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Abstract: Bicationic minerals such as calcium and magnesium are known to protect the skin barrier. The principal ob-
jective of this study was to evaluate the skin barrier protective effects of mineral water, which is composed of calcium,
magnesium, manganese, and fluorine. UVB irradiation induces a destruction of tight junction (TJ) components. The TJ
permeability barrier was also disrupted by UVB irradiation. We employed a skin equivalent model to assess the efficacy
of mineral water in this regard. Mineral water maintained the structure of the skin equivalents following UVB irradiation.
The results of the TJ permeability assay showed that mineral water helped to maintain the TJ permeability barrier after
UVB irradiation in skin equivalent model. Mineral water supported the structure of TJ components and restored the
occludin protein level in differentiated normal human keratinocytes after UVB irradiation. In conclusion, we found out

the protective effect of mineral water against UVB irradiation.
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Gt FNeEE v H, A S Ao =
Ap o] Foll MR E7E S wiA| oA 3Lt Bl
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2.2, M= HiQF

Aol 8 R3] Ad-fobA E(human neonatal dermal
fibroblast, C-004-5C, invitrogen, USA)2} AlAJo}l #-2)
9] 74 ¥ A A E(human neonatal epidermal keratino-
cyte, C-001-5C, invitrogen, USA)E— invitrogen©ol| A -]
sto] ARS-SFATE A-frotMEE = low serum growth sup-
plement (LSGS, Gibco, USA)S} penicillin-streptomycin
(Lonza, USA)7} &= 1068 2](M106, Gibco, USA)oll
Al B FstATh AfrobMl s At S Rt 4
A YA At 4 ~ 8 Atolo] AEZE ARl
A8} 2 3 A M 3= human keratinocyte growth
supplement (HKGS, Gibco, USA)2} penicillin-strepto-
mycin©] &-F-¥ EpiLife H]A|(Gibco, USA)lA] Hlj %3}
Aok AP PA Z= Al g-S st Ath7h

291 N22E Aol A8kt ME2SE 37 T, 5%
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collagen solution (Sigma, USA)3} Dulbecco’s Modified
Eagle Medium (DMEM) (WelGENE, +=7), Ham’s F-12
(Gibco, USA), NaHCO; (Sigma, USA)E 413 NaOH
(Sigma, USA)Z SSAIA AZstAut). AL 12-
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FFEA S S8k OCT
(Optimal cutting temperature, Sakura, Japan) §--& o]
83te] WeEEe ALk

2.4, XI2IM ZAt

A2} ZAR= 365/312 nm UV Irradiation System for
Cultures (Bio-sun, Vilber Lourmat, France)E ©]-&3}]
AsAeh. 2A1E 0183k UVB 40 ml/em’E Q)
Sa| ot ZHA g2l AFSF oH, Ape] ARtk
AECo & 7He o A& AR A8 T2 sham-irra-
diation©. = FA|SIATE Akl AL Foll = 3Y &<t
el HiAE wEstHA E2 AHYE Y skATh

2.5, HAYIUHMEH (Immunofluorescence)
ZAPPZNEZE ZF well & 3.0 x 10702 x-Slide
8-well A H(ibidi, Germany)°ll F3}H 2™, 1.2 mM

CaCLE A5t &35 FEstih AdE ZAR
5 R B 7 o iAol A 393 vkt 2t
HAYPAEE 4% ZELHsto| = F&A(EMS, USA)
< o]&3st 30 Tt AR oH, o] B F
M2 94(0.05% Tween-20 in phosphate buffered saline,
PBS)C. & F W A|Hsl] EELT|Sto| =5 23] A
At th 1Y H M| E= permeabilization buffer (0.1%
Triton X-100 in PBS)E 10 &<+ A 2lsle] Alxute]
F3d-S 8H1H 3}, blocking solution (1% bovine serum
albumin, BSA in PBS)S 30% &%t At &<
H| 5o Aghs "ottt ole} 22 o g A ed
MZ W9] occludin, claudin-1 T2 anti-occludin &
A (invitrogen, USA), anti-claudin-1 &}#(abcam, USA)E
o] g3t FAsIP o, EAH TE-L2 Alexa Fluor
488 goat anti-rabbit IgG (invitrogen, USA) &A1 9} Texas
Red-X goat anti-mouse IgG (invitrogen, USA) &4 <}
HESAIZ] 3 F27 % (LSM 510, Carl-Zeiss, Ger-
many)< ©]-8&3te] #F3SIATH

OCT &5 o] &3t WEHES A43 13w

10 ym FAE F2HHE A=A Foll A9y

S JEsttt. sAAA S 3FF FU A20A
A2 F PBSE OCT §9& A& ste] A|A T,
Blocking solution (1% BSA in PBS)< 30+ &<t A g
sto] ghA| o] BlEolA AgS WA EATE AT F-

ot

o e
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FAAAANA et SlE-g Azstr] 98| anti-
filaggrin &*|(abcam, USA)E ©]-83}o] 3EX|3}1% o
FEAH L Texas Red-X goat anti-mouse IgG (in-
vitrogen, USA) &A1&} 9h-3A17 & F23 v &

o] g-ato] #ZSFAT.

2.6. Tight Junction (TJ) Permeability Assay

TJ permeability assay= A|3E3EH 2] biotinylation ¥+
< o] &3t WA 75e HEsh= WHolTH1S).
Sulfo-NHS-LC-Biotin (tracer, Pierce, USA)S 2 ug/mL
FEE 12 mM CaCl, I+ PBSOl| <1 & Ql3a 5
o 304 &<t AElEA OCT §H-& o]&3te] W&
HEEE AAE JAFTHE= 10 yum FAZ F2EHE
A&k Fol AE YTt sHFE B A-2oA
AZAIZ] ¥ PBSE OCT &L A3t A A
Blocking solution (1% BSA in PBS)< 1AI1F 5%+ 2 g]
sto] Al o] v 5o]A Ag-g WAsITh Streptavidin
Texas Red (Calbiochem, Germany)S 1A17F &<+ 18]
st ©ES XSkl T2 dv|AE S o] 83t

B3

2.7. Western Blot

Aol 2l 9 ZAHFHGMEZE 7 well F 25 x
10702 6 well plate (Corning, USA)oll HF38}L 244]
ZF ¥ieF3t H 1.2 mM CaCl, 59 EpiLife B =] ol A
2% F}F v FstA T AL ZARE PR AL RU|ES
E17} 35wl x| ol A 37t vkttt v Fe mixl
S M3ZE mammalian cell lysis buffer (Sigma, USA)=
=3 %o BCA (bicinchoninic acid) F& WHo =
WAFS S5 4 ~ 12% NuPAGE Bis-Tris
gels (invitrogen, USA)®l 52| Thuld-& Y31 A7)
o2 Z/NAIZI F nitrocellulose membrane (invitro-
gen, USA) O & o] FAIZt}. MembraneE 5% EA| -9
5 i3k TBST (10 mM Tris HCI, pH 8.0, 150 mM
NaCl, 0.1% Tween 20) buffer2 1417t 59 WHS-AIX]
=, occludin (invitrogen, USA), claudin-1 (abcam, USA),
B-actin (Santa Cruz, USA) 13} &A1& HH-S-A| T} 23
A 2= goat anti-rabbit IgG-HRP (Santa Cruz, USA)
9} donkey anti-goat IgG-HRP (Santa Cruz, USA)E A}
gsto] 143 BESAIZ T TBST buffer= 412 o
immunocruze (Santa Cruz, USA)E AR&-3}e] WH-8-A]7] 3L
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Figure 1. Mineral water increased filaggrin expression. After 7 d of air exposure, skin equivalents were incubated with mineral
water and WY14643 for 3 d. Immunofluorescence was performed to examine the filaggrin expression. (b) WY14643 and (c), (d)

mineral water increased the filaggrin expression.

UVB 40mJ/cm?

Sham-irradiation control WY14643 S0pM mineral water 20%

Figure 2. Mineral water maintained the permeability barrier. The skin equivalents were irradiated with a single UVB dose of 40
ml/em’ and harvested 3 d after exposure. In the UVB exposed skin equivalents, the tracer was able to pass through the stratum
corneum (b). Mineral water maintained the permeability barrier and block the diffusion of tracer (d). Data are representative
images of three independent experiments.
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UVB 40mJ/cm?

sham-irradiation control

occludin

claudin-1

mineral water 20%

WY14643 S0uM

Figure 3. Mineral water maintained the organization of tight junction proteins. Human neonatal keratinocytes were incubated
with 1.2 mM CaCl, for 2 d. The keratinocytes were incubated with mineral water for 3 d after 40 ml/em® UVB irradiation. In
sham-irradiated keratinocytes, a continuous network of occludin, claudin-1 were found along the plasma membrane (a, e). Kera-
tinocytes irradiated with 40 mJ/cm® UVB exhibited dispersed, fragmented occludin and claudin-1 expression (b, f). Mineral water-
treated keratinocytes maintained continous network of occludin and claudin-1 (d, h). Data are representative images of three

independent experiments.
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AO 2, tracer AT H oA FH]FO=E o]
&t AN FFolxe Z9 9 Ar)ed o) z+
AT ofgflollA olFo] AFA "k B A3elA UVB
40 mijem’ell =FE ATV Fo| M= A7) o]
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& = AATHFigure 2b). o] 2k= A o
ZAbSE U ZREE 39 B¢ AR <)
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1.2 mM CaCl, &% EpiLife B %] ol A 48413t w3t 5
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23ttt ARel ol =2 2P M| Zol| A= occludin
T} claudin-1 727} 245 o] AATHFigure 3 b, f). H]U]
ZAEE A2k A Z M EAN A= occludind clau-
din-1 727} £35A] &1 dd=o Jde F=2rF T
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Figure 4. The protein level of occludin was restored by the treatment of mineral water in keratinocytes. After Ca®" induced

differentiation, keratinocytes were exposed to 40 ml/em’ UVB irradiation. The keratinocytes were incubated with mineral water

for 3d after UVB irradiation. UVB irradiation decreased the protein level of TJ components. Among TJ components, the protein

level of occludin was restored by the treatment of mineral water.
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