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Water is important for skin to keep its moisture. Water transport is conducted by channel proteins named
aquaporins. Several aquaporins play pivotal roles in water metabolism in our body. AQP3 is expressed in the skin
and its importance for the skin moisture is demonstrated by the study of AQP3 knockout mice which have accelerated
drying of the skin. The prevention of dry skin is important not only from the cosmetic point of view but also from the
clinical point of view, i.e. it is responsible for an itch especially in aged people. This study was intended to search for
the substances which upregulate the expression of AQP3 in the skin. We used rat skins and human kerationcytes as
models. In rat skins, vitamin A increased the AQP3 expression in a high dose (10%) but not in lower doses. However,
the AQP3 expression was unaffected by vitamin A in a cell line from human keratocarcinoma. On the other hand, the
expression of AQP3 in this cell line responded to hypertonic stimulation with sorbitol suggesting that this cell line is
useful for the screening of the candidate substances which increase AQP3 expression.
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Fig.1. AQP3 mRNA expression in rat skins
Northern blot analysis of rat skins 24 h after treatment with
1: no treatment, 2: DMSO treated, 3: 0.1% vitamin A, 4: 1%
vitamin A, 5: 10% vitamin A(all trans retinoic acid).
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Fig.2. AQP3 mRNA expression in rat hind feet.
Northern blot analysis of rat hind foot skins 24 h after treat-
ment with 1 and 2: DMSO, 3and 4: 10% vitamin A.
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Fig.3. AQP3 mRNA expression in a human keratocarcinoma with hyper-

tonic medium.

Northern blot analysis of a human keratocarcinoma cell line 24 h after
treatment with 1: 200 mM urea, 2: 100 mM urea, 3: 50 mM urea, 4:
control, 5: 100 mM sorbitol, 6: 200 mM sorbitol, 7: 300 mM sorbitol.
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Fig.4. AQP3 protein expression in a human keratocarcinoma
cell line.

Western blot analysis of a human keratocarcinoma cell line

24 h after treatment with 1: control, 2: 200 mM sorbitol, 3:

200 mM urea.
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Fig.5. AQP3 mRNA expression in a human keratocarcinoma
cell with vitamin A.

Northern blot analysis of a human keratocarcinoma cell line

24 h after treatment with 1. vehecle(DMSO), 2: 10-8M vita-

min A, 3:: 10-7M vitamin A, 4: : 10-6M vitamin A.




4 £ =

B RS DRI EHE KT v 1L Th 5 AQP3 DIEBLD
ZALE RS AMBEEMRRTH72DIC2DDRBEETLE
Wz, 1279 FOEETHD, £5 1Dk b IEE
BEEMlETH S, 79 MOEFETIEDMSO OBMZ T T
AQP3 ORBIN S A2 &2 HHIFBIZ KD E MG & RE
BEDFERL DMSO IZ &2 RBTEDOEADIHEK ELTE R
5B, KDL MITEWEDIXATOEWEDHEDLEE
WTE, EXIVAIZKD AQP3 ORBGFENALNIZDT
O TERMBOMRPA SN S, 272K ED RNA
EROBEOBE» SN EBEEZDOIENTES Z &I
THY, IVXTVLAENI W72 E/ S &4 —I12§ 5 S
& protenase K UBEAITS H TR LMREIZ 72, ZHiT
I AE RS A 2 sl 2 728, fIENIZ RNase D
PEEMIZ 5 lysis buffer 2AAADIZ{L. RNA OftEA <D
BEOMLWHEEZLONS, Z2)A T L2 THREIIZ N
TINTIZT B2 T%<, proteinase K TILZEMIZ Bl 4 D
W ETHNTOEWRNAZ H 3 ESIBZENT
5L bb, HEIRTOMIEE 33P0 DT RNA I
ERENETFF /HA PO RNAEZRML TV SLEEZEN
5, WoTXO@HELEAZ) =2V DV ATLNEENDZD
T, b MNEREEIEMIE T AQP3 ORBAF LI ALD
D cell line TAQP3 BFEBILTWBDERDT=, ZOM
N IRBEDZLIZIB U T AQP3 @ mRNA 7213 Tl &Y
ISOREAE BB ENHELNIZIRD, IEHDT I7F /94
MIOEWVHEEEE >TWEEELZLNS, LA ULEMILTS
ZOTHENZED>THNSREMNEE H D, FEROMHRIZHEE
NRBETHD, LITEYNTT5L 72— DRECHIN
NN VI >TNWB LY s IR R C&E &y,
ZNTY AQP3 ZWMEEZMEDAL ) — = 7D TF-ht¥d
ELTIRBIfETHD., #2232 RNA OHIHAES THD %
NWERERBZOSNEDTHHEZE AL S,

A2 IVAIRE MIBWTHENS§TZ ENERMIC
LRIHIN TS, 165> TAQP3 DRBINENTZH»E
SRS B E T ATH S, SN2 4 KFfH L v 5 K
HEIZE22Ho6TEL IV AIZK->TAQP3 OFEA
WNT2ZEnbEonilhoTz, 10% W) HHETE
ERARSEN72DTH 5N RO TR ETEER
s cE 5, L2L-ATRMICAZ LS IV ABE
OIER 72 T < MIREOZALIZE S RN a8 E A 50
HEMER b 2D TIRIZEH D2 L, — TR e &
IVADORREMNED S NL 5T, THIBIEMIIZ L 5
TIENZENL TB 720 THRWZ &id primary culture
DrSF /%4 FPTEXZ IV ADAQP3 DB L FHN
TABZRERD D, LT IF /A4 P TEELX I VA
DAQPINDEENE AL VWELIE, ¥HIV ADK

D AQP3 READMEIT K ATREER S D, B4
IVAILKDFEEINZKHOMWEHN AQP3 DFFEE L
TWatEZoN5, 5HIOEEDRNIAVLETSH S,

b b RREES S 2 2 ) — = S LTHEHEEDT
IS HWONBHBEMETH STV AH VY (ZT704
FHRILEY), ¥4 210 92 AMP, %429 v 2 GMP I
DOVWTHEI L TARZN AQP3 EiFE I hAah 572, Th
13 AQP3 23t I XUERGFEEMING (A549 cells) IZHBWTT 4
APV THEINL LN INE TOWRES &> T
VB0, MHEDENRERSRIDENEFEIS VNS BE
N5, 5HIOMIEEFNT AQP3 28T % & DH
ROnE, KEICEWTEHRETE LN EI », 2%
MZ&k > THEOREELNES L 220 E 50, mlErk
W E IR ERGI L T R H B,

5. # #&

B2l ORI EE A 2B A 5T 5 AQP3 DR BLAE
HET 2MEDOMBREBZ ko7, Ty MNETIEE X 3
Y AIZK D AQP3 ORBUAIMA AL N7zh, b b I
M TIRE X IV ADAQP3 DB D 5Nk h >
7mo ZORFEMIZ Y LY b —IC X BRBED FHIZIE
UCTAQP3 ORBIABML., AQP3 ORBLZFH§ 2%
BDO2A0 ) ==V FICHHATH R EE L N5,

(51AXH)

1) AREE—: KF v 2L OMEEKRE. R DH WA 201,
1077-1082, 2002.

2) Ma T, Hara M, Sougrat R, et al.: Impaired stratum
corneum hydration in mice lacking epidermal water channel
aquaporin-3. J Biol Chem. 277, 17147-17153, 2002.

3) Hara M, Ma T, Verkman AS.: Selectively reduced
glycerol in skin of aquaporin-3-deficient mice may account
for impaired skin hydration, elasticity, and barrier
recovery. J Biol Chem. 277, 46616-46621, 2002.

4) Jun ES, Kim YS, Yoo MA, et al.: Changes in expression
of ion channels and aquaporins mRNA during differentiation
in normal human nasal epithelial cells. Life Sciences 68,
827-840, 2001.

5) Sugiyama Y, Ota Y, Hara M et al.: Osmotic stress up-
regulates aquaporin-3 gene expression in cultured human
keratinocytes. Bichemica et Biophysica Acta 1522, 82-88,
2001.

6) Tanaka M, Inase N, Fushimi K. et al.: Induction of
aquaporin 3 by corticosteroid in human airway epithelial

cell line. Am J Physiol 273, 1.1090-1.1095, 1997.



