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DMM) A f5 8,12 J& 24~ [a] 2 43 )2 , BRI (a6 B il B LA PR k1% 4 4 (n=5) : 22 ‘CIRFR (22 °C
Sham) £ .4 ‘C{EF-AK (4 °C Sham) 2l .22 °C DMM Z1 F14 °C DMM 4. DMM AJ5 2 J& ,4 °C Sham 5 4 °C
DMM 4 45 A B TR (50+5) % 4 CIRIRAC R 5E 12 h, 28 B AN 25 ;22 °C Sham 5 22 °C DMM 2H % #1L
WA SR . AET W8 12 JE AT LU F PEAS : D7 25t - R CatWalk R 40 i S SHL, AUE
ST A0 32 DA i AR R T RE T, T 3 S B0 00 SR H & S S 5 A TR O AR S % Sk UL PR 6
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SR HL, S AR Y] R 5T HE Y2 0N 210 O- [ 4G (0, PEAS M IR 8 0T 40 Mo 310 00| 351 o
FM: S R By 1T R F 57 27 25 (osteoarthritis research society international, OARSI) P47, [A] A 38 i Masson
=Y e IS WL e e R TR . B2 TRl < 2R FH 928 5 61 AR LA Dystrophin HTARFRICHLEF 4t 5
TR AR A FR , S0 E 2 A A S R 2 40P TL-18  TNF-o Y PP F A K. S5 O/NRUAT IR
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RPN . FEVA ZR R PN ) DMM F- R I 3 5 ¥ R RE 5 0 9K e W RO AE L, 4 °C DMM 2 A4
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E SV FFEE T . b, FCOEIRAR 4 °C DMM HAHEL 22 °C DMM 2H7E 8 JEIF OARST e KPES> 1 1. 00043 (P<
0. 05) B4 TR 2. 000 43 (P<0. 01) 5 12 JA I e R PF4rAT547 0. 750 43 (i ka3, B o 44 2. 000 431
EER o RN TFak FIH,4 °C DMMZAIHE 22 °C DMM 20, 15 1L- 18 AN 208 m ARL7E 8 JEI A 12 4
A3 1. 047% (P<0. 05) F1 1. 892% (P<0. 05) ; TNF-ou 723 T B[] 38 40 51 14 11 3. 850% ( P<0. 000 1)
13.806% (P<0.0001) . @ HULLEA SURZE I RE R S MEB 5. FE% T 10T BOB U Sk UL B PR 25
45 1AV RE R R e 4T 2 AL E 8 = E N B AR« a. LT 6K £ REIR |, Twiteh 7E 8 JE AT 12 JE 4 1 AR
34.77 mN+m/kg(P<0. 01) 1 52. 87 mN - m/kg (P<0. 05) ; Tetanus [@ 3135 A 115. 0 mN-m/kg(P<0. 05)
F1138. 3 mN-m/kg(P<0. 000 1), Force-frequency curve N . b. JLZ545 , BP0k LT & HAE 8 JE A 12 ]
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Cold exposure exacerbates osteoarthritis via synergistic muscle atrophy and fibrosis
TENG Peiyu, LI Song, LONG Chenyu, HUANG Junlan, YANG Peng, SU Nan, LUO Xiaoqing, YANG Jing, ZHANG
Ruobin, XIE Yangli, CHEN Lin Department of War Wound Tissue Repair and Rehabilitation Medicine , Daping
Hospital , Army Medical University , Chongqing, China

[Abstract] Objective To investigate the impact of a high-altitude and cold environment on skeletal
muscle function and the pathological processes of osteoarthritis (OA),to elucidate the interaction mechanisms
between skeletal muscle atrophy, fibrosis, and joint degeneration under cold condition, aiming to found a
theoretical basis for the health protection of the musculoskeletal system in military personnel stationed in high-
altitude cold regions. Methods Destabilization of the medial meniscus (DMM) was established on C57BL/6
mice (11 weeks old) by cutting the attaching point at the anterior intercondylar region where anterior cruciate
ligament blends with the medial meniscus. Forty male C57BL/6 mice (11 weeks old) were stratified by
2 posloperalive time points (8 and 12 weeks). At each time point, the mice were divided randomly divided
into 4 groups (n=5):22 “C sham operation (22 C Sham),4 “C sham operation (4 ‘C Sham),22 ‘C DMM,and 4 °C
DMM. From 2 weeks after DMM modelling, the 4 °C Sham and 4 "C DMM groups were placed in a cold
chamber [4 °C,humidity (50+5)%] for 12 h per day until the respective endpoint,meanwhile,the 22 °C Sham
and 22 ‘C DMM groups were kept at room temperature. At 8 and 12 weeks after intervention,the following
assessments were carried out:(D) Behavioral tests: Gait parameters were quantified using the CatWalk system;
Limb load-bearing capacity was evaluated with bipedal balance test; Spontaneous activity distance and time
were recorded in the open field test;Twitch force and tetanic force in the quadriceps were measured,and the
force-frequency curve was plotted. (2 Histopathological analysis: Quadriceps and knee joint tissues were
harvested,embedded in paraffin,sectioned and stained with HE and safranin O-fast green to assess synovial
inflammatory cell infiltration,cartilage surface integrity,and OARSI score from Osteoarthritis Research Society
International System. Additionally,Masson’s trichrome staining was applied to observe collagen deposition in
muscle fibers. @) Molecular detection: Immunofluorescence assay for dystrophin antibody was used to label
muscle fiber boundaries and calculate cross-sectional area; Immunohistochemistry assay was employed to
determine the expression levels of IL-18 and TNF- a in synovial tissue. Results (1 Progressive
deterioration of behavioral function: Compared with the 22 ‘C DMM group, the 4 ‘C DMM group exhibited
significantly exacerbated functional impairments at both 8 and 12 weeks after intervention,in a time-dependent
worsening trend. a. Loss of gait coordination: At 8 weeks,the relative stance phase time of the right hindlimb
was shorten by 0. 113 (P<0. 001),print area was reduced by 0. 102 (P<0. 05),swing phase time was extended
by 0. 115 (P<0. 05),and single-limb stand time was prolonged by 0. 146 (P<0. 01). These abnormalities still
existed at 12 weeks, with the difference of print area expanding to 0. 154 (P<0. 05) and that of swing phase
time maintaining an elevated magnitude of 0. 113 (P<0.05). b. Decline in weight-bearing capacity:
Percentage of right paw weight-bearing was decreased by 2. 777% at 8 weeks (P<0.001),with the deficit
further expanding to 5.156% at 12 weeks (P<0.000 1). c. Suppression of spontaneous activity: Total
locomotor distance was decreased by 1 069 cm at 8 weeks (P<0. 000 1) and remained reduced by 429. 3 cm
at 12 weeks (P<0. 05). @ Exacerbation of joint histopathological damage:Cold exposure combined with DMM
surgery significantly aggravated synovial inflammation and cartilage destruction. a. Synovial pathology: The
4 °C DMM group displayed increased synovial pathological score of 2.133 at 8 weeks (P<0.01) and then
2. 833 at 12 weeks (P<0. 001) relative to the 22 ‘C DMM group,indicating a sustained inflammatory response.
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b. Cartilage degeneration:The 4 “C DMM group showed the maximum score of OARSI elevated by 1. 000 (P<
0. 05) and total score by 2. 000 (P<0. 01) at 8 weeks,while,at 12 weeks,the maximum score remained elevated
by 0. 750,and the total score maintained a differential trend of 2. 000. ¢. Upregulation of pro-inflammatory
factors: The synovial expression area of IL-1@ in the 4 ‘C DMM group was increased by 1. 047% (P<0. 05) and
1. 892% (P<0. 05) at 8 and 12 weeks,respectively,and that of TNF-a expression was increased by 3. 850% (P<
0.000 1) and 3. 806% (P<0. 000 1),separately at the same time points. (3) Composite impairment of skeletal
muscle structure and contractile function: Cold intervention induced triple pathological changes in quadriceps
encompassing atrophy, mechanical performance decline, and fibrotic remodeling. a. Depletion of muscular
force reserve: Twitch force was decreased by 34. 77 mN-m/kg (P<0. 01) and 52. 87 mN-m/kg (P<0. 05) at 8
and 12 weeks,respectively;Tetanus force was reduced by 115. 0 mN-m/kg (P<0. 05) and 138. 3 mN-m/kg (P<
0. 000 1) at the same time points,with a downward shift of the force-frequency curve. b. Muscle atrophy: The
mass ratio of quadriceps was decreased by 0. 076% (P<0. 05) and 0. 102% (P<0. 000 1),and the muscle fiber
cross-sectional area (CSA) was reduced by 261. 3 pwm? (P<0. 05) and 233. 5 wm? (P<0. 01) at 8 and 12 weeks,
respectively, accompanied with an increased proportion of small-diameter fibers. c¢. Fibrotic deposition:
Relative collagen fiber area in muscle tissue was increased by 4. 072% (P<0. 01) and 2. 238% (P<0. 05) at 8
and 12 weeks,respectively,suggesting abnormal extracellular matrix remodeling. Conclusion High-altitude
cold environment not only directly aggravates synovial inflammation and cartilage degeneration in OA but also

further compromises joint structure and function by inducing quadriceps atrophy, reduced muscle strength,
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and fibrosis.
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(Solarbio, 8 5 G1340) ; Dystrophin — $t (Proteintech,
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75 A21206) ; 1L-1B —$T (Proteintech, §7 5 16806-1-
AP) ; TNF-a — Pt (Proteintech, 525 60291—1—Ig) P -
AR & (P AZ 847, 5245 PV-9001 ) 5 B 20k
Fer iR & (A2 &4, 185 PV-9002) 5 /N AL A4 #r
%4 (CatWalk XT 10. 6, Noldus, fif 22 ) ; 1300A %I %% {4
s LSRR Bt (Aurora Scientific, TN K) s RUE -
745 10 976 1L (BIO-SWB-TOUCH-R, ¥: [# ) 5 ™ 3% 52 1 46
(50 emXx50 emx30 cm, Noldus, fif 2% ) ; 1E B 2¢ )6 .1l
(BX51) S B iR %2 4t (DP74) .
1.2 ZBFHhhR o

11 J& % SPF 9% C57BL/6 HEE /N B 40 B, 4 i &
(23.5+1.2)g, W [ P41 48 A A2 5250 sh ) BR A FR
I A /N B EALEL 2R o AL R R H
M I Fa R (destabilization of the medial meniscus, DMM )
J& 8. 12 JH 2 ARl s 40 2, BRI 4 4 (n=5) : 22 "CIR
FAR(22 °C Sham) 4 .4 “CfEFAR (4 °C Sham) 2 .22 C
DMM ZH 14 °C DMM 21, DMM A J5 2 & #2 ,4 °C Sham
54 °C DMM 4 4 H 288 T 1% B (50£5)% .4 CH 5L
12 h, #5252 EAHN 245,22 °C Sham 20 F122 “C DMM 41
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Py BRI (22+1) °C  AHXT IR BE (50+5) %, 12 h/
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BF AT [B0E R, 22 T8 5 S e 4 e Sk 300, Pk
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TR B2 5y 24t (AMUWEC20237408 ) .
1.3 SER4
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N A A6 B 38 T 2 PO % ik 1) ) 18] (s ) , S W32 5l
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S 4 BRI B TE] (ms ), Sz B N7 S AR 1
14,2 XURPEIE KIS S5 BU2 -0
A, AT R ) 2 s, B R O 5 R ) A% iR 25 <
0. 5% , 47N FOSUR BT DL & b o kG 2 4% 8
B RN BRPRARR U 3l 7 8 A R A DU R T, A5 2
B ARERE ) (f7 /2R B H/N RN 30, UK
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P45 (twitch) 5% L (tetanus ) B 77 -5 58 [ 28 (force-
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Jid BB D Sk UL R JRE 15 EH 2R
L5 1 ARG BUNRBERTY, 2 4% ZRIP
B2 24 h )5 , & T 15%EDTA W45 (pH=7. 4) [l 45
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A,B: Results of CatWalk gait analysis at 8 (A) and 12 weeks (B); C,D: Results of bilateral balance pain test at 8 (C) and 12
weeks (D); E,F: Results of open field test at 8 (E) and 12 weeks (F). a:P<0.05,b:P<0.01,c:P<0.001,d:P<0. 000 1
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Figure 1 High-altitude cold environment exacerbates gait abnormalities and pain responses in osteoarthritis mice (n=5,x+s)
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A, B: HE staining showing the sagittal tissue of the knee joint at 8 (A) and 12 weeks (B) , with corresponding synovial
pathological scores on the right; C,D: Safranin O/Fast Green staining at 8 (C) and 12 weeks(D). a:P<0.05,b:P<0.01,c:P<

0.001,d:P<0.000 1
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Figure 2 High-altitude cold environment exacerbates synovial inflammation and cartilage degeneration

in murine osteoarthritis (n=5,x+s)

8 JE T, 5 R 22 °C Sham ZHA L ,4 °C Sham 21 IL-1B
J TNF-o 328370 i A8 4k ; 5 22 °C DMM 41 AH L,
4 °C DMM Z£H ¥ JEE H TIL-1B . TNF-ou 19 22 35 7K - ik — 25
T (IL-18: P<0. 05, TNF-a: P<0. 000 1,81 3A .B),
FEVS R 12 BT, B ZE 3RS %] Sham 2H (B 4 °C Sham vs
22 °C Sham) ¥ I% IL-1B . TNF-o 253k JC i 540 (4 °C
Sham 41 5 [/ 22 °C Sham 414 FL¥ P>0.05) 51l 4 “C
DMM 415 22 “C DMM 21 ¥ i AR AiE PRl F- 1545 2 i 2 1k
H 4 °C DMM 4 IL-1B . TNF-o 335 /K AT 5 3% 55 T [+
1922 °C DMM £H (IL-1B : P<0. 05, TNF-a : P<0. 000 1,

K 3C.D),

R ZE AR  7E OA (DMM A 35 568 |, 5 %€
PRI AT ok R B ZH 2L TL-18 TN F-o A4 28 35 R
S AE , 2 IE OA By & A 5
2.4 JERBAE R KT IR KWK IR E AL

HFH

JREDU Sk LAY ZE 4R R B 5 1 00T R ) kA R e 1)
FHOE 2 BT B, IV Sk UL A 5 45 T o
ST I H BT S OB IR AR RS R TR
X8 T R 2 ma AL FATE A Aurora Scientific



http : //aammt. tmmu. edu. cn b 4222 1 R

27 412,2026,48(1) 49

Sham DMM
F O S < = T B4 mm Sham
i ' ~ < ™ DMM
© 1 ! PR < a
° o=l S B B g i R CNSRE o N e — = = L4 3 -
N 2 1 ) 6 d d
7 B 1 : gl ° h—— —_
' >
50 ym S. 25um 50 pm CRE R ¢ 25 pm =
: z g4
P e o
f’ e Y
iy IV © S
ola : : . g2
~ s 1 T W R c
5 H Al \\ 8
Meemmmil A o 5o
Fi% 4 & « o o o
= 2R squm . > Zoum 2c  4c A
Sham
o mm Sham
7 ==DMM
by 5
O b e d d
R L = =

Percentage of positive area/%
oN A o ® O

1%
SRR L BT ]
Clig g
N y 1 )
N 1 1
R e T
S0k ;
y ~
50 ym it *~~25_pm /
’
’
’
o7 g
o Cpm = e - >
o 1 1
<~ i 1
1 ey
Mmmmmmil
50 ym ~ . 25um
S

Percentage of positive area/%
o N B
E ‘ )

Percentage of positive area/%
o N A O @ 8

A, B: Representative image of immunohistochemistry assay of IL-18 (A) and TNF-« (B) at 8 weeks, with corresponding

quantification of positive area percentage on the right; C, D : Representative image of immunohistochemistry assay of IL-18(C)

and TNF-a (D) at 12 weeks , with corresponding quantification of positive area percentage presented on the right. a:P<0. 05,
b:P<0.01,c:P<0.001,d:P<0.000 1; Blue arraws: the positive cells
B3 BSERMELFBRXTRNRBREREFRIE(n=5,55)
Figure 3 High-altitude cold environment up-regulates the expression of pro-inflammatory factors
in the synovium of osteoarthritis mice (n=5,x+s)
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A, B: Twitch contraction, tetanus contraction, and force-frequency curve of quadriceps at 8(A) and 12 weeks (B) ; C,D: Muscle

mass/body mass ratio of quadriceps at 8(C) and 12 weeks(D). a:P<0.05,b:P<0.01,c:P<0.001,d:P<0. 000 1
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Figure4 High-altitude cold environment exacerbates the declines in quadriceps muscle mass and strength in

osteoarthritis mice (n=5,x+s)
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A, B: Anti-dystrophin immunofluorescence (green) images showing the outline of muscle fibers at 8 (A) and 12 weeks (B) ;
C, D: Histogram of average cross-sectional area (CSA) of muscle fibers and distribution ( =300 fibers per sample) at 8 (C)
and 12 weeks(D);E, G:Masson’s trichrome collagen staining at 8 (E)and 12 weeks(G) ; F, H: Histogram of collagen positive
area percentage corresponding to panels E(F) and G(H) , respectively. a:P<0.05,b:P<0.01,c:P<0.001,d:P<0.000 1; red

arrows: the shrunken muscle fibers
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Figure 5 High-altitude cold environment exacerbates muscle fiber atrophy and fibrosis in the quadriceps of
osteoarthritis mice (n=5,x+s)
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