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Carboxyamidotriazole ameliorates experimental psoriasis via
downregulating the expressions of cytokines and antimicrobial
peptide S100A7
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Abstract: This study aimed to investigate the therapeutic effect and possible mechanism of carboxyamidotriazole
(CAI) on imiquimod (IMQ)-induced psoriasis-like mice model and M5 (IL-la, IL-17A, IL-22, TNF-a and
oncostatin M) -induced keratinocytes model of psoriasis. The severity of psoriasis-like skin lesion in mice was
evaluated by psoriasis area and severity index (PASI) score. The histopathological changes of skin were examined
by hematoxylin-eosin staining and Baker score was calculated. The levels of pro-inflammatory cytokines in skin
were measured by enzyme-linked immunosorbent assay. Transcriptome sequencing technique was used to analyze
differentially expressed genes (DEGs) and real-time quantitative PCR (qPCR) was used to detect mRNA
expressions. The animal experiments conducted in this study were approved by the Institutional Animal Care Use
& Welfare Committee of Institute of Basic Medical Sciences, Chinese Academy of Medical Science (grant No.
ACUC-A02-2022-115). The results showed that CAI significantly improved the severity of psoriasis-like lesion,
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reduced PASI score, attenuated pathological changes, decreased Baker score and inhibited the levels of IL-1/, IL-6,

IL-17A, IL-23 and TNF- a in skin of IMQ-induced mice. Transcriptome sequencing analysis revealed that

regulating keratinocytes and their mediated keratinization might be involved in the mechanism of CAI. Further
qPCR study validated that CAI down-regulated the mRNA expression of DEG S700a7. Moreover, the keratinocyte
model of psoriasis was established by stimulating HaCaT cells by M5. It was shown that CAI decreased the mRNA
expression levels of S100a7, 111, 116, 1117, 1123 and Ccl20, which were up-regulated by MS stimulation. In
conclusion, CAI might have a good therapeutic efficacy on psoriasis, and its mechanism was related to regulate the

function of keratinocytes and downregulate cytokines and S700a7.
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B F RARAE AR (dERT) A PR A5 HiSeript IT Q RT
SuperMix for gPCR (f%5: R223-01) 1 Taq Pro Universal
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NGRS R DA 4K 62.5 mg IMQ FLE, BEH 11Kk, iE S
6K, HFHRBWAE . WERE 1 RIFMR, IMQA
WEH 45 7 CALIVE 77 PEG 400, CAI 4L WE B 45 T A
WRECAL B H 1R, #5826 K. 1L-17 Ab4L/NRAEIE
B H RN ER A

IR BB BT K W22 1 PAST I 437 H [f] —
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BE % o5 A SR 25T 0~4 (R AY, B 3 TR 43 AR 15 31
. PASIVEZrAnife: T2, 045 BB, 14); W IE, 243
HAE, 350 IELE, 457

RORIBFRE 57 RAIEN R, B 56k,
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RIEKARE R P VEH )01 0.5.1.0. 1.5 705 H K JE
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1T 5L ¢ 6 5E 5 PCR (real-time quantitative PCR, qPCR).

qPCR 238 $2 HU J7 JIk 41 40 Al HaCaT 41 fitd &
RNA, I 5€ &2 RNA W B2, i % 5% & Bt cDNA. B J5 1
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Table 1 The primer sequences of qPCR. IL: Interleukin

Gene Primer sequence (5' - 3")
h-116 Forward ~ ACTCACCTCTTCAGAACGAATTG
h-116 Reverse CCATCTTTGGAAGGTTCAGGTTG
h-1115 Forward ~ ATGATGGCTTATTACAGTGGCAA
h-1115 Reverse GTCGGAGATTCGTAGCTGGA
h-1117 Forward TCCCACGAAATCCAGGATGC
h-1117 Reverse GGATGTTCAGGTTGACCATCAC
h-1123 Forward CTCAGGGACAACAGTCAGTTC
h-1123 Reverse ~ ACAGGGCTATCAGGGAGCA
h-S100a7 Forward ~ CCTTAGTGCCTGTGACAA
h-S100a7 Reverse CTGCTTGTGGTAGTCTGT
h-p-actin Forward ~GAGCACAGAGCCTCGCCTTT
h-f-actin Reverse TCATCATCCATGGTGAGCTGG
m-S100a7a Forward ~GCACCAAGAGCAACAGACTC
m-S100a7a Reverse CACTGGTGTGTCTGGCATGA
m-f-actin Forward ~ GTGACGTTGACATCCGTAAAGA
m-f-actin Reverse GCCGGACTCATCGTACTCC

%Kit F 5% N GraphPad Prism7.0 #F47 $#5
ST BRI UL X £ s Fow, A EBCR F BLR 3R 7 %
43T (one way ANOVA), W I Lt R H Dunnett-¢ 856 .
P<0.05F%RZEZRrEAGI 7 E L.
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A IA) R L 252 5 i IMQ 2L /0N B 14 7 3508 2 JBR A 28 3 R IT

a6 BT BE R4, DL, 20 BEER e IR i bk o B Ak

H R T CAI 75 & 4H PL & IL-17 Ab 4% IMQ 5 5
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Figure 1 Effects of CAI on skin lesion and PASI scores of mice induced by IMQ. A: Representative images of back skin from each group
of mice; B: Erythema score; C: Scales score; D: Thickness score; E: Cumulative score. n = 12, X+ 5. P < 0.01, "*P < 0.001 vs control
group; P < 0.05, "P < 0.01, P < 0.001 vs IMQ group. IMQ: Imiquimod; CAI: Carboxyamidotriazole; IL-17 Ab: Interleukin-17 antibody
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Figure 2  Effects of CAI on histopathological changes of skin in

T

mice induced by IMQ. A: Representative skin HE staining; B: Baker

score. Scale bar, 250 pm; magnification, x400. a: Munro microabscess; b: Inflammatory cell infiltration; c: Spinous hypertrophic protrusion;

d: Epidermal thickening. n = 8, X+ 5. P < 0.001 vs control group; "P < 0.05, P < 0.01,
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Figure 3 Effects of CAI on the levels of pro-inflammatory cytokine:

IL-23; E: TNF-a. n = 3-5, X £ 5. "*P < 0.001 vs control group; ‘P < 0.05, "P < 0.01,

s in skin of mice induced by IMQ. A: IL-14; B: IL-6; C: IL-17A; D:

P <0.001 vs IMQ group
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Figure 4 The transcription analysis of CAI 5 mg-kg™" group vs IMQ group. A: Volcano map of DEGs; B: Heat map of the top 20 DEGs; C:
GO enrichment analysis of DEGs for biological process (BP), cellular component (CC), and molecular function (MF); D: KEGG enrichment
analysis of DEGs. DEGs: Differentially expressed genes
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4b, K H KEGG i % 43 #7 # ¢ DEGs 1] fE 2 5 4% 1)
AHRAS 5@ B%, Wi 4D iR, DEGs iJ i 2 & 5 31 8 %
7 9@ 8, 84 1 % B0 - & 1% % (chemical
carcinogenesis-reactive oxygen species). 18 U #
(metabolic pathway) 1 4 fifd & Fff 4> 1 (cell adhesion
molecules) 5. XL RALIR, CAUM B s I/E FH &=
W K KCs B HAF IR L Mtk .
5 CAIMIMQIESHMRIFEBE LUK MSFEFH
HaCaT HAEHREL 1 S100a7 FRiK KIS

MR A 16 e Al 24 45 R S100a7a 72 top20 DEGs 22—,
5 mg-kg' CAT4LH S100a7a /K15 IMQ 41 5. 2 F 1,
HZH R g b 2 1 B K S100A7 583 8 995 % 095 % 1)
AR, ], K qPCR #E— 4601 S100a7a 3 4]
MRIEKT . WE SAFTR, S100a7a mRNA Ik 7K
HEFHNFHEREES —H. GaEFHRER—
CALX KCs BA 45 1E M, Ktk F M5 %l ¥ HaCaT
I AL LS o KCs AL, 1F — B I8 0IE CAL X S100a7
FIEWIFEM . an & 5B frow, F M5 4L 2 HaCaT 41 Jif2 1
3.6 12 F124 hJ5, S100a7 mRNA 7K - Fifi &b 32 i 8] {1 4E
K& HT 5 (P < 0.01, P < 0.001), 1fif CAI 10 pmol-L"
M3 bt R R 225 H ] R IE (P < 0.05, P < 0.001).
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Figure 5 The effects of CAI on S700a7 mRNA level in skin of
mice induced by IMQ and in HaCaT cells induced by M5. A: The
mRNA level of S/00a7a in skin of mice induced by IMQ was
determined by qPCR. n = 4-5, x£ 5. P < 0.05 vs IMQ group; B:
HaCaT cells were incubated by M5 and CAl for 1, 3, 6, 12 and 24 h,
and S/00a7 mRNA level was measured by qPCR. n = 3, X £ s.
P < 0.01, ™P < 0.001 vs 0 h group; "P < 0.05, ""P < 0.001 vs
MS group
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Figure 6 The effects of CAI on the mRNA levels of S/00a7 and
cytokines in HaCaT cells induced by MS5. HaCaT cells were
incubated by M5 and CAI for 3 h, and the mRNA levels of S100a7
(A), 111 (B), 1l6 (C), 1117 (D), 1123 (E) and Ccl20 (F) were
measured by qPCR. n = 3, ¥+ 5. P < 0.001 vs control group;

"P<0.05"P<0.01,""P<0.001 vs M5 group
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