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Effect of acupuncture on differentiation and apoptosis of
quadriceps muscle satellite cells in knee osteoarthritis model
rats and its mechanism
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ABSTRACT Objective: To discuss the effect of acupuncture on the differentiation and apoptosis of
quadriceps muscle satellite cells in model rats with knee osteoarthritis (KOA) , and to clarify its related
mechanism. Methods: A total of 40 SPF-grade rats were selected and randomly divided into control group,
model group, celecoxib group, and acupuncture group, with 10 rats in each group. The rats in control
group only underwent joint cavity incision followed by suturing, while the rats in model group, celecoxib
group, and acupuncture group were used to replicate the KOA models. The maximum circumference of the
femoral segment of the affected limb, rat body mass, and quadriceps wet weight of the rats in various groups
were measured; the quadriceps wet weight maintenance rate and quadriceps wet weight/body mass ratio of
the rats in various groups were calculated. HE staining was used to observe the pathomorphology of
articular cartilage and quadriceps muscle tissue of the rats in various groups; terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP nick end labeling (TUNEL) method was used to detect the apoptosis
indexes in articular cartilage and quadriceps muscle tissue of the rats in various groups; immunofluorescence

method was used to detect the protein expression levels of interleukin-6 (T11.-6) , Janus kinase (JAK), and
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signal transducer and activator of transcription 3 (STAT3) in quadriceps muscle tissue of the rats in various
groups; Western blotting method was used to detect the expression levels of 11.-6/JAK/STATS3 signaling
pathway proteins, and muscle satellite cells, and apoptosis-related proteins in quadriceps muscle tissue of
the rats in various groups. Results: Compared with control group, the affected hind limb circumference,
quadriceps wet weight, wet weight maintenance rate, and wet weight/body mass ratio of the rats in model
group were significantly decreased (P<C0.05) ; compared with model group, the affected hind limb
circumference, quadriceps wet weight, wet weight maintenance rate, and wet weight/body mass ratio of the
rats in celecoxib group and acupuncture group were significantly increased (P<C0.05) ; compared with
celecoxib group, the affected hind limb circumference, quadriceps wet weight, wet weight maintenance
rate, and wet weight/body mass ratio of the rats in acupuncture group were significantly increased (P<C
0.05). The HE staining results showed that the knee articular cartilage of the rats in control group remained
intact, chondrocytes were aggregated and horizontally arranged with smooth edges, and quadriceps muscle
cells were long cylindrical, orderly arranged, and regular in shape; in model group, the knee articular
cartilage was thinner with rough edges, reduced number of cartilage layers, and disordered arrangement,
and the quadriceps muscle fibers were disorganized, with some muscle fiber dissolution and muscle cell
membrane damage, accompanied by muscle fiber fragments and a large amount of inflammatory exudate ; in
celecoxib group, the morphology of knee articular cartilage was generally normal, occasionally with irregular
cartilage arrangement and reduced thickness, sporadically visible necrotic chondrocytes, quadriceps muscle
fibers and sarcolemma were relatively intact, new muscle fibers appeared, some muscle fiber edges were
blurred, accompanied by a small amount of cell debris and mild inflammatory infiltration; in acupuncture
group, the knee articular cartilage structure remained intact with smooth edges, occasionally rough edges,
and chondrocytes were aggregated and orderly arranged. The TUNEL assay results showed that compared
with control group, the apoptosis indexes in articular cartilage and quadriceps muscle tissue of the rats in
model group were significantly increased (P<Z0.05); compared with model group, the apoptosis indexes in
articular cartilage and quadriceps muscle tissue of the rats in celecoxib group and acupuncture group were
significantly decreased (P<Z0.05) ; compared with celecoxib group, the apoptosis index in articular
cartilage and quadriceps muscle tissue of the rats in acupuncture group were significantly decreased (P<C
0.05). The immunofluorescence assay results showed that compared with control group, the expression
levels of IL-6, JAK, and STAT3 proteins in quadriceps muscle tissue of the rats in model group were
significantly decreased (P<C0.05); compared with model group, the expression levels of IL-6, JAK, and
STATS3 proteins in quadriceps muscle tissue of the rats in celecoxib group and acupuncture group were
significantly increased (P<C0. 05) ; compared with celecoxib group, the expression levels of 1L.-6, JAK, and
STATS proteins in quadriceps muscle tissue of the rats in acupuncture group were significantly increased
(P<C0.05). The Western blotting results showed that compared with control group, the expression levels
of IL-6, JAK, STATS3, paired box transcription factor 7 (Pax7), Desmin, Mpyosin, and Myogenin
proteins in quadriceps muscle tissue of the rats in model group were significantly decreased (P<C0.05);
compared with model group, the expression levels of 1L-6, JAK, STAT3, Pax7, Desmin, Myosin, and
Myogenin proteins in quadriceps muscle tissue of the rats in celecoxib group and acupuncture group were
significantly increased (P<Z0.05); compared with celecoxib group, the expression levels of 11.-6, JAK,
STAT3, Pax7, Desmin, Myosin, and Myogenin proteins in quadriceps muscle tissue of the rats in
acupuncture group were significantly increased (P<Z0.05). Compared with control group, the expression
levels of B-cell lymphoma 2 (Bcl-2) , B-cell lymphoma-xI (Bcl-x1), and myeloid cell leukemia 1 (MCIL1)
proteins in quadriceps muscle tissue in model group were significantly decreased (P<C0.05), and the
expression levels of Bel-2-associated X protein (Bax) and cysteinyl aspartate specific proteinase-3 (Caspase-3)

proteins were significantly increased (P<C0.05); compared with model group, the expression levels of



1478 MR (B 251 E Hel 20254 11 A

Bel-2, Bel-xl, and MCL1 proteins in quadriceps muscle tissue of the rats in celecoxib group and
acupuncture group were significantly increased (P<C0.05), and the expression levels of Bax and Caspase-3
proteins were significantly decreased (P<C0.05); compared with celecoxib group, the expression levels of
Bcel-2, Bel-xl, and MCLI proteins in quadriceps muscle tissue of the rats in acupuncture group were
significantly increased (P<C0.05), and the expression levels of Bax and Caspase-3 proteins were
significantly decreased (P<C0.05). Conclusion: Acupuncture can promote the differentiation of quadriceps
muscle satellite cells and inhibit muscle cell apoptosis in the model rats with KOA, and the mechanism

may be related to the up-regulation of expressions of IL-6, JAK, and STAT3 proteins in the quadriceps

muscle tissue.
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A AEEK 24 h )5, 20% ZokpE (157 10 14
SRR LR BRI, R 2 K BRUACD] I 564y i s 4%
A, B SR E A AL AE 41K ROR Bk R
Hulth /7 ™ M # KOA B8 A5 A 52 i i D) )=
K HE B 0 8 KRR B X BB S RA,
B UF A B B o AR A B T, X B A A
RIZH KRGS TAMEKES, ERkEMAKRRS T
W 1.8 gL "ZEREAMIEWAE S , & 2H R Bl ik
WORsE T . 8 T00 R IV VR AT AR R L O R A
BT, BRI N % BIURA TR, B
B % MERALT RN, BN%HE L 54%2)
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Tab.1 Circumferences of affected hind leg, wet weight of quadriceps femoris muscle, wet weight maintenance rates, and wet

weight/body mass ratios of rats in varous groups

(x+s, n=9)

Group Circumference(//mm) Wet weight (m/g) Wet weight maintenance rate (/% ) Ratio of wet weight/body mass
Control 157.444+11.88 5.1740.84 95.78+2.17 4.7840.67
Model 99.33411.16" 3.0040.50" 82.6745.20° 2.33+0.50"
Celecoxib 105.56+13.51" 3.784+0.67" 86.67+3.67" 3.00+0.87"
Acupuncture 134.22416.52% 4.56+0.53°" 94.3342.69°" 4.56+0.73""

"P<C0.05 ws control group; “P<20.05 vs model group; *P<C0.05 wvs celecoxib group.

2.2 BURABRXTHRERELSEAA XA
KRB OB R FF 8, B0E 4 i 3R 48 HLKF
HeF, hgoT . BRI R RUBSCTT R B, i
SGOMLRS , BB EBOR D>, HESITE, o] UL K S
B MM ERIRIE, K EMEUX 5y, ERE

@ vogad

A B

At 20 R BB S0 O B SRR IE o, (8 DL HE
AN HLRE RS B Wb, A K AT DL BRCTE ) IR A6 R 40
J o AT AL R B ST O A M AR R e R, P
M, MR GO RE, SR a0 R R EHLAES A .
VN

A': Control group; B:Model group; C:Celecoxib group; D:Acupuncture group.
1 BRHKFBXTREREESERIA(HE, X400)
Fig. 1 Pathomorphology of articular cartilage of rats in various groups (HE, ><400)

2.3 BUXABOKMARBEHSEIA WIHH
KRSk LA 2 gn i 2 K B AR, AP, B
AHN, T UL A A% B e T LA 4R, BEOh 5
B BRI R PY Sk LT RS 2K AL, T IR AL
YR, T WB LA MR T, R AT, Bl

A B

SrAEL, BRI, JRAEA LA 4ERE R AR R RAE S
W, R AR N . R AT RN BT T 2R BB
Uk LILET 4R 20855 T 52 B R IBAEIE , LI AER
HgeH, AFENYER B, B UL 4 S A
W, PR AR MR R R ORI R T . LA 2.

A': Control group; B:Model group; C:Celecoxib group; D:Acupuncture group.
B2 &HRRBIkALREE SRR (HE, X400)

Fig. 2 Pathomorphology of quadriceps muscle tissue of rats in various groups (HE, XX 400)

24 BHRAXRTREI RO LAMAL T B0
ATis HXMMALHE, BRH R T EeE M

eV Sk LA 4 b A 9 T 45 SO0 B0 (P<<0..05) .
SRR TR, FER T AT AN 2 R RO R K
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Je U Sk UL ZH 20 eb 20 i U T 4 B B R R (P<
0.05). HEARBEAMALE, BRI BRICT PO K

DAPI
o -
- -
CeleCOXib -
o -

.Y ol %
gy

Je 7 Sk L2 2L A0 i O T AR O] R AR (P
0.05). WKE3, El4fE2,

TUNEL Merge

B3 TUNEL ¥ A £ 41k RS T5 30CR 40 -5 0t (X< 400)
Fig. 3 Apoptosis of articular cartilage cells of rats in various groups detected by TUNEL method (X 400)

DAPI

Control

Model

Celecoxib

Acupuncture

TUNEL Merge

B4 TUNEL ¥R &4 R FUS U Sk UL 2 b 40 8 38 T8 B8C (< 400)
Fig. 4 Apoptosis in quadriceps muscle tissue of rats in various groups detected by TUNEL method ( X400)

25 BAXKKYELNLALR P IL-6,JAK Fo
STAT3 &G £AKF  HXFIA K, BIRAK
BB DY Sk LAl U 1L-6 . JAK FTSTAT3 8 1381k
KB B AL (P<<0.05) ., SRR e, %

K A0 2 AT A BB Sk LA 8P 16, JAK K
STAT3HH R BEKFHHEFAE (P<L0.05). 5
SER AL LA, R R BB DY Sk LA 2L T1L-6
JAK fl STAT3 8 H £ ik K F ¥ & F & (P<
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F2 BARFRTHE AL VAR MM JE a8
Tab. 2 Comparison of apoptosis index of articular cartilage

and quadriceps femoris muscle tissue of rats in various groups

(n=9, x+s)
Apoptosis index

Group

Articular cartilage  Quadriceps femoris muscle tissue
Control 0.62£0.10 0.78£0.19
Model 1.52+0.29° 2.42+0.37
Celecoxib 1.34+0.19% 1.56+0.24"
Acupuncture 1.0340.21%* 0.91+0.18""

"P<<0.05 vs control group; “P<C0.05 vs model group; “P<0.05 vs

celecoxib group.

0.05), DLIE 5~7f15 3,
2.6 H4KXAMw kAR P IL-6,JAK =
STAT3 &G RZEKF HXFHA L, BAIHK
SR PO Sk WLEH 21 TL-6 . JAK FISTATS3 2 11 % ik
KRB B AR (P<<0.05), SHERIA e a, %
ok B A RN 4L R BRI DY Sk WAL 2L 1L-6, JAK
K STAT3HE HFKKFEH B I E (P<0.05).
5k EAA A, B A K BB Y Sk LA 24

IL-6. JAK Ml STAT3E H R LK FEYIHEF &
(P<<0.05)., WK 8FIZk4,
DAPI

o - --

2.7T BHAXABROLMARTEEMPEFRE

BRZAKE  HXFIA R, AL R BB Y Sk AL
2 41 F Pax7., Desmin, Myosin il Myogenin & H

Zf‘éj_/](mﬂ‘]%ﬁfggﬂ (P<<0.05)., HEAIA L,
FE R AT AR BRI 2 K BB Y Sk LA 2 Pax7
Myosin 1 Myogenin % [ 3 ik /K - 15 B
I (P<<0.05). 52k fidl thie, gl
K BB sk WLZE 21 Pax7. Desmin, Myosin Fl
Myogenin £ [ % 35 K F ¥ ] B+ (P<<0.05) .
UL 9 F 5
2.8 émkﬁkw+m@m¢%tﬁ%§éBw&
Bel-x1,Bax \MCL1 #= Caspase-3%& g 2k KF 5
xR B, A 2 R BB Y Sk LAL S Bel-2
Bel-xl #l MCL1 & H 3£ 3k /K F 35 B 2 R (P<<

Desmin .

0.05), Bax fll Caspase-3 £ [ 3¢ ik /K ¥4 B 8 T+ =
(P<C0.05) . HERIZ LA, 28k A L A4 o 20

KRB Sk LA 21 Bel-2, Bel-x
KK B B TR (P<<0.05), Bax il Caspase-3
A RBAKEE BT (P<<0.05), S%ktmd
P, ot 4l R BRI D Sk LA ZUrb Bel-2, Bel-x1 Al
MCL1# H R IR RS (P<<0.05), BaxFl
Caspase-3 5 [ & ik /K P ¥ B B REAL (P<<0.05) .
WK 10 ML 6.
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Blue represented nuclear staining, and red represented fluorescence expression of I1.-6 protein.

B5 SREH LRI A 4K Bk MLA R IL-6 | HRIEFOL (>400)

Fig. 5 Epressions of IL-6 protein in quadriceps muscle tissue of rats in various groups detected by immunofluorescence

assay (X400)
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Blue represented nuclear staining, and red represented fluorescence expression of JAK protein.

Bl6 Stk & A A Rk AR H JIAK E HREFL(<400)

Fig. 6 Expressions of JAK protein in quadriceps muscle tissue of rats in various groups detected by immunofluorescence

assay (<400)

Control
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Celecoxib

Acupuncture

Blue represented nuclear staining, and red represented fluorescence expression of STAT 3 protein.
B7 SRBEFOCEN ALK BUB ML MAR STATS EHRIBHEB(400)

Fig. 7 Expressions of STAT3 protein in quadriceps muscle tissue of rats in various groups detected by immunofluorescence

assay (<400)
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Tab.3 Expression levels of IL-6, JAK, and STATS3 proteins

in quadriceps muscle tissue of rats in various groups

(n=9, x=+s)
Group IL-6 JAK STAT3
Control 12.04+£2.12 10.024£1.73 9.83+1.45
Model 1.0240.21° 1.4540.31° 2.7240.36"
Celecoxib 5.1341.25" 6.23=1.12°  5.2441.19°
Acupuncture 9.144+1.32°"  8.074+1.53""  9.02+0.54°"

"P<C0.05 ws control group; ©P<C0.05 vs model group; *P<C0.05 vs

celecoxib group.

1 2 3 4 M,

r

L6 — — — - 2500
JAK Y o —-— 125000

STAT3 ‘ — — ‘ 86 000
Bractin Se— ——— . ()

Lane 1:Control group;Lane 2:Model group;Lane 3:Celecoxib group;

Lane 4: Acupuncture group.

B8 Western blotting Ky & 280 K B MU Sk LA IL-6.
JAK I STAT3 % A %3k i 3k A

Fig. 8 Electrophoregram of expressions of IL-6, JAK, and
STAT3 proteins in quadriceps muscle tissue of rats in

various groups detected by Western blotting method

F4 FARBBNLNALH IL-6.JAKF STATIEHE
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Tab.4 Expression levels of IL-6, JAK, and STAT3 proteins

in quadriceps muscle tissue of rats in various groups

(n=9, x=+s)
Group 1L-6 JAK STATS3
Control 0.73£0.13 0.834£0.13 0.9840.16
Model 0.1240.08" 0.44+0.10" 0.21£0.09"
Celecoxib 0.5240.10% 0.5340.12°  0.7640.10"
Acupuncture 0.80£0.15%*  0.76£0.17°*  0.81£0.12°*

"P<0.05 s control group;“P<C0.05 vs model group;*P<C0.05 vs

celecoxib group.

VU Sk UL, PR B DY Sk LB JIL ) T B R KOA & 1Y
HEFRNZ —, W RAHKRE TN —F0, HE
CAERDR A E A, AT EME s Y (A
WZ): “HIEfIZ, MR, & “AE" W
“%KE”O AR A 22 47 LR O T 2510 12~ 1
F, A B AR AR VL Y 28 05 0 A AT AR UL P K

1 2 3 4 M,
Pax7 m - 57 000
Desmin “ ” 53 000
Myosin e - 230 000
Myogenin . * - 30 000
B-actin  ee—— - — 43 000

Lane 1:Control group;Lane 2: Model group;Lane 3:Celecoxib group;

Lane 4: Acupuncture group.

B9 AHKFBIKNARH PLTE A Re 5 AR S
FLIK

Fig. 9 Electrophoregram of expressions of satellite cell
specific proteins in quadriceps muscle tissue of rats in

various groups

RS AEHKRFBIC AR F LT 240 ke 71 B R
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Tab. 5 Expression levels of muscle satellite cell specific

proteins in quadriceps muscle tissue of rats in various groups

(n=9, x=+s)
Group Pax7 Desmin Myosin Myogenin
Control 0.87£0.13  0.7240.13  0.90+0.07 0.8120.12
Model 0.154£0.03°  0.1040.05° 0.1440.04° 0.2420.08
Celecoxib  0.6740.10 0.5140.12° 0.49+0.15" 0.62%+0.17>

Acupuncture 0.7240.16%% 0.70£0.13%% 0.74+0.12°" 0.8340.21°*

"P<C0.05 ws control group;“P<C0.05 vs model group; “P<C0.05 vs

celecoxib group.

1 2 3 4 M,
Bcel-2 26 000
Bel-x1 30 000
Bax 21 000
MCLI1 40 000
Caspase-3 i ‘ 17 000
pacin (. - ‘ & oo

Lane 1: Control group; Lane 2: Model group; Lane 3: Celecoxib
group; Lane 4:Acupuncture group.

B 10 &4 KBk AL F Bel-2,Bel-xl,Bax , MCL1
Caspase-3 & FH ik B vk &

Fig. 10 Electrophoregram of expressions of Bcl-2, Bel-xl,
Bax, MCL1, and Caspase-3 proteins in quadriceps muscle tissue

of rats in various groups
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Tab.6 Expression levels of apoptosis-related proteins in quadriceps muscle tissue of rats in various groups (7=9, r=s)

Group Bel-2 Bel-x1 Bax MCL1 Caspase-3
Control 0.91£0.13 0.94+0.14 0.13£0.02 0.70£0.13 0.0940.01
Model 0.13£0.02" 0.10£0.02" 0.9240.10" 0.15£0.02" 0.93£0.12"
Celecoxib 0.21+0.04* 0.31+0.07% 0.4840.12" 0.2340.03" 0.62+0.13~
Acupuncture 0.834-0.12°* 0.7840.12* 0.19+0.04%" 0.7340.124% 0.364-0.06°*

"P<0.05 ws control group; “P<C0.05 vs model group; “P<C0.05 s celecoxib group.
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HE, EN BRSNS IREY, HaEN T
AL 4 M Y o3 A ik 7R PO EAE s Myosin 2 LA
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%, FR A A PR RO e A AN S e A
JEAL 3 F A e A%, 51 DNA F SRl ds, 72 LA
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B o 1L-6 A 3H a3 JAK2/STAT3 5 5 38 o 1 AL T
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F6 1) S BTG L R R A L TR A B A mE L, T
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