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The Effects of Change in Epidermal Calcium Gradient on

Keratinocyte Differentiation

Sang Min Hwang, M.D., Sung Ku Ahn, M.D., Seung Hun Lee, M.D.*

Department of Dermatology, Wonju College of Medicine, Yonsei University, Wonju, and College of
Medicine, Yonsei University, Seoul Korea*

Background : The cornified cell envelope(CE) which is formed during the terminal differentiation
of keratinocytes, is a specialized structure which forms a structurally and functionally complete
permeability barrier.

Objective : The purpose of our study is to investigate the effects of changes in the calcium jons
on keratinocyte differentiation, especially in the expression of CE protein.

Methods: The permeability barrier of hairless mice was disrupted by tape-stripping and then
exposed to the air or occluded with a water-vapor impermeable membrane, and iontophoresis was
done without permeability barrier perturbation. Skin specimens were prepared for ion capture
cytochemistry and immunohistochemistry ~with anti-K5, anti-K10, anti-K6, anti-involucrin and
anti-loricrin.

Results : The calcium gradient which disappeared after tape-stripping was restored at 36 h after
tape-stripping  with air exposure and at 60 h after tape-stripping with occlusion. The change in
calcium ions produced by both positive and negative iontophoresis showed recovery at 6 h.
Expression of basal K5 showed a slight decrease and expression of suprabasal K10 showed an
increase at 12 h with air exposure after tape-stripping, tape stripping with occlusion, and
jontophoresis. Expression of K6 appeared at 12 h after tape-stripping and then in the whole
epidermis at 36 h with air exposure after tape-stripping and tape stripping with occlusion and focally
appeared in the stratum granulosum and stratum spinosum after iontophoresis. Expression of
involucrin was increased at 12 h with air exposure after tape-stripping and iontophoresis and was
extended to the lower spinous layers in tape-stripping with occlusion. Expression of loricrin in air
exposure after tape-stripping, tape-stripping with occlusion and iontophoresis was similar to that of
normal skin.

Conclusion : The changes in calcium ions without permeability barrier perturbation are related to
the expression of CE protein. It is thought that calcium ions in the epidermis have an important role
in the terminal differentiation of keratinocytes. (Korean J Dermatol 2001;39(4) : 389~401)

Key Words : comified cell envelope protein, epidermal permeability barrier, epidermal calcium
gradient, keratinocyte differentiation
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A AEsed A8 CE vy ANg oy gz

45 AAgos PR

(6) HS0I2UH MESSHE HMP
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Fig. 1. Normal calcium ion distribution. Normal calcium
gradient can be seen in the control epidermis. SC : stratum
corneum; SG : stratum granulosum; SS : stratum spinosum.
0s04 postfixation, unstained, X 5,000.

s T4 g1 €78 3 B ThFig 2B). 3R
&% F %7 BFavez dHd A A #
#71&719 5e] A=) ARy & F du 6043t
of 345 #e71e71E #FYE + UAvkFg. 20).

Fig. 2. Calcium ion distribution after tape-stripping and tape-stripping with occlusion. Calcium content is decreased in SG
after immediate tape stripping(A). Calcium gradient is restored at 36 h after tape-stripping(B) and 60 h after tape-stripping with
occlusion(C). SC: stratum corneum; SG: stratum granulosum; SS : stratum spinosum. OsO, postfixation, unstained, X 5,000.
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(2) OI2EE ¥ Ha7I87I2 H

oledT F ¥ W Zgrierle Wi d= A
X FRRe g9 f Zgold o|29Ed & Zw
ol o] HHZAN A} VM F FHAR oJFHAT &
F AE »ERe] 89 o #golL oj&YgFol o3
Zgol ol FPZeM ZHH e AAHE Alolz WA
et #FEAY F FFFH FF oledE ¥ 2T
A ZE72717F 24 E A (Fig 3A). | 2FF 241 9

1 st AP gAEe] Bl vAs 9F

e

FI% 5T HT AR BTN FA3 BF
29 27k FRHYCH, ol edF 6X Fol HY

 #Zg7&712 3] EHAh(Fig. 3B, O).

(3) mRaYe £4 3 WE, oI=2HSH As s
718712 wstol mE K5, K10, K62 waa
HolZ 2Ego] o3 AF5FgY &4 F IV eI,
LA P o]2dETT EFAN ARAY &4 A FRE

20 o

6A1 7R = K5, K14, K69] @2 533 dsr ¢l

Fig. 3. Calcium ion distribution after negative iontophoresis. Calcium ions are pulled toward the SC by negative ionto-
phoresis(A). Calcium gradient is restored at 6 h(B). Calcium jon distribution at 36 h after iontophoresis(C). SC : stratum
comeum; SG : stratum granulosum; SS : stratum spinosum; stratum basale. OsO4 postfixation, unstained, X 5,000,
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Fig. 4. Immunostaining of keratin K5 after tape-stripping,
tape-stripping with occlusion, and negative iontophoresis.
Expression of basal K5 was slightly decreased at 12 h with
air exposure after tape-stripping, tape-stripping with occlusion
and iontophoresis. Normal(A). 2 h(B), 12 h(C), and 36 h(D)
after tape-stripping. 12 h(E), 36 h(F), and 60 h(G) after
tape-stripping with occlusion. 2 h(H), 12 h(I), and 36 h(J)
after negative iontophoresis. x<200.

Fig. 5. Immunostaining of keratin K10 after tape-stripping,
tape-stripping with occlusion, and negative ijontophoresis.
Expression of suprabasal K10 was increased at 12 h with
air exposure after tape-stripping and iontophoresis. However
it was slightly decreased in tape-stripping with occlusion,
compared to air exposure after tape-stripping. Normal(A). 2
h(B), 12 h(C), and 36 h(D) after tape-stripping. 12 h(E), 36
h(F), and 60 h(G) after tape-stripping with occlusion. 2 h(H),

12 h(D), and 36 h(J) after negative iontophoresis. x200.

Fig. 6. Immunostaining of keratin K6 after tape-stripping,
tape-stripping with occlusion, and negative iontophoresis. Ex-
pression of K6 appeared in the basal and suprabasal layers at
12 h with air exposure after tape-stripping, tape- stripping with
occlusion and iontophoresis and then extended to whole epi-
dermis at 36 h. However it was slightly decreased in tape-stripping
with occlusion, compared to air exposure after tape-stripping.
Normal(A). 2 h(B), 12 h(C), and 36 h(D) after tape-stripping.
12h(E), 36 h(F), and 60 W(G) after tape-stripping with occlusion.
2 h(H), 12 h(I), and 36 h(J) after negative iontophoresis. <200.
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Table 1. Summary of keratin K5 expression after tape-stripping, occlusion with tape stripping, and iontophoresis

sC SG SS SB
Normal - - +/- ++
2h - - +/- ++
str’f;gieng 12h - * * *
36h - +/- + ++
Occlusion 12h - - +
with tape 36h - +f- +
stripping 60h - - +-
2h - - +/- ++
iontophoresis 12h N +)- - ¥
positive
negative 36h - +/- + +t

-, hegative staining; +/-, focal positive staing; +, mild positive staining;

++, moderate positive staining; +++, strong positive staining.

SC : stratum corneum; SG : stratum granulosum; SS : stratum spinosum; SB : stratum basale.

Table 2. Summary of keratin K10 expression after tape-stripping, occlusion with tape stripping, and iontophoresis

SC SG SS SB
Normal + ++ ++ -
Tape 2h + ++ ++ -
stripping 12h + +++ +++ -
36h + +++ +++ -
Occlusion 12h + +t ~ +++ A+~ +++ -
with tape 36h + bt o~ -
stripping 60h + +4+ ~+++ +4 ~ +++ -
iontophoresis 2h + ++ ++ -
positive 12h + 4+ - -
negative 36h + +++ +++ -

-, negative staining; +/-, focal positive staing; +, mild positive staining;

++, moderate positive staining; +++, strong positive staining.

SC : stratum corneum; SG : stratum granulosum; SS : stratum spinosum; SB : stratum basale.

o ALAEHAN Kse 7AFH A F ARA B
Aok 1A 29 K5 #Ee riwedd, 4T 2 ol
BT BFANA 12412 Fofl 7t ZFAFHA o™, 12470
olF Xy FAL FTriet ¥A AE ARG FFFoR
225 9 tH(Fig. 4)(Table 1).

FAEA A K102 §533 HP A FEHUT
1A% AdEe] Ki0gl 23 e FrnEdd ol ELA
Al 12417 Foll F7lEYon, ol 3ol Al el et
K109 wae] &9ty Ao oa K10 232 12
Azt ol % FrbE ot Fr & wiEl ofatA 2E
] 9l cH(Fig. 5)(Table 2).

AAg oA K6e dHFHA dgkom 4 YL BF
AH e o] 2dE F 6AZlole WHEHA @it #
ABGA L S43 dTE Keo HdL2 FrxEdd
A R &4 12A17F Fo| Z[H SR {550 JE
ston dzl Fohste] 36A12bH 7Y AsHA REEAD

ZA2E MY By Ao FAANUTE 28y 2
T2 K69 Wadol oAAEo] 1243F Fe| 7| A FoMRE
FRAcz HEHCH, Azt ©WE IR FV
&7 vE ZaHAt ol2PBFL ol2dE F 12
Az ol JIAEH fFFAM BHol F1EUrHFie.
6)(Table 3). o] & Faolr dFa &= JAZTHFF 29
of w2 K5, K10, K69} @@ 9] o= gt

(4) mRFHo &4 g G, oI2YEN 2 =
212719 ¢iEoll T2 involucrin, loricring] #
skt

Involucrin®] HE L FFHoz AYF AR B

90 th Involuering® HHL Fr| &7 o] 2FEFAA
12A17F Fo] Z7hsE9lon, o] % AZF B wal @y
o] A= WRPY &4 F 36A%dE FFSOME
dEHUT. A FAA involucring} LH-L FIxF T

—395 —



a9 813 %) 439 Al4F 2001

Table 3. Summary of keratin K6 expression after tape-stripping, occlusion with tape stripping, and iontophoresis

SC SG SS SB
Normal - - - -
2h - - - -
s£;;g 12h - +- + +
36h - +++ +++ 4+
Occlusion 12h - +/- +/- +/-
with tape 36h - ++ ++ ++
stripping 60h - +4 ~ 4+ Y ot
iontophoresis 2h - - - .
positive 12h - - +/- +-
negative 36h - +- + +

-, negative staining; +/-, focal positive staing; +, mild positive staining; ++, moderate positive staining;

+++, strong positive staining.

SC : stratum corneum; SG : stratum granulosum; SS : stratum spinosum; SB : stratum basale.

Hlal 2719 atiel f5Foz A UH 1247
Foll f3A 2N Lo 60413t Tl VA

T BHME 2 ArhFig. 7)(Table 4).

Loricrin®] w3 & FAH oz AP 2o L)

Loricring] 2@ & 394y &4 F 3727, Uo7

Fig. 7. Immunostaining of involucrin after tape-stripping,
tape-stripping with occlusion, and negative iontophoresis.
Expression of involucrin was increased at 12 h in air exposure
after tape-stripping and iontophoresis and was extended to
the lower spinous layers in tape-stripping with occlusion.
Normal(A). 2 h(B), 12 h(C), and 36 h(D) after tape-
stripping. 12 h(E), 36 h(F), and 60 h(G) after tape- stripping
with occlusion. 2 h(H), 12 h(I), and 36 h(J) after negative
iontophoresis. X 200.

Fig. 8. Immunostaining of loricrin after tape-stripping, tape-
stripping with occlusion, and negative iontophoresis. Expression
of loricrin in air exposure after tape-stripping, tape-stripping
with occlusion and iontophoresis was similar to normal.
Normal(A). 2 h(B), 12 h(C), and 36 h(D) after tape-stripping.
12 h(E), 36 h(F), and 60 h(G) after tape-stripping  with
occlusion. 2 h(H), 12 h(I), and 36 h(J) after negative ionto-
phoresis. X 200.
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Table 4. Summary of involucrin expression after tape-stripping, occlusion with tape stripping, and iontophoresis

SC SG SS SB

Normal +- — i -
2h +/- ++ _ i

Tape
. 12h + ++ +- _
STPpIne 36h + e + .
Occlusion 12h + ++ + -
with tape 36h + ++ ++ -
stripping 60h +/- ++ o i
iontophoresis 2h +/- e _ )
positive 12h + ++ N _
negative 36h + 4+ + _

-, negative staining; +/-, focal positive staing; +, mild positive staining; ++, moderate positive staining;

+++, strong positive staining.

SC : stratum corneum; SG : stratum granulosum; SS : stratum spinosum; SB : stratum basale

Table 5. Summary of loricrin expression after tape-stripping, occlusion with tape stripping, and iontophoresis

SC SG SS SB

Normal - ++ - _

2h - ++ - -

Tap.e 12h - ++ - -
stripping

36h - 4 +/- .

Occlusion 12h . B i ~

with tape 36h - ++ +/- -

stripping 60h - + +/- -

iontophoresis 2k ) A . .

positive 12h - ++ - -

negative 36h . ++ +- -

-, negative staining; +/-, focal positive staing; +, mild positive staining; ++, moderate positive staining;

+++, strong positive staining.

SC : stratum corneum; SG : stratum granulosum; SS : stratum spinosum; SB : stratum basale.

4 ol &PdFT BFA 5EF Ho]E RolA] @gten,
Zb TellM 36A17 olF AYFoA FEHoR W
% 7}=l A cHFig. 8)(Table 5). o] &G FwolA FF3 55 3
FERa 299l involucrind} loricrin & 9] el gl%ich

a #F#

gre Adggoz FE AAY HeHn Y& &
A7) s e £ Ragy 9488 FYste B
He| A o] dxdor Frt. CES ©@¥y 832 44
AE A3 A A4dFo] J73Y 9EL FY3te
o 8% d4&g Ik CEE FAse FE d9de

loricrino]®| CE w#jgo] 65~80%2 21 cH%. Loricrin
& AR Eaag F Frld ddEHw Folg
AE o] &3 WAz HAVE HAYgSF ¥l @7
"t} Z7]o+ L-granulesel2}l &8l A2 E3) Y 2 (kera-
tohyaline) R FHHY Fridle A= AdF S CE
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