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Exploration of hapten-induced atopic dermatitis murine models for
non-clinical pharmacodynamics study of drugs
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(Beijing Key Laboratory of New Drug Mechanisms and Pharmacological Evaluation Study, Institute of Materia Medica,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: Atopic dermatitis (AD) is a chronic, relapsing, inflammatory dermatosis with a variety of clinical
manifestations and difficult to cure. Currently, many AD drug candidates have entered the research and
development pipeline. In order to provide technical specifications for the clinical development of AD drugs, the
Center for Drug Evaluation of National Medical Products Administration released the "Technical Guidelines for
Clinical Trials of Drugs for AD Treatment" (Draft for Comments) in November 2022. Non-clinical pharmacodynamics
evaluation is an important research before the drug enters clinical trials. Oxazolone (OXA)- and 2, 4-dinitro-
fluorobenzene (DNFB) -induced models are the most popular classical hapten-induced AD murine models, but
variations of modeling are existing in the methods from different studies, including sensitization sites, haptens'
dosages, the period of challenges, and the skin lesions severity evaluation as well. In this study, the investigation of
OXA- and DNFB-induced AD murine models with various conditions of modeling was performed to compare the
characteristics of hapten-induced AD murine models in the pathological process and severity according to the

appearance of AD patients, and the guidance of pharmacodynamics evaluation of AD-therapeutic drugs in clinical
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trials as well, which may provide a proposal for AD treatment drug candidates in the non-clinical

pharmacodynamics evaluation. All animal experiments were approved by the Animal Care & Welfare Committee

of Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College

(approval No.: 00007782 and 00007784).
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dinitrofluorobenzene

W N M B % (atopic dermatitis, AD) J& — Ff 18 4 |
SR RAENE B JRIi, MR AR 4 LI, — s R
it TR 2 & Y. AD AR B AR, B L gk
SRR BE B T R R A A0 R R IR BE R AL R Rm S
AD R AH IR, G 10 4, FIE AD B 21 KR,
N KRR R 6.13%Y . ADIGIR R IR LRk, LUK
JOR 16 12 VR R T2 R B 10 RH 28 B D SR AR AR, 7™ B 5
SR TE PR B AD B A I SO, Wnd
PEBENG ok v B A5 R EN . AD IR IR 2 C % —F5
Y, BR 25 E X £ K FH Hanifin & Rajka 7 v A1 Williams
PR, Forp Je B R 2 B R A . FRE T 2020 4 K AT
T E R R R R 2T F Y, %48 R 45 G E AD
I PR BIR A 75 5K ERAR i 17 2D 4R/ N AD 2 I, %k
ARt T2 W AD JLE g [FFE, X AD IR IT
WG —J7 %, IR — R FH A I S8 B 245470, [7] i) 4
DA 47T 2 Ji 245 47 2 4 2 00 1) 70 460, a0 A T I R R
JC BN Janus 4 EF (Janus kinase, JAK) #1557 7E V69T
BN R JE AD I R R TR R0,

T AD B3 NEi 2 HAELUA &, VR 9T AD B 254t
RANPE R BT, VF 2515 25 W) ik N R 4P, 1E 3R
FEl T Ji& 1) AD 3% 24 1 PR X568 100 H AR 30 38 35, e B
015 (14 % (interleukin, TL)-4IL-13 F1IL-31 524K 19 A
Y5 AL MR L TAK S ) 750 R 38 5 R Jk Bl A ok a6 24
Wi RS SHRE R T AD VR IT 400 B R B
FIPR, R S EORIE, B K20 EE R
2 i TG T 2022 4F 11 H R A CAD IR 7 Zi G IR
ISR TR MDY (E R 2 WA (7R CH8 T )5
M) ZdE T 552 H AD V6T 245 I R 56 1) 3 3
H B2 “HRIERIE 70 25 0 Dk B 45 7™ F R B2, /) B 437 1
i, ARG AR R0 H 2 R, b 1 R K, 1R e
FH A Y, 2 WK A Hanifin & Rajka #x 1 Al
Williams b3 #EE 85 NS WibrilE, @45 & AD 4
P RRE o kA B 905 Y Bl VREIR SO0t A2 v Jot & 1) 5%
Wi 55 2 4 B 255 VPN AD M EFZ B £ AD R R R
TAFE L VEAL, CHR T 5 000 8 R FH B 9 3 B AR DY 43
(investigator's global assessment, IGA)- I 32 10 1 K& ™
FEFEEHEH (eczema area and severity index, EAST) fll4F

N8 B 96 147 (scoring atopic dermatitis index, SCORAD)
()2 ER 735 e A, (48 5 5 ) B A 4 R FE AU E N
HIZWrbrdE 2 —, AN SRR N T 27 R4
(B DA BSGE S FERE AR A H AR 257 )

2 NI PR RS 1T 75 2 X0 52 i 21 (A v it
17 7055 I AR I R 25 ROTAN, SR = 25 R Im IR 24
ROV () T N 2, 45 R AT 3R 7R 32 i 25 1t A
SE T8 NURE A R0ME A 7R B AN 45 25 AR A, R I T2
IR A RE A HE NI R ) 3 SR KRS . T 2544
I PR 24 R VPt 1 3 A 5 L 1 Ry 28 Bt HL 20 W\ ) B A
Y, B8 S WL s 19 BERN AR EEE R, AR AL AT B A R
JEE 55 1 PRAHACL, HL 2G5 800F th Fa b A R 2 5 I R 1R
B A DGR G, T ELSL AT DA B A IS BT AD R
BLI S 2%, I HLAB 25 72050 A [RI B B 1) 2 284 S Jo A
T B PRRE R 22 5, DRI A AT AT — Fl AD B ) 45 B
AN BE 5E 4 IR B AD I ACEERDY . H AT 2 RkE
(1) AD B B Ik 20 FRUY, W] 43 3R B B 3 AD
PRI LD B L H K AD SRR (W1 Ne/
Nga /) R8I0, DL K F 20 i ) 7 5 5 AD A ) )1
BGE, R Bt 5 1 AD /) BRUBE A2 B
BRI,

FhuE 15 F B AD /N B JE T R R SRS #
AD Py BN B AE R R T E R h T
500 T8 /R T, A By o BOUAN, (B R] LA B E e ik
AT TR 0 B 5 A% 3 T (D TR < F IO TR R AH TR
LA 4 T 7 AR EOROPEDY, S 00 28 D e
(oxazolone, OXA).2,4- — fii £ % 7 (2,4-dinitrofluoro-
benzene, DNFB) fl 2,4- — fi £ & 7 (2,4-dinitrochloro-
benzene, DNCB)™'"'>13 /N B By R B2 i 1 90 )5 T 5 R
ok B Bl B A, 22 KK S ko e ) B R
JZ Ik 9 RE M CL T # Bh 4 B (T helper cell, Th) 1 7Y 2 v
N R R A U N AR O 5 AD i A BL) Th2
A GRE S NE, 32 BRIy F Rz A IE DR 240 i W R 1
Ji K Th2 40 ff P51~ (1 TL-4 F1 TL-13 25) 32 3, 175 %
P BRI E K T, 38 5 18 A I F B8 Rk B s 2R B
(. REA VU HE AN P O 5 Rk T RE,
PR 5T AD /) BB IR k32 A AN



K S RRM T AR L AW TR G BURR N e R T - 3657 -

ZE I PR A 5 B0E (sensitization) A1 X (challenge)
PR FRTE, N B8 AR — R AE F OXA 1 4 3R
WS4 br B 46 JORE R I BL R RS CHE I K B L B R R
B2 IR JRE UL e 9 240 B9 11 45 ; DNFB % HI T 79 # i A8,
W %2 6 br B 35 B2 RRE B L 48 % 2Rk /K (transepidermal
water loss, TEWL). B 7 Fl1 3% 57 J& 15 DL % 9% i 41 Jif 1%
A,

I8 OXA M DNFB 7 545 B2 s % F B0 = Bt 5
755 AD /N RS, (HAE AT B H, AN [E B 548 A 1
B0 TR B BCRGEAT  B OEORT B 45 AR FE VAL
TEHATAE 2 57, A FHUE R A 2 7 KPP iR
Z|FLf# OXA I DNFB 5 5 AD /) BB SR AN 7] %
R F 7 28 BT 159 B IR Y X 31, A SCAS R AS [\ 7 & 2 Bt
SR AR BT ZANE K, 455 AD B8 AR R
R I LA K CAD 16 9T 245 W0 i PR 56 B R 4ig = 5 0] )
(fiE =R B LR 25805 P 2 5, R H R LA
PR T 58 (R0 R & BURGH ALA BUh ISR ) S5 0F
Wi bR E 9% &, P82 OXA FI DNFB i i £ i 2 g 5
755 AD /N BRI 8 A8 ok R R R A B RN KR A, ONYR T
AD {3 2590 i A I PR 78 32 (07 25 22 ik B

MR5ERE
SCIGEh4  METE SPF 2% BALB/c /N iR, 6~8 J& 2,
W B b B R AE R B A IR A R, VERTIES 5
SCXK (%) 2019-0008. FrH &%) k58 ¥ 45 v [H =
SRR b B R R 5 B 25 W A BT Sk 5 sh ) B
5ah W A 2 oo i (i ME S 00007782 Al
00007784). SE4G 4T 1 = 5= R} 5 B 25 ) Wt 52 P
SPF 230 5 1Al 7%, 12 h WHBEIE 3R, B B &K,
LR DNFB (785 D1529, #it'5 BCCC6534).
R HEE (185 P6148, fit 5 MKCM9942) (Sigma-
Aldrich 2 7]); OXA (_F#32 s RA AL BHE AR A IR A
], $95 E904804, it 5 C14660016); P4 Fi ARIHI w1 (b
RRFF WA B PR A F]); A mbe (R IR IR A

R IR AT,
SERNER  BURAME T o Roshs B R AL (7570

£ 4 A BR 2 7]); DermLite DL4 F ¥ 3 J7 B85 (32
DermLite 2> 7); Z 483 KR & 48 MPA2 fil Tewame-
ter TM Hex 28 [ 7K 73 i 2 D4R 3k (4 [ Courage &
Khazaka 2~ &)); H.4% 8 mm FZ RG4S (A6 5 AR 750l
BB IR A F]); RS20 % 3 /NS RN (R
PR AE AR iy BHE A TR A 7]); BS124S B 70 B K F (4
Sartorius A i)

A [E¥ = DNFBiES AD DR EEBEHIRE /)
SR AR L RE AL 4> v 5 2 A R B4 L 0.05%

DNFB #1.0.1% DNFB 411 0.2% DNFB £, 41 10 K
W¥); 0.4% DNFB A1 A9 R, 50K, /NS RE
We 5, W 2 ecm x 3 em X I i & £ 5 1A
4 K, TR B AL /N BUES SR K 50w T —AORS ik
T (301, viv), HoAh & 20 51/ B 6 2 il B B 50 pL
0.3% DNFB [ 1A Fi — BN Jil1 v 900 3 AT B0 78 56 7.
10 F1 13 0K, #5288 2H /N B 43 il ¥ 4K 50 pl 0.05%+0.1%
0.2% #110.4% DNFB [ A Bl — BN 3 98 W02k AT Bk,
TR HEZE /IS BRI AR S A R TN B - RO v S VR . R HRR
TN R FERT TS R AT 4 FRRT R IR B AR HA TR 2R 13 KK
R JE EE/N RANBRAT s I (BB 14 R) AEAEHUEE

REH L E R DNFBiES AD /)RS 2R 1R 4R
B NRIGRERENL > AP B 12 J) A
PEH A (8 R). BB O K, NRAMBREF S, 153K
R 2E R I 0 S5 2L 4 ) A T R I o X IR
A N2 cm x 3 cm; 28 1 F14 K, 43 550 56 7 2H 7N B 35
B BB 454K 50 pl 0.3% DNFB F) 74 Bl — R0 v 78
BEAT S 28 6 %, X IR0 S5 R 4 /) BRI 30 e [X 3
it B2 cm x 3 cm; 2 7,10 1 13 K, 43 S AE P4/ 1S
BB FE 50 uL 0.4% DNFB i P4 B — B 1 7 Yt 47 14
o B HRE/NRIEEL M E G K H XSS G
CH (B 811 F1 14 5K) X5 S dE AT #0 B L Rz R B A 401
FRURI 28 Bz R KA 5 565 13 RAR IR Bk J W82/ AT ER
17 M; I H (5 14 K) KbFEEUH

FEIBBAEN OXAFES AD /MR E KRR
B NI E B AL 8 A T I S A A H R
B, BEAH 10 REI. 550K, B9 B4/ N R T 15 56
Hge2 em x 3 em XIRBEE . 551K, B S0/ &R
IR PE 50 uL 4% OXA [ 7 Fi — B ek 4 0033 1T 2
i, B B /N A BER PR 10 pul 2% OXA 1 19 i -
OB V3 V3R AT B B 7 ROTIG B d, B RN
HIRHK 10 pl 0.2% OXA I A i — A0 3 i v, 55 2 R
Behi VIR, 3210 9% & H AR E /N B i B R B R 6
HIEEZE (H)EEE = HH)EE-LHEE), 825K
KRR fa L K INHRAT ; IRH (5 26 R) AbFEHEL
W, BT R A4 HOBR, B B4R 8 mm PRAG L 22 A7 H AR [F AL
BIWH ), REF MK (EMWIKE =465 R
HE-FHAFER).

OXA KHIKEHIFES AD NREIEHER 11 H
INRFHORAETHH I 2 cm x 3 em XM E. H1
K, B HIEIR 50 pL 4% OXA 1) P4 B - B it v Wik 47
G EE 7 RIF U6 B, A HR K 10 pL 0.2% OXA
(1) PR B — RO v v T, 8 3 R B 1R, 17 4k B H AR
/NI BRSO R R 2 5 55 ROR
B JG LB e AT Jv; Ik H (B8 56 R) AbFEHL



.+ 3658 - 25% %R Acta Pharmaceutica Sinica 2023, 58(12): 3655-3668

M, A8 e HoAR R AL B I AE 8 mm Hfy, FREE IR 1H5
LR

IR EREERTS KM ™ ERR
BR (R D' K KM (edema). B3 (papulation). £
BE (erythema). 3 S | i (excoriation). 5 tH (0ozing)+
25 (crust) & &F 14 (lichenification) F1+ J# (dryness)
S5 8 AMAER AN 4 TUHE B0 /N BT 8 B 4™ B AR B
ATy . BIUHEAR L 0~3 it ATid . 00 RA T
REAR, AW EE BNZ I BIAETREAR 1 70 RN R, W]
W % Bz T b 1 ASER, (HAR R 2 70 o
FE, 2 1A S AR AT I 3 0 RORELE, %
T 1 AN ERZ ANREAR ™ 5o % 4 TR bR 1P 4 AH 43
FZFEAR RS VR, BB A SUE 2 Y5 B Y 0~
1247
Table 1 The categories of signs in dorsal lesion skin of AD mice.
According to all AD symptoms of patients listed in three clinical
AD scoring instruments, EASI, SCORAD (objective part), and
IGA, combined with the categories of signs of hapten-induced AD
murine models in previous studies!"**”, 8 signs in lesion skin of
the AD mice are grouped into 4 scoring categories which is used to
quantify the severity of dorsal lesions skin of AD mice. O
indicates the signs existing in the clinical AD scoring instruments.
AD: Atopic dermatitis; EASI: Eczema area and severity index;
SCORAD: Scoring atopic dermatitis index; IGA: Investigator's

global assessment
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Figure 1 Different doses of DNFB-induced dorsal skin atopic dermatitis of BALB/c mice. A: Schematic diagram of DNFB-induced AD
murine model; B: The photos of mice scratching challenged with DNFB; C: Morphology photos of the dorsal skin of the mice induced by
different doses of DNFB. The photos were taken by camera (left) and dermatoscope (right) on day 1, and day 8 to day 14; D: Dorsal skin
severity score curves (solid symbols with solid line) and body weight curves (hollow symbols with dashed line) of different groups. The
results of the statistical analysis on day 14 were shown at the right side of the line chart. The scores of each DNFB dose group were
significantly different from those of the solvent group from day 5 onwards (including day 5). n = 10 (solvent group, 0.05% DNFB group,

wkx

0.1% DNFB group, and 0.2% DNFB group), n =9 (0.4% DNFB group), mean+ SD. P <0.001. DNFB: 2,4-Dinitrofluorobenzene
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Figure 2 Histopathology of dorsal AD-like lesional skin in mice induced by different doses of DNFB. A: H&E staining tissue of dorsal
AD-like lesional skin in mice induced by different doses of DNFB. The H&E staining skin tissues (scale bar, 500 pm) were shown on the
left panel, and the magnified images (scale bar, 100 pm) annotated by black dashed rectangle were shown on the right. The EPI and DM
were marked with yellow solid lines, and the corresponding thicknesses of the marked positions were denoted below the H&E staining; B:
TB staining tissue of dorsal AD-like lesional skin in mice induced by different doses of DNFB. The TB staining skin tissues (scale bar,
500 um) were shown on the left panel, and the magnified images (scale bar, 200 pm) annotated by black dashed rectangle were shown on the
right. The EPI, DM, and ST were respectively marked on the right side of magnified image. The dermal mastocytes were annotated by black
arrows, and corresponding mastocytes count was denoted below the TB staining. The images of H&E and TB stained tissues from one
representative mouse in each group. H&E: Hematoxylin and eosin; EPI: Epidermis; DM: Dermis; TB: Toluidine blue; ST: Subcutaneous

tissue
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Figure 3 DNFB-induced dorsal skin AD of BALB/c mice with different sensitization locations. A: Schematic diagram of DNFB-induced

AD murine model; B: Morphology photos of the dorsal skin of AD mice (left) and dermatoscope (right) before DNFB treatment and on the

day after each challenge; C—E: Dorsal skin severity score curves (C), dorsal skin TEWL curves (D), and body weight curves (E) of the AD

Hk

mice induced by DNFB with sensitization on dorsum (n = 12) or on venter (n = 8), mean+ SD. = P < 0.001. TEWL: Transepidermal water

loss
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Figure 4 OXA-induced AD of BALB/c mice with sensitization on different location. A: Schematic diagram of OXA-induced AD murine
model; B: The photos of mice scratching challenged with OXA under different sensitization methods; C: AEar thickness curves (solid
symbols with solid line) and body weight curves (hollow symbols with dashed line) of OXA-induced AD mice with sensitization either on
right ear (n = 10) or on dorsum (n = 10). The results of the statistical analysis on day 26 were shown at the right side of the line chart. The
Aecar thickness of ear sensitization group was more serious than that of dorsum sensitization group from day 8 onwards (including day 8); D:
The ear swelling of OXA-induced AD mice with sensitization on different location. Symbols represent individual mice; bars represent mean
+ SD; E: H&E staining of the AD-like lesional ear skin in OXA-induced mice with sensitization on different location, and a normal mouse
was used as control. The H&E staining ear tissues (scale bar, 200 um) were shown on the left panel, and the magnified images (scale bar,
100 pm) annotated by black dashed rectangle were shown on the right. The EPI and DM were marked with yellow solid lines, and the
corresponding thicknesses of the marked positions were denoted below the H&E staining; F: TB staining of the AD-like lesional ear skin in
OXA-induced mice with sensitization on different location, and a normal mouse was used as control. The TB staining ear tissues (scale bar,
200 um) were shown on the left panel, and the magnified images (scale bar, 100 um) annotated by black dashed rectangle were shown on the
right. The EPI, DM, ST and CT were respectively marked on the right side of magnified image. The dermal mastocytes were annotated by
black arrows, and corresponding mastocytes count was denoted below the TB staining. The images of H&E and TB stained tissues from one
representative mouse in each group. "P < 0.05, P < 0.01. OXA: Oxazolone; CT: Cartilage tissues
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Figure 5
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Long term OXA-induced AD of BALB/c mice. A: Schematic diagram of AD murine model induced with OXA long-term

treatment; B: AEar thickness curves (solid symbols with solid line) and body weight curves (hollow symbols with dashed line) of AD mice

induced with OXA long-term treatment. n = 11, mean + SD; C: H&E staining of the AD-like lesional ear skin, and a normal mouse was used

as control. The H&E staining ear tissues (scale bar, 200 um) were shown on the left panel, and the magnified images (scale bar, 100 pum)

annotated by black dashed rectangle were shown on the right. The EPI and DM were marked with yellow solid lines, and the corresponding

thicknesses of the marked positions were denoted below the H&E staining; D: TB staining of the AD-like lesional ear skin, and a normal

mouse was used as control. The TB staining ear tissues (scale bar, 200 pm) were shown on the left panel, and the magnified images (scale

bar, 100 pm) annotated by black dashed rectangle were shown on the right. The EPI, DM, ST, and CT were respectively marked on the right

side of magnified image. The dermal mastocytes were annotated by black arrows, and corresponding mastocytes count was denoted below

the TB staining. The images of H&E and TB stained tissues from one representative mouse in each group

Table 2 Summary of OXA- and DNFB-induced AD murine models with various modeling conditions in this study

Sensitization Challenge .
Hapten - - - Experimental test Stages of AD
Site Dosage Site Dosage Interval Time
OXA Ear 2%, 10 pL  Ear 0.2%, 10 L Once every other day 10 = Ear thickness = Ear swelling ~ More like subacute stage
Dorsum 4%, 50 pL Once every other day 10 = Scratching = Histopathology ~ Acute
Dorsum 4%, 50 pL Once every three days 17 Chronic
DNFB Dorsum 0.3%, 50 uL. Dorsum 0.05% or Once every three days 3 * Dermatoscopy * Dermatitis ~ The skin heals faster than the lesions
0.1%, 50 uL score * TEWL = Scratching = caused by DNFB
Dorsum 0.2%, 50 L Histopathology Acute stage, the skin healing is as
fast as the skin damage by DNFB
Dorsum 0.4%, 50 pL Acute
Venter 0.4%, 50 uL Acute
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B 45 X TEWL £ 5 10 % T OXA 5 5 AD /N B B4
B, B AR B HE DA R R B A A TEWL Asr il {H AJ FF 28
W7 4 B R JE, vH R B R 22, TR M R A 4L 2K
AR, BG5S e B MRS .

HHT AD & A 1k o B3 R A S vk, B AT
AD /) BB RS AT DL 5E 4 A AU B R AE AD I R EARP
DNFB 1 OXA 5 5 ] AD /] U B J2 45 L ] AD 3))
YRR (B A BE S W 43 i PRARRAIE, 32 60365 R ik e
B Ty B 52481 B Ik 4 8 2 | R IR 4 J2 98RE 4 LIS T
P22 YR A 2 Tk 98 i R FE S 55, I SR ABE 2856 28 [ It
6 1] 5 TR TR 0441 571 B ) TL-4/1L-13 R R BLAR &5 259
BT IR, (HBE R B9 Th2 98 5 S S AH 5G4 g [
F (0 IL-4.IL-5.1L-13 A1 IL-9 %%) % i 1k [A -+ Bl &
(chemokine C-C motif ligand, CCL) ( 41 CCLI11 Al
CCL26 %%) 31k 5 AD I IR &35 Th2 2805 ) M REAE
ZE BRI [R G, FF FAA 9 245 BKOPF A B L 2R A
2 18 52 W BB S5 R AD Bh ) R R R R A G
. [FI, fETT R AD R N 2580 P I, AT A K[
Wi 5, IL-4/1L-13 FUAR 55 AD ¥R J7 2590 /E N BHME XTI 24
AFH T TR ASE 28 T 1 0 52 K0 24 2 B

2z BRIk, AW T AD R REAIG PR £, 45 &
(AD BT 259 R R38R 78 T SR ) (FiF 3K 2 WL A
X 2GRV B AR DS, SR FAS [ B L Bt 71
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DNFB i Ff £ #2515 15 5 AD /) RSB 14 21 55
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