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1) Influence of the site of injury on the spontaneous healing
response in a rat model of total rupture of the anterior cruciate
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AR LITBNT, UTOmEEZ MW (m—<5H) .

ACL Anterior cruciate ligament

CAM Controlled Abnormal Joint Movement
ACLT Anterior Cruciate Ligament Transection
PDGF Platelet-Derived Growth Factor

HE Hematoxylin-Eosin

IHC Immunohistochemistry

VEGF Vascular Endothelial Growth Factor
HIF Hypoxia-inducible factor

SMA a -smooth muscle actin

PBS Phosphate buffered saline

ABC Avidin - Biotinylated enzyme Complex
PCR Polymerase Chain Reaction

TNFR Tumor Necrosis Factor

NF-« B nuclear factor-kappa B

Il1r1 Interleukin 1 Receptor Type 1

Gapdh Glyceraldehyde-3-phosphate dehydrogenase
MSC Mensenchymal stem cell
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3.1 ACL#E&EnEY

3

T84 (Anterior Cruciate Ligament : ACL) 1%, BRI O WNAE
PEEVHRE O —FECTdo v, KIRE (St 2 K88 O R T 516 7)) - [B1E i B) A il 48]
T 52 L TCERZEESEDICEMRT 5 19, ACL 513 KE THH 40
T B AT D TRBEHEMED —o>TH Y 29, FHh - BB RLENE -
BERR L 72 EDREIRIC KLV B ATREMEZ HIR 9 5. 76k ACL 51334 4
TAY = MIBEETLARN-VEETH 72, EFETEPEFENRO
fEREEB M OB E VD FELBEO AR TOBRBEGRIEML 25, 1B
EIT L CERRBBIRE R RO N TN D.

3.2 BRIK T ACL #EIZx 4 2 1RHIE

BRR S IZ 1 5 ACL #151%, 1837 4512 Adams R IZ & » THIH T
W5 I, %12 Bonnet A, Stark J (2 X o TIREFBEIENRAE S NTZN,
5 ACL © H C BT SR o 72 8. 2 b 200 /% L 725
EIZBNTS, HEEBRKLE L THEBEBMEIC X D4R BER A WS
NTWDHN, A HICED £ TACLEEGRIFIEIZ OV TR RiniRiEN
BRINTE.

ACL #15# 0Bk Ic >\ T, H < 1% 1895 £ A.W.Mayo
Robson H 23, # ACL ® 2 SO Wil & f& &9 2 — RIEE T 2 s L,
BAF R RAE NG O, 0% b REROREDFVZ O, Linl
1966 12 O ‘Donoghue 5728, RZEZXZRIZ—REBEM ATV, itk 4
WRESIZ BT 2R RENEFHHEODL T 10%BRETH DL Z L2
HL D, BT Feagin bII—WREEIN %2 51T 72 B3 OBBIFSE T,
1% 5 EFBEIF S CREMOBEICB N THEARALERK - HBArERDT-
EME LI MDY, —RIEENZ VDI O Y YEITxh L TR
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BZe BRI b L5127, ACL FHENTIZ DWW T O] TD#H
1%, 1917 4 Ernest W, Hey Groves 512 L » T, BIRENH 2 Hui=
HEEBM @S Shiz 9. £D%, 1935 4121 Campbell 512XV
KERE - BB ~BFLEAER LR ERE A W2 FiE, 1970 FARUTIEIEMR
T REN AT L, 1980 4EfRIC A D L BN ACL FFa LN —
THWHI 9. BUE TiX ACL Q51 F I EST 2 HIC KRG - KEIZ
BHLEERL, "NAA NI TR - BEREZANDLFESANLENLTE
O, ACLHEHGIZKT H2EEBERICMESITONTVND 9. LrL, B
EHSBRIE O MEFITEIC K o THBMAB N Z N &0, RN E MR
HIEDRIERN NI EFOMERBEFAL TWVD., ZOROKRIET
%, 17EkD ACL B @I A EEREMZ ~1 7 U » I L7 Bridge-
Enhanced ACL Repair {ERN BRI 4L, RIAFRIGRMEZMD T2 &k
INTWND 10,

ACL 5% ORAFFIEIL, BLILATREIE & il L CBIF LR o8
5 ZMY 27, BEBERLERNENE SN TND O, X IR FIRED
HEgE, BB RLZEEOKEREL EHM 0L LTHKY, ACLOH
SRl Z B E LTV, —F T, BRI Tiieaifd ACL B
P, REFKIECTHCRBE L T oWELEE IS, Costa-Pas &
1), Nawabi & 12, Napoli & ¥, Malanga 5 9/%, ACL %2 EH
Sk LRI R Bk - UnE Y T — 3 VAL, @\RMICHD
B LN & L7z, Fujimoto & 19, Kurosaka © !¢, Thara
X, ol L CHEREREAS AW S 2 L TrEaRE ACL © B CIRER
BFonle@wE L., ZnbiEEREZHWZREIZBWT, Thara b
X, BEAEHWLEBEECERICRD b D HREIC DWW T TACL#HE
(CHERTLEESORNLZLE S 2 HET L L, AHRA T =LA T
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LA KD BB L THFEREMINT 22 ENEETHDL ] &b
NRTW5. EPEE, Thara H2MER L7= Kyuro 22 B, =4/ 127 ) 7
NV 7 BRI LTI R LT D 720, BAETEBNCLE O Kk
AR DT IR BRI KT L CHlIS T 5 7%, BRI o B HIEhEE 1 23
1718 Las L, BERRIGREGE AL E L7 2 & 00 i 5L 7E 23 R B IRt 7 o
MERELLL, BETHELLTWRVWORIRTH S.

3.3 ACL @ H CIRHIRE & PR A7 5 O i JE

1966 412 O ‘Donoghue 523, K% % RICLRIFWITRIEIE 2 8T8,
FERMATITACLITRELZ2WZ E AW LN LD 2O X5 el
5, ACLH T332 Bl AR HEIE DR R ICB D 2 e HEdE S vz,
— 7T, “REACLIZFH R LR VO L) F#EIC ACL #3520
TA—HAFETHN, TNETICEL OMFEE DY, ACL 2365 L 72w
JRRIZOWTHAEL TWS., ZORKLE LTa T rF—EiEE 1, #HE
% O MRS DA 29, Jr T AW FHIRE 212278 % < OBEHENK 1
DS SN, EEFITR Y, Murray 513 29, 845 ACL O Wi 23 i
WPICREST S22 LT, MR REhZELRNZ 2Rl &
7200, ACL M ET 27BN TIEH 508, WIEICEDLIL D 72O
HTHD”E WD FHRRERED, 16T 5720 D 2% (scaffold) DIEALIC
HEL, ACLOHCHEELZH T TWVWdERRTWS. Zhizx LT Woo
B, [\ U B AAAE T 2 WA R 28 B OBl 9 5 O % L T 29,
ACL 2"ECIRE L2 WREK & LT, THAMEIREIEE 0% E < H 2 BB
AR ENIHEER H ACL IZ X > TRIEESh 228, ACL O&EITH 2 I8
B ORTGHENT, oM TIIRESRWy) Z&2HRL, 10 TH
Hiws 26 OERF DB RIET R BELELEL T\ 2425 £ 2T 2016
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FIZEA T Ty Fedf e LI ERIRICE W T ACL #HE% O R
HiE ) &~ B Ei w4 oAl #3957 /L (Controlled Abnormal Joint
Movement : CAM €7 /V) &#{Epk L, 52&# % ACLE7 /L CACL ®H
CUHRM A R L7 & & L7z 2629,

Z O IMERFE O B R & K~ Translate 3572 9I121%, fERTREFR
FNH D, TOMED—>L LT, ACLIEER ORFIEERIE & #is T
NREEERAPAWRTH LI AN ETObND. ZNETORETIE, HEE
TTBRARTHDLERESNTWNDHEN 1, ZOMOIEREIZ DOV T %
Thd. 2 THxIL, £< O ACLHBEN KERE AL & B4 M <
A 080 L TN D Z L IZHKIR L, ACL B DA IS < ik &
Yoz BLHERTE O B0 L (R 1). EIRICE T 5 ACL 15
BT DM REAR 7 ) == TREIZIE, 7y 7~ 7 A MR
SHLTA MR EOEFHFMAH VLI, BKILBEBRIC X HEGZ
Wric CHEERZWNICE D . Fric g2 T3 ACL O EHAIC OV T DI
WEHBDLZENARTHD. FxrOREOFT 29, HEH 12 BRERIC
BT 216 ACL O 72, i ACL & bk U T+ 4 7 iR 4 5 /%
L TWD 35837, Z DR RIT, BWREOENVITH L DD, W5
iz TA L7z ACL BB W THRFIBFRIEDNEIS & 72 5 IRt 2R
2L TW5.

3.4 SERIEE ACL OIREA I =X A

ZIVE TORRK K O OBRITIEIC K 0, B oo 55 ) 2 Hi 4
THZ LIk T, 2B LA ACLAHORBICE»ND Z EIEHL
AT D 1571726272938 = D — OB RD A H = X AT HOWVT,
Nishikawa &, Morishita &% CAM €7 /v & ACL 3EREE T v

(Anterior Cruciate Ligament Transection; ACLT €7 /) OEEZ R
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PEHT (HE#% 1/3/6 HIF ) OIEMISE OV & f5Hi§ L 7z 2739, ACLT £
Folti L T CAM 5 v Tk, BILRH F TH D Matrix
metalloproteinase-13 mRNA FH &N L, BALFEIEL AT R

( Matrix metalloproteinase - 13 / Tissue inhibitor of
metalloproteinase-1) ([ZEWRH H T &, ME KA T ThH 5 platelet-
derived growth factor (PDGF) -8 mRNA BHENEGEIAL TV Z
EaWE L., 7% ACL Wrimit oMk E T, CAM E7 /L
TiT ACL Wram i & BIEi AR (BRZE TRV - /BEEM) 23663 26
WG rBlE s nizolckt LT, ACLT &7 /L TIi3# 4 ACL O Wil L
BT ~BHET ARG EBLE L. ZhsolENS, CAM—ACLT £
TVT, ACL#15#% 24 R LINIC, OACL FEEE O+ EWFala
TICEIEWREL TN D Z &, OFE ACL @ Wb il O #0812
EWNEL D Z L, QACL #H1E5% o WA+ DO Z8&R &1, BEHEI PR
WEETLZERHENERoT. TRODBEERAEMIZEARD L,
ACL #51% 24 R LLNIC RIEJSE DEMEAL L, ACL 2EH D A T2 <,
ACL FEE# & B AL O FHA R 22 B 1@ 12 - T, ACL @ B G
INERL L TV D AREMEN R SN D .

BIfE, ACL {5 EE ~RARIE L G L2562, 2L EAEE I T 11
rAMBET L EHESINTWD 29, FLEREMEZIRE L CAM £
TINZEBWT, maBE ACL N IEFEIH O 50%FRE D 7] 758 2 15
% F TITIE 8 R o HIf# 2 B4~ % 20.36.37) FRIR & JLAEAF SR T &)1 0 1]
FlOENEIH D b OO, EREE Lz ACL MR T 25 £ TITIE—E DM
a9 252 LiddtmlL Tno. HRABOHEE L2 ACL O ) F5mE N
HES I EToRBHMIL, ACLAMEMDOMTMELRO 720, B
BHARICIVEMARENRELS 2L 2 L0, HAEFIZIEEFOLN
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A RLAREINT S, LT, ZNOHDOZEMY AT IZTEBRFEDOEFED
BrIKTEE5. 20w, HBIE L ACLOREEZEE L, L REIC
BN ER SILD K5 RIpRIE A It T 2 0 ER H 50, BIEE TIT,
ACL O 2R T 2B BIE T TE TR, TORKO—>2 & L
T, %26 ACL OWEBEA D = R AR EN TN &ERETF S
, EOXSRFEEZMNT, EORIIZ, EO &) RBE - &T, 15K
AT _RENPES DLNLRVWBIRIZH S.

T ZTARMZEDO R L LT, #5811 TlE, ACLHREGAMESIZEW
THWIIRMAEBREATHDETOA D= A 0%, BEREEHNMARRICERL T
RREE L 7=, W92 2 TiE, #F%E 1 THONMREZREICL T, NF-k B/
FIVBRFEIC X D ACL H5% OB IS E O ZIZ DWW TRGEE L 7=, #F5E 3
T, IR dE sk 7 v Y — A& v T2 E ACL ORI 2
FHECTH DL EMAE L7z, ACL DRI A I = XL EMRIHT 5 Z &I,
ACLBEGBEF OB A MRET 2RFIEORBICELY, L2 0BFE
kL TIRFIRIEZIRETE D RBELRH 5. FBEBOASIE R
IS U@ i RiE A BEHOBBIRT 5 2 L 2 RBICT 5.

U EDEZNOANIEO B, weflf ACL Ol A =X L%,
CAM EF V& HWTERNICHDL ML, B ACL OBl 212+ 5
BRIEZHET 2 ECORBEL R LT — 2 %R T52LThD.



4 R 1 R ACL Wi E GRS G0, MBS NAEMIIR 5T
%

4.1 WFZEH P L OMRGR

AR DS BRI AIME B0 O M2 8 2 - I I B G 3 28 I IS 2 B
D1oELTAELD. FOEEME, BHNAHIEIEIH T % L 2 EHEE
ETHRE SN TR 208940, Fx ORITHZEICE N TE 39, ACL O
R FE T, ACL Wi & 8 BRI & Te g 25 T AR I/ 18 IR AR A% 23 fib
AT LG EBEL VD, RIEHETBESCRER T2 &R0
(S B R R BRI S, BRGSO SR ECEBR A2 R
KHEKREZRL., ZhboERNL, ACLEERZORBICEICIE, KHE
HiNAL#RIC & 2 ACLBEH~Dmimfia 2B 5 L T\ 2 Al ReE R B 2
bivd. LEER-T, ARWFZED HMIL, ACL#EERZ M o RN
DFLFR TR ENREZ A L, BB ACL D6 &k ORI
B L TWLNZHENITHIETHD.

4.2 Fik
4.2.1 faEAYALRE
AWFFENFL, HERIRFMIEMAFEELZBESOKRERT, 5P
KBRIEARGEEL NCBERT A R T A ICHEC CHEME L. OKkRE
5 2021-7). 7ok, B MmELICELE L, BEHEMEIIFTRE AR IR Y K/ RIS

RE LT

4.2.2 T A
Wistar 2 7 v b (12 # i 1E) 76 IC4%, ®|{EA 12 CAM 5 /L« ACLT
ETFIOVICIED /T 7=, ACLEGAMEICH T 2 BB W ORISR

9



ERGET 572010, Mk (BT T AERE 136+ 12« 24 B KO
3 % £ n=10) - o F+AEMT (X7 VIERE 12 K% n=12) - M4
Y (KT NAERE 7T B1Z n=2) & HW TN LT,

4.2.3  ETMAERFTIE

A YV 7 V7 »(Mylan Seiyaku Ltd, Tokyo, JPN) (2 TW ARREEEL, =
FEIR A SR (R 2 h—/v 10ml (Nippon Zenyaku Kohgyo Co. , Ltd.
Fukushima, JPN), K/ I AFESHK 10mg (Astellas Pharma Inc.,
Tokyo, JPN), X h/L'7 7 —/1®mg (Meiji Seika Pharma Co. , Ltd.
Tokyo, JPN) &t AHAEH/KZHAE 26mlIZBWT, TNE1 1.875ml,
2ml, 2.5ml, 18.625ml OF|G THA)%EKE 100g H7- Y 0.5ml £ i
BhH L, RRLEZIT 72, BB TICTERANY I E W TERL
AREBLBEL, A VYV THEEZITo 2. 0%, E£KOBKERIMI
DRLJ& % No.10 A AT THEGI L, B THfkE 7 — /N —3 N CTHIBEL
. Tk, BEMIMIOBEEHQEZ[YIL, ~4 7 vz EHaNIC
FIA L, ACL Z )l L7-. ACL UIWr & 13 fE FAICIEF i ol & H L 21T
VW, SIS ACL 2AUIBr s L TW 2 2R L=, ACL Bl % 13,
ETHIBOND*EXCEL 4-0 (Ethicon End-Surgery Japan, HiF, HA)
ICCTHEFUOEEZIT72. TO%, WM FY L (NSKT7/F AL b
XL, Rt T =2, ik, BAR) 2HWT, KEHENUTERES
SNz Do THEHAEER L. RIMICEFZTIRAF—ANRN—=F 7 R
1HP-2 (R Utbmafal, mU#f, AA) 2 Lz, B IEMRE, 4215
KERE AL M T A v SR 7 3-0 (BR A AERK LR T, A,
AA) Zu L, BB 90° JHAMLOKRETT A n o rzFILH THMAEN
L7c. To%, #EFNICIEF ORI G EHLEITY, CAM 7 /LTI
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BRIGBENHIE SN T\ D 2 &, ACLT &7 /L CIEASE /i 75 23 i B
SNTWARWT L 2R L., ABAEAKICT, BE&HHEOWEEZIT-
721, ETHIBOND*EXCEL 4-0 IZ CEJE DA Z1T\V, 4 V¥ HRIZT
HHEEIToT. RBICHENREE LT, AT FIVUERE vy
®10ml (Nippon Zenyaku Kohgyo Co., Ltd. Fukushima , JPN)
(0.5ml/100g) %, WK T#H G Lz, £ ToEmIL, IRE 2317,
M 55 E5%ICRE SN R THE S, 12 BRI YA 71T, [
etk & A mER, EEIEHIRL2WVERECTHEE L.

4.2.4  AARRHEOMEAT

1) AR B~ 8 i 1F Ak

BREORERT v b2 RMALEIZ LD ZHEEIE, HikFErmaHIckE
TR OBMEE 2RI L7z, BRI ZEANIL, 4% T KL T AT e R
T 48 IifE[E €, 10% ethylendiaminetetraacetic acid T#J 45 H =ik

CTBIRALE, 27 v —RAEHEZTY, T 42— T v7 0CT
Compound (V7 777 A4 T v 7 V¥ /NS4, B, BAR) ITT
w3E1%, -80°CD Deep Freezer TR L7-. WM L= 7 i,
RSO R EREEE 7 U 4 X % — NX70 (Thermo Scientific, MA, USA)

W CREBEIET NI D> B FR 1 7 1A 14pm 128 L, -25°CO Freezer (2T
et LTz,

2) Hematoxylin Eosin (HE) ¥4:f4

15 ACL oWrimih, K OBEENMEMOFZE 284+ 572902, HE %
A Em L. YalllE, 74va— Ty v Y=~ hFT U

(77774 0T w7 Ve RAaH, R, BA) WIRET 1
2= Tl XTI T T AT v T VxS UBRA S, B

11



AA) Z i TR L.
3) Oilred O %4
BETRVGOREEEZ AT 572912, Oilred O Yot % FEhi L 7=.
GettiZid, OilRed O (BRA=ALE £ 7 A 4 K FOEHEE, Kk, HA),
2-7 X ) — )b (FE£ 4t Nacalai tesque, H#ES, HA) #Hu\i-.
B, AEKTHRLE 26%7T 4 Va2 — T v A4 ¥ —~~

MU IR E VTS

4) Immunohistochemistry (IHC) ¥:f%

2RI EREREBET 5720 THC taz{T-7-. —RPUKITIT,
vascular endothelial growth factor (VEGF) -A polyclonal antibody (i
R 1: 1000, BS-4572R ; Bioss £, USA), Hypoxia Inducible Factor
(HIF) -1« polyclonal antibody (# = 1 : 1000, BS-0737R ; Bioss
f1:, USA), Cluster of Differentiation (CD) 68 polyclonal antibody
(FW=FE 1:1000, abl25212 ; Abcam ft, UK), CD206 polyclonal
antibody (F= 1 : 1000, 18704-1-AP ; proteintech f:, USA), «-
smooth muscle actin (SMA) polyclonal antibody (R 1 : 1000,
18704-1-AP ; proteintech ff:, USA) %, ZiL< i Phosphate-buffered
saline (PBS) TAHAMN L THW. ZRIUKIZIE, YFH kI By b IgG
#iik% fivv7iz (VECTOR LABORATORIES, CA, USA). &SI,
VECTAIN ABC Rabbit IgG Kit Z H V> T Avidin - Biotinylated enzyme
Complex (ABC) #E%1T-o7-. B, e A 774 DABEEFxv
M (EXEStt=F LA NRM A A= X, B, BAR) 2HVWE. 20
%, ~~FXT U 2 HWTHIREAZIT 7. Z2BRERMRIZIE—R
Pk DR VI PBS & Hu iz,
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%72 CD206/CD68 [t A 3 H 4 5722, #HG ACL o KIRE M/ -
JISE 5 AR BT i 358 2 e SR A AR 21T 6 BEBA IR L7z, A5 s o Ml A 2
xt9 % CD68/CD206 At Z 5 L, CD68 IZ%f4 % CD206 M
RBrRDOT-.

4.2.5 AR

1) Microarray fE#T

ACL FE, METHEMK LG L LT, ELAF7EHIE AN E M B
WMy 7 - ME G T 7 v N7+ — A ~fETERFE L FEi L7=. CAM
#E L ACLT BE OB s T REE O AT R 2 (S, UITORETELET O
VAR ZAT o7, BREOFRBERFFHEO 2 FEFLEIZT, CAM
FEICk4 %5 ACLT BED MBS 7Bl (fold change) 7% 0.5 LA T £ 7213
2 UL EELTCHEMLE. v~ 2787 L AOKENL, DAVID
Bioinformatics Resources Functional Annotation Tool ZH\T7 7 X

ZU TN, Ay ba Y=, ROVSA T = A T 21T o 7

2) Real-time reverse transcription Polymerase Chain Reaction

ACL ZEEHE, BETRENARIZEBIT S mRNA OFHl %, Real-time
reverse transcription polymerase chain reaction (Real-time PCR) %
W THEG L 7=. StepOnePlus system (Applied Biosystems, CA, USA)
& TagMan® Fast Advanced Master Mix (Thermo Scientific, MA, USA)
W TER L.

Primer | Interleukin 1 receptor, type I (IL1R; Rn00565482_m1),
TNFR (Rn01492828 g1 ), hypoxia-inducible factor 1 ( Hifla ;
Rn01472831_m1), NF-x B (Rn00595794_m1), vascular endothelial

13



growth factor A (VEGFA; Rn01511602_m1) ZfEH L, 22Ct % H
WHZ L CHEMNBETFOMMNBAELZR B L. o EWFfT o
M L7z Primer (2B L TLLFIZRE L /2.

BIE 14 bl VIC/FAM

interleukin 1 receptor, type I Rn00565482_m1 FAM

lymphotoxin beta receptor

(TNFR superfamily, member 3) Rn01492828_gl FAM
(basts helixToop helx ranscription focto) Rn01472831_m1 FAM
TRAF family member-associated NFKB activator Rn00595794_m1 FAM
vascular endothelial growth factor A Rn01511602_m1 FAM

4.2.6  u CT fig

TITA LT v inc. ~MEWEFXLER L. 57 v & BEERCRE
DIEFBRENIRIC A T —T Ve iRiE L, JEFRFIREZ IR L TR (~
NY CERABREK) THACHML L., £otk, EEA MV-122
Microfil silicone rubber injection compounds yellow kit B (f H #& 15ml)
AW TR IR LR D IERF N 2 02/l L. EEA
I IELHDICmEZREE L, 4CT—BEE L. WEREH %2 x4

Z, mMERE X #f~ 1 7 v CT %i& DELPet pCT100 (DELBio #:&#t,
R, AAR) ZHWT, Mo MEREIE 45 1 m TR @ N O I E & ¥ %
Ehiti L7z, x5 (Region of interest : ROI) (%, KERE - [€F D

TS BRI - TRE LTz, M 7iEE, fHillE iz RO TR S
N7 & (mm3) Z, ROI AR (mm?3) TERL TERILEZ. £D1E,
RSz RIET 72012, IEFEEE GHUL) 12X 2 REREHEIC
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BITHROINOMEEZHEH L.

4.2.7  FEHERT
2T OMEFMNTIX, jamovi Version1.6.23.0 (https://www.jamovi.org/)
ERWTENR L. BT, 2 FEMFICET 27T —Zicxt LT, EF
PERL, FoHtEaRo 57 —&I1Zxh LTI, Student t &% HW
o, IEBSMERIRNT —ZIZx L TlE, Wilcoxson rank sum 4 &
EHWE., 2TOREEKEIL, p=0.05L L.

4.3 R
4.3.1 ARk IRATRS R

CAM #¥iX, ACL WriimiinsnlE &5 X ocmsl L, FEf#Rm e & iz
T i S T PR 2 284 9~ 2 Mk G 2 B2 L. HBEE % L HEE% 3 KR
ST, W B IS IR AR O REME 2 580, BEE T RENIA 2 814 ACL
Wrim 0 2 B oD DA 2R 722y, LU, NENGHLER O /eI o 7,
1B IR ER AR A 2 I 2 3 ol ik ~Ef S T\ b, —J5, ACLT #E Tl
5% 6 B F T, CAM B ACL Wisii il O 2B E W ITFR S TV
RN, G 12 RRATRE M RE L CRERE I v Ao R sig B ~1BHE T
DT, LI, Wrimd 295k L Tnd . £, ACL Wi i o
NEWIAE#R D RENES, BEEZ RO 217 (K 1- K 2).

ACL riiniioo~ 27 v 77— (M ¢ ) fPEZ{ki%, M1+ M2 phenotype
Maker (CD68) } X M2 phenotype Maker (CD206) # f\ T, CD68
B5 PEAE R E L2 kE 9~ % CD206 BEtEfifu=s (LT ; M2 MifubgtEs) % &
THZEICEVAE L. BE%Z 1 KRR TIE, M2 BEMasEcE
TV EZTR D o 723, & Wrimil, KERE Wrimdl & b IR G #

15



6 WREfIRF R LARE © ACLT Bt & i LT CAM #E T M2 5o 2 I1E &
<, Z O G % 24 FFH £ THEDE L 72 (RE&RE Wriimil  Post 6hours;
p=0.01, 12hours; p<0.01, 24hours; p<0.01, 3days; p<0.01, & W&k
post 6hours; p<0.01, 12hours; p<0.01, 24hours; p<0.01). £ 7- ACLT ¥
TIE, ACL BB MW s & e~ T ACL KERE Wi o 1% 5 23, M2 Bk
BRI VME A2 & - 7228 (post 12hours; p<0.01), ACLT HDOHEE
% 6 RFMIIF A3 D M2 [ il el =R 0D 7 I KRB R I 8 3515 0D 05 203 18 70>
7z (p=0.01) (X 31X 4 5).

1455 ACL Wi i oo 4 B A IR A8 1X, HIF-1 o BSPERE R B B 70 i& W
FFB D7, CAM %, ACLT #f & & ICWriimia oMl I Tz (X
6). —J, VEGF i%, ACLT #f & bl L T CAM #f Tl Wrim i 23 815 %
24 FFHIFRIC BV T OB SN DT BIZE S IZ (K 7). o -SMA I,
WRE & S I R O Wim M 2N R I S L DMk G 2580, £ oM
EAkfRe L7z (X 8)

4.3.2 Gy AR R R

1) MicroArray fi##r

CAM £ /v & ACLT &5 /LT, ACL Wil o 2 8 12 # ik 5 -E
234 U7z Time point Z8:H L, ACL F2EE & BEE IRV 2 xF ST
Wz Lz, 7a—7#¥ET 45,598 AT, ®EFKEEZT5-0IC
Normalize JLEL L 7= 8 %> 7LD > 7 F VB8 E B HE S T2 Kl
ER/MEDEN 1 LD 7 v —7 16,571 fHIZOWTHEEN 7 7 22 Y
Y7 EFERMLULL., 4T ENENITONT n=2 Th LD, 2
DOORBUENFIEL, DOBEWI 2 EUTOY 7 FVRED L EITE
DYHEEHHRMEH LT —FE LTEMALE., 207 =250 THH

16



BRIC7 v —7 3,174 EICSOWTHEEN Y 7 A5 U > 7 &{T-> 7. ACLT
Bl T D ACL EBRETHEVIKOBGE FRI AT — i3k bEBI LT
Wiz, ACLT BIZHR 1T 5 ACL/ BE TRV L CAMBEIZBI 2BET
NEWIE DB T FBL /N Z — FE L Tz, CAM #EIZER 1T 5 ACL @
B FRBLZ — 0%, ML LTz (K 9).

MicroArray (Z X W 5 &5 727 — # %, DAVIT Bioinformatics
Resources ; Functional Annotation Tool Z H»T, GenBank % i/l 1
& L, Ontology f##r - Pathway fi##T % i L 7=. Ontology f##HT TliX
ACLT B & iz LT CAM B ACL EHE T, 2 DOAEYFRI 7 n& X

( cellular response to interleukin-1 , positive regulation of
transcription, DNA-templated) 7% up-regulate L, #J¥&AEISEIC BT
B TR —EVWE RO . downregulation [TF2 D720 -
7. Pathway f##7 ClX,5 /XA 7 = A T up-regulate L, ¥#IZ PI3K-AKT,
IKK-NF-k B N2 = A OFERK ORI NL)N>7-. —JF, down-
regulation "5 /N AT = A [T O RN 7.

EETHENARTIE, ACLT #f & ik L T CAM BT 14 O/EW 7 m
£ A2 (negative regulation of apoptotic process, positive regulation of
transcription, DNA-templated, positive regulation of transcription
from RNA polymerase II promoter, axon guidance, negative regulation
of transcription, DNA-templated, angiogenesis, xenobiotic transport,
positive regulation of ERK1 and ERK2 cascade, negative regulation of
transcription from RNA polymerase II promoter, positive regulation of
cell migration, apoptotic process, negative regulation of epithelial cell
differentiation, regulation of transcription, DNA-templated) 7% up-
regulate L, #L7AR F— R, BREIEME, MIEMICH T 5838

17



PR —NCEWERD . — 7, 11 OAEMFEA 7 1t 2 (inflammatory
response, aging, necroptotic signaling pathway, positive regulation of
apoptotic process, cellular response to interleukin-1, cellular response
to interferon-gamma, vascular smooth muscle cell proliferation,
circadian rhythm, response to nutrient levels, cellular response to
tumor necrosis factor, kidney development) 7% down-regulation L, &+
ICRFEINBENCK T 2B TR NY — 2 E W E R D=, Pathway fEHT

TlX, up-regulate, down-regulation & H 2RO ->7- (X 10).

2) Real time PCR fi##7

MicroArray fi##T 7> 5, ACL FEEH D PISK-AKT, IKK-NF-k B /XX
VA BEHEOEEBFRBRER NS ol &, EEBRETENEOIT
RNE =V ZBEKEFORBELZLBOLL D, KERTOXY—F
FX2A 7 = A % IKK-NF- k BREKIZED, Tt B FHIAEIZONT,
HeseET L7z,

BHED ACLT FEEH & B TIENIRIZ I % 00 FAEM F RIS E DE
i A& 9 5 7= 2, Interleukin 1 receptor, type I ( IL1R;
Rn00565482_m1), TNFR (Rn01492828 g1), hypoxia-inducible factor
1 (Hifla ; Rn01472831_m1), NF-x B (Rn00595794_m1), vascular
endothelial growth factor A (VEGFA; Rn01511602_m1) o fH %% Bl &
i U7-. ACL EEH T, ACLT B & kb LT CAM B CHENT L 7=
2K T mRNA BB E CTHEEZRO R o2 BE TENA TIE, ACLT
BEL b L C CAM £ T HIF-1a, XU NF-« B mRNA 2MEALIZH T

HinmL7= (p=0.038, p<0.001) (X 11X 12).

18



4.3.3 u CT #

CAM BETIix, BBEE ICHIT 5 ROI AfE 142.92mm3, i &
308128.99mm?3, # % & ROI AFfH 2156.02mm, IF ¥ 1B LA
106.92% 72 - 7=. ACLT B T, BBEEIIZB 1T 5 ROI A48 145.37Tmm3,
M E i 364158.10mm3, #AM% & ROI 5F 2504.98mm, 1F ¥ B B i
RN 95.083% 77 -7 (M 13 ¥ 14). n=1 O 7= O EHIQLBER T 5 M &
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1 ACLHEGAMHICE T 2 ACL Wrinil o B &2k

ACL #5122 861F 5 ACL Wrimit o #iie 2 (k2 HE Y4 L 7 k& 2R
. BRED  ACLT BRI IS 2 RBRE R Wi 1 25 #2 b7 ~ 1B 9~ % # ik
%, HKRHE . CAM #1236 1F 5 ACL Wi M B (2 BE &I PUAE R 23 =2 A3 5 4

. A —/1 =500 u m.

20



2 ACLHESMHHICE T 2 R E TN O REM®
ACLHEGZOBEETIEVEO REMEEZRT . Oilred O Betafg. X7 —L

N— B .50um 7% :500um.
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3 ACL #H{51% O KREREMWrm#ic ki 5 M ¢ Mk

M ¢ Fr 1)~ — D —CD68, M2 ¢ Friy~— 1 —CD206 IHC 48 %
R R L & B2 CD68:CD206 & H 1 CAM BTN BRI,
ACLT BEClI R M (8f) 2 5. B : BMEMn. 27—

— : 50 1 m.
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4 ACL #1E5% O KIRE - K5 MW EIc s 5 M o iR 21k
CD68 IZxt9 % CD206 MMM 2 rd . HIEH% 6 FFftI LI T, ACLT
L CAMBEORMICHEREZEZRD S.
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5 ACL #1510 & 7 g O RERE « JEFMWrimiB il i 5

M ¢ HlfH: o B[R] A 25 4b,

CD68 IZxf9 5 CD206 Gt %2 r9 . ACLT BE CIZHEEH% 6+ 12
M CAHBEEZELZRDT=D, CAM EETIXRO o T-.
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6  ACL {51 O REREMIEm i IZ B 5 HIF-1 o 2B

Kle G MER 7 HIF-1o IHC Rt 29, HER 1 Bef2s & FEMH
TG B PEIC B R E W O o T2 RKRED - PR, A —
S8 — 50 pm. A b BT R G R A s 9T (R BRE R B 37 22 7 L
Wr s FB R LS R > THRGI &) .
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7 ACL 5% O KEEE MErim#tI2 k1 2 VEGFA Y64
1 N B GER - VEGFA THC Qg zn 4. #if5% 12 - 24 REfIF R

TIXACLT #f & bt L C CAM B TR SN A B 2380 7= (BRH).
A= LR — 50 um. A7 b B ARAT R SRR L A o3 (R BR B R W i S A
~ L, WrimEixicin - TRREIE).
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8  ACL 5% O REREMIErim iz B 5 o -SMA Geta g

a-SMA THC ®etetgz~d. HERE®Z S ACLT #f - CAM FEL b1
Wriim B T W BRI =R 2580 72 (RKRHD) . A7 —3—:50um. £
B BT AT R E I A s ORBRE W 8 2 7R L, Wrim f i 2R - T
Mol E).
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9  MicroArray T O ELNTZHEMEOH LT —F 2R E LT
BEFEI) 7 2 2 2 U v T fiR#T

A: B2V TN E2RRICHEREN S 2220 o T LTERRZ T,
ACLT #, CAM BEICB T 28V > 7V AL OB FRB Y — R
L Tz, ACLT #f & CAM #E D= TAEMIRIR 23 EL L, ACLT
BED ACL AWRICIEEL L Tz, CAM B ® ACL IS L CTWwWi=. B: [A
—BEOR =T TN EEAE L, BENZ 7 A% ) v TR & FE i L7
RZERT. ACLT BB 5 ACL L BEE TIEVIR OB+ B Z —
TR HUTEL LTz, ACLT BEICH T 5 ACL % THENA & CAM #f
(BT HRETREMNEOBRFHE N Z — 3l LTz, CAM R
BT 5 ACL OBz B N Z— 0%, ML T,

28



10 MicroArray fi##T1Z % 1F % Ontology f##T - Pathway f##T
A ACL EEE - B THEMIRFEEE 2 %5 & L 72 Ontology fi##T (Gene

Ontology Term). B : ACL EHE - BETIEIAREET 258 & L
Pathway T (KEGG)
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11 ACL EH Bz xf% & L 7= Realtime-PCR f#HT

HE% 12 BRSBTS ACL EEF OB FHST R &2 =7 .
CAM Bt & ACLT M CEEFRAEBICAEZEIIRD hoT2. &2 TOT
— X3 EESD fECTor L7, (ftdi A7 : Fold)
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12 BE TR 2 %% & L7- Realtime-PCR fi##T

HIEH% 12 S8BT 5 ACL EEE o8GR ES <7 .
CAM Bt & ACLT BEC, HIF-1a, NF-«k BmRNA BB EICAEEZ52 D
7= (% p=0.038,p<0.001). &= CDOTFT — X X FHHESD fE TR L7, (fit

Hf A7 Fold)
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131 CT 2 & 2% i 7E E AT

A BBEEAANO ROLEMAZME L, 3DILLAEBEZ Y. B §Hll&
n7- ROI A TRt Eh7-mE &% ROI FRCHR L CIEMRMLL, xHillk
ZX T DGR EITH ROI NomEE+HEH LI REZ R,
ROI 2B J D& &%, EFEICx LT CAM # T 106.92%, ACLT
BET 95.03% 72 - 7=

32



X 14u CTIC XA MEERNET —Z

u CT AT M OELNT-T — X 27, BILEEICXT 5 ROI BfE, A
KEDOKBEZRET D01, RiLEE%2 ROIZE T LZ#%IC, B4
B olEBREZEB L. £ ROL AR, RilE &, kind & ROIE

Fi, ERREZRT.
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4.4 B

Mg 1 <k, BE% 6 BELIFICH T 5 ACL Wi o> CD206 Bl
fusg, ROMBE% 12 BRI D ACL Wi it o %8 & {kic€ 7 L
MTERZRD. Lo TACL#HEH% 12 R LN N TE
U D IRIISEOE WD, #E ACL @ H CiAlEICE S L T 5 ATREMER
TS, ACL 5% 12 RN CTACBRICER T
5 &, BESMES OB NEMROEEIEIENEZRD . BIRIC
X, CAM #£Tix ACL Wrimh B AR MMk D JfE &2 R 7= —J5, ACLT
BETIERBDRholz. 2O, 7 /VHT ACL OIEHISEITE W Z AL
MIEERO—>2E LT, BEASNMER T2 HE TIRVIR OB Rm
STz, TR, NEWERE & BMEIBE O BEMEIC OV THRE STV D.
Shook © %, AEWifNAIERBEOBBRICB O THMmL, Mo &Mz
e+ 2 MEMlE 2 Bt U 72 #%12, A FE e~ bilissfi 95 2 & T,
AMGIRIm 2 (R 2 LA LTV D 40, F - AR RRaE SRR I, B P
RIS OTREIRIRE TH ZHAFME L, I 2 I ORI EZ D 2
ETRIGOMHSEZMRE L, M EEICEERER 2 Rl 224243 Kbf
FEIZBWTH, ACL Wriumit D Mo IEMENBIE I N TWDH Z &, ACL Wr
WD o -SMA (FhRE2E MR i~ — 7 —) BRI Z N2 L 25
B9 5 &, ACL#EE®RORBBEFHNIZI T, ACL Wit 2 Tk
H sk O ARG N 859~ 2% = & T, ACL D5 2 (e L TV 2 Al EME 23
b5, EBREH~OMKMHEAEOBENSZ TS, BETIEN®? ACL
WIS IC R L CW D AREMERE 2 b 5. itk 5 ACL Bl A 2N
ATDFERITZZMEEMRHKECTHD 2 ENRMINTERN 29, Txro
CAM E7 V& W= Tarse Cix, #1E L= ACL iZWimlA 2 His &
TLOTIEARL, REMANMER (RETIEMKR EEARE) LG T 25
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RTE2BELTND 2. BRETEVKRIZIES2REMLE 2 FOMKTH
% 7=%, #8145 L= ACL OB o RBRAIC iR i ok EF 2 - T D
AREMER D D, BETENIRZXSG L LT ACL 5% 12 FFREFF A
FEDTEMFEIMEERLILEZ A, RIE, ITA =2, WEH
\CB85-9 5 NF-k B KO, KEEFRFER - ThH D HIF-1a mRNA F

HEN CAMBETAHEICHEML TV L6, BE FEEN ACL i
il o~ DM FT A, d KO - R ALE A HH o TW I AREMEIT R .
F 7215 ACL Wimilic B\ T M2 ¢ lkRMP @M o7c 2 &b, M2¢ D
MEFE, MRIEEHICEIEN BRSNS, BIZ ACLHEE® 7 A
MTOMRIMAE &iX, ACLT B & i LT CAM BETHIN L T4 Hrifl
END bR E LT AR L 2> TS, CAM #Tix ACLT #E &
LT, BETEMEIZBITAIRE, 7TAM—VRA, X7 1r— ARHHE
B TORBAMG 2O &b, ACLT B TR &
CLHZLT, MERRENMETLIZEEZEZLNS.

FIARWIE THERS S N2 MR 2Y ACL Wrim M 2R A3 2 BRI
ACLT Bt TIEFRD 2R 0> 1278, CAM BT3B 2. ACL Wi # > CD206
B 14 A e =R 2, R AR - R BBRE BT i 50 & & I E R L TR S &, ACLT R

BN TEWIGHEREZMER L T2l Enbnd. —5 T, CAM B
CUIAE AR & R R R W v B8 PR L 22 13R8 D e v o T RIS H, % 23,
ACL OBEEHALIZE IR LIBHRE /) & BRaE L 7o/ R T, RERE AT

MAERK « AIRTENE S HITEN TV EDL 5T, ACL 9B EE
TNADI N ACL O HZFRIFREEITEN TV 414, TR HDHERND

W= TR ARAE AR 25 Wr i ST L2 7 A LAE 3 2 v ik, RERE 0 oD W b
&, BEE A O Wt O PR 2R BB KA S ATREE N S S . ACLT €7
DI DR T AR & RIBRE AWt 5 0 BEEE 2N IE R L 72355 A 1SI3E
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Wik A3 T & T, ACLMMESFMROT RN F— R4 L SED 2 &
T, BEARICORN D ATREMEN R S Te.

F AR TII Y TAEWFMAT LV, ACL FEH TOEKE FRIED
EWEIBRE I o 7. In vitro HF9EICFE VT ACL & Medial
Collateral Ligament il i oDl i 75 1 <0l i s S BE 2 AR RIE L 7228 TS
ACL Ml DIEFERE )N Z LW L Zfifi T 2 8E HZV» 44D. LivL,
KPR R 2 M5 &, “ACL REM B AommeE 1" L “HE L 7= ACL
IR 2 27 IR EEN R BEE T2 <, “ACLHEGICER T 2 2E
PEER ORI E” & “BRETIENIR” B35 2 LT, ACL OfRFH
BN ERINTCEEZOLND.

W78 1 O F L& LT, ACL s iE, HE% 12 R LINICTE
PEEL, ET VM TORBICED EZZECIE LT ENRHTICHL L
Rolo. FlZolpimiEaiRIiciE, BEENER T 2METEIEOREE
MBZHI, TOAH=ALIE NF-« B v 7 V%@ Uiz &85 4E -
TR = AEAPEBR L TWDATEEEN R SNz (p<0.001). =
DI DIRFE 2 TiX, ACLEEAMMORBIK S5 £ TORMEHE
B WT, NF-kB &ML L7y 7 F A E2EST S 2 LT, ACL Olf
WRE N ENELDDONEMRIET HZ & & LT,

441  WFZERA
ARIFFRRER ZRT 2120, W< ONBETREARHDH. 1HDHE L
T, ACL #BEFHER, MIKMBELZEM TE TWRWVWAREITLND.
R R 51w T, BRBAIIC B E IS
T5H. TR LT, RBFETIE, ARBICESIEEZ G LT3 & M
WTHIR L TV D72 ACL Wi 8 O TSR 3 VB i IZ K IE T 5B DWW\ T

HEANLVANBAL D Z & TACL SH#
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MREETE 720, 2 5HIZ, AWML invivo EBRTH 2729, 1HEHEIC

¥1F % ACL FEEH & RE TIENR O AAERIZ DWW T OMBIZ LR
RN D, TNEIGET H720121%, 41, invitro TOIBNRGED %2
Thod. 32HIZ, RWIFETIZET VT ACL 5% OMBE TIRVIIKD
JRTEMEICEWZR DR, ZOBEWVWREALLCHERIZOWTIEIELTE
RV TREMTTS720120%, METENEZSGE Lo FAmT
HIREAT K O in vitro fif#T Z2 BN THREE L TWS BLERH D .
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5 W72 : NF-« BFLHIC X 25 2#5 ACL B IR DM
5.1 e HB

e 1 OfER 25, ACL#EE#Z OGRS ITIE NF-« B v 7 F LA
B3 5REEERBZ LN, NF-« B> 7 0L, RIEMETA N A v,
TENA YV, BENT, BMREELTULEZEROREL LB 2 HHT D RIE
P 7 FNAGERK TH D . NF-« BT, RERKISOISEEE LTT A b—
AR L, AEHATH TS, F- NF-kBOT7T v 7L Fal—
va vk, BN - EGE%O =T =S UidE, Mo B ACL #HE2E M
K OFIEFERE O 6] - 28 < . BFE T TlE, CAM £5 /L & ACLT £5 /v
T, NF-k BEEFREREIGEVWEZROIZZ LD, % 2 Tk, CAM
EFFNEGIC, NF-k B v 7 FLOMRER T2 BESNICESET 5 2
& T, 15 ACL OIREBEN ED £ 2 B EE L S ¥ 200 FRIET
HTEEL.

Lo T, Aefgeo Bavix, w25 ACL © 3 i@ EIC, NF-«
B 7 FANEETLONEHIETHZETHD.

5.2 Fik
5.2.1 i B A Bl
AWFZERRIL, BERL KPR REFEFEZBESOKRELET, 99
FERELARGH I EN NICEIERT A N7 A4 L TER L7 OKRE
75 2021-7). 72k, B EICELE L, B EUIFTREZR TR U H/NRIC

RE LT,

5.2.2 L IV
Wistar 527 v~ ~ (12 s, 1) 40 /L%, CAM &5 /WVICABEE K%
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#5925 & (Control #£), CAM £ /ViZ NF-« B BLEAIZ & 59 2 &

(Inhibit #) ® 2 BEIZHE Y 45 1F 7. BERIFIN~D NF- « B HEHSI# 512
B8 L C, BMS-345541 (Chemscene LLC, NJ, USA) Z BRI /K T 500
n MRS L. RBEENEEX, B 318,501 THEEL,
ET AR S 3 A% £ TR Ak Lz, M0 sEREE ACL DR
FREEZ, MRS (ETUER»S 2/4/6 W % n=3) « &y FAEWS

(BT NMAER D 2 W% & n=6) & AW TN L, 6% ACL ©
WEREICB L TR (ET RS 8RR 45 n=5) iz M
W THEMT U 7o ARR 1 AT I 38 1T % Intact BRI, SHAI T &2 W7z,
723, Control #ED 7y FEWFMATIZH T » & 1 IIXEF HF I
L LTz,

5.2.3 7 WVER T 1
CAM EFNWAERRFTEZ, | 5.2.3 EFAAERTE] & REDER T

7 sl CEM L.

5.2.4 53 1AW B AT

ACL FEEE, BE TIEVIKRICE T 5 mRNA O% 8%, Real-time PCR
ZHAWTCEHl L7z, EBRFNE, Reference gene, FHXIE®IEIX, 5.2.5%
AW EIEANT ; 2) Real-time reverse transcription polymerase chain
reaction & RIERDOFEER T v b 2 /L2 THENE L 7. Primer (X Interleukin
1 receptor, type I (IL1R; Rn00565482_m1), TNFR (Rn01492828_g1),
hypoxia-inducible factor 1 ( Hifla ; Rn01472831_ml1), NF- « B

(Rn00595794_m1), vascular endothelial growth factor A (VEGFA;
Rn01511602_m1) ZfH L7z, 75 FEMFRIITICHEM L7 Primer (2
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B L CLLTICRE L 7.

Bin T4 R VIC/FAM

interleukin 1 receptor, type I Rn00565482_m1 FAM

lymphotoxin beta receptor

(TNFR superfamily, member 3) Rn01492828 gl FAM
(basts hlixToop helx ramscription focto) Rn01472831_m1 FAM
TRAF family member-associated NFKB activator Rn00595794_m1 FAM
vascular endothelial growth factor A Rn01511602_m1 FAM

5.2.5 ARk MEAT

AR B~ A BRI, 15.2.4 ML FROBEANT DAELRRE IR~ 80 A 1R Rk
ERBEDOERT 7 k=3 /W THEE L7z,

1) HE 42

815 ACL OVREIREE, X OBIHEI Nk OB B A A T 5 722 F i L
7. FERITIEX, 5.2.4 MMTFRIMNT 2 HE e L FEEOER 7 v | 2
VT THER L7z,

2) IHC Y t4

SRy EREBE DT THC Yt 217 - 1o, — kUKL, VEGF-
A polyclonal antibody (AR 1 : 1000, bs-4572R ; Bioss f:, USA),
HIF-1a polyclonal antibody (#fR= 1: 1000, BS-0737R ; Bioss ft,
USA), PDGF-B polyclonal antibody (&R 1 : 1000, ab178409 ;
Abcam ft, UK), «- SMA polyclonal antibody (A= 1 : 1000,
GTX100034 ; GeneTex ft:, USA) %, £ £ PBS THMN L THWI-.
Pl J7ik1E, 5.2.4 MM 3)THC Yeta L [AARDOFER T v b=
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I CHEE L7,
3) Picro-Sirius Red 4=

1|

15 ACL OB mE I8 15 [T R - o T — 47 ko B EM 2 50
BT BH7-DI21T > 7=. Picrosirius Red Stain Kit (=2 A F + N A A S
R EAR) ZHNT, A= —HEOTa ha— L izih-> THEMEL7-.

T fi ]
AREAKY A 5minx3set
WA 2min
AREAKY R 5minX3set

B 60min

Wi C 2min

70%ethanol 45sec
ik « FREA

5.2.6 AR T R R AT

1) YT

BREOMRT v b, MBI L FEOQE TZEEI . ZDk,
HBE, AR TF IR B W% O KR -ACL- IS B8 & R A 8B L 7=
ZNLIA ORI, WETREN®K, %58, AR - SR A, A
- S AR, IR EIBR L7z, BRECL 72 KIRE -ACL-JE B HE A 41X
BERZT SICAEBRBEKICR Lz —¥ Tak, JIERBRE i L7,
2) 5l

PR L 72 KRR E -ACL- R B A4, glRAEO 1 KA B SRR
L, SIERBREE - UniVert (4 L > ¥ A = > RS HE, #%4)1, BA)
ICRRE LT, £ 0%, RIBEET LGSR E, DAFLAL FLEIR
BICEE L7 (K5). 5laEH ML, ACL #HERIZH > FIICERE L.
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AR 7 e ha—vix, IR T T, BRPIER O AE B Tl A
BIEKZWEE L. THAELO0.IN, 5EEE X Smm/min 258 E L,
res % (Load to failure) (N), fkWiRsZ A& (Displacement) (mm)

aryba—F—THIEL, HoNTElE S LIS -EABREZERL,
fItE (Stiffness) (N/mm) ZHH L 7.

5.2.7  WUAHEAT
2T OMEFMNTIX, jamovi Version1.6.23.0 (https://www.jamovi.org/)
ERWTER L. FERTFICET 27— 2k LT, EfM%
R, FOBMMEEED DT — TR L TIE, Studentt BEZ MW7z, &
RN HICET 27 —2IZx LT, EHMEEZRL, So8MELZED D
T 2R LT, —ohlE S T & FE N L, FEEE & LT Games-
Howell iEZ W=, 2 TCOHREK®EILX, p=0.05L L7T-.

5.3 ik
5.3.1  HrTEW AT RS R

BHED ACL FEEH & BEE TIENIRIZR T 200 FAEM TS E DEW %
AT 5 72912, Interleukin 1 receptor, type I (IL1R; Rn00565482_m1),
TNFR (Rn01492828_gl1 ), hypoxia-inducible factor 1 ( Hifla ;
Rn01472831_m1), NF-x B (Rn00595794_m1), vascular endothelial
growth factor A (VEGFA; Rn01511602_m1) O AHxf 38 & % bl L 7-.
ACL 5 CliX, Control # & bk L C Inhibitor #f THENT L 7= &8 1
mRNA BB & CTHEEZRBO RN oT. BHE TIEMRTIX, Control #
& t# U T Inhibitor #f T Il1rl, TNFR, HIF-1 mRNA 237 (T 58 51
ML (% p <0.001, p<0.001, p=20.003 p=0.0258, VEGFA
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mRNA 1%, AEICRERD L=(p =0.028) (X 15 - 16).

5.3.2 AR ARAT R

Control £, Inhibitor #t & & IZHE% 2 HFF AT ACL WrifEs 23 B &
NALRE LG L, EREERYD, HEERKICEI - MW7 -7 0fF
fEPEZFR® 7=, L2 L Inhibitor  TiX Control #f & il L T, JRMENH
P e kAT H v, BRI (R TRENGIR - W IEALRR) o Ao 1 5l
B WG 2 BlE2 Lis. £ 7150 % T, Control BEClEfk
A TR = 7 — 7 o3 < Bl S 72— 77 C, Inhibitor B TIX I B =
T = OREEICERT o7 (K 17K 18).

VEGF + o -SMA # %% & L7z THC fEE» D, HE% 2 BN
Control Bf TITLhAE 2 E DAL S 41, THEH 6 B RF T & #2
ANIEK T B8k 128122 L7-. —J Inhibitor £ CTIXHEE% 4 B E T
A 7o i 3B EE Sy, fRE% 6 HIKE A T Control #EIZI T 5 2 WKL
TOMERRE &L L& A8l SN, £7- Control #, Inhibitor

~ A

BEE BT, % 6 BEICB W TEH VEGF » o -SMA 23 (fi 45 PN B2 LRk

TRESNT-ME#EGREBIZ L. (M 19 M 20). HIF-laZzxf% & LT

THC Y Tik, MBEMOYatIsE VTR D 20 o7, PDGFA % %4

& L7z IHC @t Tix, #HE#% 2 #IFSICB VT PDGF B,

Inhibitor #f T Control £ & b L TO 2 WMEM BB S -, 5% 4-
B RIS DR @ EICIdEITRB O o7t (K 21 22).

5.3.3 AR ) g AT e R
W (Load to failure) 1%, Inhibitor Bf£i%, Control #f & bk
LTHAEBEICKMETHY (p =0.037), Intact #f & L#E L T Control #f,
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Inhibitor FII A BEICIKME TH - 7= (% p<0.001, p<0.001). W WriksZ {7
i# (Displacement) (%, Inhibitor #f & b#E L C Intact £ CTH EIZEE
ThHo7= (p=0.011). WP (Stiffness) (%, Control &£, Inhibitor #fix
Intact #t & LB L CTHBEIZIRIE CTH - 7= (£ p=0.029, p=0.007 ) (1A

23).
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15 ACL EE# Z x4 & L7~ Realtime-PCR f##T

HEH% 2 HFEEAICBIT S ACL EEHO B FHESREELY <1,
Control #% & Inhibitor Bt CEBiz FrREBICABEEZITR O o772, &£ T
DT — Z X £SD i TR Lz, (ftdshEAT - Fold)
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16 B#E PR A 2 %5 & L 7= Realtime-PCR fi# 47

BE% 2 HEEESICR TS ACL EHEEO &G FHES &L RT.
Control # & Inhibitor # T IL1R, TNFR, HIF-1«, VEGFA mRNA %
REICHFBEEEROT- (% p<0.001, P<0.001, P=0.003, P=0.028). %
TOTF—Z T FEXEESD T L7z, (Htdl HAL : Fold)
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17 ACL ##51#& O if i Eh s

ACLEE®ZICBIT 21hmEiie 42 HE %44 L 7= #1414 % -~ 9. Control £,
Inhibitor Bf & & IR X8 D 7223, Control £f & kh#k L T Inhibitor £f
TIEEE TR RO &N /D 7 <, IBEBICIEE ek 28 o 7z (B

XE1). A7 —/L3—500 1 m.
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18 JR M sE I 38 1 % B ISR O R 7

Picro-Sirius Red Y41 % /~r3. Control #, Inhibitor A& &2 1 7 -
M=o —7 0o REMEITRD D0, Control BT I =T — 47 FRfE
P2 ) NHEFHTRO 5. T2 —47y, mEaixlMNasy -7 2R

. A— ) "— B .500um H :50um.
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X 19 ACL #1{&5#% O iR Ek BT 5 VEGFA Y4
i N R B9 5l K VEGFA THC %244 %<9, Control B Ti%, &%

3 15 I 452 I 72 % 3805 7= 2%, Inhibitor B TITHEE 6 I T
BLUT B A% R . BRENIZMEH LML RT. Ay — S

50 u m.
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¥ 20 ACL 251 O EEIC B 1T % o -SMA Gefafg
a-SMA THC Y0 2R, Wil & & ICRRIFAYIC & J8 DR O 38 /5 7 7
F U OY e Z 7D, Control BE CIMERNRENWI L 2@l (BK

F1) . VB EE S O MilaiX, Control A TIXEY I TV 5 A, Inhibitor
RECTIZR O o2 GREH). A4 —/n1 83— 501 m.
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21 ACL # {57 O Wi %I 351 5 PDGF-B %4 fg

PDGF-B 4:faf4 % 9. Control Bf TIZHEH 2 W R SRGEI LT
WDk A Bl L, 51 6 A E T8LZE L7z, Inhibitor BETI,
Control ff & Il L TYEAMEITRBO 2o 7o (BERM). A7 —/"—

50 u m.

51



22 ACL #{5#% ORI 317 5 HIF-1 o Yfatg

HIF-1 o 328 % <9, Control Ff, Inhibitor #f THLAMIZIEWIR D

ol A — L3 — 50 u m.
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23 V&% ACL D AR 11 F Hy fR AT
63 ACL ORI AT ORE R 2R3, BEWrsRE X, Control Af &
Inhibitor B THEZZRDT= (p=0.037). &=TOF — X L FEHHE +SD

i CmR LT,
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5.4 H%

fff%2 2 i, NF-« B % (BMS-345541) %, ACL fE{&% o KB
N~EHT 22 LT, #HE ACL OIREIEE~DHBZMAE L. NF-«
B X, #EMISICBWTHLNEE ZRCTEHEERNFO—2THD, &
P K OB RIE SRS OMIRIETE, 7R h— X2 E DL < OARE
SHITPES L TV 5. K#FSE TId, Inhibitor # Ti% Control B & ik L T,
I8 ACL tHIlsk o g #rEme, =27 — 7 o alkmEnE<, # ACL 0 )
FHRENER THDLZ ERHLNE R ST, AREFFEIZE T D Control £
7L & Inhibitor 5 /L DE WL NF-k B LEHKOBESOHFETH S,
ST EM TR TIIBEETIENERICE T 28 FREEDEWITR D
723, ACL B TIXRB O o 7=, E -k b Ti3, ACL#E5#%
DIERBRFHRNICB W TS TEVEOHEIMEIZENEZRD . Z070,
ACL EZ DIBEISEDENEZAATTER & LTI, NF-k B HEREN
BETIRVIE~OEMZE U T, MEENIC ACL OIRRIGE R 2L 4 L &
W AREME DS m . BATARIE T, SRR MIRIESE S EE 7 VT NF-
kB V7 ABREMEEE R, TR - B aT—7 R EmR8mL, ik
MESFERIML E Mo AT 5 EREN TV D 4849, —F5, JEMIED NF-«
B /7 FNVERETLE, BIHFEERIZKIT DO E 7R F—
AW L, B DT AL & RIEAAD T2 & biE ST 5 50,
Tl <o MR AEZE M 1L, RAE B ORI BB IR 72 NF-k B v 7L
EMEALZ#ERF L, & PSR CITE 7 NF-« B IEMHL 2389 T
W5, T72bb, NF-« B 7 uid, BEEESMES TR hiEss, Mk
BAICEBRL, WM TR EOEITZRET 2 L 2R LT
%48, ARWFETIX, HEBE%NS NF-k BIERERAHR G LTzl &
O, BREHINOREISER TICL D RIEDOEM L, KW= T —F U pEA -

54



EREENMET L, ACLDOBE ARSI OB RN T tBZB2oNnD. FF
O FAEROE CIE, WHME, B, &Miai s miE sk
L ATRE 72 [ 3 Rt Al (Mesenchymal stem cell: MSC) WM VEH 248 T
W% 50, ACLHHEEE 25 L L ik, BBENIZHEIT 5 MSC
A, W & e LT 100 f5LL EAFAET 5 52, MSC 1%, KIEMGIZHR,
MR e R R, MBS B RER R E b oA MU A v - HHIEA
TEHWL, T T T4 F0 L THMBIERZXFT 5 5. RICHEE
fk ok MSC 1%, #a Mk OBEEIEHE 5455, 85 L 72 BHEiEKCE O f A
HEIEHDNSH 5 5650, Z 60 MSC L, NF-k B ¥ 7 /L% U Tl #H
EERETDHZ LD 5859, RFFETH W NF-« BIHERIX, BET
NEWIRICAFAE T D apfi il O /E R 2 3+ 25 2 & T, ACL OiaHiae /] & 1K
TEEAEELELLND.

AHFFEIZ 1T D BMS-345541 OB GFMIZOWT, 7% A &2 S04
BEE T VK ORI G U2 e T oEiE, E2 WM L 72BR Y 32
¥ 72 7)o 1. Murahashi 5 (%, 20-30g C57BL/6J ~ 7 2 % %42, BMS-
345541 % 0.5y M~5u M Tii% 10ml BBHIEN~E G Lz & 2 5,
AT BRI D FEE 2 I L, & B8R Al B 00 5% Hi~ [R) R JE CRH 3 3K
G LE, NF-kBRBIAEZMH L TWVWLZ L E2MHRL TS 60,
KBFIETOXRENVYIE Wistar RIEMET » FTHY, C57BL/6I v 7 A
LH UCRENS 10 fEREHL LD, BESENERIZI~Y AL
1000 (52 E® -, 72 ACLEEHESMEM CIIKMEENHEIET 2720, &
HEZzDVEIZary bu— VT o 0ERD L &M LIz, RKUF5E T,
B8 50 u ], mol ¥ 500 M ICEE L7z, ZHIZ XV AT & [A)
HROFEAEMD R A MG L. B 5HEIC ST, ACL 5%
15 ACL O Wrimil Al L2385 L, 1RdfEsis I8 - A Collagen D JRjfE:
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HERDTNDOE, HIE®R 4 BB RETH D 29, RIFFLTIE, #
15 ACL OWiimil A FHRNIK & OfE & &2 L=1%%12, ACL AL 235
BT DERBILTTNDZ 06, BIERMEIZK T 2BE TIEN®HO
VER & GBIl 9~ 2 BN H o 7o, F AT L 0 REBRCTHY
TR GHHEICE D NF-« BEZIH TE 2 2 EBRPLMNE R TV
T L 60, W1 ORRND, BETEMECIERNICIENF-«B 7L
WG T2Z ENFEHSNTZ ENDRERO RG-S 2 GHm L
7.

W, NF-k BITMREICFEET D IkB & v X7 B LA LRIEMAL
ENTW5HA, ITkappaBkinase (IKK) o/B bR S 5 IKK HE
ROEMALIZ L Y, TkB % 87 ER Y Vgt S, NF-« B B3N BAT
THZETEHREEMRBET S, IKKalX, RIEGEICH LT Mo O NF-«
BiGPEL 2 HIBR U, RIEMENC TG 503 60, REF58 T L 72 BMS-
345541 1% IKK o/ B =it RIEFLFFI T do 5 7 & RAEINHEH 23 L F &
NWIZFBEMEDR D 5. £ E% 2 B A TORETIENKIZB T 2
ILIR, TNFR mRNA % Hl &7 ML= EZoND. £ Mo
15O VEGF 8L NF- « BIKfFHTod 572 62, VEGF mRNA #Hl
BERTFAECERBIND. —FHT, FBBREKRFUREICBNT
NF-k B ¥ 7 VNt AFIA0iE % HIF-1 « mRNA ZEBLE TN L 7-.
CTOERELT, BB A — KT HIF-1a % Hil#9 2 R R EKRFOR
B ORI RIE E IS 63, JIE R AR 1 S0 M o0 IR AR TL I Ko
THEENE SNEBEFIRRBICH D - 69, KIERFELE L L TTr Y Kk
Me{tREs% (PHD) -HIF #%#% /" L C HIF-1 o mRNA 3 &880 L 72
AREMEN D D, HBEK 2 BEESTORE FRVIAIZEB W T, NF-«B
mRNA B &IZE TV CTHEEIIRO R o7, LT REZET
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5 &, WYL CHEEMEA LB NS,

MR DAL T, ACL EEMOIBHAE/NIZHERL THRIEL TV, L
/L, ACL &% OIS 2 X B E AR, RIS TR A B 5
T5Z LT, WimE LGRS L, IBRER~o iitls, =7 -7
VEEE AR EERL, ZTOAD=ALIZIE NF-cB Y FAnEEL
TWDARBMERS /R S 7. Zauicx LTFgE 2 T, BEEIEAN~ IKK
al BEANRIEREZEETDHZ LT, BETEKRZN L CE2BE
ACL O BRIGE 2l § 5 Z 2B 6 Lz, #3581 - 2025 ACL
OIERICE TR ETIENAENEET 2 Z ERFERA STz, ZD D
IRIZEB T 2 ACL BIEHIBR A MRAET 5 HiE L LTE, BRETEMKOHK

REARET 2 HFEERIET 20BN b o7, ZOOH 3 Tk, ACL
HEBOBRETIEMKRICZEAET 2EHMIICEH LT ACL Dia
WICEERFET D52 L & LT,

5.4.1  MWFFERRF

KO REBEINT HIZHTVEETXEANHLH. 1 DHELT,
AL TE, EEOEEINK G % FhE L 72 Wi (Sham #%) # HE L T
WRWew, w47 ) P EHWERASNEGIZ LD EEICONT
ITRFETE TV, 2 DHIZ, BMS-345541 OZEEHIZOWT, in
vitro MFEA FEHE L T g7, fEHIRENEY Th > 72 RFETE T
WU, Loy LAEITHFZEIC T 100 M IR FEE TREFEH D+ IC FE S
TV Enn, RFETHEMLZEERREICOWTIHEY TH - 72
EEZHILD 65,
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6 HF7E3 : gk kD v Y — A%, 242#E ACL © H O iR
REZ(EHEL 5 50
6.1 HWFZEH I LR
EaHE ACL T T 2 IRAFIRIE Z BIRISH 4 5 B CiE, KV mREL,
L0 NFERENMENT. ACL ~HASELIZENEETHD. TOD
(2%, %5 ACL OBl 2 RET 2 InRIELZ ML T 20BN’ H L. W%
1 - 20fRENG, E2HEE ACL OREIGEICIE, BEENMAR (EE
THENIR) 2B 5 L, 18 ACL OREREBICEEL 5252 bk
Sl T, W3 TIIBETENIRIZAER LT, Z24ai#EE ACL ©
B AR T D IREEIC O W THRIET 5 2 & & LT,
ACL HE% OBETHENFICIE, 28D MSC B"FELTEY, Zab
DOREMIH K MSC 1%, KRR T/AT 7 T4 %0 L THEBMERE DR
E, BEEHN~F—I 7, FBEEME#E~OMa~2bd 52 L TH
AEEETERESNTND 52, MSC X, ROLIRRETHRT 7 T4 &
L CHBEE o, BEHM~F— 7, EEERE~OMIE~
b T D E CHARZRT ERE I N TS . F0IEH TIE, MSC 2
LaWEnsx=s Y Y —hiZt, MSC ERBEOIREDIEN S D 2 &N H
HINTWND 60, KIFFETIE, BRR~OISHZBEL, B L ik
LT, K0fEGmIckx RS Miam ke VY —LE2 W5 Z & T,
SRS ACL DIREAREL 2 500 &R+ 252 & L L.

6.2 Jiik
6.2.1  fi BERAYHACRE
AKHFTERNRIL, HERIRFAEMIEFEEZEROAKRBZRHT, 8P
FEBRIEARF B F W CNCEN YRR A N T A 28 CTHEM Lz UK
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7 2022-07). 7ok, EMMmERICELE L, SEAHEM BT TRE/R IR D &/ R

IR E LTz,

6.2.2  WHIETHA

Wistar 527 v b (12 @5,/ 1E) 28 IL%, CAM £ 7 /L2 PBS ##& 5
+ %58 (Control Bf), CAM EF/Ict MeismMiamk= 2 v v —2x
ERET 5 (Exo Bf) @ 2 BEIZIRY 4010 7. BEBIEIN ~? Exosomes
#5129 LT, Phicello&Phisome (&4 7 =27, &£, AR ) %
VT 5010 particles/ mL IZFHFE L7, BESGANKSIX, v~ 272U
YVEMWTHE 1 E 40l TEL, ETFTAERNOERE TREL
fkfe L 7=, W25 ACL Oniikig 4, #Mfks (7 VAER» D
2/4/6 Wt 4 n=3) - EE% (7 VAERD 8 R 4 n=5) &
Hra AW CEdT Lz, AR T1F T Ic B 1T % Intact BEIZIE, <HAl TR %
ARy

6.2.3 ® 7 AR ITIE
CAM £ 7 /WARR T IEIE, [ 5.2.3 7 MAERMTTIE] LREDOFERT

7 a)b il CEM L.

6.2.4  FRRFAORENT
FELRRER B~ F PERCIE, 15.2.4 MR FAOMEAT DAERREEE~ ) A 1FEAk
EREROER 7 1 3 THERE LTz,
2) HE %0
15 ACL DR IRE, KON OBEZRET 272 DICE L
7o FERETEE, 5.2.4 MMk AUMENT  2) HE e L RO EHR 7 0 ko
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IV THER L7z,

2) IHC 44

Gy EREBE D2 THC Yt 21T - 7=, —kFLARIZIZ, VEGF-
A polyclonal antibody (AR 1 : 1000, bs-4572R ; Bioss f:, USA),
HIF-1a polyclonal antibody (#fR= 1: 1000, BS-0737R ; Bioss ft,
USA), PDGF-B polyclonal antibody (&R 1 : 1000, ab178409 ;
Abcam ft, UK), «- SMA polyclonal antibody (A= 1 : 1000,
GTX100034 ; GeneTex ft:, USA) %, £ £ PBS THMN L THW .
Pl J7ik1E, 5.2.4 MM 3)ITHC Yeta L [AAkDOFER T v b=
VT THER L7z,

3) Picro-Sirius Red 44

#1455 ACL OVpfEHEkIc 31T 2 18- A = 7 — 5 Rk 0 S 7EME % 38
BT LH70IITo72. 16.2.4 AHFEFHIMEAT; 3)Picro-Sirius Red 4
ERBEDOERT 7 b =3/ THEE L7z,

6.2.5 AR D7 S 0 FRAT
[16.2.6 AR TIZHIENT] LRBROZERZ 7 b a2 CTHEhi L.

6.2.6  HLEHEEAT
2T OMEFMNTIX, jamovi Version1.6.23.0 (https://www.jamovi.org/)
AHWTER L. AR ICET 27 —21cx LT, ERMEZ R
L, Z08Me2R0 57 — 2k LTiE, —uhE oo & £ L,
FEHMBE L LT Games-Howell REZ H W o, &2 TOHEKUEEIL, p=0.05
& L.
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6.3 fifi Rk
6.3.1  FERREAT RS R

Control £, Exo #f & & ICHEER 2 AT, ACL Wrimil & AN
MBS L, BEEST 2MMG a8 L. BE% 2 BRA T,
BEE OMBGIZEETH LT LT, MAEE HICH/REE &b
[CHERR DS AT DM 2 R L TV 5. RrCEER 6 BRRICBIT D
Exo B, ACL OEATIZHR » TRIFEMAME B L TV ST 250 TW
% (K 24). i@k o =27 —7 VRfEtEZ#i#& 5 2% &, Control ##
TIEHEE®% 2 BERFATIE 27 — 7o RElE S, HE%K 6 BEFATI
Mag—F RN PNBEINDDICR LT, Exo #ECTIHEERITHA
RERTIHaT =7 U ORENEZRD, R EEbICTITHaT -5
CNEYE S NS MRME 2B LT D (K 25). VEGF + o -SMA % %4
& L7z THC %:f4Cix, Control #f « Exo BEICIMLE L AE « o -SMA 54
T e g I BEE 72 2RO R o 208 (K 26 1 27), & #H 4 1% Exo
FECEZ RO, EIBMEBTOMI, Wit b2, HE% 6 HkE
A Ta-SMA CTREIN TV, [KBEFRIREOIEE TH L HIF-1a & %f
% & L7z THC Befafg i, 5% 2 B RICB 1T 5 Control FE TR S
NTWHEETFZERDT (K 29). PDGF x5 & Lz IHC etat 2 B 5
&, Control BETITHEE% 6 HRF A THIAPNERINLTWVWDH DX LT,
Exo #f CIIEE#% 2 HRF R CTHWERAKZFR O TV D (X 28).

6.3.2  ZEMT)SEMRAT R
Wk E (Load to failure) (%, Control #, Exo #f(X Intact ff &t
BLTHRBICIKMECTHY (% p<0.01, p<0.01), Ex #ix Control #f & it
L CREOMEN NS -7 (p=0.054). W27 & (Displacement)
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I%, Exo Bf, Intact #£i%, Control B & LB L CTHBICHEME TH - 71= (%
p=0.001, p=0.015). WP (Stiffness) 1%, Control #:, Exo FfiX Intact

LKL TARICEME TH -7 (% p<0.01, p<0.01) (X 30).
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24 ACL {5 O Eh &

ACL#E®ZIZH T HinmEi e 2 HE 4 L 72 #l#% % % 7~ 9. Control £,

Exo B & bl EEG TR DT, A7 — /L 3—500 1 m.
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25 TR B 1T B B F LR O R £V

Picro-Sirius Red Y2 t& % % 7~x9. Control #, Exo Bt L & (2 1 & - A
25— DREMRITED L), Exoff I A a5 — 47 R{EM% K
FHCTROD. il =g —57 2y, B3I Mas—r &R d. A7

—)bx— B -500um H :50um.
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26 ACL #H{5% OIn i EEIZ B 17 5 VEGFA 4Lt f4
i & PN B2 I8 SR - VEGFA THC B2 tafg 2 om-9. B ENT I & 8 B3 2 0w

4. A — /)L "—: 50um.
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4 27 ACL ##5% O I BT 5 o -SMA Yy
a-SMA THC Yetatg 2 Rd . & EH OG5 T 7 F o ettt 2 7
¥, Exo BECMERNBRKENT LD (BRHE). TR E R O M
X, Wt i, HEZ 6 ERFRTRESN TV GRERD. 27—

sN— : 50 1 m.
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X 28 ACL &% O igmEkIc 81T 5 PDGF-B 444

PDGF-B %t % 7="9. Control Ff TILHHEH% 6 M IFm THIJ 2N R YL S
NTWLDIZX LT, Exo #F CIXHEEGHR 2 @R A THROWEEANEZFED T

(K1) . A4r—/LX3— : 50 u m.
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29 ACL #5% OIptaIIZ BT 5 HIF-1 o Y214

HIF-1 o %1% %279 . Control £, Exo Bf CYEAMEIZEWIIR D 20>

77, A4 —)L"— : 50 u m.
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30 159 ACL O A AK I 0 iR i
1B % ACL O AR J1 200 AT O #3273, iR IWT R 1X, Exo #£72% Control
FEX v RWET 2N D - 72 (p=0.054) . &= T DT — Z L ¥ +SD i TR

L.

69



6.4 H

WFge 3 <k, IEisMlnm k=2 v v — L0, 52428 ACL OB
5.2 2 BB OWTRRGE L 7o, B A% LR P 75 L2 k37 2 ) 28 S el i el
KTV — AOIRBERICONTIL, JEREEIERES 6773, T X1
MEHE S 7475, B G 7679, R ACLT980), JZ GRS 81-83), .0
i 072 LI S, —EOBBEARPHRESN TS, ZhbDWsE
DL T, RS Mam kT 7 v Y — MTHREMHICE VT M1 225 M2
~ Mo M r2 2S5 Z £ LY, Interleukin -10, Transforming
Growth Factor - B 72 E D% < OHFIRIER F 2 @B HL S &, JRATRIEZ M
HlL, BAELEEZEET S ERESNTWD. RIFFETIE, HIEZ 28
IKF 4 C Exo BRI W T PDGF M 2 2 < 588, Control FEIZI T
HIF-1a BDRE SN TWE., Zbid=r VY — ABRBEESMEE NG
ACL GBI ~EA T 5 Z 1L v, Exo #f CIHRBISE ML S Lz vl
LRI O THL. FleipMiamk=r Y Y —240, 7RF—V A
WD D 85800, UG ~OMEH EEMT Z LI LV EGEMAKDR
WA edE L7m &3 5 e 8789, Bk MinT 7 v Y — A0
O, WEEROBEIE D ZREL, BESOBEERTZE L L0
Lo T D T EREIZ, ACL BEEBEA~BMSMMRE KTy VY — L%
B U2 ATHFE T, BAEZ 7 7 b, BABIZB W TE L O M2 ¢ 2N
AL, MERFE - AR FRICEE LI L s ST g 80, KSR
28T, Exo FETIX Control ff & il L CHEAMMICI T 5 0I5
EHRIEMAL L, Transforming Growth Factor - 8 <° PDGF 72 & @ k& X
T oM, mMEFEMEES N Z LT, HBRERICSTS [ BaT—
7V RTERR S BN U T FTREME N B B

AR TIXiGH ACL @ J1 5 E IR L C, Exo #ElE Control #f & kX
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T A KB BT iR BE 1R ME ) 23 8 o 72 (p=0.053) . 155 ACL <°JH B Hii bk
FLA A 6t G & LTe AT ClE, [ARRIC =27 VY — L2 G5 LTCBETH
FHRENMENTVWD Z & Z2HE L TV 5 69.71-73,79.80,90 = 41, & OAfF5E T
X, BEH A~ Y Y — 2O IECONTHRA RITIENHV LR
TWo., =27 VY= AFHEPNRNZ2NE DA R F L TRESE
THEETHHE O, =7 Y —5E Mo DEERE, M2 ¢~k
e TroELET2HE ORFEEN TS, £/- ACL BEET L
OEGBRELZ LS L, 1 BRI NG L FHRE o S %
O TGS 80 ACL BEBH OHEIL, 77 7 MO FAbIZiEE M
o> HE5E Je OVFF LAk £ TIZIRE I 2 B9 5 72 012, )7 5R EE 13 7 B
WO —EF L LI RICHER L35, 20720, EHFRIZE-> T, B
M= Yy — 2B ETHLERHSL. — 5T, ACL BIEOSAIX,
BEBEY NS OIREISEZRET 2 2 ENFEFICEE ThHoT- L EX
S, HEVHICHEESZEICESANRLG T L2 LT, AERE%RD
RIE SO D3 B3l < 4, HBEMAREO FAMEE S D AT REME 2 RIR
Shiz. L7eno>T, ACLEEHHICREFEIELZEIST HET L TIE, #
BatEIcHEEI SO REBICZ Yy VY — L2 R ET 500, LoEL-®
HHETHAHEEND D, £-iBEOH 2 OFATHIGE & AR FERE R
I 5 L, 16 ACL OREBrsR X, Exo BEIX@ % o CAM B & ik

N

LTH o Tz (IEFBHL) 49, v~/ 7av ) o2 A0 CREERN~
TV —LEEGT ORI, B0 IRUBBEEEANICHMREEZFRE L
BACER M2 Z & T, ACL OBl ZF Lz mfiEtidd 5. 7272k
MF92ix, ACLHEICH LTy Y Y — & HW CTIRENICIRE 2 1 L
L)L LIEHRATHD TOMETHD. Z0ODd5H%bESHIEROE
B - BHEICOWTCTIIMREEZ 0 IR L, B2 RET 2 i 215w ik
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RN TOLENDD.

6.4.1  HWFZERA
RIFFOFREREMRRT 212HT2 0 BETREENHD. 1 2HIT,

AR T EATIZ I, Control B, Exo #f, Intact £ 3 BELL# A SEHE L 7=
2, B Oy Sham BEZ AW TV AW, 2ok, BEERNES O
WEAHLEL LI TER Y. 2o5HE LT, A TIHELGE 8 H
HF 5 T O AR T REBT 21T > TV 5 72, 15 ACL ORI 72 1%
HIBRE DELIZ O W TIERAETE TWw., 3 2H & LT, RFFETIE
15 ACL @ )M E % in vitro TO AT L TRV, K7 O/ G5 &
H L%t 9 A8 172 £ in vivo TOMENT 21T > TW 72 W72 8, 3 B itk
REIZx L CTiall ACL A EDRERBL TWenad F K TE RV RN ZE
FToid. ThbbLARMIR R X5 o715 ACL @ J)FHITRE O fi
(T, invivo (23 2 IEH Ol Sl ) I1oxt L CRIREEMN T 2 DI
LTIEEATE 0.
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7T R

Kim X TliE, 7E2HE ACL OIFEA I = X L& /fE< 72012, CAM
ETFNVEROCHEESNMRICER L CIT2Eii L2, TofE, HiE
ACL D Wil Ia) £ O 2RAE RS & M OB HMRE 112, M THENI#A2Y NF-« B
I FNESLTCHEET D R EFT IR LT,

WL 1 Tk, ACL HEAMEHICER L, #HE ACL Wiilkii N 4G # &
THETDAN = AL ZMERT - 0 FEWF - METERFAMITICI Y
B 50T LTz, 2 OfESE, 15 L7z ACL OB A X, BE TIEN®
WNBEEH L, Mo P2 b % 8 U< ACL Wil o e Is & 2 5 k42 2
ExPR LTz, ACL #E#% OB E TEMEIZITZ < o MSC A adE S i
5HZ L5, 72 MSC A Mo IZBE 20752 & TMLe v H M2 ¢~k
B L IHEDLERESTIINTNAEIEND, TOANTN=ALDXR
LN LR SNz, £ u CT & 7= 1 & B 24T i ACL 215 #
O KB AN o i B & AT L, CAM BEIZ 38 C BE AL N IS % 28 (2 I A
A S, 15 ACL Ol & & TIRLARRRE T 528 7T, BET
JEWiA % St U T ACL Wi ~ ML - R HAS 24T > TV D TREMEZ /R L
Tz, £, ZO—EHO A= XA, BB THEBOMEITICED NF-«
By 7 FNnBEES Ltz R L.

Z D=L 2 TIE5E 25 ACL OB A I =X L3 5 NF-« B
DEENZ DT, CAM £ 7 /L& %412, NF-« BLESE A4 H T ACL @
BRSNS GE L. T OREE, NF-« BIHERNSEE TRV~ E
MzJr LT, ACL Oiriise hZ#MEL 5> 2% " L7z. NF-«B 2
GEISEROCHMBOERHOHERFTHLZ b b, DY
XFEESND.

g 3 T, BBV E k=27 v v — AR, 524285 ACL OREIG
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BafeEL O 20 & liky - AERDFHMITICE VAL L. 20
FEAL, IRNFEMAAm kD7 VY — 2% LIE 52, HE L ACL @
BEAMEES RS D 2R Lz, L L, 53255k &-
BAIE « ZA I 7Y, BROBGEDLETH 5.

SHORELE LTHE, ACLHBEEICXT 2RFEELZBRKICHT 2729
2, RELSBDDAT v T ZMETLLENHDLEEZTVWD. 1OH
X, Afglcsl & ki&, 15 ACL & X 0 MR C B 2 7RI 5 < Bl 72
TEEWNLT D ETh D, R TIE, BB MBRERE Y Y Y — A
FHOWCTEBBESNA~EL LR, BEL TWEFRETGE s ro
. 2ok, BEHEROEHERLEZHE LT, BITKRIEL TW
SWENHDH. AKRFETITRIE L TW 2RV, 5% ACL @ BB Ei kg 6E ~
ODEBEL ALY TRIAET 52 & T, R ZBIEREBEEIE O 3IE Y
2A7EL T TCEDHRBERDLDLEZEZ TS, LT 2OHITIE,
Kyuro %2 B L RISU LOMELZ A L-ERZHET 22 ThD.
Kyuro 2B 7233 % S 72 DI, 1990 i TH Y, 2 THEBIER I
RDFEETIERENTND. SBBIRTOEREEZEZX DL, BELIE
AR B A IR T 2 Z LIXREEL 2 5720, N LHREZ#5#H L,
Flhn - PER - IBREENREE LS AT 570 T, FEFITRE L%
HHWEZAT2EAELZABL TN RETHD. LT3 DHITIE, K
REME - TS D ETHHIWERE T 2 ERYM RETS 2L TH
5. BEOWNE LT, ACLEEGEF IIZER, ERKEMEZZZLZE
T D0, BN OIRAFKIELZRE -HRL TWEESLERDH D.
Zol, ACL BEH I T 2 hFRIELZHRIRE K SE T2,
FOZOEREBELKCEMERELRPOHEL T MERD D &
EZTWD,

H
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AT SCIE, B N B T IR ST R 57 R e O it [ 0% 48 k2 A 72 8 fete - 1% 180
RRICHERETOHNIERRZ ELOTEBDTH S,

R XLOFEICBE LT, AinXz@mBlES, EHEQEHEZTEHW R
FEHOERER, T aMERE, MERYE A - EFSRERMETE AR
R HERICO IV EHOBERLET.

A4 db s ZdR, B —ZdRIITEEMZEE & LT, AOF5EICH
TOWMBSEZHEBE N LELEZ., LDEXOVBILAL LT ET. AMakx
DSV RBRERTIHEEZE Y £ U7 FZA BB EI I35 A TR
HOBERLET., FLERZEDIRIIZSOIHAENTIZEEL
TR ENIEE, MREEIEE A =D 4, R¥PERARRIC 2
RN 72 & £ LIk 0 &k, FAEAREZRRI L X ZISE L T
FIR, KNI EH N2 LET.

RIS, PP ALVHEERE L L TRMEEICZR Y, A,
MEmEEZEC T, mENEND 2T TOERICFVIRY, ZEET
TELRTHEEZHY ELCREEHETHLRAY &MNME  ZRICEXR
MOBMEEMBERLET.
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ABSTRACT

Aim: The healing ability of the anterior cruciate ligament (ACL) injury is very poor; however, it has
recently been shown to undergo self-healing with conservative treatments. In this study, we
evaluated the influence of the site of injury on the healing process after complete transverse tear
of ACL using a rat model.

Materials and Methods: A total of 58 skeletally mature Wistar rats were randomly assigned to
various ACL injury groups: controlled abnormal movement-mid-portion (CAM-MP), controlled
abnormal movement-femoral side (CAM-FS), ACL transection-mid-portion (ACLT-MP), or ACL
transection-femoral side (ACLT-FS) injury groups. The ACL was completely transected in the mid-
portion in the ACLT-MP and CAM-MP groups, and on the femoral side in the ACLT-FS and CAM-FS
groups. Both CAM groups underwent extra-articular braking to control for abnormal tibial transla-
tion. The animals were allowed full cage activity until sacrifice postoperatively for histological and
biomechanical assessment.

Results: Significant differences were found in the ratios of residual ligament lengths between the
CAM-MP and CAM-FS groups, demonstrating the validity of each model. Spontaneous healing of
the injured ACL was observed in the CAM-MP and CAM-FS groups but not in the ACLT-MP and
ACLT-FS groups. The mechanical strength of the healing ACL did not differ between the CAM-MP
and CAM-FS groups 8 weeks after injury; however, the former had better mechanical strength
than the latter 12 weeks after the injury.

Conclusion: ACL injuries in the mid-portion and on the femoral side may be treated with
conservative therapy for spontaneous healing.
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Introduction model, the mechanical properties of the healed ACL

were about 50% those of normal ligaments*. In pre-
vious clinical study, Thara et al. reported that, in

Anterior cruciate ligament (ACL) injury is common in
many sports, particularly among younger athletes"*

Recently, middle-aged individuals have increased their
activity levels, and this has caused an increase in the
ACL injury rate for this population’”, As ACL injuries
become more frequent in patients of varying age
groups, varying treatment options are required; surgical
reconstruction is often selected as the sole treatment
choice. The establishment of a non-surgical, sponta-
neously healing treatment for ACL injuries would be
beneficial for all patient types.

Our laboratory recently performed a rat study (the
CAM model) in which, for ACL mid-portion injuries,
spontaneous healing was achieved by creating a novel
model that controls abnormal joint movement after
injury from the outside of the joint capsule®”. In this

patients with completely ruptured ACLs, spontaneous
healing was achieved by conservative treatment with
bracing®’. Conservative treatment currently used aims
to maintain knee joint function through bracing and
exercise; this treatment is not expected to facilitate
spontaneous healing of the ruptured ACL. By contrast,
we aimed to establish a conservative treatment model
that facilitates spontaneous healing of a completely rup-
tured ACL. To date, however, it remains unknown for
which type of ACL injuries conservative treatment can
be applied.

Diagnostic imaging provides information about ACL
injury sites®'; van der List et al."* reported that 53% of
ACL injuries occur in the mid-portion of the ligament

CONTACT Naohiko Kanemura @ kanemura-naohiko@spu.ac.jp 9 Department of Physical therapy, School of Health and Social Services, Saitama

Prefectural University, 820 Sannomiya, Koshigaya City, Saitama 343-8540, Japan

© 2021 Informa UK Limited, trading as Taylor & Francis Group

105



2 (& T.KANOETAL.

and 43% occurred on the femoral side. Previous studies
reported spontaneous healing only for ACL mid-
portion injuries. Murray et al. reported differences in
cell proliferative responses depending on the site of the
ACL injury, which may affect the application of con-
servative treatments that we expect to facilitate sponta-
neous healing of the ACL'>'S.

The purpose of this study was to determine the
influence of ACL injury site on the spontaneous healing
response in completely ruptured ACLs. Specifically, we
used two types of CAM models: one with ACL injury at
the mid-portion and the other at the femoral side. We
evaluated healing using histological analysis and by
measuring the mechanical strength of the healing
ACL. By clarifying these details, we can determine
whether our conservative therapy for spontaneous heal-
ing is indicated based on injury site obtained from
diagnostic imaging at the first clinical examination.

Materials and methods
Experimental design

All experiments were approved by the Saitama
Prefectural University Animal Experiment Ethics
Committee (permit no. 29-7) and was performed in
accordance with their Guidelines for the Care and Use
of Laboratory Animals. We used a total of 58 mature,
12-week-old Wistar male rats weighing 260-310 g
(Japan SLC, Shizuoka, Japan). The rats were randomly
assigned to one of the following injury groups: con-
trolled abnormal movement-mid-portion (CAM-MP),
controlled abnormal movement-femoral side (CAM-

FS), ACL transection-mid-portion (ACLT-MP), or
ACL transection-femoral side (ACLT-FS). The animals
were allowed full cage activity, and the room tempera-
ture was maintained at 23 + 2 °C with a 12-hour light-
dark cycle. To elucidate the spontaneous healing
response, we compared the ACLs of the CAM-MP
and CAM-FS groups histologically at 4, 6, and
8 weeks (n = 5, each group), as well as biomechanically
at 8 and 12 weeks (n = 6, each group) postoperatively
(Figure 1).

Surgical procedure

The surgical procedures were as described in our pre-
vious study’. Animals were anesthetized via intraper-
itoneal injection (combination anesthetic:
medetomidine, 0.375 mg/kg; midazolam, 2.0 mg/kg;
and butorphanol, 2.5 mg/kg). Parapatellar arthrotomy
was performed on the left hind limb to expose the ACL.
For the ACLT-MP and CAM-MP groups, we inserted
both scissor blades into the joint capsule and transected
at the mid-portion of the ACL. For the ACLT-FS and
CAM-FS groups, we inserted a single scissor blade into
the joint capsule and transected on the femoral side
with a knee flexion of 90° while loading with a forward
withdrawal force. The joint capsule and parapatellar
fascia were closed with a running suture. Next,
a 1-mm-diameter steel head was drilled into the medial
aspect of the tibial tuberosity in the mediolateral direc-
tion. Precise positioning of this bone hole was critical to
avoid the patellar tendon and joint capsule yet still
penetrate a sufficient amount of bone. To control for
anterior tibial translation, a double 3-0 nylon suture

Subjects . 12-week-old Wistar male rats (n=58)
ACL tear and interventions in the left knee

( Groups CAM-MP + CAM-FS

" Posterior of the Condyle

Nylon Suture

Control force of nylon thread

‘ Anterior shear force of the tibia |

Biomechanics
Week 8,12

Histology
Week 4,6,8

) @( Groups ACLT-MP-ACLT-FS>
MP

o
H

5 s Posterior of the Condyle

ACL :

% > & Nylon Suture

| Anterior shear force of the tibia |

FS Histology
Week 4

Figure 1. Flowchart showing the allocation of rats in the study. (A) CAM, Controlled Abnormal Movement model (B) ACLT, anterior
cruciate ligament transection; MP, midportion rupture; FS, femoral side rupture.
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was placed through the tibial bone hole posterior to the
condyle of the distal end of the femur, and then it was
tied to the joint to prevent anterior tibial translation.
The skin was closed with running and interrupted
sutures. In the ACLT-MP and ACLT-FS groups, the
same procedure was performed until the dual 3-0
nylon suture was placed through the tibial ostia behind
the condyle at the distal end of the femur; however, for
these groups, we did not control for tibial anterior
movement. All animals were allowed unrestricted cage
movement immediately after surgery.

Histological evaluation

The ACL healing response was evaluated histologi-
cally at 4, 6, and 8 weeks. At each time point, five
animals from each group were retrieved and fixed as
a whole in 4% paraformaldehyde. After fixation, all
tissues  were decalcified in  10% ethylene-
diaminetetraacetic acid in phosphate-buffered saline
(PBS; pH 7.4) at 4 °C for 5-6 weeks. The tissues were
infiltrated with a PBS containing sucrose (10%, 4 h;
15%, 4 h; and 20%, 12 h) at 4 °C and embedded in an
optimal cutting temperature compound for flash
freezing (Sakura Finetek Japan, Tokyo, Japan).
Longitudinal cryosections 14-mm thick along the
sagittal plane were obtained, mounted on slides, and
maintained at —80 °C. The cryosections were hema-
toxylin and eosin (H&E) stained to observe the gen-
eral and macroscopic morphologic characteristics of
the healing ACL.

Validation of model validity

To create two models of injury site, the injured sites
for each group were evaluated. Two random H&E
stained sagittal plane sections were analyzed from
each rat in both the CAM-MP and CAM-FS groups,
for a total of ten sections. All measurements were
made using Image J (National Institutes of Health,
Bethesda, MD, USA).

The following the procedures were used: 1) the total
length of the ACL was determined by measuring the
length from the origin of the femur to the attachment
of the tibia; 2) the length of each tibia and femur remnant
was measured from the origin of the femur to the bound-
ary between normal tissue and healing tissue; and 3) we
calculated the ratio (remnant ratio) of each tibia and
femur remnant length to the total ACL length (remnant
ratio = remnant length/total length of ACL x 100).
Measurements were conducted at two points: the leading
and trailing edges of the ACL (Figure 2).

SPONTANEOUS HEALING IN A RAT MODEL OF ACL RUPTURE @ 3

Immunohistochemistry staining

To determine whether the healing tissue was a truly
healing ACL or scar tissue, immunohistochemistry
staining with collagen type I (Col I) and type III (Col
IIT) was performed at weeks 4, 6, and 8. The slides were
dried at room temperature for approximately 30 min-
utes. Thereafter, IHC staining was performed for pro-
tein localization observation. For the primary antibody,
PBS-diluted anti-collagen type I rabbit polyclonal anti-
body (dilution ratio 1: 2500, 20,141; Novotec, Reuver,
The Netherlands) and anti-collagen type III rabbit
polyclonal antibody (dilution ratio 1: 1500, 20,341;
Novotec) were used. A goat-derived anti-rabbit IgG
antibody was used as a secondary antibody (Vector
Labs, Burlingame, CA, USA). For the sensitization reac-
tion, the ABC method was carried out using
a VECTAIN ABC Rabbit IgG Kit (Vector Labs). For
coloring, the ENVISION + kit/HRP (DAB) (Dako
Japan Co., Ltd,, Kyoto, Japan) was used. Counter-
staining was then performed using hematoxylin. PBS
was used as a negative control.

Biomechanical investigation

The rats were sacrificed at 8 or 12 weeks postoperatively,
and the ACLs were subjected to biomechanical testing
(n = 6 for each group), according to the procedure used
in previous our study®. All soft tissues, including scar
tissue in the joint space of the knee and infrapatellar fat
pad but excluding the ACL, were removed with the
patellar tendons; the sutures were also removed. The
limbs were placed in an electromechanical material test-
ing machine (AG-100KNIL Shimadzu Corporation,
Kyoto, Japan). The femoral condyles and tibial plateau
were locked using the original jig. In this manner, the
femur and tibia moved with the loading, as they were
not fixed, and the loading direction was aligned with the
ACL fibers. The biomechanical testing protocol was
based on a report by Palmes et al.'’; all tests were
performed at room temperature, and a saline solution
was sprayed to prevent dehydration of the specimens
during testing. Each specimen was preloaded (0.5 N)
and failed under uniaxial tension (5 mm/min). The
load to failure (N) and grip-to-grip displacement (mm)
were continuously recorded by a computer, and the
load-deflection curve was created based on the values.
All strength properties of the ligaments were calculated
from that part of the nearly linear load-deflection
curve'®, Stiffness was calculated by dividing the load to
failure (N) by the grip-to-grip displacement (mm) of the
ligament.
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Figure 2. (A)Verification method of model effectiveness. The procedure for measurements are as follows: 1.) Measure the total
length of the ACL by measuring the length from the origin of the femur to the attachment of the tibia; 2.) measure the length of
each tibia and femur remnant (blue, yellow dotted line each) from the origin of the femur to the boundary between normal tissue
and healing tissue; and, 3.) calculate the ratio (remnant ratio) of each tibia and femur remnant length to total ACL length (remnant
ratio = remnant length/total length of ACL x 100). Measurements were conducted at two points: the leading and trailing edges of
the ACL. (B-a,b) The CAM-MP group showed significantly lower values than the CAM-FS group in the tibial remnant ratio of the
leading edge and the trailing edge. (B-c,d) The CAM-MP group showed significantly higher values than the CAM-FS group in the
femoral remnant ratio of the leading edge and the trailing edge.

Week 4

Figure 3. Histological differences between intact and non-healing anterior cruciate ligaments (ACLs). Photomicrographs show
longitudinal sections of the ACL stained with hematoxylin and eosin: (A) intact ACL,(B) non-healing ACL of ACLT-MP (Green arrow
point to the remnants), (C) non-healing ACL of ACLT-FS (Cyan arrow point to the remnants). ACLT-MP, anterior cruciate ligament
transection-mid-portion; ACLT-FS, anterior cruciate ligament transection-femoral side. Scale bar?500?m?.

Statistical analysis

All statistical analyses were performed using SPSS 21.0 J

groups. For biomechanical analysis, one-way analysis of
for Windows (IBM Corp., Armonk, NY, USA). Data were

variance was performed for comparison between groups 8

tested for normality and homogeneity using the Shapiro-
Wilk test and Levene test, respectively. For histological
analysis, the Mann-Whitney U test was used to compare
the remnant ratios between the CAM-MP and CAM-FS

and 12 weeks post-injury. The Tukey or Games-Howell
post-hoc test was used according to the homogeneity test.
Comparison of biomechanical data 8 and 12 weeks post-
injury within the same group was confirmed using a two-
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way analysis of variance and the main effect and interac-
tion were confirmed; the Turkey post-hoc test was used.
All significance levels were set at p < 0.05.

Results
Model validity analysis

The remnant ratios of the tibia and femur were signifi-
cantly longer in the CAM-FS group than in the CAM-
MP group (p < 0.001 for each) at both the leading and
trailing edges (Figure 2b).

Histological analysis

Continuity of the ligament tissue was not observed on the
H&E stained images, even 4 weeks after the injury in the
ACLT-MP and ACLT-FS groups, which were the joint
controlling and non-adaptive models (total, n = 10; per
group, n =5). In the ACLT-MP group, the bifurcated end
was displaced such that it swirled backwards and the
femoral-tibial remnant between the stumps was enlarged.
In the ACLT-FS group, the stump of the tibial remnant
spread out in a fan-like manner (Figure 3).

In the CAM-MP and CAM-FS groups, which were
adapted for joint controlling models, the injured ACLs

Intact

SPONTANEOUS HEALING IN A RAT MODEL OF ACL RUPTURE @ 5

spontaneously healed at all examined time points after
injury (4, 6, and 8 weeks) (total, n = 30; per group, n = 5)
(Figure 4, 5). In both groups, the healing area at 4 weeks
after injury was filled with dense tissue consisting of
immature cells of small cell size with unclear cell con-
tours. At 6 weeks after injury, cell contours are clear, and
the cell size is large (Figure 6). The fibrous tissue and
nuclei in the area of healing exhibited a disorderly orien-
tation with respect to the running direction of the ACL;
this was unlike the histological images of normal ACL,
which exhibited a regular orientation along the running
direction of the ligament. In the CAM-MP group at
4 weeks after injury, the infrapatellar fat pad and synovial
membrane ahead of the ACL proliferated and invaded the
area of healing; however, in the CAM-FS group, a similar
phenomenon was observed 6 weeks after injury (Figure
7). Immunohistochemical staining revealed the localiza-
tion of collagen type I and III in the area of healing for
both the CAM-MP and CAM-FS groups 4, 6, and 8 weeks
after injury (Figure 4, 5, 7).

Biomechanical analysis

In the biomechanical test, load to failure (N), displace-
ment (mm), and stiffness (N/mm) were investigated at

CAM-MP

H&E

Col I

Week 4

Week 4

‘Week 6 Week 8

Figure 4. Histological changes of healing ACL in CAM-MP. Tissue continuity of the ACL was observed at all Timepoints (B, C, D). In
immunohistochemical staining, collagen types | and IIl were observed between the stumps of the injured ACL (healing area) (F, G, H,
J, K, L). CAM-FS, controlled abnormal joint movement mid-portion. Scale bar: 500 ?m (Magnified image: 50 ?m).

109



6 (& T.KANOETAL.

Week 4 Week 4

Week 8

Figure 5. Histological changes of healing ACL in CAM-MP. Tissue continuity of the ACL was observed at all Timepoints (B, C, D). In
immunohistochemical staining, collagen types | and Il were observed between the stumps of the injured ACL (healing area) (F, G, H,
J, K, L). CAM-FS, controlled abnormal joint movement mid-portion. Scale bar: 500 ?m (Magnified image: 50 ?m).

8 and 12 weeks after the injury (total, n = 24; per
group, n = 6).

Eight weeks after injury

Load to failure was not significantly different between
the CAM-MP (164 = 37 N) and CAM-FS
(16.9 + 3.7 N) groups; however, both groups failed at
significantly lower loads than did the control group
(245 £ 1.5 N) (p = 0.005, p = 0.007, respectively).
Displacement was not significantly different between
the CAM-MP (1.8 + 0.2 mm) and CAM-FS
(2.0 + 0.3 mm) groups; however, both groups had
significantly higher displacement than the control
group (1.5 £ 0.1 mm) (p = 0.003, p < 0.001, respec-
tively). Stiffness was not significantly different between
the CAM-MP (9.5 + 3.0 N/mm) and CAM-FS
(8.3 + 1.0 N/mm) groups; however, both groups were
significantly less stiff than the control (16.6 + 1.8 N/
mm) (p = 0.036, p = 0.026, respectively) (n = 6 for each
group) (Figure 8).

Twelve weeks after injury

Load to failure was significantly higher in the CAM-MP
group (244 + 34 N) than the CAM-FS group
(18.3 £ 4.0 N) (p = 0.021); however, the loads to failure
in the CAM-MP and CAM-FS groups were

significantly lower than that of the control group
(31.2 £ 28 N) (p = 0.009, p < 0.001, respectively).
Displacement were not significantly different between
the CAM-MP group (1.7 + 0.3 mm), CAM-FS group
(1.5 = 0.4 mm), and control group (1.4 + 0.1 mm).
Stiffness was not significantly different between the
CAM-MP group (14.3 + 2.6 N/mm) and CAM-FS
group (13.2 + 3.4 N/mm); however, both groups were
significantly less stiff than the control group
(22.7 + 3.1 N/mm) (p = 0.001, p = 0.001, respectively)
(per group, n = 6) (Figure 8).

Comparison of data over time in the same group
Significant differences were found in the load to failure
and stiffness for the CAM-MP and control groups.
These values were significantly higher at 12 weeks
than at 8 weeks after injury (control group: p = 0.016,
p = 0.004, respectively; CAM-MP group: p = 0.003,
p = 0.042, respectively) (Figure 9).

Discussion

We investigated how the injury site affects the ACL
spontaneous-healing ability using the previously
reported CAM model*. We observed histological evi-
dence of spontaneous healing in both the mid-portion
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CAM-MP
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CAM-FS

Figure 6. A high-magnification image of the healing area of CAM-MP/CAM-FS. Cells contour of healing area at 4 weeks post-injury in
both groups is not clear as compared to normal, the 6 weeks after injury cells contour is clarified. The green arrow indicates the
blood cell part. The green arrow points to the blood cell area. Scale bar: 50 ?m.

injury group and the femur-side injury groups.
However, the mechanical properties of the healed
ACL were higher in the CAM-MP than in the CAM-
FS group at 12 weeks post-injury. We focused on the
site of the ACL injury and demonstrated for the first
time that conservative treatment for spontaneous heal-
ing is possible not only for mid-portion injuries, but
also for injuries on the femoral side.

In the healing area of the ACL in both the CAM-MP
and CAM-FS groups, small and immature cells were
noted, and the nuclei of many cells adopted an ovate

shape. Disordered orientation differing from that of the
ACL running direction was observed in the collagen
fibers and nuclei. In both groups, the infrapatellar fat
pad and synovial membrane invaded the injured area.
These features are similar to that of the healing process
of injured ACLs reported previously*'. Kokubun et al.
demonstrated that, in the spontaneous healing model of
complete ACL injuries, cells clustered in the healing
area, as well as collagen fibers and nuclei, showed
irregular orientation®. Hefti et al. reported that, in the
conserved healing model of partial ACL injuries, oval
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Figure 7. A histological image of adipocytes and synovial cells bound to injured tissue. A: CAM-MP: HE stained image 4 weeks after
injury. B: CAM-FS: HE stained image 6 weeks after injury. Blue arrows indicate synovial cells. Black arrows indicate adipocytes. Scale

bar: 50 ?m.

cells were densely populated in the area of healing, and
the collagen fibers and nuclei had an irregular
orientation'®. Conversely, in the preserved healing
model of the completely ruptured MCL, oval cells are
densely packed in the area of healing, and the collagen
fibers and nuclei become regularly oriented along the
normal ligament running direction®*2, The reason for
this difference may be due to a change in the mechan-
ical stress occurring in the healing ligaments. King
reported that the collagen orientation in ligaments
and the distortion of cell orientation were observed
after joint fixation and they also reported that mechan-
ical stress was necessary to maintain ligament
homeostasis®. In the CAM model, because the anterior
translation of the tibia is controlled, elongation stress,
which is originally loaded on the ACL, cannot occur.
By contrast, in the healing model of medial collateral
ligament (MCL) complete injury, because knee joint
movement is not controlled by a brace, partial physio-
logical elongation stress is applied for the healed MCL.
This difference is presumed to have influenced the
difference in fibrous tissue/cell orientation in the heal-
ing ligament. In other words, for the orientation of the
collagen fibers and nuclei in the healing ACL to
become similar to that of the normal ACL,
a mechanical stress load that includes extension stress
is required.

In this study, IHC was performed using collagen as
a target in order to confirm that the tissue filled in the

cross-linked area is not a scar tissue but a pre-ligament
tissue. As a result, type I and III collagen were confirmed
in the healing area of both groups, and the healing area
tissue was confirmed to be healing ligament tissue. The
extracellular matrix of the ligament consists mainly of
type I collagen. In the healing process after injury, type
III collagen is predominantly produced in the early phase,
with type I collagen later becoming dominant>*°. In this
study, type I and type III collagen were recognized in the
healing site in both the CAM- groups at 4 to 8 weeks after
injury. These findings indicate that the tissues in the
healing site were in the proliferation to remodeling
phase of the ligament healing process™.

The mechanical properties of the healing ACL in
both CAM-MP and CAM-FS groups were significantly
inferior to that of the control. The load to failure of the
healed ACL was 74% and 69% 8 weeks after injury, and
78% and 59% 12 weeks after injury in the CAM-MP
and CAM-FS groups, respectively, of that of the con-
trol. Many studies analyzing the mechanical properties
of reconstructed ACLs have been reported®®?.
Tohyama et al. reported the biomechanics of an ACL
reconstruction model using patellar tendon grafts for
canines®®. The load to failure and stiffness of the recon-
structed ACL 18 at months postoperatively were 18%
and 33% of those of the normal ACL, respectively.
Ballock et al. examined the mechanical properties of
reconstructed ACLs in rabbits®, using the same
method as Tohyama et al. As a result, the load to failure
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Figure 8. Biomechanical properties of the healing of anterior cruciate ligament (ACL). Bar graph showing results of biomechanical
analysis in ACL, CAM-MP, and CAM-FS groups at week 8 and 12 after injury: (A) load to failure, (B) displacement from grip to grip,
and (Q) stiffness. In the bar graph, the ratio of mechanical strength of the healing ACL of each group to the control group is shown.

and stiffness of the reconstructed ACLs at 52 weeks
postoperatively were 11% and 13% that of normal
ACLs, respectively. This suggests that the mechanical
properties of the healed ACL achieved by conservative
treatment exceed those of the reconstructed ACL.
Conservative treatment for spontaneous healing may
also be applicable to patients with both femur-side
and mid-portion ACL injuries.

In the CAM-MP group, the mechanical properties of
healed ACLs at 12 weeks significantly increased both in
terms of load to failure and stiffness when compared to
that at week 8 (135% and 134%, respectively).
Conversely, in the CAM-FS group, only stiffness

significantly increased (153%). These results suggest
that ligament repair can be achieved earlier in the
ACLT-MP group than in the ACLT-FS group, suggest-
ing the need to optimize the rehabilitation protocol for
each injury site. Nguyen et al. demonstrated
a phenomenon in which the stump of an ACL with
a femoral side tear reattached to the surrounding joint
tissue; in those cases, the attachment site had charac-
teristics similar to that of the healing process of the
MCL*. Although this study reported dysplasia of the
injured ACL, it essentially suggests that the stump of an
injured ACL in the proximal part of the femur has
potential healing ability. Furthermore, considering
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Figure 9. Biomechanical properties of healing ACL over 8 and 12 weeks time course. (A, B, C) Load to failure was significantly higher
at 12 weeks than at 8 weeks in the control and CAM-MP (ANOVA, post-hoc Turkey test, P < 0.05, P < 0.01, n = 6 knees). (D, E, F)
Displacement was significantly lower at week 12 than at week 8 in the CAM-FS (ANOVA, post-hoc Turkey test, P < 0.05, n = 6 knees).
(G, H, 1) Stiffness was significantly higher at 12 weeks than at 8 weeks in all groups (ANOVA, post-hoc Turkey test, P < 0.01, P < 0.05,

P < 0.05 n = 6 knees).

that the femoral side region of the ACL is more vascu-
larized compared to the midportion of the ligament™,
and the cellular activity of the ACL is elevated'®, the
femoral side region may be a more suitable environ-
ment for ligament healing. In the present study, the
load to failure in the CAM-FS group did not improve
with the passage of time.

The difference between the CAM-MP and CAM-FS
models used in this study was only the injury site.
Focusing on the surrounding tissue in the joint capsule,
the synovial tissue covers the entire ACL, whereas the
infrapatellar fat body is anterior to the ACL.
Histological analysis showed that the infrapatellar fat
pad and synovium invaded the injured area in both
groups. Previous studies showed adipose-derived stem
cells (a type of mesenchymal stem cell) to be involved
in the repair of ligament, tendon, and cartilage
tissues® °. Although the effect of the infrapatellar fat
body on the healing ability of the damaged ACL is

unknown, some properties of the infrapatellar fat
body may influence the mechanical properties of the
healed ACL. In particular, the CAM-MP group may
have some advantages in terms of ligament repair
because the physical distance between the injury site
and the infrapatellar fat body is less than that of the
CAM-FS group. It will be necessary to investigate the
role of intra-articular tissues such as the patellar fat
body in the future. Nevertheless, we believe that the
results of the present study provide a basis on which to
establish adoption criteria for conservative treatment of
ACL injuries in terms of the site of injury.

Limitations

There are several limitations in this animal experimental
study. First, there is a possibility that the morphology of
the injured ACL stump had differentiated in the CAM-
MP and CAM-FS groups due to modeling; however, this
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difference cannot influence healing ability. This is techni-
cally difficult to verify with small animals such as rats;
therefore, future study is needed using larger animals.
Second, considering that the biomechanical analysis was
performed at only 2 time points after injury (8 and
12 weeks), we cannot make inferences regarding long-
term changes in the mechanical properties of the healing
ACL. It cannot be determined whether the mechanical
strength of the healing ACL in the CAM-MP and CAM-
FS groups changes over longer periods. Therefore, it is
necessary to extend the analysis period further and inves-
tigate improvements in mechanical strength for the CAM-
MP and CAM-FS groups. Third, the mechanical strength
of the healing ACL was only analyzed ex vivo; an in vivo
analysis, such as analysis of the braking force against
forward withdrawal of the tibia, was not conducted. In
addition, in this study, the tensile speed was 0.5 mm/min,
but the tensile speed changes because of deformation
stress (strain rate dependence). In addition, in this study,
the tensile speed is 0.5 mm/min, but the tensile speed
changes due to deformation stress (strain rate depen-
dence). Thus, the contribution of the healing ACL to
knee joint function could not be clearly verified. Fourth,
there is a difference in the walking form between the rat
and the human. Both are similar in that they walk alter-
nately. However, while the rat is in the knee flexion posi-
tion during walking, the human is in the knee extension
position. As future research, it is necessary to examine
large animals such as pigs and sheep that walk in the knee
joint extension position. Fifth, since this research is a basic
medical research targeting animals, it is difficult to apply
the results of this research to humans as it is. This is
because there are differences in knee kinematics, kine-
matics, and regenerative ability between humans and
rats. Sixth, although the biomechanical properties differed
between CAM-MP and CAM-FES, the details of this dif-
ference cannot be clarified because the healing mechanism
of ACL has not been clarified. Further investigation is
needed on this point.

In conclusion, we determined that conservative ther-
apy is indicated for spontaneous healing in ACL injury
cases, even with varied injured sites. In addition,
although the mechanical strength of the healing ACL
after femur-side injury was inferior to that of the heal-
ing ACL after injury to the ligament mid-portion, the
mechanical strength of the former was better than that
of the surgically reconstructed ACL. Taken together the
data suggest that, ACL injuries in both the mid-portion
and the femoral side may be treated with conservative
therapy and there may be spontaneous healing.
Rehabilitation protocols after injury need to be opti-
mized according to injury site.
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