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New barrier function of stratum corneum and its regulation in inflammatory skin
diseases
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Ceramide plays an important role in the stratum corneum barrier functions as

a major component of the intercellular lipid of corneocytes. It has recently been shown that the
average fatty acid (FA) chain length of ceramide correlates with the barrier function and is
decreased in atopic dermatitis. We have previously shown that the expression of elongase of very
long-chain fatty acid (ELOVL) and ceramide synthase (CerS), the key enzymes in the long-chain FA
ceramide synthesis, is decreased by IFN-y in cultured keratinocytes. In the present study,
analysis of dermatitis caused by repeated exposure of mouse ear to mite antigen or imiquimod showed
that increased expression of IFN-y was correlated with decreased expression of ELOVL and CerS and
decrease in long-chain FA ceramide. These results strongly suggest that, in dermatitis where local
expression of IFN-y is increased, IFN-y may disrupt skin barrier function by inducing
compositional change in stratum corneum ceramide.



AD

AD

b AD
2)

elongase of very long-chain fatty

acid (ELOVL) ceramide synthase (CerS)
IFN-y
IFN-y
3)
IFN-y
ELOVL CerS
IFN-y
Thl
AD  Th2 Thl
Thl
Th2 Thl AD
AD Thl
invivo
NC/Nga mite fecal
antigen: FAg IFN-y
4)
IFN-y
ELOVL CerS
2 5
mRNA
quantitative RT-PCR
UPLC-ESI-MS

LC-MS ceramide [non-hydroxyl
fatty acid and sphingosine] (CER[NS])

BALB/c
imiquimod: IMQ

IFN-y
5)

8
[NS]
INF-y ELVOL
CerS
IFN-y
pCpG-Muy hydrodynamic tail vein
injection
IFN-y
6)
FAg
NC/Nga FAg 2
4
5 IgE
transepidermal water
loss:TEWL) 1
1000
— 20
g 800 =
E 600 E B
2 2
S 400 10
< g
ufg 200 g 5
0 0
Control FAg Control FAg
45
40 |
235
~ 30
ézs
2920
§‘ 15
IIJ—J 10
5
3

Control FAg

B1 FASREZHICLDEERTOENDOES, MiFIgE.
BRE K 2EERE (TEWL)

qRT-PCR
IFN-y 163 TNFo IL-17 IL-22
IL-4 1IL-5
2
. 17 [ control
z 2] M rag
Z
(O]
= 3
kel
S -4
2
)
N
-6

CTNFa 126 FNy L4 ILS L7 IL22
H2 FAeRBEMICROEBRICETEH A HARR



ELOVL CerS qRT-PCR TNFa IL-17 IL-22
ELOVL 7 CerS IFN-y IL-4 IL-5
ELOVL4 6
o,
- Dccn ro
NC/Nga . o
CerS CerS4 §
FAg 54
ELOVL4  76.8% 2 § o :
ELOVL6  89% 3
ELOVL3 F
3 7 7TNFa ]L-12b‘IFN-v IL-4 IL-5 IL-17  IL-22
2 10 control B6 IMOREEHICEDBERISHITEYMHIRE
EFAg e - .
LS . — ELOVL CerS
= BALB/c NC/Nga
- 1 ELOVL4 ELOVL6
9.5 CerS CerS4
.
IMQ
0 ELOVL4 ELOVL6
4\"\' \\\'} \\\?’ 4\?‘ \\\‘? ‘\\‘9 4\"\ ELOVL 1
P S S S 7
K3 FAgRIEEMITKDRERIZEITHELOVLEE 35 4 ™ O control
CerS CerS4 CerS1 CerS5 < 2] miva
CerS2 CerS3
4
O control i
2 ‘mrag ™
S5
s ' F F P P P P P
Sos - H7 IMOREZEMITLDRIERITHITHELOVLEE
0 CerS P<0.01
RS R S S . CerS3
B4 FAgREZEMICKDRERICEHTHCerSHEE
6 1 = O control
ELOVL CerS 5 | mIMQ
S,
FAg <
CER[NS] C24-CER a
C26-CER g2 S
CER[NS] Cl4- Cl6- C20-CER l_ﬁ ﬁ ﬁi
5 0 i T T T T T
N YV o) ™ el ©
£, Qo = & & F LS F
E ' E8 IMQREEAIZ&DEE RI<H 1 BCersHE
g . - ' IMQ
g ST T 9 CER[NS]
g | I C24
2 m J 'L' -ﬁ |
C14 Cl6 C18 Cc20 Cc22 C24 C24_1 C26 o
5 FAgR (<& DR I8 (28 F BCerNSID g, | Do
RERBAR A 3. ‘
IMQ
BALB/c IMQ 8
5 8 Cl6 c18 Cc20 C22 Cc24 c24 1 C26
TEWL O IMQREBH= &5 KM #1285+ BCerlNS|D
FAg RERABAHE R



IFN-y
IFN-y pCpG-Muy
hydrodynamic tail vein injection
NC/Nga

IFN-y 24 146 ng/ml

2 8 ng/ml
10 2

103

£

S~

kS

s

J

€

g 10

c

§

> [

EI 1 ey 1

- 7 14

Time (day)

K10 < XIFN-yREIFIR N2 —%hydrodynamic
tail vein injectionix T 5 L1=NC/Nga< 7 D M &
IFN-yiR
FAg IMQ
ELOVL CerS
qRT-PCR

11 12

w
|

O control
m IFN-y

ELOVL mRNA

o
[

o

> ™ < © A
NG \J N \ N2
3 R

& S

K11 < RIFN-yREFKEIERI2—%hydrodynamic
tail vein injection;Z T 5 LT=NC/Nga< D XD EIZ
HITBELOVLER

2

O control
& IFN-y

e 1.5

Z

o

€ 1

Q

o}

O 0.5 -

0 T
P A B - I 0

& & & & & &

12 <7 RIFN-yREAFIZ N2 —%hydrodynamic
tail vein injectionix T 5 Lf=NC/Nga¥ I RN EIZ
B+ BCersHIR

CER[NS]
13

60 [ control
[ IFN-y

50
40

30

20
o | o rmE e ‘

C14 C16 C18 C20 C22 C24 C24.1 C26
K13 <7 RIFN-yREFEIR Y2 —%hydrodynamic
tail vein injectioni& T 5 LT=NC/Nga¥ OV RD EIZ
#1+BCERINS| D A BB HA AL

Relative ceramide levels (%)

FAg IFN-y

ELOVL CerS 7 6
6 3

C24- C26-CER

IMQ
1L-17 IFN-y
ELOVL CerS
IFN-y
ELOVL CerS
IFN-y
IFN-y
ELOVL CerS
IFN-y
IFN-y
AD Thl
Thl AD
AD
Thl

AD

Joo KM, Nam GW, Park SY et al. (2010)
Relationship between cutaneous barrier
function and ceramide species in human
stratum corneum. J Dermatol Sci. 60:47-50.
Ishikawa J, Narita H, Kondo N et al. (2010)
Changes in the ceramide profile of atopic
dermatitis patients. J Invest Dermatol.
130:2511-4.

Tawada C, Kanoh H, Nakamura M et al.
(2014) Interferon-y decreases ceramides with
long-chain fatty acids: possible involvement
in atopic dermatitis and psoriasis. J Invest
Dermatol. 134:712-8.

Shah MM, Miyamoto Y, Yamada Y et al.
(2010) Orally supplemented Lactobacillus



acidophilus strain L-92 inhibits passive and
active cutaneous anaphylaxis as well as
2,4-dinitroflurobenzene and mite fecal
antigen induced atopic dermatitis-like skin
lesions in mice. Microbiol Immunol 54:
523-33

Lin YK, Yang SH, Chen CC et al. (2015)
Using imiquimod-induced psoriasis-like skin
as a model to measure the skin penetration of
anti-psoriatic  drugs. PLoS One 10:
¢0137890.

Hattori K, Nishikawa M, Watcharanurak K et
al. (2010) Sustained exogenous expression of
therapeutic levels of IFN-gamma ameliorates
atopic dermatitis in NC/Nga mice via Thl
polarization. J Immunol. 184:2729-35

3
Kanno Y, Shu E, Kanoh H, Seishima M.
The antifibrotic effect of a2AP neutralization
in systemic sclerosis dermal fibroblasts and
mouse models of systemic sclerosis.
J Invest Dermatol. 136: 762-769, 2016
doi: 10.1016/j.jid.2015.12.028.
Kanoh H, Banno Y, Nakamura M, Seishima
M.
Contact allergy to liquorice flavonoids:
Analysis using liquid chromatography-mass
spectrometry.
Contact Dermatitis 74: 191-192, 2016
doi: 10.1111/cod.12511.
Kanoh H, Shu E, Ichiki Y, Seishima M.
Localized  scleroderma  presenting  as
Port-wine stains: report of two cases and a
literature review.
Acta Derm Venereol. 95: 1003-1004, 2015
doi: 10.2340/00015555-2100.

5
Kanoh H, Ishitsuka A, Nakamura M, Inagaki
N, Ito H, Banno Y, Seishima M.
IFN-y may disrupt skin barrier function
through reduction of long-chain fatty acid
ceramides in mite-induced dermatitis.
76" Annual meeting of the Society for
Investigative Dermatology 2017 4 26-30
Portland, Oregon, USA
Kanoh H, Ishitsuka A, Fujine E, Matsuhaba S,
Nakamura M, Inagaki N, Banno Y, Seishima
M.
Reduction of long-chain fatty acid ceramide
in dermatitis caused by repeated exposure to
house-dust mite in NC/Nga mice
The 41™ Annual Meeting of the Japanese
Society for Investigative Dermatology (2016
12 9-11 Sendai, Japan)

()

2

3)

“)

LC-MS
42 BMS (Biological Mass
Spectrometry) 2015 7
6-8

Kanoh H, Ishitsuka A, Fujine E, Matsuhaba S,

Nakamura M, Inagaki N, Banno Y, Seishima

M.

Decreased expression of ELOVL and

ceramide synthase in dermatitis caused by

repeated exposure to house-dust mite in

NC/Nga mice

The 40™ Annual Meeting of the Japanese

Society for Investigative Dermatology (2015
12 11-13 Okayama, Japan)

Yasue Y, Ishitsuka A, Fujine E, Banno Y,

Kanoh H, Seishima M

Effects of interferon-gamma on expression of

ceramide synthases and elongase of

long-chain fatty acids in cultured human

keratinocytes

The 39" Annual Meeting of the Japanese

Society for Investigative Dermatology (2015
12 12-14 Osaka, Japan)

KANOH, Hiroyuki

40566494

SEISHIMA, Mariko

00171314

INAGAKI, Naoki

31037062

NAKAMURA, Mitsuhiro

30433204



