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Optimization of MC903-induced Atopic Dermatitis Mouse Model
Focusing on Reducing the Induction Period and Adverse Effects

Soyeon Kim*, Ji Hyo Lyu'*, Hyungwoo Kim*

School of Korean medicine, Pusan National University,
1: Research Institute of Korean Medicine,
2 : Korea Institute of Oriental Medicine

This study was designed to establish an atopic dermatitis (AD) model using MC903 and was conducted to find out
the optimal challenge concentration that can cause dermatitis symptoms enough to be experimentally verified while
reducing adverse effects such as weight loss. MC903 was treated at concentrations of 2, 3, and 4 nmol/day, and
evaluation of skin surface symptoms, water contents, histopathological changes, body weight changes, and spleen/body
weight ratio was conducted. In addition, the expression level of thymic stromal lymphopoietin (TSLP) was also
observed. In our results, MC903 induced AD skin lesions such as erythema, scab and fissure and lowered skin
moisture level significantly. In addition, water holding capacities in the 3 or 4 nmol groups were diminished
significantly compared to that in the control group. On the other hand, 4 nmol treatment induced a weight loss of up
to 20% compared to control group. Finally, a higher level of TSLP expression was observed in the 3 nmol group than
in the 2 nmol group or the 4 nmol group. Taken together, we propose a total 14-day protocol consisting of 3 days of
sensitization (2 nmol/day) and 6 days of challenge (3 nmol/day).
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qd5= °EHT!-‘ZIQJ U2 gy, Fsn

2. AD SE 9% AYHA 2 4AZ ¥A

AD {rg 9J5to] MC903 (MedChemExpress, NJ, USA)Z
100% ethanold] 0.1 mM& 29l t}-3, ofQA0o] Q= o ztz}
10 WA 5 20 0§ 3Y AYste] ZASIJAT (2 nmol/day).
A3 4Y A, 0fQA0 52 AEsty 2979 7S & § A
& 79 AEE 0.1 mM %59 MC903g ANz = So 7z 20,
30, 40 W& 793t & 63] A2]sto] ADS {ESIG

2 Apdt & 15 olele] AR Agugon, thgol )
7o2 YoEF HJL UEF (control)> {UITF =X SHUN
(n=3), 2 nmol £F (2 nmol), 3 nmol §oj7 (3 nmol) L 4
nmol £ (4 nmol) MC9032 ztZ} 2, 3, 4 nmol/day 5%
2 63 =x5tUT (n=4). 2@ AAANY L2 Fig. 13t Zrh.

2 nmol/day Sensitization Challenge
Lol Lol Ll ] sac
1 2 3 4 5 6 7 8 9 10 1 12 13 14
-

Shaving

Fig. 1. Experimental design. All mice were shaved on day 4, then
topically treated with MC903 on days 7, 8, 9, 11, 12, and 13 for the
challenge. The mice in the control group were treated with vehicle in the
same way. All animals were sacrificed on day 14. Sac means sacrifice.
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AAlstgen, 2+ 42 sl

Aol mB 5L 10% formaldehyde SWojA 1A E o]
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8. RNA E&a] 2 quantitative real-time PCR

Trizol (Invitrogen, Carlsbad, CA)E o]&s}o] AIEE @
o] & xxl02YE total RNAS H2]slgc}. Lyu S9] o
2 cDNAZ #4stgom'® TOPreal SYBR Green gPCR
premix (Enzynomics, Daejeon)Z ©0]835}0] Rotor-Gene Q
(Qiagen, Hilden)ollA] quantitative real-time PCRE& AA]5}ict.
GAPDHE house keeping genel @ Alg5131, A EHANS
9ol 2-ACt B AHgsto]l UAZHCt value)e itststeict.
B oA ALL3SE primer sets:= Table 13} Ztch,

Table 1. Oligonucleotide primers used for the PCR analysis.

Oligonucleotide sequences
(5' to 3" direction)
F : GGAGATTTGAAAGGGGCTAA
R : CATTTCCTGAGTACCGTCAT
F : GATGACATCAAGAAGGTGGT
R : TACCAGGAAATGAGCTTGAC

Target Gene

TSLP

GAPDH

9. Al ZxZ 3} Western blot ¥4

AFE S RA2 PRO-PREP protein solutionS 300 plet
St Bullet blender homogenizer (Next Advance, NY, USA)=2
wHE o, &9 GNA FFZ 5l Bradford assays °]
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A 8ESAIHCE (1:1000).
antibody, Enzo Life Sciences, NY, USA)ES A2t §, o]u]x]
B A|A” (Amersham™ Imager 600, UK)S £3] sfid guizd
e JES 2o,

o, Polyvinylidene
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1. 5=¥ MC903 a7t §%A 270 U]x]& FF
A oY 29 g mHo F42 WA Zah, ot =
23 gz ADY Fio] YEUAl ¢dgtoyt MCI03 =x
N e B9, Az, 94 59 AD 4ol UERt. 53] gy
749 3 nmold} 4 nmol E£oZoA {4 YA E7tstdct (Fig.
2C). ¥tH 2 nmol oA = TfxRFo] H|sf 47te] FojZolt 2l
A 5 ofEMmBgog wolx FAol YEHUI|E= stgoy 4
4l Jevt o0
© 29 dahd R FARSE

20| ]3] ﬁu]s}d:} (Fig. 2A and 2B). &
F£o2 eyttt (Fig. 2D).
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B 3. s MC903 A2j7t 2A¥2] sty Asto] n]A= g
. _ 87 5 7o xAYsHA WelE B 27 3 nmol 2
@ oy 4 nmol #N 555 ¥ 7I1A5Y 2402 Qg nue}l Fnjo
8 . ek
8 ° 2E9d AW Bangon, 9y AANE YFor g
£ 4 27 B39 &Aool LA (spongiotic change). o]o] #7t
-
£ 2] stol, 3 nmol ¥ 4 nmol ojNt Hcksh Zstd 25 w3
e = = =
AN PREYT (Fig. 4A). MCI030] WM Ze] 2o U= Fake
Come . 2 23k, 2 nmol 2 olYlH HulF AAAZ g WA
MC903 (nmoliday) (group) TAE]9l 1, 3 nmol —'h_} 4 nmol FoJAE Au xA 3 BA|A
c Y 5oz Welyzo Fgo] WASHATH (Fig. 4B).
107
:‘ ke
< o o
S
5 6
-E ok
=
2
g 2
]
O_
Control 2 3 4
MCS03 (nmol/day) {group)
D
40+
5
< 30-] B
3 150 *
E 20- g -
.E g 120_
S 104 g
3 §§ 90-
. @
Control 2 3 4 $§ 60+
o
MCO03 (nmol/day) {group) é 30+
Fig. 2. The severities of skin lesions in mice according to the £ i
concentration of MC903. (A), The control group (a), 2 nmol/day group Control 2 3 4
(b), 3 nmol/day group (c) and 4 nmol/day group (d). (B), Skin surface MC@03 (nmol/day) (group)

score. (C), Erythema index. (D), Melanin index. All values were represented
as mean + SD. **P < 0.01 and ***P < 0.001 vs. control group. N.D. means
not detected.

2. 5= MC903 A7t 3 I BR50 UAl= 9%
MC903& 5= B2 =2 299 +F IF 58T 2,
BE MC903 =ZFoA {3t £2 FFY FA7t YEhdew,
4 nmol #9] £3 AFL R Ay o|5t¢lt} (Fig. 3A). Al
ol me 2% Bo5o Watg AmE i 2 nmol 29 9
dzZd u4g £59 Besol BEEIOU 3 nmold 4
nmol | Z¢ Aol A4S Beso] ArHE RS FUAY
& 9900, 0% A3t %9 RN ST AT F8F Y4
7t WE Ack(Fig. 3B).
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Fig. 3. The effects of MC903 on water contents and water-holding
capacity on dorsal skin in AD mice. (A), Water contents. (B),
Water-holding capacity. All values were represented as mean + SD. *P <
0.05, **P < 0.01 and ***P < 0.001 vs. control group.

Fig. 4. The effects of MC903 on histopathological changes in
inflamed tissues. (A), The control group (a), 2 nmol/day group (b), 3
nmol/day group (c), and 4 nmol/day group (d). All observations were
made at a magnification of x 100. (B), Immune cell infiltration. All values
were represented as mean + SD. **P < 0.01 vs. control group.
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Fig. 5. The effects of MC903 on changes in body weight and
spleen/body weight ratio. (A), Changes in body weights. (B), Spleen
body weight ratio. All values were represented as mean + SD. ***P <
0.001 vs. control group.
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11.08%, 4 nmol #& 19.51% A}o]2 B YLt (Fig. 5A). A
ojst ujige] A v|&g &QIst Z1t, 3 nmol 3} 4 nmol F
A B7tote AFE 29ou, SAX 5oL 9%t (Fig. 5B).

5. &=@W MC903 A2]7} TSLPO| o] ujx: J&

TSLPO| Gz} mRNA @@ J=g AQlstuzt 479 5
AlS o] 83} western blotid} quantitative real-time PCRE
Al5tgict. mRNAGIA L TixZo] o] MC903E T3t oA
BE gogt £z02 TSLP7} 2dstgitt. 3 nmol FoA TSLP
o Ao ¥d Be+ FuFE YEU LT 4 nmol FoA =
s8] A Fest a5t 2 nmol 2 GARE WA FEE ye
MR (Fig 6A). @Eolde st vlEstel 3 nmokt 4
nmol FolA] Fofet »F 02 TSLP7} $7hshe Fd= EAo0,
mRNAS} O}it71x] 2 3 nmol #ox9 ¥ F=rt 7MY %S
< HlsI9iT} (Fig. 6B).
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B-actin

Fig. 6. The effects of MC903 in TSLP expression in AD mice. (A), TSLP
mRNA. All values were represented as mean + SD. **P<0.01 vs. control
group. (B), TSLP protein. TSLP means thymic stromal lymphopoietin.
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471 T helper cell type 2 (Th2) Oj7] ¥%
XA ofx] 2 A7olN AN gk FE 2o
ol247] g St

ADO] B3e AR B IS Wol Wk oz Fe
. 2 FANE SEt oF FHo AEez 4F2 uAY,
B AR 7HEE5E fEcte ADE °’§}*l7l% A F g
Atdo|cHe!). DNFB 20| & I
¥ Adt FF MCI03E o] &¥t AD ZE2 S| FA 3%
£o] Ao]§ UERRTh §27F g8 RA0N 5298 ZREZS
AHgste] AFE FRPS dah, 27T 22 4 (40 ~ 50%)01A
% 3:]—7:1 (2() ~ 30%)()"1\1 y_r,} I\H:HX-IQ_E P_] x—157} oF
8174 ettt (data not shown). o]x¥d MC903& o]&35 AD
292, DNFBY 2 9o 242 ol84t AD 2dat: ch2A &
£9t 3£ S0 $44 @99 Qe with ox AD sl

oX 62 X E

I'll‘

$Eot e shedt AgAd F4ol WAL AR02 wgsts
Aoz &4 ° 2 9o, MCI03o2 Suwsl AD7} DNFBi} 2
o 2722 AHgstel Sud Huy urt Ao ADSH SN THs
Y2 gs] 9@ $4 A7 Basidn yaE.

£ A7014 4 nmol FolZ9] AF ZAE AFskALd, ol
t QuHos A8t 65 B8 75 AF (20 g YNE A
g3t e AAZ @ Zolch AN AF F/H¥e uelstde
W, 959 52 10539 PAE ALY 3 nmol/day e} o
e $E2 AT 4 92 o BUHD ¥ A7ARH &
£9 3 nmol/dayt 1499 7|3t gto] AW 279 WAL §
ot Ha sED ¥ 4 Yok

oy Ang okl B A7Fe +3Y R2EZ0| AF

e 239
9% 259 3¢ Sl

4 &£
¥ A7t MCI03E ol 8% ofEmnygl Bale] BAgS 3
UNE TP £EO SYS SUY 4 U A2 Z2ELY
Y2 9 2PHYT B A7E 591 3 nmol ol%o] MC03
Hest olEnmRGY gE 54 FW. A¥, W A= L §
£5 1, A9AE Ae 5o AYNY AP WS o

= 9 3lol5lg oL}, 4 nmol FA L 20%0] Pt A
Z ZYA7) w85t L, 3 nmol 2o H]|3] Aoz ure TSLP

€ 29t} ol 3 nmol/day? MC903 A7t AR 4F0
olEmmRAS %‘ﬂa’o}ﬂﬂ/ﬂi 8918 2 QL HxI8Qo Ho|L A
ojAto] A S ulgtozr E FNAESL 2
nmol/day &%= 7:.”&’ 717t 393 A= @ AR $ ohg] 3,
3 nmol/day 5E 2] 7|7t 6 U FX]7] 19 a3 £ 14
A 70| 28 n2EZZ Aot dlo|t}.

artel 2

of MU Y (@12YREAR) AU ARATA
tho] X|QS who} 238% 79l (No. 2022R1A2C2091960).

References

1. Kim EH, Lee BW, Kim EH. A Literal study of the main
symptoms of Atopic dermatitis.
Medical classics 2009;22(1):207-28.

2. Avena-Woods C. Overview of atopic dermatitis. The

2017;23(8

Journal of Korean

American journal of
Suppl):S115-S123.
3. Kim M, Kim ]. Phenotypes and endotypes of atopic

Asthma &

managed care

dermatitis: Clinical

Respiratory Disease 2020;8(1):9-14

implications. Allergy,

10.

11.

12.

13.

14.

15.

16.

17.

18.

TSLP:
pathogenesis of atopic dermatitis.
proteomics 2013;10(4):309-11.

Indra AK. Epidermal a trigger factor for

Expert review of

. He R, Geha RS. Thymic stromal lymphopoietin. Annals

of the New
2010;1183(1):13-24.

York Academy of Sciences

. Li M, Hener P, Zhang Z, Kato S, Metzger D, Chambon

P. Topical vitamin D3 and low-calcemic analogs induce
thymic stromal lymphopoietin in mouse keratinocytes
and trigger an atopic dermatitis. Proceedings of the
National Academy of Sciences 2006;103(31):11736-41.

Moosbrugger-Martinz V, Schmuth M, Dubrac S. A
mouse model for atopic dermatitis topical
application of vitamin D3 or of its analog MC903.

Inflammation: Methods and Protocols. 2017:91-106.

using

Amano H, Negishi [, Akiyama H, Ishikawa O.
Psychological stress can trigger atopic dermatitis in
NC/Nga mice: an inhibitory effect of
corticotropin-releasing factor.

Neuropsychopharmacology 2008;33(3):566-73.

. Kim HW, Kim KY, Kim BJ, Chiang SY, Do YH, Nam NL,

et al. Effects of alcoholic fermentation extracts from
ovary and rind of pear on human skin. The Korea
Journal of Herbology 2009:24(1):133-9.

Lyu JH, Kim KH, Kim HW, Cho SI, Ha KT, Choi JY, et
al. Dangkwisoo-san, an herbal medicinal formula,
ameliorates acute lung inflammation via activation of
Nrf2 and NF-kB.
ethnopharmacology 2012;140(1):107-16.
Jang S, Kang Y, Kang Y, Oh S, Kim S, Lyu JH, et al.

The ethanol extract of Caragana sinica ameliorated skin

suppression  of Journal of

lesions in mice with contact dermatitis. Pharmacognosy
Magazine 2022;18(77):201.

Addor FA, Takaoka R, Riviti EA, Aoki V. Atopic
dermatitis: correlation between non-damaged skin
barrier function and disease activity. International

journal of dermatology 2012;51(6):672-6.

Knor T, Meholji¢c-Fetahovi¢ A, Mehmedagi¢ A. Stratum
corneum hydration and skin surface pH in patients
with atopic dermatitis. Acta
Croatica: ADC 2011;19(4):242-17.
Oghazian MB, Ataei S, Radfar M. Vitamin D Intoxication
with hypercalcemia due to overuse of supplement.

dermatovenerologica

Journal of Pharmaceutical Care 2013:114-6.
Kabata H, Flamar A-L, Mahlakéiv T, Moriyama S,
Rodewald HR, Ziegler SF, et al. Targeted deletion of the
TSLP that
promote type 2 Mucosal
immunology 2020;13(4):626-36.

Imokawa G, Abe A, Jin K, Higaki Y, Kawashima M,
Hidano A. Decreased level of ceramides

receptor reveals cellular mechanisms

airway inflammation.

in stratum
corneum of atopic dermatitis: an etiologic factor in
atopic dry skin? Journal of Investigative Dermatology
1991;96(4):523-6.

Simpson EL, Chalmers JR, Hanifin JM, Thomas KS, Cork
M], McLean WI,
skin barrier from birth offers effective atopic dermatitis

et al. Emollient enhancement of the
prevention. Journal of Allergy and Clinical Immunology
2014;134(4):818-23.

Kim MR, Woo SE, Shin SO, Hong SM, Yang SY. A
study on the distribution of staphylococcus aureus in
atopic dermatitis. Journal of the Society of Cosmetic
Scientists of Korea 2006;32(2):93-7.



