treated with vehicle (Veh), 10 uM tenovin-1
(Ten) or 10 uM resveratrol (Res) for 6 h.

The mRNA levels of GCS, SMS, GBA, and ASM were
investigated by real-time PCR and represented as a percentage of
young mice.

*#% P<(.01 vs Veh. # P<0.01 vs Ten. ™ P> 0.05 vs Veh or
Ten.



3. 8 Tenovin-1 [2&BESIFAREBEROERIRE TN
FTEHILARSO—)LDFHER

Tenovin-1 JLERZ LD GCS, SMS, GBA @ mRNA &0
WAL, VAT b — ) VITHE N R e R LT, — 7,
tenovin-1 £ L AT ha—/ Lt ASM O mRNA B4 HEIZ
AL 7207z, DL EORERNS, #kI2XY GCS,
SMS, GBA DOFRIBLENHA T D03, VAT a—/1id
TRy MU R E OBEEZ LT, BIING EEE
DFBFBAINSEDLZEIVRESNTZ,

3.9 7SF/HArDEEIZHTEIT RV LDHME

AITF T ALY, HaCaT flaOMEEICXS 7
LT FTY LIRINOSC AR LT, 7ok, MifaEsHo
FEZ IR, B OMIEREL 5% D 0.5% MK
TS TERETo7, BTy 7 TERLZAIEHE
IR RRE E LI L, ORI L~ Ry
DI KOIREEL 72, [RIEROD#E RSl ~ 7 127 D
Nz En, U EORERNS, ~7 32T A0
I LR B RR O ERE N TLHE T HZ ERH BT
Tpot,

M B 6T D~ 7 22U LOVEMBE T 255
7o, MRS 7T WARER 6t T D8 R A Mat LT,
WEAERED IR 545 ERK1/2 OV L &N~ %
VLRI EVEINM LU, AT AF L —RElD
BAPTA {#1E F CH AR DFE R B GEHNT T2, ~ 7 R
2 LOVE NI 7 LS 7 WA LN 2 S RIS
e, E7, MlaE I OMEITICEE G775 cyclin D OFEL
BT R NN E S TR L7278, #illa
WO BTG CE 5B 2 b,

3. 10 HEERHTERFORBICHTEHITHRIVLD
EIES

Al = HE 1L matrix metalloproteinases (MMPs) (24>
THEI SN, LM TORADERINLTND
MMP1, MMP2, MMP7, MMP9 O3 HLZx 45~ 1
TADHRERFILIZEZA, w7 R AN EY
HaCaT MU H1F D MMPI & MMP7 @ mRNA &3
IlT=, —7J7, MMPY 1325467, MMP2 1338 LT,
NHEK HIEIZI\T, w7 XU ARINZEYD MMP7 1%
HEINUT203, MMPI (32546 U7 T2, Al A D TeiE
\Z MMP7 OB5DRBINDTD, FERICHGTT 228
Zl7=,

VAL Ty M KOV RE AW T, v
R BIINZ LD, MMPT D22 73208 B O NN HE R
ST, Flo, ¥ 7 AT LRINZ LD MMP7 mRNA &0
NI, MEK/ERK #2# DOFREHRITH 25 U0126 DILALER
KRB EESNTZ, Bl EOFERMNSG, v~ 7 RV T AT
MEK/ERK #%#%% 1L C MMP7 O3Bl &&BEINSH,
faifEE% TLES T DT LD RIBS T,

siRNA Z# HIW\WC MMP7 O3EBLA /o /XD LTe A,
<7 X LN LD MMPT O3B ING A & PR
Tz, AEM T T, <7 3T LRI XD AE RN
MMP7 O /v 7527 CHESNZ, LA EDORERND, <
T H 2 DA Z DM A O TLHEIZ BT, MMPT
DEETHLIENRHGNIR ST,

3. 11 SF/HAbDOMEIZHTHIT R VLD
EES

¢ B AR MR o> BTl o A 1 R L S B BRI B 5975
72, fb~—A—"T&% Tumor protein p63 (TP63) ,
Desmoglein 3 ( DSG3) , Late Cornified Envelope IE
(LCEIE), FOS Like 2(FOSL2), Wnt Family Member 54
(WNT5A4) , Semaphorin (SEMA) 3C, SEMA5A mRNA £(Z
KD~ T2 DRINOR R AR LT, ZORER, 3
XTI~ — T —DFBLE N~ 7 F T LRI L >
T LTz, SBIZ, RO R #7255t~ — 7 —
ToD filaggrin, keratin 1, loricrin, involucrin @ mRNA
BL~ 7 R DTN Lo TR LT, BREDRS B3,
b N 3R NHEK Ml TRIZES 4172, L EDFE RN,
~ 7 XU LOPIN IR EZ O3 LB IH S b2
EDVREI LT,

4. EE

R L 1T DI AZD LR E DR E DE 72D,
IV B D ECDIRREDZ L THD, Bin T BEITLD
FERAAEDOHKEENRRELEEZHNLTEY,
NIPAL4 % & IO FIKERF B FEESHTND,
<SR RE DHERFIC BT D~ 1T MO B E
DB TED, PLORBESST v F oAV 712861
DYER AN =KX IR ER T DA THD, T x 1 X EH~
D AD KGR VN fRITIZEYD, NIPAL4 OFBUK T
Z LTI, NIPAL4 D3GR O - 728855+
2R HEEZ TS,



HIEF 4 1%, NIPA4 ORBUK TIZXheT ve e
R R CTHhD HAS2/3 OIREBIEMNHA T2 % R
L7200, EBIZ, =7 2T AZED HAS2/3 Oiffffitktks
LT, MEK/GSK3B/CREB #%#8 DB G- 2R LTz, 7V
a2 RIS B A R T 2@ E 030, AHEIRET vk
AZBWT NIPA4 OFRBUR FIZ LV AIEERAL OER H
STz, Fo, 7 R BRRY T IV PEAICE B
HZEERLHL, SN LA AIZ XL D a2
XL, v TR APRENREL O E R, R
T, Friclo~7 R ARETZINGARICEIfR TS
ZEERHELTERY, ~7 XU MISHEIEF LT
RGN TR BEAHERF T D LD > TE T,

P33 I THIIEARN AR A BB -7 T 72 812D, U
VAR T B F AR E OFIRRIRE M A5 1 TIEEA R
%, BERIEAR T DR G R B FE I N I AR 3 DR 2L AR
FERLA (5°-C(A/TYT/A)G-3) IZFE AL, 85253
%, TFBIND % VN TEh NIPAL4 71— 4 —fHl~0D
P33 DFEA BRI A TRRLIZLZA, 20, -185, -992 & A+

A G BLFNA LoD o7, p53 1% NIPAL4 DEREFRER
EIRITAE AL, ZOWEIEEELE T2 EIVRBEEND,

T AR EE I, g ORI Y T A S e
—7 42-1(CLDND) (23 H L, ZDOIBLEEEICKT T2
48 SR BB SOBR (L AR AD B BA R LT, 2 b0
AR AR XD, M E AL 3517 % CLDNL
SRR EIIE T LN, 2o 0B BT LTz, Z
® CLDN1 DOREEAE, = R Ah— AL EA]D
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Summary

Over 70% of elderly people may have skin problems, and the patients with skin diseases will increase in the future.
The epidermis of the skin is made up of four layers: stratum corneum, stratum granulosum, stratum spinosum, and stratum
basale, and functions as a barrier to prevent the invasion of foreign substances from the outside and the evaporation of
water from within the body. Moisturizing factors such as ceramide and collagen in the stratum corneum, and
intercellular tight junctions in the granular layer play important roles in forming the barrier function. The barrier
function is reduced by aging and exposure to ultra violet rays and oxidative stress. Therefore, factors that enhance the
production of moisturizing factors can be expected to enhance the skin barrier function in elderly people. In addition,
repair mechanisms for physical wounds also play an important role in maintaining skin barrier function. Magnesium
has been reported to have a promoting effect on skin wound healing, but the detailed mechanism remains unclear. In
this study, we investigated the effect of magnesium on ceramide production and wound healing. Furthermore, we
searched for food materials that can improve the aging-induced barrier dysfunction.

HaCaT cells and NHEK cells derived from human epidermal keratinocytes were used in the experiment. The gene
and protein expression were analyzed by real-time PCR and Western blotting, respectively. Intracellular free
magnesium concentration ([Mg?*];) was measured using the fluorescent indicator, mag-fura 2. The transcriptional
activity of (NIPA like protein 4) NIPAL4, a magnesium channel coding gene, was measured using luciferase assay. In
the wound healing assay, the area of the wound caused by the pipette tip was measured and the closure rate was compared.

Tenovin-1, a sirtuin inhibitor, increased the amount of acetylation of p53, an aging factor, and decreased the amount
of NIPAL4 mRNA. The resting level of [Mg?*]; was decreased by tenovin-1 and knockdown of NIPAL4 using siRNA.
These results suggest that tenovin-1 decreases the resting level of [Mg?']; mediated via the reduction of NIPAL4
expression. The expression levels of enzymes involved in the production of sphingomyelin, which is a material for
ceramide synthesis, were decreased by tenovin-1. Using a compound library, we searched for food materials which
activate a transcriptional activity of NIPAL4 and identified resveratrol. Resveratrol improved the decrease in ceramide
synthase expression and sphingomyelin concentration caused by tenovin-1. Next, we investigated the role of
magnesium on wound healing and found that it increases the expression of matrix metalloproteinases 7 (MMP7), which
enhances cell migration. The increase in MMP7 expression was inhibited by U0126, a MEK/ERK pathway inhibitor,
suggesting the involvement of this signal transduction pathway.

In conclusion, we suggest that magnesium deficiency is involved in the aging-induced dysfunction of skin barrier.
Resveratrol improved the tenovin-1-induced reduction of NIPAL4 expression and paracellular barrier. Resveratrol may

be a candidate for an antiaging food material.



