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Membrane transporters have broad specificity and facilitate the uptake and efflux of their substrates across plasma mem-
branes. Two major superfamilies, the ATP-Binding Cassette (ABC) and Solute Carrier (SLC) families, strongly influence the
absorption, distribution, and excretion of drugs. Although the skin penetration of xenobiotics was previously attributed to
passive diffusion, increasing evidence indicates that transporters have a function in the biochemical barrier of skin epithelial
cells beneath the stratum corneum. The identification of drug transporters expressed in human skin and inter-individual dif-
ferences in gene expression are important for understanding the role of drug transporters in human skin. Twenty-two ABC
and 15 SLC transporters were expressed at detectable levels in human skin, and ABCC3, SLC22A3, SLCO3A1, SLC16A7,
ABCA2, ABCCI, and SLCO2BI1 were strongly expressed in skin. The expression of ABCC3 (MRP3) and SLC22A3
(OCT3) mRNAs showed large inter-individual variabilities. None of the SNPs tested (—1767G>A, —1328G>A, —1213C>G,
—897delC, —260T>A, and —211C>T) in the promoter region of the ABCC3 gene showed a significant change in ABCC3
mRNA levels. ABCC3 expression levels negatively correlated with the methylation status of the CpG island (CGI) located
approximately 10 kbp upstream of ABCC3 (Rs: —0.323, P < 0.05). As a result of systematic screening in the 5’-flanking
region of SLC22A3, fourteen SNPs were identified; of these variants, 4 were novel. Of the 14 SNPs the variant, —1603G>A
suppressed transcriptional activity in reporter assays and was associated with lower expression levels of SLC22A3 in skin
samples obtained from Caucasian female origin. In humans, the concentration of squalene in samples taken from the back at
baseline was significantly lower in homozygotes for —1603A/A than in homozygotes for —1603G/G. These results suggest
that the genetic mutation contributes to the variation in the expression and activity of the drug transporter in human skin.
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THEZDOWT, 5 Lo #E -2 R 2 i L 720 5
SIS RN A8 B & L7z & b R EHBER 20 ~ 30
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Wa22A7 ) —=v 7 Lk, ¥4V by =020 R
LD EETR A P L7z,

2. 3. DNAXFIL{LEEHT

F7 Y AR—=F =B F LD CpG island WD ¥ + ¥
¥ 12 2w T, Combined Bisulfite Restriction Analysis
(COBRA) 12 & ) X F WALKHRE % fif#T U720 Ha5-BAA KT
e ST IR 2 20,000 bp D FHIRICAFAET 5 CpG island % .
CpG island searcher (http://cpgislands.usc.edu/) % Fiv»C
M L7z 3 L 72 bisulfite 22 genome DNA % $5%1 & L,
% CpG island #HI % B4R L 720 15 5 N 72 PCREWITH L
THIREEZ L 2 H v, 7 70— 27 )VESIKE) 2 170,

AFWLY b Y BOIEXF ALY b ¥ VHERD N Y Fig
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2. 4. BERARICKDEMREERURERD KT
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EMENZNI0 K6 %% IR L 72, FAKRTEIRICIER
WA A TN 3x3em OB IRFEG AL % 2 4 ik
EL. —hEEEE. b — 2 BRIRmaHiH & L7z
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3. 1. E’REBHBICKAITIEMI IV AR—E2—0D
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F1 N2 Bz 8 LRk 3k cDNA @ 7 — )V akk (n=20) %
W, ABC773IVU—1F+I Y AKR—%—26H (ABCA1~10.
12, ABCB1. ABCC1~6. 8, 10~12, ABCGL. 2, 5. 8)
MUOSLC773IV—F T Y AR—%—25FE(SLCI5A1, 2.
SLC16A1. 3. 7. 8, SLC22A1~8. 10. 11. SLC46A1.
SLC47A1. 2, SLCO1A2, 1B1, 1B3. 2B1, 3A1l,
4A)DFEBE Y TV F A4 LPCREEIC L ) K L7 (Table
Do b MEMIZIZ. ABC7 7 3 — 8Hi(ABCAL 2. 5. 7.
ABCC1. 3. 5. ABCG1) K O’SLC7 7 IV — 8fd

Table 1 ABC and SLC transporter expression in human skin
Gene C, Mean Gene C, Mean Gene C, Mean Gene C, Mean

ABCA1 28.9 ABCC2 33.4 SLC15A1 30.6 SLC22A8 >35
ABCAZ2 29.1 ABCC3 27.0 SLC15A2 32.5 SLC22A10 >35
ABCAS3 31.1 ABCC4 32.2 SLC16A1 29.7 SLC22A11 >35
ABCA4 >35 ABCCS5 28.4 SLC16A3 33.3 SLC46A1 32.5
ABCAS5 29.0 ABCC6 32.2 SLCI6A7 30.0 SLC47A1 29.2
ABCA6 32.3 ABCCS8 >35 SLC16A8 >35 SLC47A2 30.4
ABCA7 30.7 ABCCI10 33.2 SLC22A1 32.9 SLCOIA2 >35
ABCAS8 31.2 ABCC11 33.6 SLC22A2 >35 SLCO1B1 >35
ABCA9 32.1 ABCC12 >35 SLC22A3 28.6 SLCO1B3 >35
ABCA10 31.2 ABCG1 29.9 SLC22A4 33.0 SLCO2B1 30.1
ABCA12 31.8 ABCG2 32.9 SLC22A5 30.2 SLCO3A1 28.9
ABCB1 32.1 ABCGS5 34.4 SLC22A6 >35 SLCO4A1 33.7
ABCC1 29.3 ABCG8 >35 SLC22A7 >35

For easy comparison (1st screening), mean cycle threshold (Ct) values of each transporter were calculated. Sixteenth of
the pooled cDNA was used as template for real-time PCR. Pooled cDNA was prepared by mixing identical volume of

c¢DNA (n=20).

The Ct values of >35, in the range 31 to 35 and <31 were interpreted as absence of gene expression,

presense of gene expression but being below the limit of quantitation and presence of gene expression being at the

quantitative level, respectively.
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Table 2 Absolute expression levels of ABC and SLC transporter mRNAs in human skin
showing the lowest and highest values, means and standard deviations

Gene Minimum®  Maximum® Mean” SD? Fold Change”
ABCA1 2.05 7.73 4.81 1.67 3.8
ABCAZ2 2.69 10.8 6.46 2.12 4.0
ABCAS5 0.837 6.32 2.79 1.29 7.6
ABCA7 0.546 3.66 1.83 0.83 6.7
ABCB1 0.664 4.43 1.99 0.91 6.7
ABCC1 3.15 12.1 5.42 1.99 3.8
ABCC3 5.11 47.7 20.1 12.6 9.3
ABCCS5 1.23 6.96 3.57 1.73 5.6
ABCG1 1.11 6.27 2.52 1.19 5.7
ABCG2 0.0370 0.635 0.338 0.182 17.1
SLC15A1 BD 15.3 4.00 4.44 40.8
SLCI6A1 1.48 4.92 2.97 1.06 3.3
SLCI6GA7 2.65 17.5 6.95 4.26 6.6
SLC22A3 2.96 26.9 7.84 5.49 9.1
SLC22A5 0.894 7.80 3.08 1.65 8.7
SLC47A2 0.221 20.8 2.45 4.71 93.9
SLCO2ZB1 2.38 11.7 5.35 2.41 4.9
SLCO3A1 8.76 30.8 17.9 7.2 3.5

a) x107* mol/mol GAPDH
b) Maximum/Minimum ratio
BD: Below detection

(SLC15A1, 16A1, 16A7, 22A3. 22A5, 47A2,
SLCO2B1, 3A1) 28 ~@EHI L Tz (Ct < 31). F7.
ABC7 7 3V — 14 # (ABCA3. 6. 8~10, 12, ABCBI.
ABCC2. 4. 6. 10, 11. ABCG2. ABCG5) & *SLC 7
7 31— 7H(SLCI5A2. 16A3. 22A1. 22A4, 46A1,
47A1., SLCO4A1) KB THY (31 <Ct<35). Th
PO S v AR=5—(ABC7 7 3 — 45} USLC 7
73— 10FE) I2oWTIRHEHEMRTE b 072 (35 <
Ct)o

3.2. E’NEBHBICKRIZIEMIN IV AR—2—

MRNADE=E

ME T ~ERBICoE IR 16 0, Eic<y
A B TR IE AR S LT\ 5 ABCB1/MDR1 Jz OF
ABCG2/BCRP 22w T, flfk5]® cDNA (n=18) % i\
THEH BRI L D BBHEZER L7 (Table 2). 2D
KEH. b M TIZ ABCC3/MRP3 DB EN KL % <.
20.1 + 12.6 (x10*mol/mol GAPDH) % 7% L 720 &K\ T,
SLCO3A1/0ATP3A1, SLC22A3/0CT3, SLC16A7/
MCT2., ABCA2/ABC2 J% " ABCC1/MRP1 T JEH
MHEDLN, FRENL7.9 7.2, 7.84 +5.49, 6.95 =
4.26, 6.46 + 2.12 }% 1°5.42 + 1.99 (x10 mol/mol GAPDH)
THolze TNOLOEERIIIT X, b AR HER 1Y
BT AW b T v AFE— 7 — BB B4 ORI
MR CFE) 2B L2225, RIERBETH D

ABCC3/MRP3 7520.0% % 5§ ®. %\ TSLCO3A1/
OATP3A1, SLC22A3/0CT3 2" % 1L & h 17.8 K ¥
7.8% THi&. A3 FHTHRS0% % 57z, FHREA
%o 72 AL 3 TR D WTCL BR8N L C Pfaffl 35:
XD RBEOMAEZ XS L,  MEFTIE
SLC22A3/0CT3 DB EDWMAEN KD KE L, £H)
BB (%CV) 12 61.8% % 7R L720 R\WT. ABCC3/MRP3
DNZEHNKE L (%CV : 58.0). SLCO3A1/OATP3A1
& EAL 3 RO T b A ZEA/NE Do 72 (%CV -
40.0)

3. 3. ErEEHEBEICHTHABCCI/MRP3REIC
319 HDNAXFILILDFE
ABCC3/MRP3FHHIZx§ 5 5 Lt #EE T2 O

RNt 2 AT o 7205, WEERDLh o720 TDZHRNT

DNA X F WAL D528 % Biil L 72o CpG island searcher

(http://cpgislands.usc.edu/) & fvy, CpG island % #R% L

72453 (%CG - 50% Lh 1. ObsCpG/ExpCpG : 0.60 Lh L,

Length : 200 bp BL L. Gap between adjacent islands :

100 bp LA L), 10 # i CpG island % [F %2 L 7z (Table 3)o

3. 4. E’REHE#EICEITHABCCI3/MRP3RIE
EDNAXFIVLEER OTERARER
DNA 2 F VLS & ABCC3/MRP3 mRNA S5 &
DA BIFENT % 47 o 720 € OFERL -19895 A7 (CpG island
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Table 3 Location of CpG islands within 20 kbp up- and down-stream of the TSS
in the ABCC 3 gene

No. Start End %GC Obs/Exp Length (bp)

1 -20090 -19881 53.3 0.603 210

2 -16357 -16153 56.6 0.6 205

3 -15643 -15423 50.7 0.608 221

4 -13873 -13600 60.6 0.604 274

5 -13448 -13221 57.5 0.603 228

6 -9874 -9674 57.7 0.6 201

7 -680 -532 67.1 0.602 149

8 -429 502 70.7 0.732 931

9 9717 10205 54.4 0.611 489

10 19852 20429 53.6 0.657 578
No.1) T X CG site ® * F VAL # F £ ABCC3/MRP3 -1603G>A £ DHBIZOWTHEZMA 7. HEOEHS
mRNAFEHEICIEOMBEZ D72 (P < 0.05), MR, N7 AR A B (20 A8, 86 44) L 0 FRELL 7z 4117 5
-9718 1. (CpG island No.6) TIiZ & O AHE (P < 0.05), genome DNA % #li } L., SLC22A3 & 1z + 5 L ¥t &
-13222 1. (CpG island No.5) T3 IEDMBIMER (P < 0.10) -1603G>A O fa T = £l L7z T OMRKE. B4

RO, XD, v MEFMMEIZBIT S ABCC3/ FER, AT OB OEERERIZZENREN S5, 25 LT

MRP3 mRNA Z&BLHIf#Z. ZH 5 CpG islands 9D DNA 64T 7 LIVHEIEEIX 21.5% CTd - 720 BB ¥ 16 44 (-1603G

AFIVALDSE 53 2 W HEME AR S /e, AEM 104, -1603AFERI 6 %) IZOWT, FALUY

WO EZE L7z WEDORE, FRIERIZEITIC N

3.5. EMNEEBHEMEICHITHSLC22A3/0CT33#IR HTEL, T2, BWEIREOHIERIER X ) £
X955 EREOBEERETFZHOZE MTH o720 BinTHERIFE L ORIZOWT, T
HAZC G (n=48) X Y filiihh L 72 genome DNA % JH v, E R TIEEETNIC L 2E2HLEINTH > 720

SLC22A3 =¥ ® 5 Fiftldi#y 2 kbp ST 2 #IZT% "

)% SR IRAT L 720 2 085 R. 14H0 SNPs & % L. 4. BWEfLHE

Z D9 H-1672C>T, -632insGCCCT, -626 ~ -622del [ bR MMIRICHEIAT 2 b7 Y AR - — DR
GCCCT. -295G>A D 4 MIIARHEDERTH o720 72, EZDMNZELRN O | LB L. Y OB NERE K O
7 VOVEIED 50% DL b & L THAE S A 2 528 5 B WISETEICBS- L) 28 b 7 ¥ AR =7 —OFEHRK K
10 ~ 30% & ) RS DAL Fer)s 3 MAFAE L 720 DR & £ O ALK VBRI B3 2078 %

BB L7z, EYBIREICEEL ShA0FEZ LI, B b
3.6. EMEEBICHEITAHSLC22A3/OCTIRIREL BRERREIC BT ARB T O 7 7 A VERE L, ERTEEE
S EREOEEFZEOMEFR T L7220 FRC D W T 2 O s Bl % 5Fili L 720 &b
[l % L72SNPsA & b Bz 128 1) % SLC22A3/0CT3 ®T, &L EHITH 72 ABCC3/MRP3 2DV Tid,
mRNAZFEHIZ R IZTHEZRE L. ZoffE BBOMAZEERNO—ERE I L7z RIS EBI 0K H
~1603G>A TR ERIC L 2B L RHBEORT 22072 HMEEEZH TR TE 22 b 0MmRIE. KETo#HN -
A3 (P=0.008). 5%V OBIZTLZITIIABELRIEEIIRAD L HNHHOMANEZEELT L L THEETH )., HHICBIT
oz LEY NG AR—F — ARSI D RTO
ZATWh, 72, b MEFICHIT5SLC22A3/0CT 3%
3.7. ErREEERVERIERSICXTHSLC22A3&E B JFAE S O N ZEZER & Meat Uy BRIRATFZEIC C R R
{EF5 ERE-1603G>ADRE OB NI 73283 5 SLC22 A3/0CT 3 D% % 37l L 72,
INETOMFOME. & MEEIIBIFA2HEOMA SLC22A1/0CT1 J% UFSLC22A3/0CT2 @ paralog T &
#1025 R3O SNP (-1603G>A) 234 5-9 5 W gk AR % SCL22A3/0CT3 A% %8 CHIRMEEIHTH . Kg
ENMszo SLC22A3/0CT3 @57 A MAFay pos7sas BT B RERCEAEEZERZHHTE /22 L1d, BRLE
AT0 Y DEHRIIEDE N TV AR—F—THY), WHL BRODDLHACEP LW DH D EEZTWD, Abf
EVIIERSWMORMEIH G T2 LEZ LN TVWDL I EH FETIE[E M EEY F 5 v 2K = — [I2DOWT, M
5. WIRICHEH L2 A& SLC22A 3 #{5F 5 Lk HAL DI S FRRFFZRE D FITICES T Hh 25
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