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1. PRt EE 2 Rk B BB LA TP R, VLA R Al I 1555, 210029; 2. 1 a5t 7 BE 25 K2R a8 — I R B2 24 Bt

[(FE] BN KAAEFHBR-IRFRERI (cCAS)-THREFABAHEE (STING) 155 @B IER T4
MR KB AG e TRAE M ALE . FiE 4550 R CSTBLI6) ) R ALY A F Ren, AW BFET
KA TH,. MBETHATHE., BETHA ST RPAM, 2101, BREFRE, L4-8aIKRAELA
MRAEARM R R DR, KBE2R, BRTIK, A ZTAr 54T 3.58, 14.32¢/ (kg-d) BH
THMNERLY, BRETEHANZTHEHANAER 14.32g (kg-d) BBTHANER B, 425 mekg MIEIEH
2,5-TETT T, BFRAEHEAML T Sml/ (kg-d) AFEREF, 81k, SAHELTRI4A. R
J ELISA ik Aam) & 200 R b iF AP 3R B F o (TNF-o) . @ @mfei-%x 18 (IL-18). @46 (IL-6) %k
EART; BAREF-FL, FLO-BHEENKKFTHERE T, FFAEIE Mankin 78 545 5 9% 22 T AL 34T
74~ ; Western Blot i Fe qPCR & 5 Al A 2B 4L K AE A X 3547 (AR 4B EG83 (MMP3), A R4
B GEE13 (MMP13), &/ MR B & G R i R E a2 /B &85 (ADAMTSS). 1Ak /R (COLI).
BEFEOQEME (Aggrecan) | KT & cGAS-STING il %48 % 3547 (cGAS. STING) % & /K-F & mRNA &k .
Z£R LRFRakE, AL RKFTALGEIR™E, Mankint#5 7%, COLII . Aggrecan % & % mRNA
F kK FBEAK, ¢GAS. STING, MMP3, MMP13, ADAMTSS5 %& & Z mRNA & iz K-FH 3 (P<0.01); 54
A, &FRA DA oFIL-6, IL-18, TNF-a K-F3HBEL (P<0.01); 5KHBETSHEHMLEK, B
TIRA AR T S B+ S A MIL-6. IL-18. TNF-a K-F3¥HHZF (P<0.01), HREAMLE, BRT
1. B BAFRBT &N EHEF A A0 KB REA L REE, MankiniF 5 BA&, COLI . Aggrecan & & &
mRNA &k K-FFF, cGAS. STING, MMP3. MMP13. ADAMTS5 % & & mRNA & ik K-F Bl (P<0.01);
5BEBETEANTAREK, BRETHAZTHES A A REFA%HIR, Mankin 575, COLI . Aggrecan
& @ & mRNA £k K-FBAK, ¢cGAS. STING, MMP3., MMPI13. ADAMTSS % & & mRNA &k K-FHAF (P<
0.01), &5 BH T THATIH cCAS-STINGE R, BRAFKEMmXEa, ol hanmtia,
I BE IR R KRR B .

[ZgIRA] BEATE; KEHG; BRT; REF0R-IRF0e R, THELRMNLES; AREEEGH

JEH KR (knee osteoarthritis, KOA) J&— 122 A E R r bl S A= 6 7 U 2%, KOA B
s WA ST IR AT RS, TR . R T R IEZRAETHE, [ KOA A &9k %2 6. 65% .
o H I R B S R BRI IR R BEE A AT IR - R AT R 6 W (cGAS) — T 28 JE D
HH (STING) i 2 20 M A A 2 S e (5 S 16 3

EETR: FXH AP F R4 (82305276) ; T3 T E 25 RS &

S (QN202105) £ VT 35 24 o BE e M T 5615 46 i P 2 1 R, 5 RAE DI o HFFRI, cGAS-
o (Y20232x05) 5 V195 45 18 2 T 0 2 B (S0 B0 %8 ) 85 & o fr STING B M 55 T K . B I mRhEs & R%

(ISDW202252) ; Y1354 i 45 2% i 2% 1 05 0l 91 2 11 e
(202410315091Y) PIAHE ,

Y @iﬂﬁfgzdrwpm@m&com Eﬁﬁ» EPIZ%FKOA%%?%T?EP@FHVE,
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A PRI R , R AE . IR B IR A
KATDIRE s BT RVLA R R T 2
I, W PR L2 N T T PR A 1R A A Y
HIT 7 AN RTINS IESE, T H s
KOA RAF, FEZPHRMMMER ™, HHEKME
FHAIL I 0 A I o SOAHE 58 8L cGAS-STING i %
£ B TR IR IR T 238 KOA /N FRBCH 53405 19 ] e A
FHALH],  DAEMIG R IG YT KOA . HEZE KOA $CE R
PR LA BB SR . AR AR P B2 R
SEEIE TR 512 AR (L5 :202409A051)
1 #R5H*

1.1 4

SPF MV C57BL/6) /MR 50 H, 8 IS, 145
i (20£2) g /NEUVEIFEIAEE: 12hOGHE, iR
(25+2) C, AHXHBSE 409%~70%, HHEEETK.
1.2 %

T I : IR 10, ZE10g, %
ME10g, EEKRK10g, HER10g, EE{ 15,
T E 515, JIIARKE10g, NN 10g, HE10g,
25K T s 24 KA B T s e SRS, ok
400 ml PR SE R E A2 1. 1 o/ml 5T
1.3 EZEZEXANEMNSE

2,5-C M AT A 5% (DMXAA, 5 : HY-10964) ,
FE MCE /A~ Al s MR RIEIN F o (TNF-a, HIb%5:
JL10484) . FIZM A 2 1B (IL-1B, #t 5 : JL18442) |
HAMAZE6 (1L-6, HiL5: JL20268) ELISA i
&, TRAEYRHEARAR,; e Zd (S
F20020915) , [ B 254 A F Ak 2 il ) 2 ]
4% Z B HEE (5 BL-G002), g 5t 2% WAL B Rk
HARAFA; cGAS —HL (L5 : 26416-1-AP) |
STING —3t (#t5: 19851-1-AP), Z[H Proteintech
oval; TR R (COLT ) —Ht (Hit5 : AFO0135) |
RAEEH R (Aggrecan) —Pr (IS5 . DF7561) .,
B 4 B AR P 3 (MMP3) — 4t (4165 AF0217) |
R 4 B A 13(MMP13)—3t (415 : DF6494) |
B /N N B 3T A R R R AR AR e S
(ADAMTS5) —#i (#t%5: DF13268). GAPDH —
P (35 AF7021), SEE Affinity A5 Pofe =Pt
13957074), EE CST/AHF; ECLikA & (%5
180-5001), L KREeRHEARAR; FEE (it
51 RO18247), Lifg 5 BALF=HARFRAR; A
DY) (5. TWO0911), Fiaidd KRR
N TKCEE (5. 32061), B EILTAH

BRAT; AR (HE) Je@idng (s
CO105S) . RIPA #fik (4it*5 P0013) . BCA i 7
& (k5. P0012). ddH,0 (#lt5: R0021), =
KAEWFEARGRA ] FLL0- [l 2 e 43145 &
(fit5: S191031), Fim CAEWRIE AR A A
Trizol . % %% skl 7 & . qPCRiAH & (L5 .
R401-01, R323-01., Q711-02), BguiifMese EYF
HAWRAR; HEZM GitS . Fo112104), 44t
il 245 A A BR A )

SR HEE LML (Heraeus Frescol7 ) . #%
2 & 48 T (AZY1707914 %1 ), Thermo Fisher
Scientific A 7] 3 & H KA BEAL RS (mini
Trans-blot cell &) | & H ik % 24 (LAS 4000
A1), £ Bio-Rad 24 Al 5 ELx800 )t M U il s 1%
(Tanon 5200 %), i RAERHEARAF]; B
(DM10000) , &[] Leica 2y F) ; 2% Yt f& PCR Y
(Quant Studio3), FEE ABIAH].
1.4 MAZEIT R 5

ANEGE SR RS, SR R 5
FBTFARG . BRI MR TR AL . R T
R BT R A RSN, BA10H, &
HITT 0. 3% I8 EL EL 240 2 ml/kg 77 2 I 102 69 pR
P, AR X A AN U T b AT B, RTF
RGALTITF RSG5 s Hoaras A/ NERCR R H AR
RAAARNGH KOA /N EUABEAL ™ B5Y TF B NN iz
JRAFDCT 5%, BlvERI B8 N s E, 5 U oy A & 45
RN H R, A DG FE I R S BRI B
AR5 %4 3 R WL TE ST 20 77 U 75 55 2 4 L 15 17 )&
e WERSE UGS 14 K, BB/ BUBSC T K
HASE, XELBRLTRBA%, CE7E HE J¢
N ISR, AR HES AL, VRS KOA
BEHI R Ty
1.5 F#FE

RN, ARSIk R TR
R Y A, BT 716 o/ (kged) CMIRRSE
RGHL, BRTAR . R A SRR Y 172
245, T 3,58, 14.32 ¢/ (kgod) ROIEET
BRIEB G, BB TEAR+M N HES
14.32 ¢/ (kg-d) MBI THAIG, %25 mg/kg 17
i 1 B3R DMXAA "5 R TF AR 4RSI 41/ B
BT 5ml/ (kged) PIAEBERKER . £4A¥H 1
K, L4
1.6 MEIGAFA T ik

B —KREB R 24 h i, SR R BREM 32U
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B/, #E B ORI E 2, F-80 °C
TRAF . RBESE, WMOCTHTAb& e, ST Rk, 4TJF
KATERE, BYHURE AL, BRI TR IL
PSS HUNRECE, BT 4% ZBPEBEHEE, %5
MY R BAR LS H/NRCE E T -80 CIRAE,
FHT A A (7K AT mRNA R34

1.6.1 ELISA %A s §f 7 1L-6, 1L-18. TNF-a
K B FKRF il ELISA 3857 & K6 0 45 48 4E K1
T, MBI, DS AL S E M
Al B RAE 450 nm K R EEESSFLEY ODAE
1.6.2 HEX & ., FHL0-B %3 & YLK KB 420
TR IHIRF 5 WU T 4% 2RI b
INEERCEHR, BEROKE A DA, R
P70 & U B A3 o i HE AT HE . 3/ 4T - e o
EHPHNRE R, & T RS F WL, kA
Mankin ¥4 PG OCTT BB R AR fL . 1) Al
SERE . SERIER, RMEDEHEIT04r, IR
14, HBANUZTE 25y, RBEAHE 2347,
HBRESALIZIT 45y, BeEEMETTS s 2) Rl
YA ML AT IE R0y, MR vRHEE £
14y, MR BIT245r, Mg B2
34y, MM RIT45r; 3) ERg e,
BRI E R0, QR OsaR I 1 4y,
et EEGR T2 0, e BRGR T3, e
SERMWAR T 455 4) WL EE M WL T IO
Ay, WIRBEREIR | BRBUREINCE 14y, LR A
BRATF 2570 TIPSR BF5r, o,
F TP T P ™

1.6.3 Western Blot i% 4 2k B 20 28 1 2L R 345 &
cGAS-STING i %548 % & & K F i ] RIPA 2L i
PRI HLUREE 1T, BCA R0 S I 4 1 v
FEIF i, SDS-RINMEMEREERL /7 B, A H%
MR PVDFE [, 5% iRk 5] 1 h, TBSTIHHEIL
30 min, BB cGAS.STING,COL II | Aggrecan,
MMP3, MMP13, ADAMTS5. GAPDH —¥i (¥t
ek 1 1000) H4 Cit B E . w A dH
TBST I Ve 30 min, 4 55 — A X A& 19 —
Pt (B B L4914 1: 50000 75 1 h, TBST &% 30 min,
fii I ECL 5] &5 DA B8 e mUAR ZR Ge i 4 1 3R
PLGAPDH ANZ:, THAA A H AN & .
1.6.4 RT-PCR % # ) 2k B 40 22 1 3K A 45 &
cGAS-STING i 5% 48 % 45 4 mRNA & & K454/
SR AL BUFE S I I 1 ml Trizol, 383 5.0
B EVE (4°C, 12000 r/min, 15 min, 058

10 em), JIA 0.2 ml S5 A, B0 R
JZKAE (4 °C, 12000 r/min, 15 min, Z.0FEREH
10 em) , JI0A 59 B B 0 5 2 BR s 3R A5 D0 UE
(4 °C, 12000 r/min, 10 min, &L HR 10 em),
A BB ULTE S 4 °C. 8000 r/min B0 (B>
424 10 em) 3 min, MIA ddH,O #3545 5L RNA,
fi A% B2 B A AT AR T HE 5 i, 28l e sial ) &
Ui 25 TR RNA §% 50 ¢DNA, 15 17 Real-time
PCR JZ ¥, fJ UL GAPDH Jy N2 L) 2742 4+ 5 H
HYFER AR R8N & . PCREIYITFAIILE 1,

1 PNRECEHL T cGAS, STING, MMP3, MMPI3,
ADAMTSS . Aggrecan, COLIl Jx GAPDH 3:X 5] 1751
Table 1 Primersequencesof cGAS, STING, COLIL, Aggrecan,
MMP3, MMP13, ADAMTSS and GAPDH genes

in cartilage tissue of mice

FEW JF3 (5-3") ST

/bp

cGAS ¥ : CAGGAAGGAACCGGACAAGC 134
Fii#: CCGACTCCCGTTTCTGCATT

STING 9. TCTTCTGCCGGACACTTGAG 178
Ti#: GAGGTCATGGGGGCATTCAT

MMP3 % GTTCTGGGCTATACGAGGGC 84
TiF: TTCTTCACGGTTGCAGGGAG

MMPI3 [3#7: ACCCAGCCCTATCCCTTGAT 180
Fii#: GGTCACGGGATGGATGTTCA

ADAMTS5 — Fii#: CCAAGGCCAAATGGGTGTGTC 114
Ti#: CAATGGCGGTAGGCAAACTG

Aggrecan  Fif: CCCAGGATAAAACCAGGCAG 105
Ti#: CGGCCAAGGGTTGTAAATGG

coLl F#: GGGAATGTCCTCTGCGATGAC 72
Tif: GAAGGGGATCTCGGGGTTG

GAPDH % : AACTTTGGCATTGTGGAAGGG 123

Fif: GACACATTGGGGGTAGGAACA
e cGAS, MBEMR ST -HRH GG ; STING, THZRIEFY
B MMP3, JL4: @& I 3; MMPI3, 048 & I 13
ADAMTSS, & I /N R I 3 P 1 il R R FFE S TR BRI S5
Aggrecan, BERHAEN; coLll, TRIRE,

1.7 %itFFk

K F GraphPad Prism 8 3k 4 ¥E 47 804 0 M o 31
HPORMT A IES MR A shr i 22 (rxs) 3R
N, ZH BRI E 25000, PIWLECR A
LSDk, P<<0.05 MEREAGIT#E L,

2 #R

2.1 A4 R IL-6. IL-1p F= TNF-o K F Hodi
F2w, SETAR LR, BIRIL /R E
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IL-6. IL-18. TNF-a /K F471Er (P<0.01); S
RIZH HbAE, 2 T/ RUiig 1L-6 . 1L-18. TNF-a
AR (P<<0.01); 5B T = R i 4l L g
TR AU 1) e 2 B R 9B T v R o+ 0 B R 4 16
IL-18, TNF-a K F#7HE (P<0.01),
2.2 &4 R Bith A Mankin #F 4 b2t

HEZ A (1) WoR: BEARA/DNRKEZE
iAo, RMEDEH, MHEFIEST, TRMER
T s AR/ U R IR, I E B E, 4
MOHESIZEEL, RV B R T I a4 B
JRL T i AR e 2+ U sl R 2 /N R 2 T AR R 4 A
FREess, SRR, (BT R IR
BT E A EACE ST IER, e REDEH,
YU HES A R HE 55, RAERE I R

TeoL O-F sttt (F2) B PR/
OB O T, ORI SR, A MRS Y,
JERIEHR ;. BERZ/INRACE S R M 8,
IR, AUMIHESZEEL; R TR d A A T
e A+ B /N R R RS, B X

Wb, AMHES K AL RO R A R R T
/N RUARCB SRR T, AR HES B 5, W
LA .

F3R, SEFARA S, BRI /NRBEETT
H W 2 Mankin P53 FHm (P<<0.01); HHIRIZH
A, & T 740 Mankin #7453 B FE I (P<<0.01) ;
SR R A A A, TR R A S R T
A+ BN ) 240 Mankin PF23 18 (P<<0.01).,

RT3 HA/NRIBEFATHCE A Mankin TF4) LR

Table 3 Comparison of Mankin scores of cartilage tissues in the

knee joints of mice in each group (JF, X+s)
45 LA Mankin 43
BRFARH 10 0. 70=0. 48
R 10 9.30+1. 06"
JRAE TR 10 6.70=1. 16"
TR R 10 4. 40+0. 52"
TR v 70 i+ BB 4 10 6. 9020. 74"

. a) SRFARALE, P<0.01; b) SEAEIHLE, P<
0.01; ) S TRAEL LK, P<0.01,

2 AA/MRIMEIL-6, IL-18. TNF-a /K H

Table 2 Comparison of serum IL-1B, IL-6 and TNF- levels of mice in each group

(pg/ml, x+s)

215 FRAL 1L-6 IL-1B8 TNF-a
FAR4A 10 66. 07+4. 85 40.51+2.76 125.37+10. 25
AL 10 130. 54+5. 94" 105. 56+6. 59" 252.68+19. 84"
J S A 7 10 101. 01%5. 09" © 79. 96+5. 09" 204. 54+13. 03" @
R 7 i R A 10 74.73+7. 18" 58.21+3. 03" 171. 18+12. 08"
TR T S R+ I B R 4 10 96.59+9. 66" ! 79.93+5. 19" 207.21+9. 01" ¢

e IL-6, HANENFE6; IL-18, HAMANE 18; TNF-a, MEIHIEHE T o,
a) SEFARALE, P<0.01; b) SHEAMH A, P<0.01; ¢) SHETEAEALE, P<0.01.

r «w%,‘
AR

W

RTAL

T T IR
TE: SO TS N R B AR T
B A4/ S A HE Je @R LR (x400)

Figure 1  Pathological picture of articular cartilage tissues of mice in each group by hematoxylin-eosin (HE) staining (x400)

HRR 2

TR 3 ) filZH



‘1’ &A% 20254F 6 A %66 155 12 W Journal of Traditional Chinese Medicine ,2025, Vol. 66, No. 12 - 1261 -

st

BB T e i+ S R 2

e RO AR HoE R,
B2 AU/ H LR L O- [ 4k e (i BEIET (x400)
Figure2 Pathological picture of articular cartilage tissues of mice in each group by Safranin O-Fast Green staining (x400)
R4 SN RACE A ZUN SR K cGAS-STING 1 A 1K LA
Table 4 Comparison of the levels of matrix-regulated and ¢cGAS-STING pathway-related proteins

in cartilage tissues of mice in each group (x+s)
20 531] R coLTl Aggrecan ADAMTS5 MMP3 MMP13 ¢GAS STING
fir FARLH 5 1.010.05 1. 180. 08 0.38+0.02  0.44:0.04  0.48+0.06  0.4320.03  0.47+0.06
HEARIZH 5 0.3120.02Y  0.44£0.06"  1.0720.07"  1.41x0.07°  1.2420.10°  1.02+0.02*  1.09+0.07"
JH A 2H 5 0.59£0.02"” ¢ 0.70£0. 02" ¢ 0.84=0.04" < 0.9520.06” < 0.92+0.06" ¥ 0.8620.06" < 0.81=0.04" ¥
TR e ) 5 0.87£0.03”  0.90£0.05”  0.61x0.02"  0.69+0.03"  0.71x0.04"  0.59+0.02"  0.62+0. 03"
W T EAE I 5 0.62+0.06" ) 0.7220.03" Y 0.78+0.05" < 0.85+0.03" Y 0.91+0.06"” ¥ 0.84+0.04” < 0. 83£0. 06"

W COLIT, IAYRJE; Aggrecan, RAEHIENE; ADAMTSS, &I/ MRS N 8 I8 7 0 A SR 86 (I RE 4 B AR (1 55 MMP3, JEi4 @&
FIfE3; MMP13, JERAREAM 13; cGAS, WM S -G E; STING, TRz EN.
a) HFARALE, P<0.01; b) HHA LA, P<0.01; ¢) SHIETEFIEALE, P<0.01; d) SHETREFELILE, P<0.05,

2.3 A4 RAKE LS N AR & cGAS-STING
1B B4 AR & G KT g COLIT ‘__ = == —‘135kDa
Ham, SETARMCE, BB - — .
COLII . Aggrecan £5 FH KMk, ¢GAS. STING, ADAMTSS ‘- —— 470 kDa
MMP3. MMP13. ADAMTS5 & F1K T/ (P<
; SRS 2z, TR iRl N
0.01); E%E[ J(H:l;tﬁ*%jl:ﬁ AL COL T MMP3 ‘-“‘|54kDa

A IKFFE, ¢GAS. STING., MMP3,
serecan " e MMP13 ‘- “-.| 53 kDa

MMP13, ADAMTSS & H/KFREE (P<0.01); 5
B O B X =L > B 22 A1 X B i O B STINGL —-——  — ‘|42kDa

T R L, I AR e S T =

GAPDH -— a
)+ s F 41 COL I . Aggrecanﬁfﬂﬂ(—?—ﬁ%fﬁﬁ, ‘- —— - ‘371@

A B C D E
¢GAS. STING, MMP3, MMP13, ADAMTSS5 & H W COLI, IR Aggrecan, BEMIEHE: ADAMTSS.

cGAS ‘..- — -|58 kDa

KT (P<<0. 058 P<<0.01). SRR 2B 1R R R TR 2B 1S cGAS, SRR
2N FUIRB 42U ¢GAS, STING, Aggrecan, RS HF IR B s MMP3, JEFG R A NG 35 MMP13, LR
. SJEEIEE13; STING, THREMMFNEEN; GAPDH, HliE-
MMP3. MMP13, ADAMTSS Z& (1L Ik WL 3. SRR, A, BEARM; B, BUNAL C, B ERR
2.4 B KRR N R AE A cGAS-STING A5 D, MBETEFIA B, BT S b ssh gl
B3 A4l/NRARCE 48U R B cGAS-STING 3

i@ F AR % 45 AR mRNA &k rb 4 . .
WA INA RS ) HSETR 1

RS, HETFARAE, BHEAHEALN Figure3 Electrophoresis of proteins related to matrix regulation
COL1l . Aggrecan mRNA FEIRPFEA, ¢GAS. STING. and cGAS-STING pathway in cartilage tissues of mice in all groups
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K5 KNI HP N LT M cGAS-STING i JEAH S 46 h7 mRNA 35 L
Table 5 Comparison of mRNA expression of matrix-regulated and ¢cGAS-STING pathway-related indicators
in cartilage tissues of mice in each group (x+s)
2H 5 AL cGAS STING COLI Aggrecan MMP3 MMP13 ADAMTSS
fix FALH 5 1.00+0.03 1. 00+0. 02 1. 00+0. 10 1. 00+0. 06 1.01=0. 14 1. 00+0. 09 1. 00+0. 07
BT 2H 5 4.71x0.25"  3.99+0. 20" 0. 32+0. 04" 0. 3020. 05 3.57+0. 63" 2.86+0. 18" 4. 02+0. 25
WA 5 2.99+0.35" 9 2.7120.53" ¢ 0.4520.03" ¢ 0.49+0.07" ¢ 2.25+0.21" 7 1.910. 11" ¥  2.51+0. 13" ¢
TR REA 5 1.77£0.21"  1.80+0. 17" 0. 76+0. 06" 0. 75%0. 03" 1. 57+0. 20" 1.38+0. 10" 1. 61+0. 09"
JHERE T e 79 o+ 5 2.88+0.38"” 7 2.780.62" 7 0.4920.04" "  0.4920.08" 7 2.17+0.23" 7 1.880.11”  2.36x0.23"
ahma

TE: cGAS, WM S -MR1T Ak ; STING, THREIEFRKEA; CoLl, AN ; Aggrecan, RERHTNE; MMP3, 4 RE
FHEE3; MMPI3, R4 BE AN 13; ADAMTSS, &I/ I 26 A 227 R E AR R B A S
a) SEFAR4ILE, P<0.01; b) SERIHE, P<0.01; ¢) ST mEAEALE, P<0.01,

MMP3. MMPI13. ADAMTSS mRNA #ikThi (P<
0.01); S AL, & THAHAKEHL COLI .
Aggrecan mRNA FiE 4, ¢GAS. STING. MMP3.
MMPI13. ADAMTS5 mRNA %35 &% (P<<0.01);
ST e A e, R T AR 2 M R T
= A+ R A B AL 2L COL T . Aggrecan
mRNA 265K, ¢GAS. STING, MMP3. MMPI3 .
ADAMTS5 mRNA #iETHE (P<0.01),
3 iTig

KOA AE R — Rl R % Wiy . ™ 5 52w i
AT U YOG IRAT RS, A AR AT 2
Trar kB R M Eh EES T, MRS KOA SE
RIARAE, TR PR JaWs, bl AR
K, BAENE, AiedEERE, ERETERE, B
BRI, RN, FE | IR AFSMAREET K
Wk&ANTE , B “ANENE” . B CRICE#E)
o RN, BURICA AN E
BRI, %P TR B9IE YT, I R LAIR 28l 45 5 1%
FHC AT RS £ B A 2 1 R T R AR AT A T
KOA JE . €. SRy MbLRe s, LUBZY | FRIEEE .
A ST T R B 25 5 o TR R . AL
WS BIRH. REE L HIREBIE, AEY; K
.M. EECR ., s R F R AR g
B, UM ; B . RS AR
WMy, HoAREZy; HREZLkm. M
gy, hifiizh . iR, s, A
B . RLFEEE ., WA

A FE R O 1T B R PR 2 2T K Mankin BF-43
PLoR, BRI A KOA /N BRURSE 760 451 2% T R R |
NG E, Mankin TE BB FARAFEH, T
ANEG R IR TGS, B RGN, Banss

F /0, Mankin PF 20 A RIZH R R, H DL 75
BIT AR e Ry 3, 3B R T AT LU Akl
KOA BB Pili . B 402 KOA —> 5 2 1 g L
FRIE, HAEKOA hARMEEZ/E . T AL
AL KOA g 2, 38 v DI =6 56 45 & A o))
BRfig Ve COL I AT Aggrecan 1F A 20 i AL it 1 4%
DG, XAEFFAR B SR B OCH B Y, R
M, 76 KOAH, S4E T BB 4% 3L i 4 )8 R A
fitt (MMPs) K& /MR N 88 367 19 il 56 2R A
FE4 R E AW (ADAMTS) 5% F A 40 i A1 3L i
SECEDIREE S Y ARIFSTR R A MR RRR
P KOA BRI/, A58 21 /N B3R 40 it HE S AN
FN, R E, BRI, R
KOA L8055 3 ok A8 28 A [] 3 I 8 TR 7 I
TR O R 21 20 BE T R A A C R L (MMP3,
MMP13 2 ADAMTSS ) 7K F-B#AR , 25 57 20 ik O 26 1
(COL T Aggrecan) 7KFFhiEr, SR TR EA
Fo#se, TS G50 H 41 MMPs K ADAMTSS 25 1 7K
Fagw, COLI M Aggrecan 85 /KR, #4645
1 mRNA FRI5 25 AR 2 W IR 7 e % A S5 2% ik 24
ANIETRREAR, /N ACE AL SUR R, HLE
RS

cGAS-STING 3l i S LA Py — i 5 22 19 S 2 {5
S, TS SYORTEERE . A RN KRk
FEWAT 2, R, cGAS-STING i J&7E KOA
R T EBEAEH ', cGAS S 405 DNA B 57
K, YARMAZ T, cGAS AT LLTE G2 Py B A A%
DNA. ¢GAS 5 DNA G54 G &G R cGAMP,
cGAMP Fifi J 3 i 45 45 STING % 1, 375 STING i
B, =5 R TR R ™. M cGAS-
STING 3 B G J 1 W 4 i 1o STING 3 6 7=
EREEREET, WTNF-a., IL-1B. IL-6%5 2,
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IEAL, cGAS-STING {5 538 [ i BE % I8 15 5 W3k 24 Jfd
BIRARIR S, U/ M2 RS WA, ) Jeg i (4
FE SN o AR SRR, AR A R T
] A R R AR T A 41 2P ¢GAS| STING 2
FI M mRNA ik, SIS T &R A g, R
TARF R 2H cGAS, STING FEik# i, 48R 7
Al BE & 38 1 45 cGAS-STING {5 5 18 1% & 18T
KOA WIFER, H & Al A R 4 . I ELISA 45
RN, ANFERFEGBETIRITE ., BEA 8L
IL-18. IL-6 B TNF-o & H%E P F/K -, H LAl i
IR I 3 . DA RS RR, R TR A AL
At KOA /N R 005 HLBEE I = T, 69T
BORGAART, BRI R IEMHSCEMOER . Bk
WF 58 R IR 77 1 70 4 A cGAS-STING $# sl
3 =1 | B N S 3 R o= B B = ) B
BOH YN M AP TR IR ™, Mankin P4 TF R I
HERIER T T COLI | Aggrecan 85 H M H:
mRNA 2 ik &£, MMP3. MMPI13., ADAMTS5,
¢GAS, STING % H & H: mRNA £ 5T+, £
cGAS-STING 15 5 i #% ¥ DMXAA #0365, s
O R B AV FH e 0 58 A . PRLE R ATTIA
i, IR R SR A AL S5 3 cGAS-STING
S A K

ZE LTk, RIET BRHS A AN ] cGAS-STING
G5, ZEf KOA B R, AMRE
T E %, ARV ERIPLEI R i — 20
WF9E 590k
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Effect of Xibining Formula (%5 ) on Knee Cartilage Tissue Damage and the cGAS-STING Signaling
Pathway in Knee Osteoarthritis Model Mice

FU Houyu'’, LI Xiaochen"?, GONG Zijian'?, JIE Lishi'?, LIU Jiangyu'?, CHEN Yingqi'?, WANG Peimin'’
1. Affiliated Hospital of Nanjing University of Chinese Medicine / Jiangsu Province Hospital of Chinese Medicine, Nanjing, 210029;
2. The First Clinical Medical College, Nanjing University of Chinese Medicine

ABSTRACT Objective To investigate the possible mechanism of action of Xibining Formula (55 ) for carti-
lage damage in knee osteoarthritis (KOA) through the cyclic guanosine-adenosine monophosphate synthase (cGAS)-
stimulator of interferon genes (STING) signaling pathway. Methods Fifty C57BL/6] mice were randomly divided
into five groups (10 per group) , sham operation group, KOA model group, low-dose Xibining Formula group, high-
dose Xibining Formula group, and high-dose Xibining Formula + agonist group. The KOA models were constructed
using the destabilization of the medial meniscus (DMM ) method in all groups but the sham surgery group. Two weeks
after surgery, the low- and high-dose Xibining Formula groups were administered Xibining Formula at doses of 3. 58 g/
(kg+d) and 14.32 ¢/(kg-d) respectively via gavage. The high-dose Xibining Formula + agonist group received
14. 32 g/(kg+d) of Xibining Formula via gavage followed by an intraperitoneal injection of Vadimezan (DMXAA )
at 25 mg/kg. The sham surgery group and the KOA model group mice were given an equivalent volume of normal
saline at 5 ml/(kg+d) via gavage, once daily for four consecutive weeks. Serum levels of tumor necrosis factor-alpha
(TNF-a), interleukin-18 (IL-1B8), and interleukin-6 (11.-6) were measured by ELISA ; pathological changes in carti-
lage tissue were observed using hematoxylin-eosin (HE) staining and Safranin O-Fast Green staining. Pathological
changes were scored according to the Mankin scoring system ; the levels of cartilage tissue matrix regulation-related
indicators such as matrix metalloproteinase 3 (MMP3) , matrix metalloproteinase 13 (MMP13) , a disintegrin and
metalloproteinase with thrombospondin motifs 5 (ADAMTS ), type- Il collagen (CII ) and aggregated proteoglycan
(Aggrecan ) , and also ¢cGAS-STING pathway-related protein and mRNA expression levels were detected by Western
blot and qPCR methods. Results Compared with the sham surgery group, the KOA model group showed severe car-
tilage edge destruction, significantly increased Mankin scores, significantly decreased protein and mRNA expres-
sion levels of COL II and Aggrecan, and significantly increased protein and mRNA expression levels of cGAS,
STING, MMP3, MMP13, and ADAMTS5 (P<<0.01). Compared with the control group, serum level of I1L-6, IL-13,
TNF-a in all the intervented groups decreased (P<<0.01), while compared with high-dose Xibining Formula group,
level of 1L-6, IL-13, and TNF-a in low-dose Xibining Formula group and high-dose Xibining Formula + agonist
group increased (P<<0.01). Compared with the KOA model group, all the intervention groups exhibited alleviated
cartilage pathological changes, signi-ficantly reduced Mankin scores, significantly increased protein and mRNA ex-
pression levels of COL II and Aggrecan, and significantly decreased protein and mRNA expression levels of ¢cGAS,
STING, MMP3, MMP13, and ADAMTS5 (P<<0.01). Compared with high-dose Xibining Formula group, high-dose
Xibining Formula + agonist group showed cartilage edge destruction, significantly increased Mankin scores, signifi-
cantly decreased protein and mRNA expression levels of COL Il and Aggrecan, and increased protein and mRNA ex-
pression levels of cGAS, STING, MMP3, MMP13, and ADAMTS5 (P<<0.01). Conclusion Xibining Formula
may improve KOA cartilage damage by inhibiting the ¢cGAS-STING signaling pathway, decreasing matrix degradation-
related proteins, and elevating matrix composition-related proteins.

Keywords knee osteoarthritis; cartilage damage; Xibining Formula (}%i5 ) ; cyclic guanosine-adenosine mono-

phosphate synthase ; stimulator of interferon genes; matrix metalloproteinases
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