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TE: B BT AL T BRI AT 4 7] F FUE X 7 3K (knee osteoarthritis, KOA) B 2 FHLH . 77 3 :9 R 3T 2 & HAL
AHEAHE3 R) R KOA #HEA(6 R),EM 4 X F %K Videman 3% F 2 6 B DL 2 KOA A FhE <K EERIE Le-
quesne I BN A EAAA4 T A(FL3 R),TH4 B, THAEREHATTHFFN, X ABXTREHATHRA
£ F A B A K6 (Gene Ontology, GO) fa 3t #f 2L B 5 2 & 41 & #} 2 4% (Kyoto Encyclopedia of Genes and Genomes, KEGG) 4
Moo (1) FHG, GHA UM, 4 71 4 Lequesne i 2 B % 1K (P <0.01)5(2) 52 @ 448 A 41 3£ 26 1 1055 4
# 5 % 3k # F (differentially expressed genes,DEGs) ,GO A £ M3 #2 £ E W K “ RIE RN ™ R0 KN ™ Fn“ 40 Jf A 3k i 4 41
£ 8 ,KEGG Level2 94T B A M4l DEGs T E S 5 REMRF""EEH T " ARAR"FEE M A 4 K3k L DEGs
FESEmMBETFHEER" E R SR T RkA THE DECGs T E5 5B ERAB " “ MRS W SR %E, SHEAAML,
714 7% H 312 4 DEGs,GO i 4 R R r , X WHF £ F W X KIE RN BB IR 38 B F R 51" “semaphorin — plexin {5 &
"L KEGG Leve p BT HETES 5 G EH S REBRRF R AR AR FRE 4 71 4l KL T 8 DEGs
ZHE mBEFHEIER " EREHE AR FEE, KL EEWDECs S5 HRE W R A RH MR K ER
B, (3)34T qRT - PCR B3 , 5 B B 78 41 71 T HE Z M1 CCL2 .CCL7 IL34 mRNA £k, #4641 7 T KOA ty 4T L #
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Action Mechanism of Acupotomy Intervention in Rabbit Knee
Osteoarthritis Cartilage Based on Transcriptomics

SHI Xiaowei, YU Wenjing, WANG Dongfeng, XU Meng, LIU Dapeng, YAN Zeming,
ZHANG Zhiduo,HU Shenghua, SHI Shufeng

The Third Affiliated Hospital to Beijing University of Chinese Medicine, Beijing China 100029

Abstract ; Objective ; To explore the molecular mechanism of acupotomy intervention in knee osteoarthritis (KOA) based on transcrip-
tome sequencing technology. Methods : Nine New Zealand rabbits were randomly divided into a blank group (3 rabbits) and a KOA
modeling group (6 rabbits) . The modeling group was subjected to a modified Videman method fixation for 6 weeks to establish the KOA
model. After removing the fixation device ,the rabbits were further randomly divided into a model group and an acupotomy group (3 rab-
bits each) according to Lequesne scores and intervened for 4 weeks. After the intervention, behavioral assessments were conducted , and
transcriptome sequencing, Gene Ontology (GO) ,and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were performed on
the rabbit knee cartilage. Results: (1) After the intervention, compared with the model group,the Lequesne scores in the acupotomy

group were significantly reduced (P <0.01);(2) Compared with the blank group, a total of 1 055 differentially expressed genes

* BEWHE : ERK A AR FIEGITH (81804184) 5 o [H] 4 5 B B — 4F WX B 1 H (2018M640098 ) 5 b 53¢ Hh R 2 K7 4L
Ui 3% 427900 H (2021 - JYB - XJSJJ - 091)
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(DEGs) were identified in the model group. GO biological process analysis mainly involved functions such as

non

" inflammatory re-

sponse" ," immune response" ,and " extracellular matrix organization" . KEGG Level 2 analysis showed that the model group was mainly

" non

enriched in pathways related to

infectious diseases" ," signal transduction" ,and " immune system" . In addition, the upregulated DEGs

in the model group were enriched in pathways such as " cytokine — cytokine receptor interaction" and " phagosome" ,while the downreg-

"

ulated DEGs were enriched in

genes were identified in the acupotomy group. GO analysis indicated that these genes primarily involved functions such as

"non

' cancer pathways" and "axon guidance". Compared with the model group,312 differentially expressed

" inflammatory

response" ," tumor necrosis factor response" ,and " semaphorin — plexin signaling pathway" . KEGG Level 2 analysis showed enrichment

" non

mainly in pathways related to

signal transduction" ," infectious diseases" ,and " immune system". Moreover, downregulated DEGs in

the acupotomy group were enriched in " cytokine — cytokine receptor interaction" ," phagosome" ,and " osteoclast differentiation" , while

upregulated DEGs were enriched in

"axon guidance" and " protein digestion and absorption". (3) qRT - PCR validation showed that

acupotomy intervention significantly reduced the mRNA expression of CCL2,CCL7 ,and IL34. Conclusion : The molecular mechanism of

acupotomy intervention in KOA mainly involves functions related to joint cartilage

sponse" ,and pathways such as '

"signal transduction" ," immune — inflammatory re-

' cytokine — cytokine receptor interaction" ," phagosome" ,and "axon guidance" .

Key words : knee osteoarthritis ; acupotomy ; transcriptomics ; signal transduction ;immune — inflammatory response ; joint cartilage
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B AR ], KCP04) ; mirVana™ miRNA ISOlation
Kit( 3£[E Ambion,1561) ; TruSeq Stranded mRNA LT-
Sample Prep Kit ( 2¢[# Illumina, RS - 122 - 2101) ;
Agencourt AMPure XP ( 3% [ Beckman Coulter,
A63881) ;Qubit RNA Assay Kit( 3£ [ Life Technolo-
gies, (032852 ) ; Bioanalyzer 2100 RNA — 6000 Nano
Kit ( 35 [/ Aglient, 5067 — 1511 ) ; SuperScript II Re-
verse Transcriptase ( 22 [F Invitrogen, 18064014 ) ,
1.3 {28 AceQ ® gPCR SYBR ® Green Master
Mix ( Without ROX) ( B &t Vazyme, Q321 ) ; GoS-
cript ™ ¥ % S ( 25 [E Promega, AS001 ) ;8 Strip Re-
al — time PCR Tubes And Caps( [ 4= T.,F603001 ) ;
2l KA (5% [ Millipore, Qso) 5 & PR ES LML (56
Thermo ,ST16R) ; B& IK 1% & Gt ( K HE /N F), Tanon
2500) ; 2 4b 43 5% 56 E 1 ( 32 B Thermo, NanoDrop
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BETIRAE , TIRS B JIROD T 3 FAA L BRI L ~2 ],
I ks B 2 Ok, T4
2.3 TAZFEN TR RES R A Le-
quesne MG PEAMARUE"" HEAT , 03 : S50 (0 ~ 3
73) , RATTH B (0 ~3 J3) , R4y i IR (0 ~ 2
I3 HAE S (0 ~3 43) o TP IOIT IR HT LT T4k
HG WP 22 S AT AT 2V, e A PEA A
FrEpi v, O I T 5E oA o
2.4 BERAFNWFRENESZSH  THL
J& R A TR ZEER R SR AL . BT,
PR B S BB I BRERCR , MR ORAF #8 F 5 AHL
3 R AT 2 20y K s S E WIS B 200 #
AR R R AR (1) $RIBORE D S RNA IRl
il DNase Ji§1k DNA J5 , 4745 Oligo (dT) A fEER =
SLEZ AP mRNA; (2) I AFT B0 4% mRNA T
WIS B, AT W7 IS B mRNA S A6 Ai, FH 7S Bk
BEALS 90 H B — 5% cDNA SR 5 i i — 5% 2 s b 14
REMHE cDNA, IRl 0] & 2l A6 BUEE cDNA;
(3) 4 AL ry X5k cDNA FESEAT RumfE 2 A B If
I e 4 3k, AT I BOR/N RS, B 84T PCR
Pou s (4) Myt i SO Agilent 2100 Bioanalyzer
Jitks & # J5 , (] Hlumina HiSeqTM 2500 I F{3 i

W5, 8T Mlumina 305 ACHEA I 7 (3252 90 3 A5 el
ARG R B B IR A R R DT 5
AW B AE S BT R (1) Bids o A 34 0 o o
P « o d I e 7 AR B JELAG BB (raw reads) 155
{i /] Trimmomatic i fF" " 347 B4 9 25 B bk (3
DEFLAIG BT A DA M N B ) |, e 445 3 i i 1Y
clean reads ;¥ clean reads f#i Jf] hisat2'"" Fp X} 5 9 Fip
(22 SE IR AL, 1 I R 2L BE X RO DAl B AR 4 1
Dlo (2)8egAIKN-7E i 22 Sk B A ((differenti-
ally expressed genes, DEGs ) i & f1 D) g & 5 L Rk
G3H7 s clean reads 5275 FEDI 4 X Y45 R, DA ik
#] binary SCAFHEATAELE ; FPKM' " il count i Jf] bow-
tie2 Fl eXpress K fF " A3 Hr AR F, i if eXpress 4K
PFFR BUAEAS W 4 55 7K ( protein _coding ) [ reads %Y
H,{#i F DESeq R package ] estimateSizeFactors pR
B0 X B AT AR EAR , I8 nbinomTest BR%T
BB L) pvalue Fll foldchange {H, Pkt pval-
ue /N 0.05, HZEFAERORT 2 022 758 /A, i
11 GO M KEGG &0, LA 26 S e se Ak £ %
SR Y A )2 D RE B 8 s (2% o A ey B TR
O OB BRA R 5T 580 o
2.5 ¢RT-PCR ZERIGIE AN 7FLER, LHF
B RN IR IEEE N 1T qRT - PCR KlE, 3+
SESIRPRRANT < BE AV T R A TR T
I TRIzol #5347 5 RNA Hli$ , JF- 317 RNA YLTE |
Ve T8I 55 bp #8415 B NanoDrop #E47 &
RINA R I € ; Bt 1 P 338 2 S i) 46 16 4T eD-
NA & 3((25 °C 5 min,42 °C 60 min,70 °C 15 min) ;
W AceQ ® qPCR SYBR ® Green Master Mix izl
BT qPCR I, MK % 14 pL(qPCR SYBR @
Green Master Mix 7 pL,cDNA 4 3 pL, FUFAIF
lif PCR 5445 0.5 pL, Hi4li7Kk 3 pL) , L GAPDH 3
RN Z, RONRERE (55— 95 °C 5 min; 55 — 20
95 °C 55,60 C 20 5,72 °C 30 s, ffG¥ 40 1K ;505 =2
65 °C 55,95 C 5s);%£ 1 HIATIYTFH( EHEA

AT P4 125 bp 55150 bp MOAURECE. Mikes  LUeP0) o mRNAMGARERI 27k
®1 5|¥ER
FEH i E#(5 -3") S E#(5 -3")
cClL2 AGCCAACTCTCACTGAAGCC AACTGTGAACAACAGGCCCA
cCL7 AAGCCCTGAAGACAGATGCC CCCCTTAGGACCGTAGTCCA
1134 TGAGCTGCTGTAGCTTGCAT CTCTTGGAATCTGGGGCTGG
GADPH GGCATCCTGGGCTACACTGA GGAGTGGGTGTCGCTGTTG

2.6 ZEitFESHT R SPSS 20. 0 i (L[E 1BM
KR HATGE A B, T SRR M = brife
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M BOTEFARYOR, AL B R S, i w Bme EUm o P

FEAS ¢ R s 22 41 1] FEBOR 8 1R 5205 22 93 #T (one TWRG 3 6.33+0.57 6.00+£0.00 1.00 0.374
way ANOVA) , %520 (8] 5387 % Fi LSD W Dunnett's post

hoc 0. A EBRRA IR IEI, R —
BRI . P<0.05 HLESEHGHE X, R S
FAFSRIs. P<0.05 REFARITFEL 3.2 BRANFMERBEHEE o[ FN

3 #R Ga JBe B P90 B A 41 20 3L 4K 15 431, 67M clean
reads , F 30 {15 90% L) I, clean read s

3 FHEEA TEGE g U Q30 £ cloan reads [L3f
. vt ow v 22 S 2 B R A Y HE 24 T 91, 18% 5 1B

beauesne MG PRAPRIIL LS TTR IR P =0- 37005 o etk B, A R4 AR
T4 Blig, SHEBIEME, 5T JT4H Lequesne MG ) SR ’ s " -

O3 AR (P =0.008,P <0.01), L4 2, A3
%2 KHATFWHIG Lequesne IS LEE (% £5,73)
®3 NMFHEREEHSR
FE Sl Raw reads/Mb Raw bases/Gh Clean reads/Mb ~ Clean bases/Gb ~ Q30/%  GC/% Total reads Total mapped reads( % )

FTHE 3 5.67x0.57 3.33+0.57° 4.95 0.008

ZH1 50.36 7.55 45.69 6.52 90.70 54.76 45 688 232 41 659 835(91.18)
ZEH2 55.44 8.32 52.40 7.56 93.41 54.10 52 404 236 48 549 636(92.64)
ZH3 52.05 7.81 47.81 6.83 91.66 52.82 47 810 884 43 834 282(91.68)
R 1 52.04 7.81 48.70 7.01 92.87 52.59 48 697 944 44 530 255(91.44)
PR 2 53.61 8.04 49.51 7.08 92.23 53.76 49 514 234 45501 233(91.89)
A 3 50.96 7.64 45.74 6.54 90.51 54.55 45 739 054 42 532703(92.98)
11 55.70 8.36 51.16 7.38 92.52 53.10 51164 144 47037 311(91.93)
BJ12 52.23 7.83 47.52 6.87 91.93 52.21 47 521 040 43 964 990(92.52)
EJ13 53.11 1.97 43.14 6.23 91. 68 54.40 43 141 256 39 578 087(91.74)

TE: Sample: F£ 5 ; Raw reads : J§ilf reads 3% H ; Raw bases: {5 55 & ; Clean reads : 33 3§ J5 1Y reads 3% H ; Clean bases: i3 J& )5
FI 7 £k 5 Q30 : Raw bases H1 Qphred $U{H T 30 AYBRAE 7 SUATRELR) 1173 L s GC: clean bases Ht G F1 C f4 & ik S A1 (5 S B Ak
BRI H 43 LE s Total reads il J¥ /¥ 41 28 3 i 5 1) clean reads %3 4511 ; Total mapped reads : G {7 $| 5 K20 [ (09300 )% 17 410 1)
clean reads B E %11,

3.3 HREAFDEGs ffif SEPAMt, BRA  EE 1) SEAA L, £ JT 4 L 2 DEGs
e DEGs 1 055 4>, Hdr 723 4~ Fif,332 MK 312 4>, Hrpr 97 A~ BiH 215 AT R(E 2) .

A B

condition
2 condition
control

model

|
& L
logyopvalue

il

&

logs fold change

T A 525 2 DEGs RIS ILIAL; control 402 2L, model fURAMIAL s 21 (UK i ak , fi 01X
AR BRI 525 (14 DEGs KIlE s Uk MRS 2L B URIREGR KU R E R
1 5=H4AMHt#ESHE DEGs
3.4 DEGs GOIgtE&EAH S B4, xr  7eE¥d it 8858 FHEN =14 H e 4
ALY DEGs #E4T GO BHEM 45 R B/ (1) MENSHE" ALK L” (inflammatory response,
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G0:0006954) 41 > He PR 2 5 1 “ 56 K 98 [

(innate immune response, GO ;0045087 ) .35 4~ J& A
Z 58 “ 4 #E Jx b7 (immune response, GO
0006955 ) ; (2) TEAMMIA L, & SR e B 351 3 5%
B2 111 DEF 2 5100 4l 4 X 47 (extra-
cellular region, GO :0005576) 106 ~3: RS 500 20

of plasma membrane , GO ;0005887 ) ; (3) 74> F I ik
O EEREEN A KE SN 24 MRS
A 2l AL R 45 4 1437 (extracellular matrix struc-
tural constituent, GO: 0005201 ) .20 3 2 51
“AF5 5 ZKBLIE " (signaling receptor activity, GO ;
0038023) .12 ML Z 580 IR 454 1” (collagen

Meahzsa]” (extracellular space, GO:0005615) .85 /> binding , GO :0005518 ) , W, [¥] 3,
p g
FENZ 519 o 5 A 240 %358 40 (integral component
A Dao-vs-model:pvalue<0.05&& [log2FC|>1 B Dao -vs- model : pvalue < 0.05 && |log2FC|> 1
r N -
-.':i‘::

=
<

-logiopvalue

log, fold change

TE:A BT SR DEGs B35 ;s Dao R T141, model XML s 21 (R m Rk, i 10K
Rk, BAT AL SKERIZ] DEGs Kl & s RIS, 2L @R Rk, KENETE SR
B2 5i#ERAHLESTI4E DEGs B
control-vs-model(Total): Top 30 GO Term

category

[ biological_process
W cellular_component
[l molecular_function

-log,o Pvalue

\0

(}a@®o¢e*§Q@$§v§<©er‘b§&$@
(‘\)0\'\\9@”0\ §F &L
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O o @ & & & &
& F&s & Sed
K ¥ o &

& g v

S N o

Dy

3 HRBIA vs THZH DEGs GO E& 447 ( TOP 30 GO Term)
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LRI A L, X4 JT 40/ DEGs #4T GO &
Lot R BN (DRI FD, SR8 KT %
= EH 0817 DR 2 5 19 5808 R
(inflammatory response , GO ;0006954 ) .6 ~FEK 2 5
P 20 b X5 Bifrgeg SR BB Rl T S v (cellular response to
tumor necrosis factor, G0O:0071356) .5 NIEHFZ 511
“semaphorin — plexin {551 %"~ ( semaphorin — plexin
signaling pathway, GO :0071526) ; (2) 7E4RMIZH i+,
BERKBEN=ZAFEDINE 4T DM ERZ 5
“YHMI AR X 48" (extracellular region, GO ;0005576 ) |

41 NEN S 51 g sh s 8] 7 (extracellular space,
G0:0005615) (19 HEH Z 519 “ AL " (cell
surface , GO :0009986) ; (3) £/ FHIfE , & A 2
FW 3 AR E B 10 AP S 5 g A SR
JRZER 4y (extracellular matrix structural constitu-
ent, GO: 0005201 ) | “ 22 & {2 74 Py BK W 75
(‘serine — type endopeptidase activity, GO ;0004252 ) |
“REJHZ 454 ((calmodulin binding, GO ; 0005516 ) |
LK 4,

Dao-vs-model(Total): Top 30 GO Term

10.04
category
Woiological_process
[ cellular_component
[ molecular_function 7

-logo Pvalue

o
o

4 $t714H vs #EV2H DEGs
3.5 DEGs KEGG BR=E&E451

3.5.1 ##EBAHvs HAHDEGs KEGG E&E4#
HEFHME, XL DEGs i#17 KEGG i i
BT GUREIR 39 MRS 5 Al R T2 K
FEHAEA” (cytokine — cytokine receptor interaction,
path:0cu04060) 37 LK S 5 “ FEWEKR” ( phago-
some, path; ocu04145) 35 IR £ 5 “EB 5 8 &%
YL (epstein — barr virus infection, path; ocu05169 ) ,
A, KEGG Level2 7KV 7341, BAIZH DEGs 2 5 1)
A AE 158 MRS
es” 157 3L [H 25 5 “signal transduction”
A2 5“immune system” , JLIE 5,
DXL PR T A A9 DEGs 435I 47
KEGG EHHT, 45 2R K AL DEGs 3k F iRy
FER F S 5 LT % .37 N 25 “ eytokine —

infectious disea-

153 A3k

g O
(}‘ \\ \
< '\"\’fo"e‘om‘éoo\‘
N 3 ‘_\(\cﬂ_&@’qo\
Q o
& &
hS Q ) R «$
P N
“ & ¢ 8§

«Q \i (SQ

GO EE4H#(TOP 30 GO Term)

36 5k £ 5 “ phago-

epstein — barr virus infec-

cytokine receptor interaction” |
some” (34 S HEH S5 ¢
tion” ; & FEFE %L ( enrichment score) H{E44 7 3 A9 53 71
A : “ staphylococcus aureus infection” (8. 849 6) .
“oraft — versus — host disease” (7.497 3) . “allograft
rejection” (7.285 5) ;#iAI4H DEGs Fik T YRR
FEZ 5P T . 10 A~ FEH 2 5 “ pathways in
cancer” .8 NE[H 5 5 “axon guidance” |7 S
5 “wnt signaling pathway” .7 3£ K2 5 “MAPK sig-
naling pathway” ; & #E+5 %% ( enrichment score ) HE 44 Bif
3
ran sulfate/heparin” (12. 499 2) | “alanine, aspartate
and glutamate metabolism” (8.680 0) ,“nicotinate and

nicotinamide metabolism” (6.249 6) , L[5 6,

glycosaminoglycan biosynthesis — hepa-

- 2655 -



20254212 H 10 H 5512 1
No. 12 10 December 2025

¥ E 4% %

ACTA CHINESE MEDICINE

540 %
Vol. 40

K5 331 44
No. 331

Nurmber
L] 0
LR
[ X

0:

(] pyalve

3e6
. IS

%08

3 H
Enrichment Score

B

Celllr Processes-Trenspor and calabalism < 2 o
Coluler Pocesses-elurcommurity - ukanotes &y
Celulr Pocesses-elmatlty < Ay
Cellular Processes- Ce! growth and doatn s
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Human Diseases-rmune dissases Al g
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Horman Diseases-Cacers =il
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Wetabalism-Lped metabolism < -
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Organismal Systems--Sensory system+ 7 1oz
Orgarismal Sysiems--Nenous system- 7 M
(Organismal Systems-mune system+ # 15
Organismal Systems-Excretory system+ 8%
OngarismalSystems-Envirovmentl adaptaion v
Organisma Systems-Endocrne systen< &
Organismal Systems Dgestive system- %
Organsmal Systems--Development{ T—
Organismal Systems-Circultory systen | &®
Onganismal Sysiems-Aging{  y %

Percentof Genes(%)

AR 525 14 DEGs KEGG il % & 45 /3 T i 20 4377 [l ( Enrichment top 20) ; B B4 5 %3
H4H DEGs 5 Z: N TE KEGG Level2 7K 4345 8 Bl (KEGG Pathway Classification)
5 1&EEIH vs ZH4H DEGs KEGG BB ESE DT

Number
o o5
o
o [ k3
o O
" [ K3

L palue

00004060 Cokine cytokin resepornterecton 1 ()

Enrichment Score

20607
15607
10007

L] 50608

B

Number
L
[
[ ]
[ 30

pvalue
0025

l 0020
0015
0010
0005

Enrichment Score

e AR vs 25 (4L DEGs AT} 5 KEGG i % & 50 HTHT 20 2045 & B AR I ZH vs %5 41 DEGs

FIKFEAR KEGG B 5 42737l 20 20 A

6 1EBIZH vs THZE DEGs RiZH S/ R KEGG E £ 4 #7E ( Enrichment top 20)

3.5.2 %1714 vs #RIZH DEGs KEGG E & 41

SR AR LG, X5 5T JJ 401 DEGs #E17 KEGG i %
WA AR IR 14 DR 2 5 g T2 AR
A HAEH” (cytokine — cytokine receptor interaction,
path:0cu04060) . 12 PH:H £ 5 “ F 1K ( phago-
some, path;ocu04145) , 7 4p 11 NEEE 525 “ #b
A FI BE 1L % Bk S " ( complement and  coagulation
cascades, path ; 0cu04610) | “ 1% B 40 e 53 £k ( osteo-
clast differentiation, path; 0ocu04380) . “ 5% #5” ( tu-
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berculosis , path ; 0ocu05152 ) | “ #it 25 15 P il A& — 32 &
YEH]” ( neuroactive ligand — receptor interaction , path ;
0cu04080) . “PI3K — Akt {325 4" ( PI3K — Akt sig-
naling pathway, path; ocu04151) . H4p, #4T KEGG
Level2 KP4 8, BF J1 20 1) DEGs ‘& £ 1) i f#f 3 %L
BFG 54 N ERE S 5555 [ (signal transduc-
tion) 47 PIEE Z 5 “ERYL B RE” (infectious dis-
eases) .39 PNEE S 5 “ ¥ £ 4" (immune sys-
tem) , WK 7,
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dE—X 8T 12 E AR ) DEGs (5 AR
A L) 4352517 KEGG & 530, 45 5 &k e )
2H DEGs 35 NI B 3 800 K DU i g 13 4>
FH 2 5 49 “ cytokine — cytokine receptor interac-
tion” .10 N3 K 2 5 19 “ phagosome” FiI “ osteoclast
differentiation” .9 3[R Z: 5 A7 complement and co-
agulation cascades” ; & 5 38 4 ( enrichment score ) Hf
AR 3 B3 5 R« “ staphylococcus aureus infection”
(9.823 9) | “complement and coagulation cascades”

(8.150 7) .“IL - 17 signaling pathway” (5. 698 4) ,

Dao-vs-model(Total): KEGG Enrichment top 20

Number
.3
[
[ K
[ 3

° pualue
s Boo

00010

00005

Enrichment Score

FHJJ4H DEGs 3k bR HE R T 290 S LR % .7
ANER 2 51 “axon guidance” 5 MEFE S 51
“protein digestion and absorption” .4 4~FE K £ 5 (1Y
“adrenergic signaling in cardiomyocytes” “ cGMP —
PKG signaling pathway” “calcium signaling pathway”
“Focal adhesion” ; & #3544 (enrichment score ) {44 Hij
3 1943 9 4. “ amphetamine addiction” (11. 445 0)
“protein digestion and absorption” (9. 967 1) | “axon
guidance” (8.604 9) , LK 8,

KEGG Pathway Classification(Dag-vs-model)

CelularProcesses-Tranportan clakoism -T—
Celar Processes-Celldr communiy - ekayos i 15
Oellutr Processes--Cel mafity - ral
Calus Processes-Celgowthad dect 2

Envionmental Irfometion Processing- Signal transducton il "
EnvronmenalIromaton Pocessing-Yenbane rarspot: 49
‘Ganefic Infornaton Processing-Translaton 6 kg
Geretc ormaion rocessg-Tanspion|. g~ 24
Geneti nfomaten Pocessig-Relcaion ad 5
Genedc nomation Process g--Folding, sortng ard degradaton ;o

102 ependerce 7
Humen Diseases- Neurodegeneraiive diseases - ¢
Humar Diseases-nfecious diseases i =
Human Diseases-immune dseases L 12
Human Diseases-Endocrine and metadolc dseases i 15
Human Ciseasas-Dg resstarce- P
Human Diseases-Cardovastular diseases 2 W
Human Diseases-Cances %
Metaboksm-Xenobitics biodegradzion and melaboksm LA
Metabolisr1-Nusleotide mefabolsm I
Metabois-Nelabols o teperis rdpoeices 2

Homen Disea

T
AL
DEG
[ —————

Metaboism--Metabolism of cofactors and vtamins+ g u8

etioisn-Ligd meaboksm ®
Metaboism-Glcan boytesis vd meaboism g 2%
Netabolism-Energy melaboksm 5
Metaois-Carchytrae meatosm Lom
Wetaboien-sytesiofaferseconday metaofes 9
Metabois-Amno acd meibols+ i
Organismal Systems~Sensory system

1098

Organismal Systers--immune system - & %
2

s-Encocrne sysen B
Organisra Systems-Digestve ystem- 46 5
Orgenismal Sysems-Development HL 2
Organsal Systes-Cicuaton sysen i 10
Orgarisnal Systes-Agng
[ 10 E] E)
Percertof Genes

W A4 54 DEGs KEGG 38 #% & 4 43 Hr1iii 20 4377 [&] (enrichment top 20) ; B: £t JJ 41
Az DEGs 5JiFA R HTE KEGG Level2 /K701 35 B ( KEGG Pathway Classification)
B 7 $t714H vs #REV4H DEGs KEGG B E&E 5T

A Dao-vs-model(Dovn): KEGG Enrichment top 20

0cul5418: Flidshear siress and atheroscersis |

Number
050
[ 35
[ Bl
[ E

pvalue
00020
00015

0 0005

€ 8
Envichment Score

L] 0n00. oau

B

Dao-vs-model(Up): KEGG Enrichment top 20

Enrichment Score

T AE T vs BT DEGs KA KEGG 18 % & 5 BT 20 4345 E 3 B &1 J1 41 vs AT
2l DEGs #3575 KEGG 3l % & 40 Hr T 20 4377 & .
8 $t714H vs #5140 DEGs RiAp&{R/F 3 KEGG = &4 #7E ( enrichment top 20)
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3.6 &% DEGs qRT -PCR RiE&R  MFENF
SR EH TS 32 5 AR A8 2 eytokine — cy-
tokine receptor interaction” 1 phagosome” , [&] [t 15 B
ZEFRIK B FE BN PEAT gRT - PCR Bk, I

CCL2 CCL7 A 1L34 3L 3 A FE . 521 WK, £ )
FHiE, KOA # CCL2 (P <0.01) CCL7 (P <0.

05) Fll TL34 (P <0.01) mRNA FH %3535 5 4 [ 2 %

ik, W4,

&4 DEGs HMRIAZLLE

(x%5)

FEH n 2SHA TR 14 F{H P{H
CcCL2 3 0.089 +0.004 0.479 +0.176 0.101 £0.017 14.180 0.004
ccL7 3 0.053 +£0. 006 0.110 £0.015 0.075 £0.012 18.432 0.010
1134 3 0.112 +£0.013 0.375 +0.034 0.226 +£0.019 91.323 0. 000
e P A AR vs 51 142 8] HL 3
s AL
4 IFig %

PUBE Ny KOA 2 —Fiig PR AT P 5 19 5w
SR F AR AR ST AR e SR Ak [ B 3 A
BOEAR 2 S HAt G B AR AL, L R
JEWLAIZE 45 45, H ORIy H e — b 4 5635 B
(whole — organ disease) , 2% &I\ N KOA J&—Fp
e RGeS R R R g i TR
Y112 R R RAE P R AE KOA B0 o 72 rp 19
ER.

KOA 7E £ 7 SR & T R L Ju Wi, 47
AR KOA AR B KOA L el
TR U T W R T R T 3
A7 SR RATIN N A 7 A2 KOA (8955 B 2 v 51
TEARYE R A R R I X —
PR RIS 10" RN, B 2N, i AR
HIIHRE IE W 5 A 78 KOA & #2 vh & 4% & 2 AE A,
KOA J"VZAFE R LA A S5 A2, S5 )& T L A"
YEmE, 7 RIS Ak R S R R A AR
IR IE SN PSR EE £ ¢ AP N
et A E FE I TT KOA gk AR 2735 ik
[0

EFIITIEE N KOA JRIT 48R B TRk A
TWETF RIS P EE R B AR IR I A
SRR AN TR T ) 0 B B oW R A Y L 4
JIGSY KOA VR R AAE /5, e 5™ a0 i i )
KAT” R E RO A1, T R 5 i B AR
LRI JEAEE" o EIARTEIOT SR IESE 1 J) Al ek
e KOA G I A WL PR AR ) g 2 e WL TR 25 4 7
JEO [ B KOA 4 56 35 450B HA — 2 p 40 1R
R EEAE A L AR ECM Ffifusi ) o O T 48
PR JIAT KOA S i P4 1 IR A4 i W 26 3
AE B PR S, AS T H AT 1 5% S A 270 e A AR
Wil B oAb, DAE— 2B ERITEE T T 1 KOA #ir 4
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AT L g 1 055 R BIIY A v S AL
DEGs, GO ZhAEH %70 A Ho b A9 i ifd 28 70 /s 32 22
B AN 20 M A8 X 35, ( extracellular region ) | &5 B R
HH B AR 3L ( collagen — containing extracellular
matrix ) 55, #8758 KOA S0 H0H 240 M Mk & A
A3 — 45 R 5 KOA HEA i B A2 fE A — 2, Chang
IR GEO Ko i BRI AL o SRR BE I o 1 4
JHOAT RS 43 2 4t JfL AP 35 T ( extracellular matrix ) 45
AP A RIEAR —B, #—2P 4017 KOA 4 GO
Dife & AW SR, R F B KA AE O (inflam-
matory response ) | 5t K J% [ )/ (innate immune re-
sponse ) S (immune response ) Z£ 5 fiE ; KEGG
BT AT (Level2 7K ) ST 46 18 i 32 2 ek
PEBER (infectious diseases) | H ¥ R 4t (immune sys-
tem) &5, X PEHITE KOA BB IRl 7 vh S0 SUvE |
B R R G RIEEEAE . WA TR 5 R5
DEGs i#17 KEGG 73, K3 - 5w 4L “ i I 7%
AR EAR ] “ AF W 45 i 4 2R 5 HAR B 5T B A
— 8. Li 40 KOA SEI 7 IS #E47 KEGG 43
Hr, R R ik DEGs & 458 %A 40 i K 1~ 52 14 AR
HAEA” R T2 M B 45, Han 257 JE47
KEGG Z3#r & AFmafh” “ B AL” 5555 OA %%
PIFHOG . HeAh, AR B 20 iR 4R ik DEGs KEGG
ST AR G5 Wit 5 Sl B ¢ cAMP
W 4. Chang %A £ 4> GEO Hufit, 25
7~ KOA KEGG & 4R B AT Wit {5 55 % “ o 5|
§7UHIF - 1 55l " 5 SR REA —2, D
EHCRUEBINI Videman 1 S S KOA Gufbi Rl
MZEHES 5T KOA Eokid .

AT H YO EF JT T KOA G i #0477 s
2N, 45 R BER T 40 vs BRI 2 TR0 HY 312
%k DEGs, GO 43 17 41 5 43 32 22 5 48 4 Jfo 41 IX 3%

(extracellular region ) . 7l Jifl #p 25 [6] ( extracellular
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space ) %5, # R ET J] T 1 KOA XF#1 ECM & # 1
Mo #—2 GO Jptr AWt # BoR , FE s £ RIE
J i (inflammatory response ) 4l g % TNF Sz Jif ( cel-
lular response to tumor necrosis factor) &%, fif KEGG
Level2 3t & 5t J] DEGs & 82l B4 45 15 5 5% 3
(signal transduction ) | /8%t P4 5 5 (infectious disea-
ses) MY 2245 (immune system ) , FIRZER T4
JIT15 KOA o F 80l {5 S T 1 A - RIE
AR SRR IRIPE R . Ak, 41 T4 3R IK T A
DEGs KEGG 73 7R , & 4538 1% 32 3 2 “ eytokine —
cytokine receptor interaction” “ phagosome” “ osteoclast
differentiation” 25 ; 1 41 JJ 40 3¢k F 7% DEGs KEGG
M BN, B AR % 3 22 “ axon guidance” “ protein
digestion and absorption” “focal adhesion” 4, %[ JJF
WG HER KEGG w438 P{ 2 F 3¢ KOA FAIH
AR OCHE B, DA ET T T3 KOA K450 E PRI
P 22 38 1o 30 5% KOA BUw ST 8 (tL {5 5
B BRI — SREIONE) B0 B ( LE AN 4a i Y a2 A
FIEAEF] AFWRAR TR 5 5 555 L AFVER]

BEOITENG R IZ B TR 97 KOA, WF5E# A1 %)
FEIIT150 KOA MHLEIH#EAT TR ER, KA CHL R £
BT RO | [ MRS P 8RS
J1i it AMPK — mTOR — ULK1 {5558 6 45 4K 20
F L ARG N AR 1 A R B A
FAE KA1k (APOE %), (HINZE™ & BLER 7]
P45 IncRNA/miRNA/NF - «B 5@ B 2 0L . 5%

A4 P ESE )3 id NLRP3/ Caspase — 1 i [

RSN RIEN R SEIRI TR o ARDTSE s S0 b
R, ETIRTT KOA W R HIRe M5 554 = i
~ RAER A, WA, ABFEH L BLEE ) B R &
W AL A AR WA (phagosome ) | i 2 il
1" (osteoclast differentiation ) . “# £ 5| 5" (‘axon
guidance) . “ & & D" (focal adhesion) 5, 5 #H W%
K I phagosome” “focal adhesion” il I 7E KOA A&
FAEP BT LA GEO $d & B axon guid-
ance” J& CHIE P& 2 | 1T “ osteoclast differentiation”
A NF - «B MAPK 4550550 s o B, 3%
U3 A B T8 s R] RE R AR ORER R B JITRYT KOA L
i PR BT 7 11 o

SN A S S e s A A0 e A B BT I
KOA 143 FHLi 29 MO i “ (5 55 57 “ e
BE — SORE SN S T RE A K At i IR 5 32 A4 AR AR
FI7 AWk Sl P . SRR JI X% KOA % LA |
LR B P& 1 52 0 S — 2D IR AT FISRAIE

S

[1]SHARMA L. Osteoarthritis of the knee[ J]. N Engl J Med,
2021,384(1) .51 -59.

(2] IR A BRI RO . B R RIS IR
R (2018 4EfR) [J]. AR L%, 2018,38 (12) 1705 -
715.

(B]pterp R ie o BERTRBWEL G2 M
(2023 R [J]. P EEIEH,2023,35(6) :1 - 10.

(4] BR T, XIRAE , BB A, 45 A R R EBIT R
FER(2015 4Fji) [T]. FPERIE,2015,27(7) +4 -5.

(ST L RBURS BKF , B, 5. 171 T Bk KOA G ey
BB M S RE S AR AN B B2 R [T ] R BE AR
2020,35(12) ;2612 -2618.

(6 ] BRBURH, IR, £IE, 4. 4171 T 100 A &
TR G UL — JiE L= 2 AR 25 B UL A A P A i
FOREIEI LT ] 180 T B 2 K241, 2019,39(10) £ 1248 -
1253.

[7]SHI X W,YU W J,WANG T, et al. Electroacupuncture alle-
viates cartilage degradation; Improvement in cartilage biome-
chanics via pain relief and potentiation of muscle function in
a rabbit model of knee osteoarthritis[ J]. Biomed Pharmaco-
ther,2020,123:109724.

(8] slefts, B WURE, FARUE, %5, §1 ) BB XT3l 4 JA
KOA S BB ML — M8 =3k ILIIL PR IR 25 K A A= 9 g
2efesma [ 1], &Rk R 24 ,2021,37(11) 69 - 74.

[9]LEQUESNE M G,SAMSON M. Indices of severity in osteo-
arthritis for weight bearing joints [ J]. J Rheumatol Suppl,
1991,27:16 - 18.

[10] BOLGER A M, LOHSE M, USADEL B. Trimmomatic: a
flexible trimmer for Illumina sequence data[J]. Bioinfor-
matics,2014,30(15) ;2114 -2120.

[11]KIM D, LANGMEAD B, SALZBERG S L. HISAT: a fast
spliced aligner with low memory requirements [ J]. Nat
Methods,2015,12(4) :357 -360.

[12]ROBERTS A, TRAPNELL C,DONAGHEY J,et al. Impro-
ving RNA - Seq expression estimates by correcting for
fragment bias[ J]. Genome Biol ,2011,12(3) :R22.

[13]ROBERTS A,PACHTER L. Streaming fragment assignment
for real — time analysis of sequencing experiments[ J]. Nat
Methods ,2013,10(1) .71 -73.

[14]LI D M,ZAND M S,DYE T D, et al. An evaluation of RNA -
seq differential analysis methods[ J]. PLoS One,2022,17
(9) :€0264246.

[15]MATHIESSEN A, CONAGHAN P G. Synovitis in osteoar-
thritis ; current understanding with therapeutic implications
[J]. Arthritis Res Ther,2017,19(1) :18.

[16 ]CULVENOR A G,RUHDORFER A, JUHL C, et al. Knee

- 2659 -



20254212 H 10 H 5512 1
No. 12 10 December 2025

¥ E 4% %

ACTA CHINESE MEDICINE

40 % BEE 331 1)
Vol. 40 No. 331

extensor strength and risk of structural , symptomatic, and
functional decline in knee osteoarthritis; a systematic re-
view and meta — analysis[ J ]. Arthritis Care Res,2017,69
(5):649 —658.

[17]BERENBAUM F. Osteoarthritis as an inflammatory disease
(osteoarthritis is not osteoarthrosis!) [ J]. Osteoarthritis
Cartilage ,2013,21(1) .16 -21.

(I8 14k, BRI EN, 5y a5 55, 45 o ol e I 519 R AL
[ M 5 5619 4 ,2021,10(6) :53 - 56.

(19 ] 274 . & v F AR A 448 M A3 B8 B4 B3 16 9 SR g
[J]. P 25245 ,2020,35(4) 1651 - 1653.

(20 ] 5kfde, Fop a8 VL0, 5. JE T A5 0F 7 g 214 45 5
TR IEEMERT R RBIFE LT ] B R m R R E,
2023,39(7) .19 - 24.

(212 dR , 200, i B, 45 51 197 a7 I A G5 &8
I PRI PR Meta 2047 [J ], H PR 244, 2022,37 (11)
2478 - 2486.

[22]CHANG L,YAO H,YAO Z,et al. Comprehensive analysis
of key genes, signaling pathways and miRNAs in human
knee osteoarthritis: based on bioinformatics [ J ]. Front
Pharmacol ,2021,12,730587.

[23]LI Z Y,ZHONG L,DU Z W et al. Network analyses of dif-
ferentially expressed genes in osteoarthritis to identify hub
genes[ J]. Biomed Res Int,2019,2019 :8340573.

[24 JHAN J,DENG H,LYU Y Z, et al. Identification of N — gly-
coproteins of knee cartilage from adult osteoarthritis and
kashin — beck disease based on quantitative glycopro-
teomics , compared with normal control cartilage[ ] ]. Cells,
2022,11(16) ;2513.

[25] )54, BT AMPK — mTOR - ULK1 {5 5 3@ B4R 11 570

- 2660 -

TR O B OGRS CE AR B W AR PIL A
[D]. BHE ZBrh B 25 k7, 2023.

(26 JRPET (W, B, 25, B T8 1 B 2 R0 T i
HRT RGBT AN AV )], hAerh R
#,2023,38(1) :352 - 356.

(27 JRFEVK, XN %, KL, 5. JET wnt/B ~ catenin {5 5
HEEEE 1P A S R B AR HIBLRI LT ]
Rl R A% ,2022,38(10) 135 - 40.

(28 ]1LiIH, R/NRY, /5 &, 4. LT IncRNA/miRNA/NF - kB
TS PRI BT 00T R 1Y R G ) AR DR AP A AL A
L] st BR 2 ko741, 2022,45(6) :603 - 611.

(29 ] 3k K&, Xk, e %, 55, 5T NLRP3/Caspase — 1 i
BEARVF ST TD R GBS RCE A s [ )] e it
BE2h Ao ,2023,45(5) .87 -90,181.

[30]GU H Y,YANG M, GUO J, et al. Identification of the bio-
markers and pathological process of osteoarthritis ; weighted
gene co — expression network analysis[ J]. Front Physiol,
2019,10.275.

[31]WANG L,SU W,ZHENG X H,et al. BML - 111 inhibits oste-
oclast differentiation by suppressing the MAPK and NF - kB
pathways , alleviating deterioration of the knee joints in a

CIA rat model[ J]. Cell Biol Int,2023,47(5) :954 - 968.

i B EA:2025 -06 - 14

TEEE A L mefs (1986 — ), 5, W R PFIRA, B2 1 1,
WE9E 61, WFTETT 16) - e SRR WL B i RGP o
BREEE LR T, BIETLAN RN, Bt L, BRI,
WEFETT ) - T AR AEE BB WL B 8 RGP . E - mail

drshishufeng88@ sina. com





