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The Effect of Cold on the Skin Barrier

Minjeong Kim, M.D.l, Hana Bak, M.D.Z, Sanghoon Lee, M.D.s, Seung Hun Lee, M.D.4, Sung Ku Ahn, M.D.!

Department of Dermatology, Yonsei University Wonju College of Medicine', Wonju,
Ulsan University College of Mediciné’, Soonchunhyang University College of Medicine’,
Yonsei University College of Medicine®, Seoul, Korea

Background: Cold is considered an important environmental factor on the skin’s barrier function. It is also known
that cold can disrupt the barrier’s permeability function. Historically irritant contact dermatitis develops frequently
amongst fish processing workers. This means that cold may disrupt the skin barrier function. However, there are
only a few studies of the effect of cold on the skin barrier.

Objective: The aim of our study was to investigate the effects of exposure to the cold on the skin’s barrier
permeability, calcium gradient and cornified enveloped proteins.

Methods: Hairless mice were classified into four groups as follows; tape-stripping and exposure to cold (4°C) for
5 hours group (Group 1), exposure to cold (4°C) for 5 hours after tape-stripping and occlusion with Gore-Tex group
(Group 2), exposure to cold (4°C) for 5 hours after tape-stripping and applying with petrolatum group (Group 3),
and tape-stripping and exposure at room temperature (25°C) for 5 hours group (Group 4). Next, rate of barrier
recovery was measured, and skin of cold exposure site was taken for immunohistochemistry of cornified enveloped
protein, calcium inon capture chemistry and in situ hybridization.

Results: Rate of barrier recovery of Group 1 was measured at —56.33%, the most delayed rate of all groups. Rate
of barrier recovery of other groups were measured as follows; Group 2 (20%), Group 3 (55%) and Group 4
(41.78%). In calcium-ion capture cytochemistry, Group 1 appeared to absent calcium deposit in the entire epidermis.
Group 3 appeared to the highest density of calcium in entire epidermis. In immunohistochemical staining of
cornified enveloped proteins including involucrin, loricrin and filaggrin, Group 1 resulted in the lowest expression of
cornified enveloped proteins. Of all groups, Group 3 appeared to have the highest expressionof cornified enveloped
proteins. In situ hybridization of loricrin and filaggrin, expression were similar with results of immunohistochemical
staining.

Conclusion: Our results provide that cold impairs the skin’s barrier permeability by having a negative effect on
recovery of calcium gradient and differentiation of cornifed enveloped proteins. But occlusion with vapor permeable
membranes such as Gore-Tex or petrolatum could improve conditions of skin barrier impaired by cold by restoring
the recovery rate of calcium gradient and differentiation of cornified enveloped protein. (Korean J Dermatol 2008;
46(4):437 ~ 445)
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Tape-stripping $ 4°Col 5A17F =2A171 (139 HH%

e JEEL —56.33%°) AT Tape-stripping < pe-
trolatumS =X3} 4°Coll 5AIF =EA1Z 3 F
RygEEA JEEL 5503%FEA] tape-stripping & A&
(25°C)0ll 5A1ZF e EAIZ] 2T (43, 41.78%) 20} =9k},
Tape-stripping $- Gore-TexES QL 4°Col| 543 =&A|7]
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o * ANOVA: Other group vs
~100- 1s44°C TS+4°C<0.01

Fig. 1. Rate of barrier recovery (%) at 5 hours after tape-
stripping (TS). Tape-stripping and exposure to cold (4°C) for 5
hours group (Group 1; TS+4°C), barrier recovery is delayed
severely. Bxposure to cold (4°C) for 5 hours after tape-
stripping and applying with petrolatum group (Group 3; TS+
petrolatum 4°C) reveals highest barrier recovery rate, on the
contrary, than tape-stripping and exposure at room temperature
(25°C) for 5 hours group (Group 4; TS+RT, RT: room
temperature). And exposure to cold (4°C) for 5 hours after
tape-stripping and occlusion with Gore-Tex group (Group 2;
TS+ Gore-Tex 4°C), barrier recovery is restored than Group 1
(TS+4°C). Data shown represent mean-/—SD the percent
barrier recovery at 5 h (n=6 for each group). Statistical
analysis is performed using ANOVA.



440 v F-83]2): A 46 A Al 43 20089
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RO FALYA AUTH(Fig. 2B, 2D). Tape-stripping 1) Involucrin

4°C9) 5A17F 2E3A17 (1) e 93 A A Tape-stripping ¥ 4°Cell 5A12F =&A17] (1)L in-
33 Fojo FEAY HAT gEo A4EFo] Ao #Ey volucrin®] 3] A Foll A A #EHA FUTHFig. 4A).
A gon %I FAIE M eFkth(Fig. 2A). Tape-stripping & petrolatums E=¥3}1L 4°Col SA|7F =&

Al 5(3:*)01]/\1 AHJAEZZT 55 ?——_]l?“’ﬂ/ﬂ 7V 7

Il FH st oA A
8. =012 &N ME=SH A4 kA HF$-S H 9 tH(Fig. 4C) Tape-stripping & Gore-Tex
Tape-stripping & 4°Coll 5A|ZF =& A7) (1)L 5A17F == 4C°ﬂ SAI7E =& A7) F(27)3 tape-stripping ¥
S = FIo ZAgo] AY EASHA FUTHFg. 3A). A225°C)l 5A17F %*]7] NEzFUHe S5 &

Fig. 2. Light microscopic observation of the epidermis. (A) Tape-stripping and exposure to cold (4°C) for 5 hours group (Group 1)
reveals no stratum corneum and very thinned thickness of epidermal layer. (B) Exposure to cold (4°C) for 5 hours after
tape-stripping and occlusion with Gore-Tex group (Group 2) reveals a little stratum corneum and epidermal layers more than Group
1. (C) Exposure to cold (4°C) for 5 hours after tape-stripping and applying with petrolatum group (Group 3) reveals most thickened
stratum corneum and epidermal layer. (D) Tape-stripping and exposure at room temperature (25°C) for 5 hours group (Group 4)
shows similar results to Group 2.

Fig. 3. Visualization of calcium gradient by calcium-ion capture cytochemistry. (A) Tape-stripping and exposure to cold (4°C) for
5 hours group (Group 1), the Ca deposit is absent in entire epidermis. (B) Exposure to cold (4°C) for 5 hours after tape-stripping
and occlusion with Gore-Tex group (Group 2) reveals a moderate Ca deposit. (C) Exposure to cold (4°C) for 5 hours after
tape-stripping and applying with petrolatum group (Group 3) reveals the highest density of Ca in entire epidermis. (D)
Tape-stripping and exposure at room temperature (25°C) for 5 hours group (Group 4), Ca deposit is similar to Group 2. SC: Stratum
corneum, SG: Stratum granulosum, SB: Stratum basale, Calcium deposit (red arrow)
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2) Loricrin

Tape-stripping & 4°Ce] 5A17F =&A17] #(115)2 in-
volucrin®} v}z FA 2 E3 A 2o 24 loricring] 43-&
A9 A TH(Fig. 5A). Tape-stripping $ petrolatume =X
St 4°Col] 5AIZF =EA17 BB AA 7 7F A Hb
<& B9 M(Fig. 5C), tape-stripping ¥ Gore-TexE @il
4°Col 5217 =EA17] Q)T tape-stripping & AL
(25°0C)°l 5A1ZF =& A7l I Z2F@D)NA FHEF 7=
=9 dFAN FEEY ¥ &4 EHS(Fig. 5B, 5D).

3) Filaggrin

Tape-stripping & 4°Col| 5A17F =&A171 +(139)2 in-
volucrin, loricrin®} vFE7HA 2 #3]) A Zo] A A filaggrin
o] wao] A U (Fig. 6A). Filaggrin® involucrin,

AN & geo] A wXe 9T 441
loricrin®} +A}8}HA| tape-stripping ¥ petrolatumsS & X
T 4°Ce] SAIZF =E2A7) GBI AA T TF A dE
S H Yo (Fig. 6C), tape-stripping 3 Gore-TexZS Y
4°Col| 5A17F =EA17] F(27H)F tape-stripping & A
(25°0)0l 5AIZF =AU E2F(U) AN AHEFS {3
9 dFA FFEY ¥ 28 BATH(Fig. 6B, 6D).
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5. In situ hybridization 2&&A

1) Loricrin

HA X288 JAMAHT FAFSHA in situ hybridization
S 0] &3 loricrin®] ¥H$-L- tape-stripping & 4°Ce] 5A]7+
=SAZ )M 7w eFstSitk(Fig. 7A). Tape-
stripping & Gore-TexZS Hil 4°Coll 5A17F =&A171 (2
)3} tape-stripping & AL(25°C)9l] 5AIF =EFA|7] HE

Fig. 4. Immunochemical staining of involucrin. (A) Tape-stripping and exposure to cold (4°C) for 5 hours group (Group 1). (B)
Exposure to cold (4°C) for 5 hours after tape-stripping and occlusion with Gore-Tex group (Group 2). (C) Exposure to cold (4°C)
for 5 hours after tape-stripping and applying with petrolatum group (Group 3). (D) Tape-stripping and exposure at room
temperature (25°C) for 5 hours group (Group 4). Group 1 results in lowest expression of involucrin (A). Of all groups, Group 3
shows the highest expression of involucrin (C). Other two groups, Group 2 and Group 4 shows moderate expression of involucrin in
the outer epidermis (B and D). Basement membrane (dotted line)

Fig. 5. Immunochemical staining of loricrin. (A) Tape-stripping and exposure to cold (4°C) for 5 hours group (Group 1). (B)
Exposure to cold (4°C) for 5 hours after tape-stripping and occlusion with Gore-Tex group (Group 2). (C) Exposure to cold (4°C)
for 5 hours after tape-stripping and applying with petrolatum group (Group 3). (D) Tape-stripping and exposure at room
temperature (25°C) for 5 hours group (Group 4). Group 1 results in lowest expression of loricrin (A). Of all groups, Group 3 shows
the highest expression of loricrin (C). Other two groups, Group 2 and Group 4, shows moderate expression of loricrin in the outer
epidermis (B and D). Basement membrane (dotted line)

Fig. 6. Immunochemical staining of filaggrin. (A) Tape- stripping and exposure to cold (4°C) for 5 hours group(Group 1). (B)
Exposure to cold (4°C) for 5 hours after tape-stripping and occlusion with Gore-Tex group (Group 2). (C) Exposure to cold (4°C)
for 5 hours after tape-stripping and applying with petrolatum group (Group 3). (D) Tape-stripping and exposure at room
temperature (25°C) for 5 hours group (Group 4). Group 1 results in lowest expression of filaggrin (A). Of all groups, Group 3 shows
the highest expression of filaggrin (C). Other two groups, Group 2 and Group 4 shows moderate expression of filaggrin in the outer
epidermis (B and D). Basement membrane (dotted line)
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Fig. 7. In situ hybridization of loricrin. (A) Tape-stripping and exposure to cold (4°C) for 5 hours group (Group 1). (B) Exposure
to cold (4°C) for 5 hours after tape-stripping and occlusion with Gore-Tex group (Group 2). (C) Exposure to cold (4°C) for 5 hours
after tape-stripping and applying with petrolatum group (Group 3). (D) Tape-stripping and exposure at room temperature (25°C) for
5 hours group (Group 4). Group 1 result in lowest mRNA expression of loricrin (A). Of all groups, Group 3 shows the highest
mRNA expression of loricrin (C). Other two groups, Group 2 and Group 4 shows moderate mRNA expression of loricrin (B and D).

Fig. 8. In situ hybridization of filaggrin. (A) Tape-stripping and exposure to cold (4°C) for 5 hours group (Group 1). (B) Exposure
to cold (4°C) for 5 hours after tape-stripping and occlusion with Gore-Tex group (Group 2). (C) Exposure to cold (4°C) for 5 hours
after tape-stripping and applying with petrolatum group (Group 3). (D) Tape-stripping and exposure at room temperature (25°C) for
5 hours group (Group 4). Group 1 result in lowest mRNA expression of filaggrin (A). Of all groups, Group 3 shows the highest
mRNA expression of filaggrin (C). Other two groups, Group 2 and Group 4 shows moderate mRNA expression of filaggrin (B and
D).

T4 A EI FHe FEEe g WS Rt A Hojd & Ao BRI =E2HW dEH Ax
(Fig. 7B, 7D). Tape-stripping® petrolatum< =¥ 3}1l 4°C o] ¥ 38]-931:]— Halkier-Sorensen 572 dtejo] o) g=
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stripping % 4°C9]] 5/\]7J =EA1Z F(1) 0] 7H oFek vk 2Ae] et Eule] AA 4 «IOH F A o] FHiE ol
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petrolatumS =X 3} 4°Coll 5A)17F =F A7 F(37) 9 A S E&3AZITH
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