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[ Abstract]

psoriasis-like inflammation by regulating the Th1/Th17-related immune response, and to investigate its regulatory

Objective To explore the mechanism of GS-9620 in improving imiquimod ( IMQ )-induced
effect on the gut microbiota in mice. Methods An IMQ-induced psoriasis-like inflammation model was established in
BALB/c mice. The severity of the skin lesions was evaluated by psoriasis area and severity index (PASI) score. The
proportions of CD4" interleukin (IL)-17" and CD4" interferon (IFN)-vy" cells in spleen tissue were detected by flow
cytometry. Levels of the inflammatory factors tumor necrosis factor (TNF)-a, IL-1B, and IL-6 in skin tissues were
determined by enzyme-linked immunosorbent assay, and pathological analysis was performed by hematoxylin/eosin
staining. The effects of GS-9620 on the structure of the gut microbiota in control, IMQ model, and GS-9620-treated
mice were detected by 16S rRNA sequencing. Results GS-9620 significantly reduced the PASI score in IMQ-
induced mice and effectively reduced the proportions of CD4" IL-17" and CD4" IFN-y" cells in the spleen. GS-9620
also significantly down-regulated the expression levels of TNF-a, IL-1B, and IL-6 in skin tissues. 16S rRNA
sequencing showed that GS-9620 significantly regulated the abundance of gut microbiota related to inflammation,
including the relative abundances of bacteria such as Lachnospiraceae_NK4A136_group, Lachnospiraceae_UCG-008,
GS-9620 effectively alleviates

IMQ-induced psoriasis-like skin inflammation in mice by regulating the expression of Th1/Th17-related inflammatory

Alloprevotella, Desulfovibrio, Prevotellaceae _UCG-001, and Alistipes. Conclusions

factors. It may also improve IMQ-induced clinical symptoms by regulating the structure of the gut microbiota, thus
providing a new theoretical basis for the treatment of psoriasis. The result of this study provide important experimental
evidence to support further investigations into the application of GS-9620 for the treatment of psoriasis.

[ Keywords] psoriasis; psoriasis-like inflammation animal models; gut microbiota; GS-9620; 16S rRNA

P S B AR 2025 4E 7 A5 33 555 T # Acta Lab Anim Sci Sin, July 2025, Vol. 33, No. 7

Conflicts of Interest: The authors declare no conflict of interest.

2 JB 9% ( psoriasis ) , 18 PR 4 B fE, & — i
PR SRNE SRR KPR B Il R B
B A ) ff i 1 20 B0 i B e, 42 3K R i R A Ry
2% IR AU R SN B R
T L L B R A 9 B g AR TR Y £ TR R
Wi, AR BEE BT ST TR 4R B R O 4 R
TE X — B FR Ge M, T AR B Al By K K e
AR AR ST FEI AR S O 4 KR AL
T WA ML 55 S 5 A L 22 [R) 52 2% 1Y R B AR
AT, Horf Th17 1 Th1 400 0 5 5 156 £b % 43
WA A AE P (A i SR AE R F--ou (tumor necrosis
factor-ac, TNF-a) .40 i/ (interleukin, IL)-1
I TL-6) FEBIR A 2 A & B e SR E RS . A
ARG 295 K Thl  Th17 A1 Th22 40, Thi
3 T ZE -y (interferon, IFN-vy) J& 8l 2 5E [ b7,
Th17 i 1L-17 F 1L-22 4 #9745, Th22 ] fE 5%
M) iz K S5 P T BE T /0N B R TS o A A4 3= 2 44K ot

Th17 4N TL-17 15538 ¥, Th1 F1 Th22 H1EH
HIF DN Hr bk S (imiquimod , TMQ )
IR A4S 2 Th17 40N 5. © A BFSEIE
SIE, 30K 6 A1 i RN AN B0 R SR 3 ) R E S
NIRRT RES | & 4 B PR R BR RS . R L, B
Fity— 6 24 9 308 3o 5 0 A G 40 L PR 1R 3R T AR
9 , QAT T C5a/CS5aR 1 38 B Sk 8 5 4R
JEIRAR 96 TR F- B 3K, 28 M 4 s 0 Rz R IR
BEAh, SCHkHRAE , 4R BN 5 2 Fh & 501 5% % V)
ARG, AT Ao 5 8 T 3 R RO I A G L v AL
REPRE AR 25 B AE DL K R RE 1 99 ( inflammatory
bowel disease, IBD ) %% & 34 (9 KU, o T3
Mg &t 4 B TR DL IR I ME R AR AR
A AR TE R E A A BRI N A5 A2 TR I R
AR S, REEmEA Z/MIGT FETH
T HlRER (B B = REAE IR IA ML A
BT, BRI, TR ZAR JE e 10 &R AL, T



Fp [ SCEG S 2A AR 2025 457 A 33 %55 7] Acta Lab Anim Sci Sin, July 2025, Vol. 33, No. 7 1023

RHIRTT R, X T R E UG BA E 2
A 5T 2R B, BB FR A TR Th7 4y
S SR S i S B S ETL-17 1123\ TNF-«
AR RN PR, XEHRF AU EES 5 K
JER &0 S, 75 T 3 3 L A A B R I 4 By 24 AR
45, X R RAE H FPEAR B R 10 kA &R il %
KEEVERT . shi A AR5 o & B, ARG 30 R 17
JR I A R B AT AE TL-17A X Ui B Th17 40 i F5te
T AP M 7 A 0 TL-17 A 258 T8 0 S8 E f
IR S35 Ah, S8 IL-17A 7P A9 Th17/Thl
TRAR P BELUT , £ 4 B AT sk 20 AR TS 95 114 98 i S
O R R A A B R I
TESHE R 2 1] [ R AE A 2 VI ORI AR W iR
B R TR R 1 AU 2l AR 3 A, T o
% B B e A AR o 4 DR DU s 3k S R
M7 457, T EA ST, RIER T 5 78
FREZ A AFAE 3 S 2R WL W 6 2, Wil T
e 1k 2 FpIL I 52 e 28 A R A0 30k, i 3 B R
AR 7= By 4n 5 2% g i BR ( short-chain fatty acids,
SCFAs) BEREYE T Treg/Th17 4 At - , 300 fhl i &5
PRAE STV 5 HE 86 55 A2 T (A0 USR8 | FLER AT 1)
AT Toll #E3Z UR{5 53 I T 18 NF-xB %5 & AE
G AE H, UAE R R 7 A T R OK
i B BEBE D) BE 2 B, 1R (R IR 2 b
(lipopolysacch aride, LPS) %5 2l & B¥ 53 i#F A I
TEER, il %z 4 B Pk 98 E IV, KA, 4 0E 1
A5 0 B R A A 2, TN -0 ZKSF- T 183 e
Ji7 B SR B, A 1 4% 1 250 T G 14 A, 4 A %
HA R RAEF 5 38 5 B 22 18] 5 A A
FATE R T —A~ 52 2% B 18 42 D9 2%, 33k Fof 0L i) S BEX 12
7P TE DA RE T BB FEAR B R 19 & 2B R JR vh 4 i R
B, N B AR B R I T B R B
], PRI, 38 e 18 9 PR R 5% 1 i 3 T R 4
B AR, A A AR B R YT SR T Y L
GS-9620 & — Ff 8 B 1Y Toll #5244 7 (Toll
like receptors 7, TLR7) #ah3f, A< A5 A1 BA T I
[IRFGE 2, GS-9620 REMEAA RN EVT1 %5 13k
Y| BN E T XU, AL T AR o
FREAR/IN ULV P IL-18 L IL-6  TNF-o 25 56 4l 48
i PR 0 7K TSI 2 B, AT D8 25 96 i J2 1 488 8
ANERUBY AR A R DR, AR BF 9 g A ST TMQ

5 AVER B A A S E /D R AL R GS-9620 i
P JETE Th1/Th17 FH5E G588 RNV B0 IMQ 755 1Y)
B B IR SRE O AE R ML , I 1 — 25 ik 58 H X /1
SR T TR R A R YV T, AU B AR, R
OGRS IR R AR I S At

1 HBEH®

1.1 ##
1.1.1 SESzhY

6 Al SPF ZL it BALB/c /ML 18 H 14k
FaiE 18 ~ 22 ¢, W [H ) R4 L5 s e [ SCXK
(4)2022-0002) , FIERYIAK 22 B 223 5 4 S 56 v
LEIFR[ SYXK (H)2022-0302] , 38 b 4 35 1
JEHFIR S, IR R (24 = 2)°C W B
(55 £ 15) %, CIE/BEE IR 12 h, A R B Ak
IK o ARSI 28 TRIN K 2 5L 56 50 30 9 O 4 A
7= BU2stHE (TACUC-202400107)

112 FERH S5

5% WK s SRR LR (YT BRI A7 R T¢
R3] S H20030129) 5 A48 R ER K (U )1 BHE
2L B A BRZA 1) 5 GS-9620 ( MedChemExpress,
L5 :24797) 5 SERBE (LR 2RO BHEE A BRA
H) ;4165 :2024030501 ) ;4% 2 5 F RS [ 58 Wk (T
HAREYFARABRAF] A5 :100923240430) ;
AR (HE) e ik ( HIgRGIAE YR A
PR, 45 . ml037866) ; E. Z. N. A. Tissue DNA
Kit i # & ( Omega Bio-tek, t 5.
D3396020000J21V017) ; TNF-o ( PU iF 1 4= #y Bl 4%
o], 45 . CHE0004 ) |, 1L-1B ( IBL-America, 4t
2. IBILBO801 ), IL-6 ( IBL-America, it 5
BE27768) , CD4 ( Invitrogen, It 5 : AB2538837 ),
IFN-y(#t5 . BM41174) ( BD Biosciences) , IL-17A
( BD Biosciences, #it5 : AB1645260)

TALTL /NN W) R B (TR I T i oK 12 A A
HARA ) 3 B W 53 H7 (1Mlumina 23 &, &
*Z :Illumina Nova seq 6000, 3 [E ) ; MF53 3] & 2¢%
SRR (1M T 2 Mshot YerLEARA FRAH]) .
1.2 A
2.1 ARJERG /N B RS 1) 3 SR 9T

NRTESE SR Z3E 1 2 JA S 7R 8] 3.0 em
x 3.0 cm B, HIE 24 h J5IFIRSEE, 2850 A
34, A 6 4B A IEH 24 ( Control + A FEER



1024 W E SZEG SR 2025 4E 7 45 33 %55 7 Acta Lab Anim Sci Sin, July 2025, Vol. 33, No. 7

7K) IMQ H (5% IMQ + A= BEE/K ) F1 IMQ + GS-
9620 2 (5% IMQ + GS-9620) .

IMQ 118 FH & 5% IMQ (1) Aldara FLEE /D
BRI BAL , BFIK 62. 5 mg/d, RRELURIK 7 d R IR
HIEY 1 dic k0 d), LA HEAT 4R I8 6 /s BRUBEAY 1Y
R I IMQ S 1 KIFLR %G
B2 h Ja %N B s i AR R K, B R R
100 WL, 3 FLE 47 6 d, IMQ + GS-9620 2H Jy 1E
IMQ &R I FERE T, NG 1 RITLR, B H A LR
FLE 2 h J5 R/ B R U S GS-9620, Ik
4.5 mg/kg, FERES 1 K, T 5 IEHHFEAE
PRER K P AT RS ST 6 d, HLSCG AL PR
YEmEmE 1,

‘ GS-9620 (4.5 mg/kg)

X X X X X N
o NV VYV VY],

BABL/c mice WK 5% IMQ (62.5 mg)
Apply 5% IMQ (62.5 mg)

LbBEFE S HT
Execute and analyze

B1 SRR E
Figure 1 Schematic of the operation of the

experimental procedure

1.2.2 BERIRNAYT i iPAdh

X /N B R AT IR 2 LA, O R T AR
J& s THT AR S ™ i R BE 45 40 ( psoriasis area and
severity index, PASI) P13 2% /]> BRUEF 5 Il IR 48 i
fi 7 AR A T R A N BB SR I £
D S RS B RR AT W . A TE DL 4 5
HIBEATPE (0 = Jos1 = B2 = g3 = &
54 = ) o RIS AR AN, 15 3 S ) e
12 48,
1.2.3  BAMGEME Rk M2 RA

WSS T R, Se i R 7 B S R 4
WO A AL/ R ZE AR A 1 DR 4R i R
BRI, KSR A B R REAR ST B - 80 °C VKA F-A7
SRIGALIE /N B, SRR IR L 2H 2, BB 4 22T 4%
Z R E , B4 T -80 CIRTT
1.2.4 BRI E

PO H R IR 2L, K/NZ) 1.0 em x 1.0 cm,
K AR, PR (J5EHE 4 pm)  HE Je @ B
o BER R R & T B T WL

JRZH 2 ) i B 2 AR A, 31 1 ImagePro Plus 6. 0
AT AT AR B IR A B ST SR I 2
1.2.5 ELISA ¥

TE R JR2H 20H i A 24 o, WA SR VT,
ELISA 5 &, %/ B IR 2 iy TNF-a | IL-
1B Fl TL-6 FEAFAE
1.2.6 M4 AR /4t

TSRS 7 O, o IR PR TR 391 S B R /D B
JPRIE i AL BE. | U 2H 2B S | 0 i i A £ 4
S, B AN S A PBS B0, H B, ML
B4 1 x 10°/mL, il A CD4 ¥4, 37 °C
HEIEIEE 15 min XA MEARIC G, Z 5 MA
2 WL AHER A YT 37 °C 5% CO, K374
K537 6 h il A s Ak, [ e A BE 20 e, 43 i
A IL-17A FIFN-y ik, T 4 C T E 40 min #r
it SRl ARAS I
1.2.7 B HERE 16S rRNA M F43Hr

i FHEEAE DNA B2 B0 &, 24/ 40 1 20 il
BE B DNA 38 1 B0 A s i BR 325 4l 4k DNA
FBRER TR A A T, AR A O B T
UG E T E DNA B R4l B8 | A i A260/
A280 HLfHTE 1.8 ~ 2.0, ##E 168 rRNA FEHAY
V3 ~ V4 XiE 59, 1IEm549) 338F(5° -ACTCC
TACGGGAGGCAGCAG-3"), Ia 5|4 .806R
(5 -GGACTACHVGGGTWTCTAAT-3" ) ¥ 4 4f
i 16S rRNA HEHH) V3 ~ V4 X, PCR 444, i
.95 °C L5 min; 28195 °CL,30 s;iB k.55 C,
30 s; IEfH1.72 °C,30 s; HFF:30 ~ 35 K ; At
.72 °C, 10 min, i F PCR 4lifkid5] & alifb P
By DI ANTPs, B0 422 3k i 4 3]
45 PCR 724 1o i FH 28 B A E SC
PR R BRSO B A5 P 20K, KRRl
AR ) SC P S BE R LU LR A, ME & L LI,
A Mlumina Miseq/Nextseq 2000/Novaseq 6000 -
BT EEE DT, W F S EE A PE250/PE300,
fdi FH 4K fF QIIME2 ( 2024.2 F A< ) 1 Mothur
(v1.45.3) XF Ji 4 W00 0 A7 o s s o, 25 B
RT3 90 At G A, B 51 4% 97% AH DL i
17 # 4E 43 25 ¥ 5T (operational taxonomic units,
OTU) 2, i 112 % %45 FE (41 Greengenes
Silva) % OTU BEATHRPFERE, 55 Alpha 2R



R E SZES SR 2025 4E 7 45 33 %55 7 Acta Lab Anim Sci Sin, July 2025, Vol. 33, No. 7

1025

( 41 Shannon F8%X .Chaol $8%%) 1l Beta ZA£M: (40
% A& FR 43 AF ( principal coordinates analysis,
PCoA)) o fifi HIGE 1125 Jr ik (T4 14 1 51 53 A
(linear discriminant analysis effect size, LEfSe) | AH
U537 (analysis of similarities, ANOSIM ) ) 43 #7
ANTRYZE 590 T80 ) T R 2 e 4 Tl 0 7 o T T A Y
AN Z AN, S B9 M 1 TR S R B 1 DG R
S R SR
1.3 HitZE5H

K SPSS 27.0 A # AT et 2= 40 b, 1 i
LERLDISEIME + ARiERE (& = 5) Fom, 2R
RN E T 225307, P < 0. 05 Fm B Giit i

o i GraphPad Prism 9. 0 WAVER,
2 H#R

2.1 GS-9620 3F IMQ FESHRBH/NRIEE B
Pk 2R R i R E WK Y B2 01

T IR GS-9620 X4 JE 95 1R T VE A, >R
FHIMQ 755 (8 T 9 /N BRBE A 91455 GS-9620
TBIT,SEERER 0 4.7 K3 /NI R B 252
WELANE 2A Frzs, AMULLER , TMQ 4H /Iy Bz Bk
WINLTBE W58 MK SERE AR, AR A R TR
R, 28 GS-9620 1RY7 5 , I PRAE IR BH k% , 74
AN (E 2B) . IMQ ZH/) Bl PASI PE4) i &

IET 4
Control group
IMQ#A
IMQ group
IMQ + GS-962041
IMQ + GS-9620 group

A B
E
= £ 120 -
i
-5 °°\\° 110
23
= E 1004
g 2 g
o8 i g
g8 i 5 90
"~
=2 ii!_%
= 80
=3\
ol O
o N
N 0
0 O3
-
<
poe
==
¢ 5= 5=
3 E
4- £ 4
€3 « 8
>~ O
£954 £ P
=5 =2
<<C ZR%)
B 21 524
il Ho
e 4 B
z
m w2
0 0
2 4 6 8
I [Al/d Time/d
5 15
=
RE
&E S 210+
g =8
P13}

TR SE
£2 =27
= 2 g
2
=

0

2 4 6 8
HF/d Time/d

I i]/d Time/d

o B4
Control group
- IMQA
IMQ group

IMQ + GS-962041
IMQ + GS-9620 group

2 4 6 8
I} [)/d Time/d

(38

4 6 8
B 1/d Time/d

TE: A NRTESEI PER 0.4.7 K EREIRAG B0 ; B o/ BRUA BT FE 5 C. /N PASE PP 5 IMQ 4IATEE, " P < 0.05, (T

[l
2

FHESHIIG /S B A At A B Jik A Ak

Note. A. Dorsal skin of mice was tested on the Oth, 4th and 7th days. B. Body mass radio of mice. C. PASI of the mice.

Compared with IMQ group, P < 0.05. (The same in the following figures)

Figure 2 Body mass and skin changes in mice before and after medication
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Note. A. Skin pathological pictures of mice. B. Comparison of epidermal thickness of mice. C. Expression of IL-1f in the skin of mice.
D. Expression of IL-6 in the skin of mice. E. Expression of TNF-a in the skin of mice. Compared with IMQ group, ™ P < 0.01.

Figure 3 Changes in skin pathology, thickness and cytokines in mice( HE staining)
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Figure 4 Changes in spleen and its proportion of immune cells in mice
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Figure 5 Analysis of the intestinal microbiota structure of mice
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Note. A. At the phylum level, changes in phylum abundance in each group. B. Changes in genus abundance in each group at the
genus level. C. Wilcoxon test was used to analyze the species with differences in phylum level between the normal group, IMQ group
and the IMQ + GS-9620 group. D. By Wilcoxon test analysis, compared with IMQ group, the abundance of species in normal group
and IMQ + GS-9620 group decreased at genus level. E. By Wilcoxon test analysis, compared with IMQ group, the abundance of
species in normal group and IMQ + GS-9620 group increased at genus level

Figure 6 Changes in the phylum and genus levels of mice
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Figure 7 Spearman correlation analysis of psoriasis-related factors and gut microbiota
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