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Abstract: Objective To explore the expression of cuproptosis-related genes in rheumatoid arthritis (RA) and mechanism, and to screen
the potential traditional Chinese medicine in the treatment RA by targeting cuproptosis-related genes. Methods The RA microarray data
were obtained by searching the GEO database, and the expression levels of cuproptosis-related genes in RA were analyzed. The high
expression subtypes and low expression subtypes were constructed according to the expression of cuproptosis-related genes, and
differential analysis was performed to screen out the cuproptosis-related genes related to RA. Immune infiltration analysis was performed

on the gene expression matrix by different groups and the correlation between immune infiltrating cells and cuproptosis-related genes was
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analyzed. The Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis was performed on differential expressed
genes by the Kobas online tool. The Herb database was used to search for potential traditional Chinese medicines and their active
ingredients in the treatment of RA by targeting cuproptosis-related gene, and the Autodock vina software was used to simulate the possible
binding of drugs and cuproptosis-related target proteins. The expression levels of cuproptosis-related genes in RA were verified by clinical
samples. Results A total of seven cuproptosis-related genes (FDX1, DLD, DLAT, LIAS, GLS, LIPTI, and PDHB) were differentially
expressed in RA. The result of immune infiltration analysis showed that activated memory CD4" T cells, resting NK cells, and neutrophils
were associated with cuproptosis in RA. The results of pathway enrichment analysis showed that cuproptosis was mainly associated with
the chemokine signaling pathway, Toll-like receptor signaling pathway, interleukin-17 (IL-17) signaling pathway, tumor necrosis factor
signaling pathway, nuclear factor-kB signaling pathway, p53 signaling pathway, and peroxisome proliferators-activated receptors signaling
pathways. Leaf of Huzhang (Polygonum cuspidatum) may be a potential drug in the treatment of RA by targeting cuproptosis-related gene,
and the molecular docking results showed that the active components in leaf of P. cuspidatum may bind to cuproptosis-related proteins.
The mRNA expression levels of DLD, GLS, FDX1 and DLAT in peripheral blood mononuclear cells of RA patients increased. Conclusion
The expression level of cuproptosis -related genes is related to the progression of RA disease, and predicted that P. cuspidatum leaf is a
potential drug in treatment of RA by targeting cuproptosis-related genes, which provides a new direction and theoretical basis for the
clinical diagnosis and treatment of RA and drug development.

Key words: rheumatoid arthritis; cuproptosis-related genes; immune infiltraton; bioinformatics; leaf of Polygonum cuspidatum; DLD;
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Fig. 3 Result of immune infiltration assay
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Table 2 Potential traditional Chinese medicines in treatment of RA by targeting cuproptosis genes

gy FEH LG Y) KR
FRTEHE  GLS. DLAT FHiEHHEEE (coumestrol). EHA#IE (coumingidine) Herb $4E 2
PRI FDXI. DLD 74T (rutin). &2k H (hyperoside) FH i # (isoquercitrin) Ji & # (avicularin). £ iREFE!)

Wit e (quercitrin) K38 K -1-0-B-D-H & 1 . K55 HK-8-0-B-D-H B M+ Fifi
P (reynoutrin ) #f 7 & (quercetin )+ K% % (emodin) K & F fif (physcion)
YIRS (torachrysone). FERLF (polydatin). FHZEFE (resveratrol). MR
(citric acid)~ AR (tartaric acid)« SRR (malic acid) & TR (gallic acid).
WIERR (caffeic acid) FIZEAR (ferulicacid). ZiJRFR (chlorogenicacid). K7
F-8-0-(6"-0-TH I 55)-F & ¥E1F [emodin 8-O-B-D-(6"-O-malonyl)-glucoside]

RUIEH-8-O-(6'- LWL BT HEE . (RWIEH-8-O-B-D-Hi % HEH (torachrysone 8-

O-glucoside)
5K DLD. DLAT TWI{§[H (codeine). "SHE (morphine) Herb %¥z &
WNERS  DLD. DLAT " Herb 34
KB1E DLD. DLAT ZE#i8 (quinovic acid ). ZE ¥ FR-3-B-D-Mt M & # #E 1 (quinovic acid 3-B-D- ERERfH%ZENC

glucopyranoside ) 25 ¥ & -3-B-D- Mk i 5 %1 4 11 -(28— 1)-B-D- Mk el i %7 w1
[quinovic acid 3-B-D-glucopyranoside-(28—1)-B-D-glucopyranoside]. %5 i#8;-3-
B-D-Lt M 8] % i -(1—3)-B-D-MEL iM% T (quinovic acid 3-B-D-glucopyranosyl-
(1—3)-rhamnopyranoside ) /25 K# 2 (aloe-emodin ). %% 32 H (sweroside )~
HEF (loganin). Z:H T#&MJ5ET (noreugenin). undulatoside B. 5,7-—%
He-2- F LR 7-O-[B-D- Wk WH SR M i -(1—6)]-B-D- ILL i 3 41 W [5,7-
dihydroxy-2-methylchromone 7-O-[B-D-apiofuranosyl-(1—6)]-B-D-glucopyranoside] -
B-4 S EE (B-sitosterol)« #HEF N1F (daucosterol)

BT DLD. DLAT "k, %2588, (papaverine) Herb % 22
WY DLD. DLAT FIF5D (codeine). Wil Herb 40 %

®3 BEBT RAGYRSLFMRSFUSH

Table 3 Chemical properties and toxicity parameters of active ingredients of potential therapeutic drugs

RO5 BRI N

o RERRRS SR SR RRANE TR e e st o sookt mm
(gmol™) A% 2% 23 i i
FEREER 270.24 3 5 1.50 1 5 N N Y Y N
Wi E 180.16 3 4 0.93 2 5 N Y N N N
EPUE iR 268.22 2 5 2.46 0 4 N Y N N N
P W e 433.58 1 6 3.51 7 5 N N Y N N
REH 270.24 3 5 1.87 0 5 N N N Y N
B B 194.18 2 4 1.36 3 4 N N Y N N
BETRR 170.12 4 5 0.21 1 4 N Y N N N
FRTHEOER  192.17 2 4 1.49 0 3 N N N Y N
K38 2 H ik 284.26 2 5 2.27 1 5 N N Y Y N
i B % 302.24 5 7 1.23 1 3 N Y N Y N
B 486.68 3 5 4.85 2 4 N Y Y N N
SE9R) 22824 3 3 2.48 2 4 N N N N N
iSRS 246.26 2 4 241 2 5 N N Y Y N

Y-t BLREESRE N-TCREME SR

Y-toxic reaction occurs  N-no toxic reaction occurs
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Fig. 6 Schematic diagram of binding of active ingredients of traditional Chinese medicine to cuproptosis target protein

F4 FEZTREELER

Table 4 Baseline information of subjects in two groups

Bzt RA 41 ik FExF HEL 2
5 478+12.8 40.6+5.5
PES (F3/20)451 2/3 2/3
FXIEH F/(IU-mL) 372.88 (109.64, 697.02) 4.02 (223, 7.93)
I RA B BUA/(RU-mL™) 154 (112, 270) 2(1, 3
MYT/(mm-h™) 29 (10, 41) 14 (7, 16)
C-I M F/(mg- L) 9.24 (2.79, 22.24) 3.46 (191, 4.93)
ZLA/(X 1012-L7T) 4.45+0.33 4.44+0.27
ZL2M M 53 A 5 AR 7 R E % 153 (142, 19.8) 133 (122, 14.1)
H/NR/(X10%-L7Y 259.20+116.48 245.60+35.47
H4AR/(X 10%-L7) 5.07£1.15 4.8740.68
rp R 4T 485 {EL/(X 109-L7T) 2.93+0.89 2.34+0.23
IR L 4T 265 3o /(X 10171 1.61+0.34 1.72+0.41
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