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Studies on novel staining methods using fluorescent polymers for

characterization of the stratum corneum.
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Figure 1 The structure of the skin.
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Figure 2  g-poly-L-lysine (PLL).
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Figure 3 Staining of SC with Alexa Fluor 488-labeled PLL (AF-PLL).

Tape-stripped stratum corneum (SC) from the upper arm was stained with AF-PLL. A phase contrast image (left) and
a fluorescence image (right).
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Figure 4 Dose response staining of SC with AF-PLL.
Tape-stripped SC from the upper arm was stained with various concentrations of aqueous solution of AF-PLL,

followed by observation with a fluorescent microscope.

None AF-PLL:PLL=1:1 AF-PLL:PLL=1:10 AF-PLL:PLL=1:100

Figure 5 Inhibition of AF-PLL staining of SC by unlabeled PLL.
Tape-stripped SC from the upper arm was stained with an aqueous solution of AF-PLL in the presence of unlabeled
PLL, followed by observation with a fluorescent microscope. Numbers represent the ratios of AF-PLL vs. unlabeled PLL.

pH 2.5 pH 3.0 pH 4.0 pH 5.0 pH 6.0

pH 8.0 pH 9.0(a) pH 9.0(b)
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Figure 6 pH dependence of AF-PLL staining of SC.
Tape-stripped SC from the upper arm was stained with AF-PLL in buffer with various pH levels, followed by

observation with a fluorescent microscope. The following buffers were used: pH 2.5 and 3.0, 50 mmol/L glycine-HCI

buffer; pH 4.0 and 5.0, 50 mmol/L Na-acetate buffer; pH 6.0, 7.0, and 8.0, 50 mmol/L Na-phosphate buffer; pH 9.0 (a), 50

mmol/L diethanolamine-HCI buffer; and pH 9.0 (b), 50 mmol/L glycine-Na buffer.
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Figure 7 Inhibition of AF-PLL staining of SC by high salt concentration.
Tape-stripped SC from the upper arm was stained with AF-PLL in solutions with various concentrations of NaCl,
followed by observation with a fluorescent microscope.
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Figure 8 Effect of various amines on AF- PLL staining of SC.

Tape-stripped SC from the upper arm was stained with AF-PLL in solutions with various concentrations of amine
derivatives, followed by observation with a fluorescent microscope. Numbers represent the ratios of AF-PLL vs. amine
derivatives on the basis of amine moieties.
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Figure9  Confocal microscopic image of AF-PLL stained corneocytes.
Tape-stripped SC from the cheek was stained with aqueous solution of AF-PLL, followed by observation with a
confocal scanning microscope.

Phase contrast AF-PLL

Figure 10  AF-PLL staining of cornified envelopes(CE).

CE prepared from cheek SC was stained with aqueous solution of AF-PLL, followed by observation with a confocal
scanning microscope. Phase contrast images (left) and fluorescence images (right). Lower magnifications (upper) and
higher magnifications (lower).
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Figure 11  Regional variation of AF-PLL staining ofSC.

Tape-stripped SC from inside of the upper arm or cheek was stained with aqueous solution of AF-PLL, followed by
observation with a fluorescent microscope. Lower magnifications (upper) and higher magnifications (lower).
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Figure 12  Negative correlation of AF-PLL intense staining ratio and SC water content.
A statistically significant negative correlation was observed (N = 169, Pearson’s correlation coefficient r = —0.3964,
p <0.001).
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Figure 13  Positive correlation AF-PLL intense staining ratio and TEWL.
A statistically significant positive correlation was observed (N = 169, Pearson’s correlation coefficient r = 0.2686, p
< 0.001).
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Figure 14  Proposed mechanism of inhibition mode of amine compounds.
L-lysine monomer did not inhibit the staining with AF-PLL, while cationic surfactants with long alkyl chains
inhibited the staining with AF-PLL.

KIS R =7y PR L7 2Ah, MEONEE CREINT VT LH L AEHd%E
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REY CECHREMEZTIT L, BLVERPINIREDD DX SR I NG 2 L p3bh
27z (Fig. 10) o CE DEFALEIC D W TIZASREIMRET 21T o Tk wds, BT & v RO AL
CE I DWW TIIHANHEA TV HU001Z & 233 2 b5, KA CE FfEfgDr 7F v x v
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NIBRBEATRBEEAEL LML N TR, 2 s MEMENET E coftas
XU CE ORthan b, HOLEGR PLL OQAENIZ 7 75 v 2 v X7 H B XU CE 2T % &
VRIBERE, ABICEENE SR X VN ETH L AlREESHER X -2, £ 72 CE D
JARFRIC I E R L AL T3 2 Ao TWRRIZ L b bHido &0 4+ Vs
M X CBUKEMAERA O M EDR 523 2 & iz,

etk oI B T 2 aTicow Tk, RBIRNElo A IC X CHO MES RO I NPT
WiER L e o 72 (Fig. 11) o FBEPNEN & S Mg 1d— A IERBR LR - B o fEE T v e L
bbb, 0o, f@E A ANThdiid ENHNIIES 2 MERECcH Y | Ho Mgz B
WHIOAE L D b XAV %RZTTCEMAEE LTIRZZZENTE S, SHOEE,L, H
DAE~DYEMERT N L 25, HERRPLL R XA -2 %22 T -AEMEZRE LT
TEREZLND,

Mz T, AF-PLL I X 2 ff@getaih & A BisiE & ofE 272 & 2 5, MEKSED
v g SRS E G e v S A DMHB, TEWL 235E W IE ERE R & v 5 IEDHBEAEE
» o7 (Fig. 12,13) o 7277 L. AREETH O L HBIREDME W i o w ik, HIER D
Zffi « AN L B2 HIEROMEENEZEL CWB e REL LN, SHREBEIELFE— L. Hil
AT RELRD L, Lo L, KEWEROSZCET 2 EE0ME . Ehiky 38D 2
WD 5728 TEWL 23 & SN CTnw a8, Fhbb | A CTHOWAHIZA A -V %
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JeCid, e ERNEE B L CAlEK DRSS TEWL & OB EITFTI R Ty, Rl &4 2
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i FEARARIC (XAEE — D SRR X A 2 IR 7 < L BB D X 51 CE &\ 5 Bk offiE %
Fib. 2D CE DRKIAD, N ) THEEDIEIE & L CIERICEETH 3 C L B S T\ 30020
72, MIlENO T 7 F v OBGURERECEAIC D . KORIFEE 2% b . MlaN -~ 2558
DT o TLEITLREZOLNL, TNOD I &2 bHOLEE PLL THRE I LT WA
JEIZ B TlE. K REFRRE MK < . KD ZKBUIED E > () THEREDIR V) REED HJE T H
22 EnEZONT, KHEEHEE AR 5 2 5, HOUEEEE PLL IC X 3 fAfE Yt 3 A E
REZHNT 2 1o0FEe k2 BExXLND,
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BTHE NG

AF-PLL 23fJERREZ ST 2 FiE e 20 5 202 RT3 720, AE~OFEMEE X VY
bz —27 v b OfFFT, FEREAEFEEE L OB IO W THRET 21TV, DU O R %2157,
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5B RBRINT,

2. AF-PLL % pH 2SBEVERHE CHREMHE S h, SERE cREMNHEI NI L XV PLL
DRAEITIZ PR b AFVEIGHEEG T2 LARRI NI,

3. AF- PLL iZfafg x4t L, Zogmiicid, KRG I N3 & Jett X 1T < Wiliia
DX BEFRERGFET L EDBHL L E R T2,

4. AF-PLL IZAEHIEANER. B X OIBROI W CEICREEEZRT b, F7F vl
DRYNIERR—=T Y P RBIEBEZLNT,

5. AF- PLL ic X 2 ffggsta i gk oe L ADHBE, TEWL L IEOMEZ R Z &2 b,
FeEIRREDHIBNICFIFCE 3 2 & HRE S Nz,

AREETIE, AF-PLL 23ffEiREEDHFICHIACc& 2 2 & ZBHL 2T L 72,
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F2E HOUER PLL I X UHOBESR anionic Dextran 12 X 3 AE1EEE) D K

INFETH 1EICHEWT, AFPLL 2SAEZ R T 2 2 b, ZOROEICITSIRERS 5 C
L. BIXUKEEHEEL OMHBEZ R T ERHO L L o2, T2 AF A VEESTEL
TO PLL AR v X7 L FICAF VG EN L THAEFRT % &) Bz n3 &
BTET,

Z 2T, AETIHHOUER PLL IC X 2 AEREZEH)ICOWTOMELZ I O ICEHT 2720
I, ROICHWZRY) v~ —DffEZHL T L L bic, ROHNRICOVWTHHEEZEPL LT, £
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L4y TR (3,000) THDET =F PR Y ~—D anionic dextran (aDex) % F\>T. LR
PLLIC X 2tk 22B) & OB A 1T 5 72, F 72, HOBEEREFR L L T, Alexa Fluor 488 I/l 2
T Rhodamine % £/ L . Alexa Fluor 488 #23% PLL (AF-PLL) . Rhodamine 23 PLL (RH-PLL) .
Alexa Fluor 488 15 aDex (AF-aDex) . Rhodamine f22:#% aDex (RH-aDex) @ 4 fED K I ~—IC X
LY EEE NS¢ TR 2T o 72, T Hic, —HoFEETIX, /& 30,000~70,000 D
Fluorescein # 5t a%kaPLL % FIFH L T, 7> &4 4,000 © AF-PLL IC X % g5 th 288 & fbh X
w7,

—Ji. BENRE LT A E. EBARD) AT AT vIBRERS FvwT, 4D
AR Y v — IO X 2 AEROEAAERENZHRCTH 2000 %, pH, HIREORELH
ROD, Ef L7z, EHIC, —HOERBRICEWTIE, AB~OLFHN I A -V L TR —
VALER % i L. AF-PLL IC X % @RIt 3 2 28 2 i~ 72,

T oicld, BT PLL 3 X U aDex I X 2 A O “HEG 2l A, AEEEIREL KBS 2
-tk L CoOREEMEARBIE L 72,
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FET BOLERR PLL & BOBERS aDex I & 2 RERFHABLRE

TR PLL 35 X OSSR aDex 23 ffE~D gttt 2R g 0 p, T2 oGO W T
Z. EAEROEOME CTIEI AR v—AKETH % PLL B X W aDex 25 L Tnwb &%
HH O 2203 % 7280, 2 i o g (a3 %2 TR L 72, AF-PLL % Rhodamine 155 PLL
(RH-PLL) b A IcYz R e BHL 2L o7 (Fig. 15 (a b)) o T 7ZEERTFHICARE
EROT L EBHL L o7z, AF-aDex I L U8 RH-aDex 122 T b HEHEH PLL & [ARk
DGR Z R L7 (Fig. 15 (¢, d)) o F72HBRER 2 LT, dATR aDex TH L L 72 g I DT
b O PLL & ARk IC, [Al— AP [E—ERA 2 & I L 72 A JE I B\ CAEME S & e
DINPT X DLEEMLTER I Nz (Fig. 16) o
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Figure 15  Does response staining of SC with fluorescent PLL and aDex.

(a) Concentration-dependent staining of SC samples from the inside of the upper arm with AF-PLL or RH-PLL. The
upper row represents the phase contrast images, and the lower row represents the fluorescence images (Scale bar =
200 pm). (b) Quantification of the fluorescence intensity of AF-PLL or RH-PLL. Mean+SD (n = 5). (c)
Concentration-dependent staining of SC samples from the inside of the upper arm with AF-aDex or RH-aDex. The upper
row represents the phase contrast images, and the lower row represents the fluorescence images. (Scale bar = 200 um) (d)
Quantification of the fluorescence intensity of AF-aDex or RH-aDex. Mean = SD (n = 5).
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AF-aDex

i

Figure 16  Heterogeneity of corneocyte staining with fluorescent PLL or aDex.

SC samples from the inside of the upper arm were stained with 50 pg/mL AF-PLL, 10 pg/mL AF-aDex (a), 50 pg/mL
RH-PLL, or 10 pg/mL RH-aDex (b). The upper row shows the phase contrast images, and the lower row shows the
fluorescence images. Arrowheads indicate unstained corneocytes (Scale bar = 30 um).
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528 BORERRR PLL & B aDex 12 X 3 ABH D pH KM

RIT, HIAEE PLL 5 X OHOLIEGR aDex D ffd~o etttk pH (KFE 2 MGt 3 2 7201
pH S 2 280 L CRE O 21T o 72, #iH. 754 v 1D AF-PLL. RH-PLL & % icH~
T YR T AT s L, BRI c A HE T e (Fig. 17 (3, b)) o BORHiC T
=4 VD AF-aDex ¥ X U RH-aDex ([dFRIEFEI O A TR Z2m L, HE~T v ) PEsEEC
RaSfHE SN, Lo L. AF-aDex DA pH 9.0 THMAEZ/RTHER & 72 o7 (Fig. 17 (a,¢))
DF ), EEHTTO PLL DA F A M, aDex O T =F v AfEO T I BEOE R ARG

LCRPEICE L Tnwd e B3ELbN5,
pH 3.0
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Figure 17  pH dependence of SC staining with fluorescent PLL and aDex.

(a) SC samples from the inside of the upper arm were stained with AF-PLL, RH-PLL, AF-aDex, or RH-aDex in the
presence of various pH buffers adjusted to 0.05 mol/L: glycine-HCI buffer (pH 3.0), Na-acetate buffer (pH 4.0, 5.0),
Na-phosphate buffer (pH 6.0, 7.0), Tris—HCI buffer (pH 8.0), and glycine-Na buffer (pH 9.0). (Scale bar = 200 um). (b)
Quantification of the fluorescence intensity of AF-PLL or RH-PLL. Mean+SD (n = 5). (¢) Quantification of the
fluorescence intensity of AF-aDex or RH-aDex. Mean + SD (n = 5).
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FIH HEBECXIABRGEOMEE

HAZH PLL 35 X OVHDGAZ aDex D fiyfg ~ o Yetathic 4 4 v & ED B S 3 2 » % i#
37-0ic, A @‘b%ﬁ@ NaCl #fF & &, DB IO W THH 7, AF-PLL, RH-PLL & %
ICHRERE R B IC Pt fHE 2R X L7z (Fig. 18 (a, b)) » H{EHE aDex T2\ T 3
kDGR & 7 o 7228, ‘Tﬁi‘é SR PLL X 0 b RIREE e fHE 252 1 72 (Fig. 18 (a, €)) o
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Figure 18 Inhibition of SC staining with fluorescent PLL and aDex at high salt concentration.

(a) SC samples from the inside of the upper arm were stained with AF-PLL, RH-PLL, AF-aDex, or RH-aDex in the
presence of various concentrations (0-2 mol/L) of NaCl solution. (Scale bar = 200 um). (b) Quantification of the
fluorescence intensity of AF-PLL or RH-PLL. Mean + SD (t-test, n = 5). (c) Quantification of the fluorescence intensity
of SC stained with AF-aDex or RH-aDex. Mean + SD (Student’s t-test, n = 5). * p <0.05 (vs 0 mol/L NaCl).
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Fatli TATIVIRERICNS 5 REatkoRE

KIT, HOLEERK PLL 35 X UV HOBEEK aDex @ g~ D B th 0 f FERe 110 72 b 2> % 5 3 %
oI T AT L VISR E TR 21T 5 72, £ OFE R, #EZEHE PLL 3 X OVHTEERR aDex
7T VISR b et E AR L7 (Fig. 19) o $7ab b, HUGEEER PLL 35 X OVHDEE R
aDex DffE~DYetiz, V3L ABEBRNTIEIRN EXRENSE, $7-, pH KFEN:%H
Rzl 23, PLLZHE~T 71 U 1, aDex (ZEEVETEIL CH SR E 0 | AJE I 2 Yt
B (Fig. 17) &Mt L7z, L2 L, —HofRITABICHTIMBE L RELo Tz, T4
HbH, AF-aDex X, pH 3T A VDG EIC, AECIIRENZR L 7228 (Fig. 17) 77 3
VIREREIC B WTIRRE R RS o7z (Fig. 19 (¢, d) ) o« 2O ELTAN VHEHET T
AF-aDex 2581t L Co APttt 2R Lz DId, 7oKk VAT X % M8 o RESUIRAE 2 B 5
LTCW3 ZEBRBINZ,
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Figure 19  pH-dependent staining of BSA-absorbed membrane with fluorescent PLL or aDex.

Membranes coated with 1% BSA were stained with fluorescent PLL or aDex at pH 4.0, 6.0, 8.0, or 9.0. (a)
Fluorescent images of BSA-adsorbed membranes stained with AF-PLL or RH-PLL. (b) Quantification of the fluorescence
intensity of the membranes stained with AF-PLL or RH-PLL. Mean+=SD (n = 5). (¢) Fluorescent images of
BSA-adsorbed membranes stained with AF-aDex or RH-aDex. (d) Quantification of the fluorescence intensity of the
membranes stained with AF-aDex or RH-aDex. Mean = SD (n = 5).
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HoHE HOBER PLL & 8BES aDex IC X 2 ABSRA ORI E DS

FOCEER PLL ¥ 72 (3 3OCAERY aDex 1€ X 2 AJEREIC O WT, MEERLIC BT 2 ettt 0iE
WOFBEICOWTHET L7z, PLL 3 XU aDex & b i EBIANEIL » dIEH coROEREE -
72 (Fig. 20) o 2D Zepb, b HLDOFRY v —d Uik AEMIED /7 A% G I e T v
ZeBbhol, IoICHEMIEOBIRICERS % L. BEHEKROMILCOVWTELLDR
U~ —bREPEREE S L ARSI N,
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Figure 20  Regional difference in SC staining with fluorescent PLL or aDex.

(a) SC samples from the cheek and inside of the upper arm were stained with 50 ug/mL AF-PLL or RH-PLL. (Scale
bar = 200 um). (b) Quantification of the fluorescence intensity of AF-PLL or RH-PLL. (c) SC samples from the cheek and
inside of the upper arm were stained with 10 pg/mL AF-aDex or RH-aDex. (Scale bar = 200 pm). (d) Quantification of
the fluorescence intensity of AF-aDex or RH-aDex. Mean + SD (Student’s t-test, n = 5) * p <0.05, ** p <0.01.
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Fofi HOUERPLL X UHDBERR aDex IC X 2 A0 —EYE

INFE CTOMIET, MK PLL I X OVHARK aDex 1€ X 2 A O Fett it pH CHIRE O
WERZ T, MBOREICH L CREIEEEZ D LBHLL Lo, 22T, HEE 5
217272 %, RH-PLL 3 X OF AF-aDex % W CHHO Afg o — B2 Gt L7z, #Re
LCHAR Y ~v—THREINIMIE, RH-PLL OATHREINSHMIE, AF-aDex DA THRE I
2HIfA, T EELDORY v —ICbREI N VEIED 4 IS PN D L v S fEHTED %
AR o7 (Fig. 21) » b, WEREFOROMEZ L TAZ L, ZD 4 5HOE
HICOWT IR EHICELT 2 HAICH - 72 (Fig. 22)

Phase contrast AF-aDex RH-PLL

\

Figure 21  Double Staining of the SC with RH-PLL and AF-aDex.

SC samples from the inside of the upper arm were sequentially stained with RH-PLL and AF-aDex. From the left:
phase contrast images, AF-aDex stained SC, RH-PLL stained SC, and merged images. *Unstained corneocytes (Scale bar
=200 pm in the upper row, 30 um in the lower row).
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Figure 22  Heterogeneity of SC double staining with RH-PLL and AF-aDex.

SC samples from the cheek were sequentially stained with RH-PLL and AF-Dextran. (a) Merged images of samples
stained with AF-aDex and RH-PLL. (Scale bar = 200 pm). (b) Proportion of the SC stained with AF-aDex, SC stained
with RH-PLL, and SC stained with both AF-aDex and RH-PLL. Data were expressed as mean (n = 3). A, B, C, D, and E
indicate each subject.
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EBIi Tx/)—NickBayS5FVvEEREDIWOYEE~DEE

i & 13 BEIA LB %0 SDS ML, ¥ 722 & ) — VILFR7; & C A8 o RESREESELAIL B Z L A3
W T T b, Acetone/ Ether ILEEClx, YU THREDIKT (K2 ZKBCE DM {HF\, B X
OB EROBERE KT 255 & T s Y 29 Sodium Dodecyl Sulfate (SDS) WLEECIZ. fd
JEOMARIEE~ Y v 7 RCH 2 S FIFRBNMEED S b, REAGZ A FHHED#HVIRL
A Z iR SR 2 2 LB O N T W BRI, 22X ) — VBRI, D r 7 F VSR
BEB XTI A THEE RIS C L AMEINT VBB, 22 TCEDLH XA —VIC k- THOE
R PLL o HEAZ R, aDex DR OEDIEFI B E TN D DD, Z DA =X LT D 72012, fA
J§ & A — YT NDIER AL 72,

A A—YET A E LTH &5 Acetone / Ether WLH 35 X 18 SDS WLEE, = % ) — L JLf
T —T7 ALY v vy EICTERILL 2 Mg EHCHE L. RH-PLL 35 X UF AF-aDex IC & % 3§t h
I BT R % Biat L 72, Acetone / Ether JLIE CIZ AJEREUCH WA ST —7 (MEF = v 7
—) OWREBEMR I T L E v, FHli AR NEETH 5 72, SDS WU CTIIMEF S 2 SDS DT =
F VHEOWE AR L O PLL I X 2 RO SRR L o 2 2o Al o R ic o
TOFERTD Z L BN HIWIL 72, =& — VIR A L 72 A8 IcB L Cld, 59 i
BEBOLBH SNz, £ TT R — AR ICHTE 21T, RetE 2T L 2 & &
5, TR —NDOREKFIIC RH-PLL 3 X O AF-aDex IZ X 2 fAJE 0 Fta i $ 2 & & 23R
ENn7z (Fig.23). X Hic, FHofMfE & EANEIOffE CHERL ZBRicksnwTh, =2/ =4l
U X b, FIEM~OREATHEI NS 2 LS 2 L Ao 72 (Fig. 24).
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Figure 23  Enhanced staining of ethanol-pretreated SC with RH-PLL and AF-aDex.

SC samples from the inside of the upper arm were treated with deionized water, 70% ethanol, or 100% ethanol for 1
h, then dried in vacuo, and finally stained sequentially with AF-aDex and RH-PLL. Arrowheads indicate unstained
corneocytes. (Scale bar = 30 pm).
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Upper arm Cheek

H.0

Figure 24 Enhanced staining of ethaol-pretreate SC with RH-PLL and AF-aDex.
SC samples from the cheek or the inside of the upper arm were treated with deionized water or 100% ethanol for 1 h,

then dried in vacuo, and finally stained sequentially with AF-aDex and RH-PLL. (Scale bar = 200 um). Enhanced staining
occurred in ethanol-pretreated SC samples from the cheek.
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Fofli BT PLL IC KX 3 EofkE

INE TOMGTHTER 4000 O AF-PLL Z W TAEGROEIT>TE 720, 974X
DB FRL =010, XY &S FOHNEFRKoPLL (518 30,000-70,000) % FHwvC i L
776

InbZHWT, Biffiic Tz 2 — VIR JE 2 Bett L 72552 % Fig. 25 ISR L7z, Z
NECTICHERLTERLSIC, AF-PLL &, AEZRE L ZoQ BB W TESRES RS
N7z, L2 LT D Fluorescein-aPLL TlZ Ko AfE Iz g, —HBR3ITY 7272
INTWRXIRAEOARREINT WS Z L 2ER SN, $7-. Fluorescein-aPLL Tl
T X —NEAREICE T B RETTUEIRRD bk o 7,
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Figure 25  Effect of the molecular size of fluorescent polymers on SC staining.

SC samples from the inner side of the upper arm were pretreated with deionized water or 70% ethanol, followed by
staining with AF-PLL (approx. 4,000 Da) or Fluorescein-aPLL (40,000-70,000 Da). Upper and lower panels show phase
contrast images and fluorescence images of cells stained with AF-PLL or Fluorescein-aPLL, respectively. (Scale bar =
200 pm).
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HOHI EFE
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DT NVAVESETCld AL, B pH ST T ARZRET 88 L ko7 (Fig. 17 (a
C) o EEME pH SfF T Cid, HHUERR PLL (ZIEICHE T 2B H Y, MEO X V7B T
=& VAL DIHNC X o CIEICHE T 2 A2 H % 720, HOLEK PLL & Alg & v s 7 B ofic
RFENAEL, et o EX LN, FKIC, TAh D pH T Cld. 80ER
aDex ZBEICHET 2MHARDH V., AfER v 28 b HhF 4 LIFlic X > CTAICHET 3
fHIm2 % b, HLHER aDex & AfF X v XV EORICKFENREL, BaI N h o/ FE XD
N, % Fig. 26 ICEAX L LCORT, KY v —LEHOMO I NLDRE T2 7 7 4 VIiF,
TAT I VREREZSH L 2RI X - TEAMT SN (Fig. 19) » X 5 ICEHEIEE I
B AHEICEWTH, B PLL 3 X OVHDGEGR aDex 1€ X 2 J4tald, Wihd ERED
Ll biconfHE XN~ (Fig. 18)

~ pHe6.0 pH 6.0~9.0
. Rhoda Alexa - ; Rhoda
+ + = e = e
PLL (p1:9.0) aDex PLL (pl:9.0) aDex
v | Anionic | [ Catonic | | Anionic
NH, COOH coo’
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Type I keratin (pl : 4.9~5.4) Type I keratin (pl : 4.9~5.4)
Type II keratin (pl : 6.5~8.5) Type II keratin (pl : 6.5~8.5)

Figure 26  Assumption of effect of ambient pH on SC adsorption of cationic and anionic
polymers.

Staining of the stratum corneum with fluorescent PLL and fluorescent aDex is mediated by ionic interaction between
the polymers and stratum corneum proteins as a solid phase, depending on ambient pH.
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INDD I L H o AR PLL 3 X UHOLEE aDex D ffd~0 Jetaic i 4 4 V& 2B 5
LT3 ZEDBHLNE R o7z, RV C LT, SO aDex 1B\ CTld, HUEEE PLL
LY HMMREOBCHEFLZ T2 ehoMEgr v 7 L OMBERICA 4 V&R XY il
CBEGLTwazeERnEz2ZLNSE, 2% 0, PLL &g s v 7 L OMAEERICIE, 44 Vi
AH S5 T 225, PLL ORALKBEHICHRT 2 BUKEHEER DV ah b FHL5 L T3 L
BINd,

L2L, AAfE~DORY)~—DELTLT I VIER~DRY ~— D& DRIC T WL D
DI DM B o7z, T, FEpH EET CId, EHEERRPLL X ffg@ e T 7 I vIRER D
W7 IR & 7= 25, HOEE: aDex (37 Vv 7 2 VIRER D ZICE T - (Fig. 19) . #¢
T2 PLL & S{OCAE S aDex D 70 7 7 4 A DiE W, FEFIOZE A (pl) DEWIC X o T
XN B AR E Z b A8 1B 75~ (pl 4.9~5.4) N7 55> (pl 6.5~85) D
2ODRYANIETHERINSED, BSA 11200 & v BTk EN, pl 1354 TH3, %
7z, pH8~9 TiE, AF-aDex lI7 V7 I VISR Z Qe L 7e 22 o 722 (Fig. 19) « AEZ R E L
72 (Fig. 17) o SHUICBAL TR Y ~—L[EH (FAE X v X7 BB 5 I3 BSA) R4 4+ v HHEA
TERCIZ . AEBRT AN Y ST oM 2BIATRENE 2 H 2 2 L 2 Z BT 2 L EBH Y |
7T F v ARG T & O AEREERIRRER. T A Y T oIS S h s A LicBR S L
TW B AREMERE 2 bz,

ELICABOE AR KL 2EBRTIZ, WIhoRY ~—L B TH 2 EOMAED
XY REEIRTHER L o7 (Fig. 20) o —HRAVIC BRI L » D TTA, MR &0
RA=TBZFRLT VI ERHMMONTHEBZ L b, WiH) v —& b XA — TP ffEDHE
WELEN TR HEICL VM PEET L L BE X LI,

FACTHEHE, PLL 35 & ONHOGIEEE aDex # 7= MA@ o “Hiuic oW TEE T 5, W
5 ZictivinizAilgo —ERtofifcix, OAF4 v D PLL, 7 =4 v#:D aDex
DAY - —THB S N2 AEHMIE, @PLL © A CTHE XN 3 AEHIE. @aDex D & THth X
Nz AaEHE, Q8L 50RY) v —IC b InNavAEHIED 4 FESFEAET 2 L) Sk
PRI 7z (Fig. 21). X HIC, HEEEHBOREAaWL LI L TH B L, ZD 4 pHDOEIGITD
W TR I B e ZEIANC B o 72 (Fig. 22), 7272 L5 Bl D iET C I3 B2 A BR AR & o B
ZRIERTIToCnhnizd, YO XS BEEOMHERE o 72 3E,L TR, Ll AlE
DREFRIBIC X o CEPEOXRHALNT S, Thbb, AREERENILATHS &R
V~w—CEHEEINABHESEZ 2D TERVWILEZ LN,

BRZR N C &, HOUER PLL 35 X OVHOGERE aDex 12 X 2 g o B O BI%E G > 5 A
JEMIRE DTIR % FEICBIEE 3 2 L. TR oA ER e ffEMiE Y, AR ) ~—ChtaIn b
BEPL W LR oT, 2O bbb, AEPMLT 2R TABIEKS A+ TH S
B3 MEMENET O 7 7 F v IBSERIRELR R T Th h . &b b0k ) v — b MEHIIENE
CECTRBELTROINP I RoTWnBE I ERELZLNS, T 6T, AEIIK~DERRED
REICX YV KICK o TS 2 2 & B F-Glnd B L OO REZ > 0oMECld, @
HEOAR LY S HEKDHAY BL W ERMEINTHIB, ZnbolELL, WK
7 —CREI N AFIKEEVEORANES TH LRENEZEZ b, ILICHlOFRY
~—HBIED 7 7 F VRRHE & FEo AIEMIIRIC A S 1IRE T 5 ATREME 25 RB X L7z (Fig. 27),
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Figure 27  The state of keratin structure organization influences the penetration of both

polymers.

Both polymers cannot penetrate into the stratum corneum with highly organized keratin structure. On the other hand,
both polymers can easily penetrate into the stratum corneum with poorly organized keratin architecture. Staining profiles
with fluorescent PLL and/or fluorescent aDex may depend on exposed basic or acidic amino acid residues in
three-dimensional structure of keratins in the stratum corneum.

ZofREIE, eI T AEMEOFEEIC LI s THEMToNTEY, TNEFFRY =
— D AEMIE~DEAZY T 2 BEICHEELINLTr 7F VM BE L T 2 A[REMED B
5, X bic, W PLL & HOUHRE aDex ofi 7 % A7z Lo Nl b o A v 7 X
Db, EHALOMEY Y TADITTHBMRN AR E AR L T3 (Fig. 20) Z &3, ZoRE%
HFT w3, Reho, HoAFI -RICRAZABMIEEZ S G emEI T Y0
B X b, TR — )V CHILEEL 72 A fE O P DR (Fig. 23) 225 b, & ORI EAT T
bz, LA L, TRHIEODWTITETHEMESE O 7 F VIERIREBOBIE L HETH Y |
SHOMESAREE NS, La L, 77 F v ORBERELZ KD TOFEERZE 2§ ICHEEE -
Peth CHIEZ T X 3 kI3 BUIR, Cryo-TEM (CEMOVIS) DA TH Y B8 = o #%fi % i < % 2 iff
FEEBI D 7. T T F v DREFIRBIC O W TSR OO RMAH 5,

FER)v—DARTHREI N AEHME, X OHAY v— S AR s
W, B XN BB O W TIEARIFE TIEHTICHL 2 ICE R b o7z, L L, dk
Tk PLL o A Ct I 2 AEMIE, 3 X OMARY) ~— @ I s AEMICE L T4 4
vk X CBUKEMHAFRSEE L <0 . ZoMEHRICO WIS —Eoif5E s b A
JEKI BV 7 . TEWL 25E W (Fig. 12, 13) 2 & 3# 2 b N b, 7= HOEHE, aDex D A Tt
I AEHICE T4 A ViEAEERE, o FrF v 2RO TH LT
FR M7 VOWEDLKICHIRACT W EREZLND, X o> THEKIED LI G
EHAREINEDTIERLEEZLOLNDID, ELTIE RV, TRAHELZX S, 77
FUREEIRE S X OEMOFEIMES N, S5 T 7 F v TOVKREEDOMEDL 2T 5
LEZONS, Thbb, ¥IFUNTDY I VYRT ATy EoEENT I BEEssL
flicFEH 3% & aDex THREINPLC T, IV X I VECT AT X VESFEHNT S & PLL T
R I NCT L RIREEDEZEZOLND, MR v—TREINZ MBI L T, AfERE
FURELRIFCH Y KBS AN TEREDS TS THE20MFR ) v—L IRETE R
LI NG, 2 oBERICBIL Tk, JUREE (FJE/KE. TEWL) % HI5E % I A g % B
LT ERGE2 T2 28T, B2 A2 2 L CHL2LICARZATRENEDLH D . SE ORI
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Iz, SHBOMFTICE Y, hF TCOMFHRETIIRD LD &% 1T > Tz BG H
i L CRBELNAVAEGRIEONE Z L AE L LN, o EYMTIEIC X B AERE
DRI ED TP AFFE N5,

KICHE D & A — P PLL 35 X OO aDex o —H G Co R EMEIC T T
BIZONWTEEST 2, FIRENC LICT & ) — A TR L 7-AE 1B T RH-PLL BX W
AF-aDex IC X 2P OED 88 F 2 Z E RS Lo o7z (Fig.24) . =& 7 — VAU AED 7 7
FURRERES I VNI A THMERZET I LPAONTWARB, oz ths, Fidlil7z& 5 7%
BB O NWERIC X 2 ffd7 7 F v OPEREDRNZ T TR, TX2 /) AR ED
AVERIC X o CTHAJET 7 F v OREUIREEDSELIL T | HOERR PLL S8 S aDex 12 X
fAfE R B I N T RIAREELREZ LN, I HIC, =&/ — VI X 2 gty
BT AF-PLL X 0 b 5073 4 XD K\ Fluorescein-aPLL 12 X 2 ffE R DA I 3R I
o7z (Fig. 25) o oPLL 1% e-7 3 7 FE{HIH % F52 £ C PLL (e-poly-L-lysine) & 1372 b D
D, WY B F A PR Y =~ — T, Fluorescein-oPLL & AF-PLL @ F 7@ W35 7H A4 X T
Hb, 2% ARERIIECERPLL 28, flivizr 7 F VNS 26 4 24815 L - AlEii
L kKb a N T 7 F VRS R RO IEF affEfile A XAl cE 2 LA RML Tk
D, 7T F R DRESREE DS HOAEE PLL 3 X OVHDGAEE aDex i< X 2 g ic B S L
TW2 2 ERMBMICEIAL Cw3 eE2bN5, L L, 85 L-ARBMROMEE L &8
SEAEE PLL etk & OB EZIHS 2 IC T 51013, I LA 3MERLETH B,

BT, @01 (518 30,000-70,000) @ Fluorescein-oPLL % F\>, AF-PLL I X % fg)E gt
L L 72 & T A, Fluorescein-aPLL TIXAEIZIZE A EROINR W EBHL P E R 572,
DT LR, SR 3,000-4,000 HOGIERE PLL 1 AJEMAE~RE LS RICAE 2t L
5 % 725, Fluorescein-aPLL ICBWTIXMAED N Y THRES X W19 4 X X R EEIC X
> TABH~NZELICS W EREZLND, FARGCHWZZPLLIZF Y v —fHo <7
F AR R > TEY | ePLL (Za-7 2/ HEHHICHE T 2 DIk L CaPLL 1de-7 3/
HEEfIgiicHE+ 25 2 b, MEROEICIERESEDOWREED L IFELONE, b, T
B BRET <l IRk aPLL (4 F& 1,000-5,000, 4,000-15,000, 30,000-70,000) $£77 I CHi iz
PLL O taiaPLL DEEREMICRERHEI NS 2 LR INT (RREKT—X) . 2D
ZEDb, ePLL EaPLL OREE A ~OWFICKESFEERILTCWAVEEZLNS, Th
LDz e Xy, MEREICEWTHTER 3,000-4,000 OH R PLL B X OH#EEGR aDex %
HwaZ ez, AFOIEARS XA —VREZRAHICXVFHicE 2L W) mT, ZYT
borrEZOLNT,

F1ETIE, AEOKSESCN ) THEER & DR FIRAEZ K L, 36 PLL 1< X 2 Yt
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TR T Nz 2% v 7 T OBFEEF R — +$ 5 72010, HOGEHR PLL & #EREEE aDex I X
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DYNMENEE L Z EBHL D& T o 72,

8. =41 Fluorescein-aPLL # W=ttt Eliic s W CidAERRE I NI b, 77
T8 4,000 D PLL # v 3 & & 28Ot X 2 AfERREEDFEfICE L T3 2 & SE S
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1) #HE

g-poly-L-lysine (PLL) INC X &tk & 25%/KIER DIt 2% 1F 72, 2 ofizidE 7L — F o
HDEH W,

() AERRE L U4 - Hi5

fEFERALES X A2 L L. EBANEIS 2 W IidE o T —7RX Y v ¥ 7k
XD AEERINL 72, ok, BIUICH - TiE, TERYS R MERES, 5 W IixelE)|
A REMFE MR B2 TR I MR D W THERE 2 S HHIC L 2 RIE %S
oo 7= 7AM )V ZIEAETF = v h— (HRAT v 2) Ik V{To7%, T4IC AF-PLL50
ug/mL KR & VEF & 2 ¢, EOE T ERICT 2 Rt L 72, /KPETR IC O BEMEE EVOS-FL
(Thermo Fisher Scientific) . Olympus IX71 (Olympus) . ¥ 7z (X BZ-X810 (Keyence) I THEZL L 7=,
—HDOEEICEWTIE, HESL —F—BEMEE (Nikon Clsi) I TBIZE L 7=,

(3) PLL DH A=

PLL (25% 7K¥Ai#) % 1mg/mL & 723 X 912 0.1 M NaHCOs (pH 9.0) iAHICH R L. Alexa
Flour 488 5-tetrafluorophenyl ester (Thermo Fisher Scientific) 1 mg/mL dimethylsulfoxide A% % 1/100
KEZMATER - BT T 1RRRIC X 72, KSR Z DR 58 (Amicon Ultra 3K) 1
L. 14,000x g T 10 4330 L, fEERUKCHw 2 Al Lz, AR EMIC 7 5 % T DR
A xR L CRRIGDH BT ZFRZE L, Alexa Fluor 488-PLL (AF-PLL) ZFH#LL 7z,

(4) CE DHijf - 3efa

T—7AMV vV IC X O RIL 72 MAEER 2 5 Hirao b D J7iERNIC X Y cornified
envelope (CE) # i # L7z, T4 b b, AMEGE % dissociation buffer (2%SDS-20 mM
dithiothreitol-5 mM EDTA-0.1 M Tris-HCI(pH 8.5)) ic TE il « im0 &8 VR L, nAMYE % Ik
KL, ZOREKER CE L LCEINLA, ThEATA NI F7RICT & b VEEL, AF-PLL
50 pg/mL ZKIAWR % M & €L BOE FEIRIC T 2 B L 72, /KPEE I SOLBEIEE IC s
L7z,

(6) REEHEE L of#E

R 72 HAR AL (SEHR 26 7 2 & 59 F) 24 &85k (0] (3 [al~15 [a]) <43 CaBRic Z i h
W2 7R T, BRERAE I VEER ICIRIE 25£1°C, 1RIE 50+5% D EREE N CHIML L 72 ic, JHD Mgk
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AF-PLL IC X % ffgdetamifRr &, w43 (Intense Staining Ratio (%)) #HH L7z, T7xb
b HHEE2 S 2 DOMEZRE L. AEMISEOEE A, B X ORBEOHEROmEB %
KDz, BIA DK EZEPEMEL L, HERBENIZF -y 2BEMSENEOY 7 o7
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H2E
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g-poly-L-lysine 1 25%/KiAi % INC #RX &tk X 0 it #5210 7=, Alexa Fluor™ 488-labelled
dextran (AF-aDex) . tetramethylrhodamine-labelled dextran (RH-aDex) & Thermo Fisher Scientific
XOEALZ, &b 5 0H NI aDex 43 T84 3,000 Da T, #HMAFFEFEOMUIIC X b 7
=AvWERT, ZNZ DMSO IZ 1 mg/mL, 5 mg/mL & 725 X 5 IS L 72, HOLEER
poly-L-lysine (% & 30,000-70,000 Da, Fluorescein-aPLL) % Sigma-Aldrich X Y A L 7=,

Alexa Fluor 488 carboxylic acid, 2,3,5,6-tetrafluorophenyl ester, 5-isomer (Alexa Fluor 488-TFP,
Molecular Probes) . 5-(and 6-)carboxytetramethylrhodamine succinimidyl ester (NHS-Rhodamine,

Thermo Scientific) 1% Thermo Fischer Scientific X 9 A L PLL ki Fv 7=,

(2) PLL #yeiZsk

NaHCO:; buffer (pH 9.0) I CTHA#EL L 72 10 mg/mL PLL iC. 1 mg/mL ICFH#ELL 7= Alexa Fluor
488-TFP & % \»|% NHS-Rhod.amine ® DMSO & % 1/100 A= L. FiREOLSEMT © 1 I
MG & 272, KIS % Amicon® Ultracel-0.5 mL 3K (cut off 437~ 3,000, Merck Millipore) %
72w LIRS S U, REOCD 55 % B2 L. Alexa Fluor 488-labelled PLL (AF-PLL) %
72 1% Rhodamine-labelled PLL (RH-PLL) % 57z, s J¢EEH% PLL 13 10 mg/mL /A & L TR IR
L7,

(3) g

AIEORIUCIZ, 25 cm UG OAEF = v h— (HAT v 2) 2w, HRic Lz BN
il X CHED fEZ RN 72, 72, ARBRIUCSH 7= - CTid, MEAEREICE W, ®RE)
LT REMEGHEHEE A DK 2 S 7- W EHEIC L 7225\, 20 Rt X OF 60 -5 o 4Bk
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ik L 72,
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& 1% 50 pg/mL AF-PLL, RH-PLL 7KiA#R % 72 1% 20 pg/mL AF-aDex, RH-aDex 7KIAWE & 2 i
ST C 2 WIS & 70 WA A KIS THAMC Pl L7200 IS IR L 70K
~ — R HOCHEMEE (Olympus IX71 & DP20) 1T CTHIZE L 72, pH IRTEMEFEERIC BV TIE, 0.05M
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Tris-HCI buffer (pH 8.0), glycine-Na buffer (pH 9.0)% FH > 7z, Fluorescein-aPLL I & % #ta T3,

10 mg/mL /KA 2 AJE IS S S 2, X DD ZIFIR LD & B Y TH 5,75 5 72 HifR I3 Image
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(5) BREOE

4 mol/L HifbF + U v LRI 2 FHE U, H#OCEER PLL & 2 W I3 dOETE aDex 7 11 1 flA
TRAELEZL Z0HEMAF MY ¥ LERORAIRED 0.125~2 mol/L 1272 % X 9 ICBREA R Z L
7oo PBIRMlOAMEZAE T = v 71— CRILL, FIREOHEA T MY v AREFEE T CORMz
T EH L 72,

(6) TN T I VIRERICN T 3 REEORET

Polyvinylidene difluoride i (Immobilon® Transfer Membranes Immobilon-P, Millipore) % * % /
— v WA A K, PBS DNETHIULEE L 721%1C, 1% v » i 77 1~ (Sigma-Aldrich, A6003)
| PBS VAMRICIRE S 2, 1RRER T oG X8, BiA A VKT Lz, 2o X5 il
L7277 I VIREERIC, 50 ug/mL AF-PLL., RH-PLL 3 X OF 10 pg/mL AF-aDex, RH-aDex
% EUREOE T T 2 KRIRIG L 7zo PBS(ICT 3 MIBEH L. A v 7L v &2 EE L SRR <8l
BxIT> T2

(7) PLL 3 X U aDex Z Fi\W 7z ZERESTIE

FAJEIC AF-PLL & L < 1 RH-PLL 50 pg/mL AW % 2 FFfE, =l T, ERECRE S 2 7,
Z D%, WA A VKT 3 [mpEHL 72, Kic, R PLL OHECARSREFEENIRE 2 X5
AF-aDex % L < |Z RH-aDex 10 pg/mL % 2 il iR T, ERRECRE I &2, Z0%., I
A VIR TS L, SOCBEME E VB - v a1 o 7

(8) TX /) —NIZXBABEA—YETNOFH
T—7RZAMY vy RICX D E-AEREE 70%F 7213 100% T % / —vic 1 RERE L
FERZIE L 7= i i fit L 72,

(9) B FoPLL & SRR PLL & DRttt

Fluorescein # &% poly-L-lysine ( 4> T &  30,000-70,000 Da, Sigma-Aldrich, P3069)
(Fluorescein-aPLL) % F\>T. 43784 4,000 ® AF-PLL & DO KE LTz, =& —1
WMHEIC X 2AE A -V T VEERH L72DH, 50 ug/mL O H R PLL & % % 50 pg/mL
® Fluorescein-aPLL % i\ 2 Rt % 17 - 72,
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