+ 2330 - doi 10.12122/j.issn.1673-4254.2025.11.05 J South Med Uniy, 2025, 45(11): 2330-2339

B NET3 EXEXR TR DFHE: EFEERAS

LA M R, Bk B
FMFEBRF FEIRFREABESR, S WEER, TM M 550025 %M 4 HF 2K FH (K%
BB A RAREERRE, TN KA 550025

WE: BR ST AT 2= W5 3 AL(XXW)IRY TR SE T R (RA) AFHLE . FoiE Bl R U IS 506 1 4 iiT 48
FUR B A% 5 AL Ak 6 4. (8 /2 ) , TAS i ) 2 J) J o 18 4 3 JLHEA T T 100, A 3 AL v v AR e B B T W 28 2 03 0
200,400,800 mg/kg, TR AMEZ AT F (LGTDGP)9 mg/kg, 1 k/d.  TE 5 % R ARG R ATE B SE R 1% AR LA 2240, %
SRMEE 23 JE . SR ELISA SR A0l & K BRUME 7 IL-10 . 1L-6 . TNF-o [ &t JE T ER I R HEAR 4% (TMT) AR T 5 45 4L
e R e 2 AR 2 ] ) 25 S TR AR 1T, 3l ) R AR A O BB bR S A5 538 % . SET ggplot2 tidyverse SF4R AN 5 T WAL A,
Xof SRR AN IR A5l KA S R R s 1A T A A B, A O A 5 45 A A Can T 41 . B 40 L L W 4 i 55 ) i A
b R GIEAL LA S DGR AZ T B R IA S Ol . Z5 R 510 X BRAL b, AR 4 A R H TNF-0c TL-6 B 75 &t
B T (P<0.01) , IL-10 7 s FFAIR (P<0.01) ; SHERILL bR, T AT Z 1 1 Fii o U0 R 241 K B ¥ v TNF-a . IL-6
By & B AR (P<0.01,P<0.05) , TIL-10 & B34 1 (P<0.05,P<0.01) . & [ T4 24504 A BB A2 Fngds & Juis 7l i 4128 2 H 1604
ZREE BT (CCLS) 5 5 S 55 5805 N 7 1 (STAT1) , ki fiti B (GZMB) FI /2 7 2 (IL7R) B Lo A5
CCLS.STAT1 1 ROC 128 F ALK F 0.9, 444 0#1 55 (CCLS, STAT1.GZMB . IL7R) 5 H1 9t ig4Z CD4 T 41 &0 id 12
CD4 T 21 B Rl U5 A 1 40 45 22 IE A DG (P<0.05) o s 1Ak S S ie v o A B, 52 1 BRA b, AR 4 R RRUBR DG
o1 CCLS . STAT 1 £ 35K -8 (P<0.01) ; SR EIZH A, 25 35 ALIA YT Ji CCLS STAT 1 8 125 K [ (P<0.01) . 25
W FRSE AT CIA K FREA ST AP 1, 8 i AR a3 Hh 472 46 PR F- TL-6  TNF-a A9 25 2[RI TR s 48 IR TL- 10 7K ST, Dok
JERE R, HAL I 545 CCL5, STAT1 4578 1 Y 35 AHE

SEARRIA) B 5 AL 5 RGNS R 5 B 1 A 2 5 e 4 it 12

Molecular mechanism of Xixian Pills for improving rheumatoid arthritis in rats: a

proteomic analysis
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Abstract: Objective To analyze the molecular mechanism of Xixian Pills for treatment of rheumatoid arthritis (RA). Methods
Forty-eight rats were randomized into 6 groups (n=8), including a normal control group, a collagen-induced arthritis (CIA)
model group, 3 Xixian Pills treatment (200, 400 and 800 mg/kg) groups, and a Tripterygium glycosides tablet (TGT) treatment
group. In the latter 4 groups, the rats were treated with daily gavage of Xixian Pills or TGT 2 weeks after CIA modeling for 3
consecutive weeks. The differentially expressed proteins in high-dose Xixian Pills group and the model group compared with
the normal control group were screened based on the tandem mass spectrometry tag (TMT) technology, and the core targets
and signaling pathways were analyzed. The immune cell infiltration and gene expression data were analyzed using ggplot2
and tidyverse packages, and the correlation coefficients between the core targets and the immune cells were calculated. Results
The CIA rats showed significantly increased serum levels of TNF-a and IL-6 and lowered serum IL-10 level. Treatments with
high- and medium-dose Xixian Pills and TGT all significantly reduced serum TNF-a and IL-6 and increased IL-10 levels in CIA
rats. Proteomic analysis identified 160 differential proteins between the model group and high-dose Xixian Pills group, and the
core targets included CCL5, STAT1, GZMB and IL7R. The areas under the ROC curve of CCL5 and STAT1 were both greater
than 0.9. Immunohistochemical and immunofluorescence staining revealed increased levels of CCL5 and STAT1 in the ankle
joints of CIA rats, which were significantly decreased after treatment with Xixian Pills. Conclusion Treatment with Xixian Pills
offers protection of the joints in CIA rats possibly by inhibiting joint inflammation via regulating protein expressions of CCL5
and STATT.
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Tab.1 Experimental instruments and equipment and their sources

Experimental equipment Model Company
Nanoscale liquid chromatography instrument EASY-nLC Thermo fisher scientific
Ultrasonic disrupter JY96-IIN Ningbo xinzhi
Low-temperature high-speed centrifuge 5430R Eppendorf
Vortex oscillator G-560E Scientific industries
Thermostatic incubator GNP-9080 Shanghai jinghong
Mass spectrometer Orbitrap Exploris 480 Thermo fisher scientific
Vacuum centrifuge concentrator LNG-T98 Taicang huamei
Ultraviolet spectrophotometer 260 Bio Thermo fisher scientific

High-performance liquid chromatography

Nano Drop

1260 infinity II

Agilent technologies, inc.

ND3000 Thermo fisher scientific

12 ik
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Tab.2 Ankle joint swelling degree and inflammatory factor levels in the rats in different groups

Group Ankle joint swelling degree TNF-a (pg/L) IL-6 (pg/L) IL-10 (pg/L)
Control 0.229+0.016 54.86+7.4 38.94+8.6 55.3243.6
Model 0.364+0.012%* 144.68+10.2%* 77.34+12.4%* 22.62+6.1%*
LGTDGP 0.243+0.015% 62.32+10.3% 45.63+11.3% 46.24+7.6"
XXW-H 0.268+0.017% 70.24+9.6% 55.24+7.7% 47.35+5.8%
XXW-M 0.291+0.016" 98.63+12.4* 59.24+14.3% 38.36+8.7"
XXW-L 0.324=0.021 125.34+18.9 69.34+9.7 30.24+9.6

*#P<(0.01 vs Control group; “P<0.05, “P<0.01 vs Model group.
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Fig.1 Histopathological changes of the ankle joint tissues of the rats (HE staining, original magnification: x100).
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Fig.2 Analysis of differentially expressed proteins
and core targets in rats with collagen-induced
arthritis (CIA) and Xinxian Pills-treated rats. A:
Volcano plot of the differential proteins. B:
Intersection of the differential proteins between
the CIA model group and the high-dose Xixian
Pills group. C: Interaction analysis of the

differential proteins.
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Tab.3 Differential gene pathway analysis

NO. Path name Gene count P FDR

1 Primary immunodeficiency 9 2.57E-10 3.62E-08
2 Hematopoietic cell lineage 11 1.34E-08 9.43E-07
3 Cytokine-cytokine receptor interaction 17 3.06E-08 1.18E-06
4 Th17 cell differentiation 11 3.33E-08 1.18E-06
5 Epstein-Barr virus infection 14 5.84E-08 1.65E-06
6 Osteoclast differentiation 11 5.47E-07 1.29E-05
7 Th1 and Th2 cell differentiation 9 9.08E-07 1.83E-05
8 Human T-cell leukemia virus 1 infection 13 1.24E-06 2.19E-05
9 Viral protein interaction with cytokine and cytokine receptor 8 1.57E-05 0.0002

10 Breast cancer 9 6.57E-05 0.0005
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Fig.3 ROC analysis of the differentially expressed genes CCL5, STAT1, GZMB, and IL7R.
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Ak Tab.4 Counts of CCL5- and STAT1-positive cells in rat ankle

. » joint tissues and immunohistochemical scores (5 fields)
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RBERIAT T CCLS STAT ) RF T (P<0.01); 51 Control 12431 1 134322 1
FAZH LA, 22 XXW-H Fl LGTDGP 1 i /5 , CCL5 Fil Model somstr 3 s st 3
STATI [{RIAREIR(P<0.01). LGTDGP 23+2.5" 2 22+2.0" 2
2.7 RARAMEMIRETF F CCLS STAT1 & & A ik XXWoH 3025% 2 305" 2

e 0 - RiA £ Vo
l—:‘"I‘ E[Xj‘ﬁﬁgﬂ ttﬁ ’ ﬁﬂzﬂj{ ﬁft%ﬂé T'l ':F‘ CCL5, #%P<().01 vs Control group; "P<0.01 vs Model group.

B4 FAKRRKTHCCLSMIRIE

Fig.4 Expression of CCLS5 in the ankle joints of the rats in each group (x200). A: Normal
control group. B: Model group. C: Tripterygium glycosides tablet group. D: High-dose
Xixian pill group.

B 5 FEKRBRKTIH STATI FIRIE
Fig.5 Expression of STAT1 in the ankle joints of the rats in each group (x200). A: Normal
control group. B: Model group. C: Tripterygium glycosides tablet group. D: High-dose

Xixian pill group.
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STATI1 M 15K THE (P<0.01) ; SEIR A A, 4
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K (P<0.01,55,1K6.7).
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Tab.5 Optical density analysis of CCL5 and STAT1 on immunofluorescence staining images (5 fields)

Group CCL5 (IOD) CCL5(AOD) STATI (IOD) STATI(AOD)
Control 2804.89+222.73 0.22+0.02 2097.43+403.42 0.17+0.03
Model 13661.384+145.47%* 0.82+0.01%* 12904.86+720.16%* 0.78+0.05%*
LGTDGP 6487.84+228.86" 0.42+0.01" 6693.79+120.62" 0.43+0.04"
XXW-H 9687.52+253.10" 0.60+0.02" 9398.39+624.72" 0.59£0.03"

*%P<0.01 vs Control group; “P<0.01 vs Model group.
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Fig.6 Immunofluorescence detection of CCL5 expression in rat ankle joint tissue (x200). Green fluorescence indicates
CCL5, while blue fluorescence indicates the cell nucleus (Scale bar=50 pum).

2.8 EFAFARR L sk i iEZ A 69X &

T RIBEF 2| CCL5 .STAT1.GZMB HIIL7R 5
G S8 L P R IRT DA AR AR SR S 2 2 I, B A AR AR R
CCL5.STAT1,.GZMB FIIL7R JE A, #5He v i (2,4 3¢
CCL5.STAT1,GZMB Fl TL7R J [K 5 4092 4 i 6] i A
Kbk, &I CCL5,STAT1 .GZMB I IL7R L 5 £ bt
P2 20 L AH OC (&1 8) o 4 A% .0 88 & (CCL5, STAT1
GZMB.IL7R) fE[RIif 5 JeigfZ CD4 T 4 &viic
12 CD4 T 41 e s I A i A 871 T 40 25007
itZ CD8 T 4iiffd .7&fLiY CDST 4ift 1%k’ CD4 T 4f
Jfl 5 ARG (P<0.05) .

3 itig
K JUVEMTRTT RA MR AE R 24 380G v B 245 Rk

LGTDGP XXW-H

Tt A AOAZ O RN, FEA 20 T R R 2576 RA IR Ik
PAT AR T IR S B HRTLGRE5R .
RO T B R 24 A Sl A AL (8 ) A 25 X e (e
) St I GR35 5 RARBCR) SR04 i
22N FHENIGIR Lo 565 BT PR (Phynova) X XU
PRI S TN DL R 2 as shi i 45, B4
AR [ 24 T AT S (MHRA)FILME R 6, HIA
5T R WSR3 B AT PR (SRR | o s 4 ) S5 AR

FHIS S AHIRGY 2 B < Ul T RAE R T & T
RA ﬁaﬂi , TNF-o EZ9 MRS RIE, AT 1Z 1Y)
2EAONE, P S A FRAZ A | WA AR T 9k 2 200 i
A, FEYIREHUE I g™ HETLL TNF-o A8
RS A B Riep b K EEH . TNF-o J2 5
B IAEN B, BN R RA K2R R TR 1 2 8h B 40



http://www.j-smu.com J South Med Univ, 2025, 45(11): 2330-2339 + 2337 -

DAPI

STAT1

Merge

Control Model LGTDGP
7 BRI FRERXTTELR P STAT1 KSR

Fig.7 Immunofluorescence detection of STAT1 expression in rat ankle joint tissue (x200). Green fluorescence indicates
STAT1, and blue fluorescence indicates the cell nucleus (Scale bar=50 um).
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Fig.8 Relationship between the core targets and immune cell infiltration. *P<0.05,
*#P<0.01, ***P<0.001.
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