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ZR—=—VEBHT HFEEFCRBTL2BERLARELEBE BT D
HRMERLCPOERZEZALTCVDLIN, BFIZEAR—YEIHICL > TD
HRENPNEEINDILENDDL, AR—VYEED D THDLAKR—Y
B Enthesopathy (3. FHEHICEB T 5 HIEH (% (Enthesis)
THFEL., TDOLERBIEERNIL Overuse THH ERiksnh Tn5d, L
2 LEIRBLGIZEB W T, Overuse # W ET HxffEREL L TH ., &
BT 2BEENZVERRICH D, - EB T OEBMMA A L R ZHN
SHLERIT, EBEOBHMIZIM X . BWERICI T DB KT O I HE
AT OBMELELLEETDIARERG ., ZhbDZ b
Overuse 728 AR — Y B # M Enthesopathy ® ¥ IEICHE 42 KIF L TW
5720 T <, Overuse IZ72 b X5 5B R o I RAOER N AFIET
LA EMENEWVWEE T, T CABIE T, AR — Y B
Enthesopathy BIEA W =X L0 —Wa A+ 252 L% BMIC, BE
HOEB R L GHIMEY A T OBEMMEICHEB LRIEE T2 o 72, 5 EMR
HazHEMELTWD e, hEmaz v EREBEIEE £ L 72,
fERE LT, EEEOBAICHED KA X b L 2ITF B KO R IEL
Enthesopathy Bk OB FZH AL ZFE L2 N E R "B I N, —
. BRI T D MU X A T LI EA E L s A, i
BN/ 7 < &b Enthesopathy £ o fi5 B 52 ) Z5 b (R HE 38 56 8 o 4
AL, RIEIEMEREOfEHE) 27 H L. Overuse KM 5 Z & TX
DIHBEZHEABEE LRI EBRBREIN, FLRBEEOHBEL

CxFET 55 FHREBEEL LTI, TGFB 2 — X —7 7 3 U — &K

)

(TGFB-Smad #& # . BMP-Smad &) 2" 5 L TW5a Z &BARIEI
N, N2 2 8/ B2 ERH TH o> TH O MU E AL
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REFICLIVFEIND Z E R R EINT,

btz &nb, AR—>#EMN Enthesopathy @ ¥ JE 12 (X, E# &
DML A SN L AL b Y A 7R ERAICHENT 5
AW A R ANEEL TWDLZERNRBINTE, Z2OMEIT, AR
— Y B Enthesopathy X T 2B E N AT DO NRT X A A
VI MEBIERITAREEEZHMO TE Y  XIERIEIZL D Overuse O
WELV L, HAEOBAM (Misuse) (T £E 9 55 O M IUHE B AL 72 B 1E D &
ENEETHL I ExmT o8ME Lo,

Misuse (Misuse+Overuse) Overuse
EC-dominant exercise CC-dominant exercise

Muscle-Tendon "
CSA 11

Muscle-Tendon
CSA

i <= Muscle contraction

V | «= Joint movement direction

Z
d

| Mechanical stress 1 |~ Mechanical stress —

Inflammation factor 1

Degeneration factor 1

TGFb-Smad 1
Tl BMPs-Smad 1

TGFb-Smad —
—— | BMPs-Smad —

Calcification factor 1

Sport-related enthesopathy-like pathological changes No pathological changes
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TNF-a / Tnf-a
TRAP
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: Liquid chromatograph - mass spectrometry
: Laser microdissection

: Micro-computed tomography
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! Mass spectrometry
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: Polymerase chain reaction
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: Runt-related transcription factor 2
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: Standard deviation
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: Transforming growth factor-beta 1
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: Tumor necrosis factor-alpha
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4.1 AR —VEEICHT DY R

AR =V FEDICH B EEEOR R A O DB 5 EIC L
AR RBRIFEE THY  EFEFICB T 22 LERELENME I
BUORBEHEERE WEVWERIZEWTERAZERELZAL T
5, 2000 FLELPD AR —VICHET IBERN KL ICAEKR S L,
2012 FF 0 T35 1 W AR — VIR BLILAGH@ ) VT, FHEEOMK T
TS ERLYCICRABO AR — Y R L% GE 1B =X
RN—YEfiER 50% % B T) NEREI N, £ 2017 FIZ
(5 2 W AR = VIRBEKRGH ] D LTIA T AT —VITHT
AR —YEHOHEL ZOREREMZIT O 2 L2 HEST LT
BRI B 1O AR —Y EHE 66%. H 3 HDRAR
— Y FEE 30% % HIET), ThOEESLan FHMoEEIZLY
EROBEEENE L o722 & TUEF AR =Y A0 288 N H
M ZMWMoTWnWg 3, HTHLT 77 4 7 AR—=Y ADDEE (E 2
MILL B, 108 30 3L B, HEBE O 20WEE) OEE %
T2 H D) 1% 2020 F12 22.1% M EREOEE 2> TE Y 3,
AR =VEBHEFHEREZCBNY T EARAAR LI E 72> TW
2 s

L2rL, FRIZIEAR—VYIEHREFEFICBIT HL0H%EE OE
IR ¢ D, FORERBERITIEETHL, BEHITY
HAEFW (BRI FAE-P2AE) T, BMEPICRERS N ZLE
KR RATHI27D, BECLIBBIENFEIST L TOHD
R EEFICXBEE ST LN d D 45,

AR =V EET, TESLRE -FIhRE EoANITL - TAE



U [ 2AR—=UHE L, ARV AFOBEEZRESED Z L
WCEoTAELD TAR=YEF] IHHIND O, EFEHLEZ
VELETOEFICHL, BH T NEALEBESCEZNLE, F i
HrEIRVWb0] L LTERSIND, L OARN—YEEFTH
FIEH (Overuse) ICEHRTLIEKETHD LBHRSNLTWVD Z &
mH /NSRRI < WU RALENTOR RN ERE
D, 20O TFPHEFSHIZBEWNTIER, AXR—HNELD LEH
FEAK LS, WU RBEETHRIEAHELL THR2VWERICH D, R
R—=VEEFEIL->TELLEEFELZMS L. AEO AR —Y 1L
RIS E DO | FEM R I E B IR o fig BT OV G B 22 76 R
FHEDOWSNENBHETH D,

4.2 AR —Y[EFE L Enthesis

WALk O B A 1% Enthesis EMFER TR O . 8 - B - BY
i o B A E B A R 8, ARG TR A L 2Bl R Is )
ENERICHICERESELIMEME AT, Lo LEGHR & A& o
BRLMEBEEOBITH TCLLDZ D HEO P TH RFICHE
WA MLV APRERFTIHEHBE LD, AXR—VYEEDZ TG
fFEHCTHFEL O BHECHEAMNESR TCoOREBEIRTH D, K
#i3C1X . Overuse ICEKF T HAR—YEEIZEHL CRRET D720,
UFTXoBEEMAESICEREZRKRY BT 5,

Enthesis (X, ##E % Enthesis &, ##E#KH M Enthesis ® 2
BB T 22N TE2, fiFF. BEFOERAEICH D&
FEEORMEEEASMRBOFENHEBTHY | BEFOBFHIIT, A
TORMICISEXTOND 19, MAEEBRITEVERmIEZ A L.
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BERE S L X FEICESEFRASNL WD WD, =Af ket
HEWSLSRKNEHKBEMEL R ENY T ED 12, ~HFHEIX
e & o B R IS B MEER S (Fibrocartilage ; FC) 24 % 0 33
K Th  HEOMELEDDKEWDERKDE W F I
ETLHORICEZLAZTIOND 10, AEEBEOREBE TR,
FEE 6 IEAKALRHME IR E E (Uncalcified fibrocartilage ;
UFC). A IRA{L#HME#H B (Calcified fibrocartilage ; CFC) . &
W Tk (Subchondral bone ; SB) ~ & Mgt 4 & L T
WDERER H Y Tidemark FEIX AU 5 4 M5 o BRIRfEHIIC X -
TCFC & UFCHALpBEENTWDS (K1) 8, i EmiETCT
FLUABAET, BERMAEDNY CTIXE D, MRS ME
Enthesis [Z# M Enthesis £ 0 & — A TH YO WEIHEH L
TWEKGOMER THLL b, BHEELZ T T 1010, &
BS. = Enthesis TOMEITIEHF 247 <, Rotator cuff ®
—# TH DM L Enthesis . 7 ¥ L 2 Enthesis (28}
HEEOFNAR—YVEETET BN THDL, ZDOTDOAR—Y
% HF ORI 24T O 72 O I IE R HERKCE M Enthesis O R & & &+
LWBEMEDND D, Rim X 2K Z @ LRMERE Y Enthesis IZ4& B
LTWL 72D TR ITHREREEORFBLZRELLELRT 5,
Enthesis X 2o FC # A+ 22 L CTHEMELZZL. [
MICEPT T OB AP LV AZEBHELTND 13, LLLRBDL,
Enthesis IZffE SN 2B A P L 2&EE RABAAELTWVD
BEESIONRT U ARMMPLLOERIZE > THMELESA. IR
MR & (FC o <08 BOE . & 8 4 . RIE K+ o #n)
M-8 U5, ZNALDORBFHERNELCLLKREDOZ & %
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Enthesopathy & MOV, AR —YE#EMEEE L L TiE Osgood-
Schlatter % (Osgood-Schlatter disease; OSD) ° 7 &% L X it §
fPEHE, 7=2A8 (EBEAEEEX) RERGEND,

4.3 AR —Y M Enthesopathy

AR — B Enthesopathy O E ZK & L Cix. WIEKE %K
T (REHMICBT2EBKEOEHIL., ~Vv T T4 A b AN
Pyt MO TR IR T E) EARMR (B R
OEMPL AR 2 Y A == — BN, BE. HiFo 2.
FEHOMBARE) PMAKCHEL TV EHEZNLTWD
9.19.20) P THHEMR SN TWVWHERE LTIX, mBE»DEHA
fif 70 #H) & U5 Overuse Th 5 9.21.22), Z @ Overuse (T4 L
R CHIEINAREIELE LTI, EHOHI B E ., X4
DALYy F TATTRE HERENETH D 2329, L
MNUEBROBEREBSGICE W T, ERRAEE M L T b IER O E#IT
HLHbOD, AR—YHRALEARKICHRL, —EHMAR—YVFE
BAaRKIEES22820WREERDIZEDZ N, TRIEFAR—Y
EEHEZREIZE LM EFREICEN T HMESINTED
Popovich & (2000) /% Overuse (2 K % 7 > = FEE T LIK
Bl 2% BRIV L 2L 29, 2628, filx A
DB TA2F LT LICHBEDOEIDLILOD , RAF—LNT
HNIERERFAEOHBFZT 2T THLO, HENESHY
BERLFPRREERNICREZ2ME »H25 6813 F —2HNOEE DR
BT HAREME A m W, L L Fahlstrom 5 (2002) H#& L T
WHLEIC AR—YEEOERE P L —=0 &SI
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BN D7z 20 ZLOEABRBEZTTF—LL2E8 Tl

VBB ERZ, T EZBET D L. GRENDEAMNR

Overuse 28 A " — Y B # M Enthesopathy ® B IEIC 2 %2 K I1F L

TWAHHAHEMH LV L, Overuse TR DL 52/ RADHE
HAFEET D AEERNES WV, L2ALINETIS, AR — Y BEME
Enthesopathy O FJE Z KT L THE S w5184 70 <
T OFEMITHAMEL ST RN,

Overuse | — M AV 1T, 8 R 72 S B &S 0E 5 BEM AU X b L R 23
MUZIRREEE LTREESNDZENZ W, LrL, BEIFFIZALT
LHEMA A ML AWM ELERITEBHELZ T R EKBHO
WHg Z A TICHEKEFEL TWVWDLHRERD D, AR—YVEFGET
XEEH O X A 72U TFO 3 2ICKIILTWD (K2): K
D PEIX A (Concentric contraction; CC) ., % R PEULAE (Isometric
contraction; IC) . iz 0> M4 I # ( Eccentric contraction; EC) 27.28),
CCIEX. BAM&MOUWM Hm LA FmMICHEEGESNAEC LD,
JEAL RN TOFEIR IR /NS VOB FEHETH D, S 5 IR 72
SADmmbbnizd, HERKEREZI LICS K B~DED L /D
EVWONREEHTH D, — 5 ECIEBE M O WHNE 7 A & 1% KR 7 1A

CHEEEB N EC DD (NIBRERHOERNE BRI D),
AL RN TAHEC DI A RELS R D, 2TORERAMIZ K
D MEA AR OGN S MR L L TH RO RIEK IS, &
VM A2 AE T D 2829, 1C 1T B KM 28 IUHE L T v 5 2 B
EENIA T TWRVWIREBO D | BEHEBKE~O WIS 71X CC LY
L RELS 220, EC LV IS ROKENHDL, T72bb,
-EEASERICHN G SN 2EBHMA ML 2 E, RICESHETH -
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TH, BRMEE A TOBBMEICEIYVEBTIAEEND DL, 2N
XA L B AR H D5 Enthesis FC fH# ., I NIC Enthesis
SB MHIIC O W EZ RITTAREILIEVWEBZILNDL I &b,
AR — > B # % Enthesopathy @ i (2 1%, BYERFIZ 51T 5 i UL
Mo A 7OEBMMELEG L TWDAIEELREZ LN D,

L LBk E LT, BERICE T 2 MUUHESY A 7 OB L
Enthesopathy O IEIWCHBEZNH D Z L 2 /REB LR ITIZ EA
ER B ADMBIBYIT1 >DHRTH 5, Watanabe 5 (2018)
X AR — Y EE M Enthesopathy @ —f Té %5 OSD RHEF 4 4
D, Yy =BTy E—Ta COBIEMNT 2 FEEL -
30), FERELCHIE OSDRBEEFOZ L, BRZEL»S LY
BEHPLOBFAENDELCL TWEZ EEZHLIT L, B8 OBM
REHFEHEEPLOEGLITHREEGMEE— X M2 NS,
KRB S A O R A IR AR T D 3D, T b b
& OSD A FITH KR OFEAM (Misuse) XV KERWEIEEA & EC
A FxF Yy 7 F—2a URRERTHRIELEARBELRZ X 6N D,
L2y L FBIE & i IUHE % A 7 OB FRMEA2 EREFIE & L CTHREE L 72
bOFINETKTHFEET, BETIRFADOEETTHERD > T D,

4.4 WFFEH M LR T IE
FEMIIAR—VEELZRBTHILIT. . ZOHROLEEE K
" Quality of Life |22 K72 28 % KIX 3 /R & v 82, 2021
FREERRAV v Ey 7 - RXT ) vy 7 b, HEHOD
AR—=VIEBREFICEEELZBR VD, HFEARFN -V E#E O
AEAE L VEREVWDLOICT B0 d, AR — > B %
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Enthesopathy @ 7 il 72 F& JE 2 K i B e OV E T B - 16 715 @
WL LEARNR R TH D,

LLEoDZ &b R CId, EE) & & BERIC I T D M I &
A7 OEMMICER L, AR —YH#EM Enthesopathy ¥ JE A &
= AL~ EMAT L L L L, IKa & LTI, B i @)
B &N X7 Overuse £ fifi #£12 fb X, Misuse # #ifit L 7= EC
AL EEERERED 5N, 7 & Enthesis FC fHIKIZ 5 S 1
HEEME A P L ANEML, AR —YEHEM Enthesopathy £ ®
WP EMNELDEZRTE, ZF LTI OERMERILD & DK
RELTHRT LD, UFTO3DSDORIEEITH> Z & & LT,
OQEBHEOEL L, B DETEMBICBTIHIMEY A 7 DK

kR~ 2 EEICKRIEZTELRIET D,
QEBHEOELE ., HRMEY A 7T OEALN~ T 2 EH

Enthesis IC X IZTHE LN EELRIET 5,
EFEBHEOEILE., HWRMHEL A TOELICHENAELT D L THlS

b, ~v Ak L Enthesis O i BLAY & 2L IC B % K IZ

TR ERIET D,

RBARMIICHEA LA FIEE, BB X o TH I~
A 7B ELERRTERLS AR —VIFEH 2 KBEL ., FE
OB ICOEY AHMICEREcESLHEMKTCEL MLy NI
ET N EHWD Z L TR ZMRAE L 7o, F 72 AW I8 10 58 5 E B
OB ICmid2REHEcCh LD, ¥R/ EWE Lz, E
RIS 28 REICEL T . ERHEOT T ETERIZEL T
WHY T RARERHWDZ e LT, BfeE LTIk, LR S I
BMNAER ICR~UAZHWHZ &L L7, ICR v U R |TMEE
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i (25 BE) i RAEATHE 2 3 L 72 #F %812 T, Sedentary 2 H
W TR KA 30m/min3) TEITARERTHDL Z LN RINTEY,
P L THWSHBENTW C57TBL/6 v~ 7 A XV & g KAETHE
MW ENFEH I TWVWD, C57TBLI6 ¥ T R I~v T ADH T
L OROLBEHICHL TRV ERTHLERESNTVDIIRED &
52 bbb 343 AR—VEMEZEMT 2 EE T AEZRIZE W
T CHTBLI6 ~ UV AZMHT L2 IF#E L TWVWRVWI ENE XL
o, LEoFEENL, WHMICHER S L, »o@E&H ALRIC
b L TWdE PSS ICR v R ERERICTHEHT S 2
Ll llc, AR—VEEREBEHEDOZ I, & - B MMM 72
HEFREHMICBOWTRIIEL TWD, TDODARMETH AEZIT I KR
U AL, TRTHERAMTH S 4o SHImETE LI,
MAEFHEEICBT 2FRHEAHITIUTOL I ITH L, B
MlCHEBS B2 NS EMRE > &AM RIESE B L7
Overuse #f . I EIZD LW OO HEKOFEMHIT L » T EC # 7
e D iEE 2 R L 72 BE 1T Misuse B, EEE AN SE, o
EC (L & 72 5 i# &) % i fik L 72 B 1X Misuse+Overuse #if & L TiE
£LT,
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:w || R
9 4przinatu§{ K
fe d}on/ 5]

M 1: Enthesis &R X O R

FRAERR M Enthesis(C 36 1T 2 R 4818 1 & A HEEUC IS 1T 2 MITER 278 L7z, L A5l (Supraspinatus
Tendon)(Z 3317 5 M (Tenocy te) | AR SR DA & 529, UFCHEIKIZ 31T 2 FCHlARIZ Uk O Mlafsik 4
2L, BRKE HE/NERD DN H 5, CFCRIKIC I T 2FCHMIF IR OMIafIRE 2 L, A3/
S HRB/INENZ VRN D, SBIEIKIZIS T MMMk oMiaEika 2 L, &/ MExEEICE T
DRHEN B D, 2R DScale bar: 100pum, HiE D Scale bar: 25um,

Concentric Contraction (CC)

S

Isometric Contraction (IC)

No joint move

Eccentric Contraction (EC)

F\ Mechanical Stress

CC<IC<EC

B2: BINMEE A TOEKXK

CCIZ B A OUNHE 5 1] & BAHHER A CH AN AE L DUHEY A 7 Th D, ICITERMMGH L7225 H B
HRET 23 E U TWIRWINAR 2 A 7 Td D, BCIREAR A O UG 717 & BIERER)AS SO 00 J7 IS A U 2 IR &

AT ThD, TNDLDOFNHEL A THRELTODYE, FREMHCHEICAE L 28I A LA XL T OlEE T
K&< 7% :CC<IC<EC
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5 MIE]l : EHEOEMLERDIETHFBIBITHHNMEF A

TOEABR YR EBHEBICRIETTHE

5.1 H B &R

EEN T ERBIEEZRET 2EF N H 0 | KA R ICE
JAHOMEREHNFTEEOHMAFZ LT 5, 30 b b Y) 72 HEH)
TE R OMRE - B EM T BHRIE DR EICORN D 8637,
L LD, EERENBEREE o2 HA1F, BOREERSE
BrHEI>BERPMRESATCLE) HlxE T T =271 AF
—IX IR E T LT E RIS i AR E N
5 38, FRAEFEHICE i ) e A 1 E e E R A AN — Y B
P Enthesopathy PO AR —VEEORKEER I N TWVD
9.21,22) 2 Do EENITHE D AT A b L R E ., WY R E KO
e & Rk o il i 2 O EE R BRI TH D, EE) T O R
ML RAEZWRESTHERELTIE. FmiICbBX7@Y EH) & &
A & A BB L TV DS IR X A T DR LB D
B M 2 GER L 72 PR I3 3R R I e v, BV A R L L 2SR
Tl Hamann N & (2012) (% EC A7 72 #1323 K BR B O & ¥ ik
ZRELTWDLZ EEZMmAEL T 39, £k M2 RE LM
T, V¥ 7 EHOSGAMED, WO ECHEEBNIZ L > THIZ
ft 5 &5 strain OEEZERK & L-A#HEEZLSHTKER
FO 7B A N—=J Lo THEEE A LTI EREINALTVD
40-43)  F bbb CCHEBH LV L ECHEBHOFN, XV FHHMOF
FEEMMEFETCEL LN FRBINT WD, L LMY 47
DEEEERZEES T TRHRBML T DIMIXDOELL T FTHEE
MR ETHIENEZL, EEEZdS L L, S 68 BB
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EMBREOMMPWHEBICE R ZK > TV A RITHA ST £
DFEMIAHTH - 7,

b Z &b, MEEL TIX, EE & & BED oI Z 7
DEREER~ T X EBEERICWDNRDEEEL G5 250D,
BB ISR FRMITIC L > TRIET D22 L & L
7=

5.2 Fik

5.2.1 fiy B A9 A fE

ABANBEIL B ERIRFPHAGHEEZBESOARRE G T,
HMERTA NI A L THEMBLE (KRBEFS 2019-3), 7
B, EABEITATRARRY B RICEE L,

5.2.2 W7 A v L EBN AT 2 by

Sle:ICR ~ v A (3 1 #n /) 20 It % Japan SLC Inc.(Shizuoka,
Japan) MO ALZ, 1 BMOBREE/C®., 4 HEOESH T A
FEELE. TR TO~T AL 128 OB Y 4 7 LT 23+£1°C
DT TAF w7 =V L, EE I A/ # i
ML v R/ TM-R-N1 (Osaka Micro System, Osaka, Japan)
ZEA L, LLFO 4 #1255 L7z : Control (Sedentary: X 3A)
# . Overuse (& @ FH# A1T - 3B) #. Misuse (K& F Y &
#4T 1 X 3C) BE. Misuse+Overuse (@#H F Y K AEFT : X 3D)
., TORETIZEDHRH O EC 2t T& 5 & W& LkT
MRIEICEE D & 294445 kL w NI LOMER AR A2 R H L CTH UL
Ma 2 A 7 BE L, IREEITEBEE & L. 84T 88803 L E
BB M OV A% Enthesis, LEBiEE@miEt s Lz, EC 1. CC
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IONIC O 1.2-2 5L EOMEE by & haRET L E®ES
LTV D 4647 Z D 7= Overuse At & Misuse+Overuse #if & H
MICHBRLTLEY &, EFAMERIPALNIIRRD Z LD,
WiHg & A T DOEEN EHFAMEOEZENOHB RO RD,
Z O 7= Misuse #£ # % & L. Overuse # & " Misuse+Overuse
HOETHEZ Misuse B D 155 &R Ko ICRET HZ & T
eHAMEBORLEZHER L (M 3E), T ABEIX1H 1 KM,
W5 H, 4EMELE,

5.2.3 PRA BRI
A M OEIH N AR TERICYVADKELZNE L, ZO#%
AV T7NT VTR (5N RR B 0 4%, £F e BRFE 0 2%)
THAMECLD2HEMN ALY LR S, EE) O FBE DR
ICKRIETHBELHERT 2D EMEH 2RO EREZ AT L
oo ETEBORELEEZHRABT D72DKE LB 2L 72, it \»
THLA& P HIARAT O 72 8 A5 B B -ME-Enthesis G B 4 BRI L 72

5.2.4 BV &SR MR AT
L EE 2 EHEBEEKTHER L., 4%
paraformaldehyde (PFA) / phosphate buffered saline (PBS)
Bk CHE TN H & £ % . Micro-computed tomography Sky
scan 127 (Micro-CT : BRUKER, MA, USA) i X 2 M E % 1T -
oo WEFRMIZUTO L SITEE L : X 60kV/165 pA, i H

D4y REE 2452%1640, Y7 B H A X 5um., BEEAE 0.5

«~

B, W THHORTEILT 7V 77— 3> (CTvox : BRUKER,
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MA,USA) 2L C.MET — 2 & 3T —FICEH LI,
FTD%DGNIE o T 7Y 7 —32 3 2 (CT Analyzer : BRUKER,
MA, USA) #=fEH L 7=,

FEBTICE L TIXLL T ORE THEME L 72, EhEFES I35
BIfE 1% 60-200 (R E Lo, BMEEEHE CEEE - L,
EMHR LD Lo SB M e (REMRZRS) 2o s L
oo BLEEIT, EREEEBEES KRR mEGICE TN D K
IRELT, HWWHEBIZLUL TFTO4HEA L L BAMEE (Bone
volume/Tissue volume ; BV/TV). %4 (Trabecular number ;
Tb.N). H % /& (Trabecular thickness ; Tb.Th) . ‘B % [
(Trabecular separation ; Tbh.Sp)., & 5 (Z. Enthesis FC f# Ik
(CFCZ &) k3T 20 TiX, SBERMNT L2720, BE%L
60-100 (2% & L 7o B fH 03 KRR W i 48 12 55 1 5 Enthesis
FC MBI E L 7o, B LAl 5 &0 (400pm) % o3 A i 4 &
LTHEL, TOHREZzHREM L,

EREESECT T oML, EEABE TS 2mm T
HEgr Lic, e F@®MERIIKEST TH D70, BHEIT
100-200 ICRE Lz, oM EBEIZLL T O 4 A & L W fl
(Total area ; Tt.Ar). KE'H m#FE (Cortical area ; Ct.Ar). %
B AR R W i A (Ct.Ar/Tt. Ar)  JCE B 2 (Cortical thickness;
Ct.Th), Ct.Th T FMALIC L > TERAR D720, P EBIZE T
LDHRBEEAMOEBEVEH D, KbEWEH S b EWVE D DX

Sl 3 mAREL., TOYHELEZERL CHERL -,
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5.2.5 ik % B i A

BHCL 7= B E - -Enthesis # &6 K13 L TIlE 4%
PFA/PBS W ik T & & B % £ g L 7=, F W T, 10%
Ethylenediaminetetraacetic acid (EDTA) & # & M\ T il K AL
e L/, TO®BANAT 74 ICBEBL, XT 7 4T m
v 7 flE & (TissueTechTEC™Plus : Sakura Seiki, Tokyo,
Japan) ZfH L CAAT 7 v Tny s e L, 270 F—
2 REM-710 (Yamato Kohki Industrial, Saitama, Japan) % f
ML, 5um ORI IZHEY L, fER L7728 A iZxt L T Tartarate
resistant acid phosphatase (TRAP) / Alkaline phosphatase
(ALP) ¥t % v b (FUJIFILM Wako Pure Chemical, Osaka,
Japan) % H T TRAP B MEM e & OV ALP & M4k 2 7F 4l L 7=,
B8 &i 8Kk 5 55 3k & Y Enthesis FC I O Mk Bt 2 547+ 2 72 9
. ERMBIEEZIT o, EFIEOFEMITMETER 1 0 13.1.4
Izt L7z,

5T, HBEMAMBIES (Immunohistochemical ; THC) ¥ %
EhiEEEE ORI L TEM L2, fiEFMRsit~—0—
T & % Osterix (0SX) ZfE@k{b 3 %72 . Anti-OSX rabbit
polyclonal antibody(# R fi# % 1/300, bs-1110R, Bioss, MA, USA)
R L., EhEmERBAESmICIH T S SB ik, If 'IC Enthesis
SB fH I T O F AN B RE 2 BEAG L 2, MEAT IS IR E g AR Y 7 b
V=7 Fijit® a2 L, B EEHZ VIR 5 OSX 5 M i
mEEZHEMH L, 238 THC 20 EARFIA L REHH L 72— &kt
BRI L CIEMi2 &R 20 13.2.1 & 13.2.3 2 L 7=,
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5.2.6 it sl WY fF

T X T OEHIE R version 3.4.3 (The R Foundation for
Statistical Computing, Vienna, Austria) # f\W7-, EHME®RE
X Shapiro-Wilk test # 2 i L 7=, T X TOMITIZFB W TIEHRME
DROONTA, —HhiEDTH 23 L7, F1%68EICIX
Tukey HSD # Wiz, AEKEIT 5% KT & L, & XToOHEIZ
W) fE +12 % 7% (Standard deviation ; SD) TR L7Z, 2B H
HLCENEEIMES - —BICRR L7,

A -E
Control group Overuse group E
sedentary fast speed running E
) ]
(n
16°
) Adaptation 1w 2w 3w 4w
Misuse group Mlsuse+0veruse Aroup. Exercise intervention period (weeks)
slow speed running fast speed running

3: MAHORELEBNAETEE
A: Control (Sedentary)ff, 77— PIZEBWTITEIZ HB & L7z, B:Overuse (i FHiETEL, by FIv
OEFMAE 20" 1T E LAEITE W72, C: Misuse (K3 T ¥ BEIT)HE, D: Misuse+Overuse (38 NYETT)
B, MLy RINLVOMRMEEZ-16 ICE L, BATHFRICE S X ETHI LM OECTEE 23 S Wiz, E
TEEN N AEITHE ORBFZE(L, s IEMisuseBEDHEE(LZ /R LT\ 5, FE#RITOveruseft & U'Misuse +

OveruseBEDHE L Z /R L TWD, IUHEX A 712X D AMEEZEE L. Overuselif & Misuse +Overuseff 1,
Misuseff & 0 & 15753l CFMi L=,

5.3 f R

R

BRSBTS RIT L ES LN T 58§
HifgRE R LT, £ kb as X%, LBiE s sl E o /T
R AERLTZ,
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5.3.1 K M OV & H & b B R

HEBAABROERE K LR EELNEKECESALEHEE
BOLBHREZTR L (£ 1), KEICEHL TIE Control # &
Misuse+Overuse #f [l TO AL A EEZNER I T (p<.05), & H
2k E /78 = & 1X. Control # & Misuse & 8 Misuse+Overuse
BEM <. 72 Overuse #f & Misuse & " Misuse+Overuse #f [
THEEPHERINTE (p<.05), KETEHLZHEERE S [FH

o EE R LT (p<.05),
5.3.2 L iE B & Y Enthesis FC fHIK 0 B ¥ & %19

i AT e 2R

Micro-CT IZ k- CTHRE I N LE B EHBE G Z R L7EZ (X
4A), BV/TV & Tb.Th iZ. Control & & Misuse+Overuse B[] T
D HAHBZERBEMP R Sz (p<.05,M 4B,C), T+ X TOFMH T
Tb.NICH B EIIWMR I N2> 7= (p=.093,X 4D), £ 7. Th.Sp
IZ B L Tix Control # & Misuse+Overuse # . Overuse #f &
Misuse+Overuse # [l TH B2 IK T2 #iR S 7z (p<.05,K 4E),
Enthesis FC fHBAFEICB L Tix. Control # & Misuse K O
Misuse+Overuse #:[#] T. % 7= Overuse #f & Misuse+Overuse Af
Bl CHBEZREMAER I (p<.01,K 4F), R mig 282 L
RER. ERiEEEEICR 5 SB K (A %&FH) T, Control &
S L aEB N AB T REMICH S L &2 L7 (Overuse

\

< Misuse < Misuse+Overuse),

5.3.3 LWiE g OF IR RE RT3
Micro-CT iZ Lo CHRE SN/ L @BETH G Z =~ L7 (X
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5A) Tt Ar ILF ~ CTOREM CTHEEDHER SN2 -7 (p=.537,
5B), Ct.Ar 1% Control & U8 Overuse #f & Misuse+Overuse #f
M CTAHE RH AR Sz (p<.01,K 5C), Ct.Ar/Tt.A &
Control #f & Misuse+Overuse #£ [l TO A H B 2 N A R S
7= (p<.01,K 5D), & 5|2 Ct.Th iZ Control & O Overuse #f &
Misuse+Overuse B THE 2 M R S L7z (p<.05,K 5E),

5.3.4 b fpi-E B R o KLk 7 8O RE AT RS R

Wi B ICE LT TRAP/ALP e 217\, BB R %
T U7z, BAETHE fEIk TIX. TRAP B EM AR X+ X CToORERM T
ERAREE RS- 70, 7 Control # TiX ALP 5 M fa

IIFE A LR SN o720, Overuse B T 1% B & 8k & i 3k <
Bl X7z, Misuse # & Misuse+Overuse & Tix., B & K&
W72 T2 < SBH#EBICH ALP MM in AR S iz, ALP G
PEAE DM T 2125 T SBHEKOIE K S B2 I iz (K 6A),
%t \» T Enthesis FC #Hik 2B\ TH TRAP BitEfMia i+ X To
BRI CTENREE RIS 2oz, 7o ALP BEHEMAICRE L C
I, SBHE TIZIZE A LR N> 7, Enthesis FC 1
B2k 1T 5 CFCHB THEICBEINTL, ERNRFERILE L
L Tix. Control # & Overuse # MBI 5 ALP HMHEIZ S 1Z
BB I N 7 0o 72 h . Misuse Bt & Misuse+Overuse #f (3 fill %
L0 HImEARELT Tz (K 6B),

DT B EEICx LT OSX 23 572 i THC %
@& K L7z (K 7A,B), BIEIKE O SB #HIICE 5 OSX [
P m f Fe $ 1X Control #f & Misuse & ' Misuse+Overuse #f
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(p<.001) T, F 7= Overuse #if & Misuse & " Misuse+Overuse
MM CTHEEEN MR INTE (p<.01,K 7C), Enthesis SB ff 1§ I
BIF 5 OSX B M m # £ 1L Control # & Misuse & O
Misuse+Overuse #if ] (p<.001) T. F 7= Overuse #f & Misuse
K O Misuse+Overuse Bf[ll TH EEZNHER I 7= (p<.01,X 7D),

X1: FREBIUHEEELEGER

Group Body mass (g) Muscle wet mass (mg) Normalized value (mg/g)

Control 354 +1.02 46 + 4.0 1.30+£0.12
Overuse356110250t632 ................................... ]401017 ....................
.......... Mlsusesssi()?s62:400*I]681008*I
Mlsuse+overuse .............. 3 741]02T64t490 ..... T§ ........................ ]701009 ...... f§ ........

*Control vs. Misuse; p<.05 tControl vs. Misuse+Overuse; p<.05 jOveruse vs. Misuse; p<.05 §Overuse vs. Misuse+Overuse; p<.05
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A Control Overuse Misuse Misuse+Overuse

= 0
Eao
=5 Control
z Overuse
820 .
[ = Misuse
1 .
2 Misuse+Overuse
00

4: LEBEBHEAHKE Enthesis IZXH T H2BEREZHMEITER
A: BREZBIT D LB B IR DOMicro-CTH 1, Scale bar; Imm, F&8H; Bl BEEE BT 5 BAFiIHE T O
SBfflK, B: RBiEEEEICI T HBV/TVELRSRE R, C: HhiE B iz &) 5 To. ThEEAE R, D: Fug &
SEERIC R 1T 5 Th. NSRS S, E: LReE B 8EEIC 1) 5 Th.Sprhssht ., F: Enthesis FCHEE o> (AR H il 4,
B-F: T X COT — XX B ESD TR LTz, *: p<05, **: p<.01,
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A Control Overuse Misuse Misuse+Overuse

Ct.Ar (mm2)

Overuse

. 10 -

08

06

3 04

02

oo “——1 L Control

Misuse

W

m
o
I
8

Aok *%

70
60
50
40 )
30
20
10

0 L A

Misuse+Overuse

o

N

3]
*

N
o

Ct.Ar/Tt.Ar (%)

TtAr (mm2)
o o - -t
o m o o
Ct.Th (mm)
o o o o
& & @

000

B

K5: ELHEERIBCHTI2EREBENBITER
A BRECB T 5 EBaE B OMicro-CTH%, Scale bar; Imm, B: FBiE a8 BT 2 Tt ArkbE#E 5, C:
LA IS 31T D CL AT RE R, D LA I3 D CLAYTLAT LB . B _LiiE B #iIcds
T A CLThEbIRE R, B-F: X TOTF — X XM ESDT/R LT, *: p<.05, **: p<.01, n.s.: p>.05,

Overuse Misuse+Overuse

A -
'Y

g

£ ;

& g
i}
E 2 N
B i |
= = { }
< 4 i

B _—

M- ¢ i
c

20 e ; g

2 .E g . Flr AxY. ¢

gé CN N A o ¥

£2 T SR B A

= L — oo v e

6: LEHEEEEH®ICN TS TRAP/ALP _ERGAHEHE
A: BIERHCE SEIk IS k9 5 TRAP/ALP B Yuta i, B: 5 (558K 2 3517 2 TRAP/ALP — B YL (4 i,
AB: BREHH; TRAPRHIEMNE, FIREH; ALPB IS MMAE,  Scale bar; 100pum,
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Control Overuse Misuse Misuse+Overuse

g ¥

8 .

=

[

8 -

-

K]

=

o

S %!

$

29
6E
28N
% £
¥
23
| ] 43

5.0
2 kK i sokok
S 40 *kok %4.0 Sk
£ ok g ok Control
2 L g 30 Overuse
B2 k=] :
§ 20 § 20 M!suse
x l % I ] Misuse+Overuse
810 ’_’_‘ I 810 I

0.0 0.0

K7: EFWMEBEEEARICBIT 3 Osterix EHAETHEBRLLFLA

A: Sigle IHCYufa % F2hta L1753 & 7= BI#RE BT OSBREAMRE 2, —RHUE: OSX, B: Sigle HCYufa % 5
i U D AU 72 I A 50 T OSBRI 1, — KPR OSX, A,B: HARTH; OSXFHEMAL, Scale bar: 50
pm, C: PAFIHCE T OSBRI 51T 2 OSXI I fEli s, D: JE 45 50E T O SBHIRIZ 3517 2 OSX B
BRI, CD: T RTOT — XL B ESD TR L7z, **: p<.01, ***: p<.001,

5.4 B %

RRGE 1T Tld, BMER IR T 2 B ILHE 2 4 7 OB & EE) & o
WENR~ A EHERRICO N2 2 EEE RITT OMmAEL 2,
i R L0 EBEE e DR ZE LT Overuse #f & Misuse # i T
FEHRELETRBRIN o220 U Y A 7 O ®8NEE AL
W EREREOERICEEL S 2D Mt Tsr 2 i TER
Mmolo, Lin Uk By k& LT, BIHimE T o SB K
I NZ Enthesis FC fEik Tl3 ALP #& M & OSX 3 Bl 25 8 0 fH A)
R L PEBEADEL TSI ZERNEHRAMNBE IV LN
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N, 72 ECEBMALREHICLIVHERLERINTEZ L6,

NAE X A 7 ORBIIFREEROERICIIRELSZEL LIT R
WHOD RN EEERIEIL TCWEARBELIEZE I LN D,

ARIMGETIX EC BT 22 8 1E 2 Bl 32 7= & % < OB %E TR
HENnTWL FTORETZHWLSZZETHEALEZ NEEHWIZE
WTHTRIZ WM EMES TH O . T RETOLG A X HIKE LB ELT
Fa~BaE T H5BICENICH L TEEHEZ1T 5 720 Ak X

2L DR DN Mb 2 & FBICHREE D O/ 84%% Ak 23
Y INTWVD 49, FLEHEEBOREMG TH L2 EHiX., Aiko
MO E COMICMENAHOL O ICEMR L., Bt — X

ERHIEEI O AE 5 & 29 50, BEBHE MW EITHE T
T, FOREBTHICHMEBITECEZFRL TWD I ENHmESH
TED 445D ECIT X % CSA @ H I <0 D K IE Kt 25 7~ & 4
TW5 52583, KRIFETHFEEEOHRLLMPRIEL THR VLD
O B EREOHEMITERHGOEKRMEZ R L TWDAHEMEN &V
o, AfFsE cHWIE by FRIAVET VL, ECEZHIET 5O

LI ET VN ThoTo bR IND,

B SEN DM A ML AT 5 & B HEMBLEOE
MRroBFET Y U ZICEG T2 M4 RoWIhd 59,
AR, BRI B T2 MmEBNEINT 22 LT BFFEMELROE
Ml oFEHEsRESNERRAFERE SN D 5, Murray b
(2001) 1%, BomMEEIHICLY ., SAMWNBA O SBJE 2 H N
L., BET U 7 OREN BRI AEAD T 52 2R
56), FLib (2017) X7y hOEBMEZLZ FTOIRICHEET D
ZLeTHIMESE, KE SBEOIMKLATZEHEEOHMAAL D Z

27



Exa Ll 3D, B@RMoOBEFICEHLTOAEKIC, f5Esh b
A A ML 208N e K7 E~REAIMD 52 & TRAR
JERNEAT D, 20DV v FTiEH R ETERM A L AT
LEEBBITIEEFTEESRE S TS 5859, 4 [E 078K R
WO HFERNRERBENLMITIRESSCERINRND TS OO,
Misuse+Overuse #fi% SB K&k OVH & fH1 (Z B> T Control X
Overuse ffF LV L HMEM A R L7, THITIFEHEOHE M2 DT
DIRETICE > T ERIEHNEESNDZIKKAORHIM LT Z & THE
M e el M e o JE AL SR S B TR R AL~ L DR N o
AREENEZEZDLND,

% 72 Enthesis FC #HE DA N E LMtz mi L7z
N, ZHERAE Ry IR R LR, il bk N7z
. OSD X Sever 572 £ @ Enthesis fHIE T4 U 2 B E L — &1
IZ Overuse TAHEL D EHMEINTWVWD N 20 L3 L bR 70 &
B ek L TW2DbDONREIET D DT TIERW, BRI L v
TILEB) T O Misuse 78 OSD ORIEICH G L TV b A EEMEN H
HZENREINTN 30 Fax oMb R Y EE G ORI Y A 7
DAL & B ONZ Enthesis FC 81 o JE g 28 (b (2 B 3 1 28
DT L aREW LRI R HmE STy, ARGEID
F0 . WO TEMEIIE L XL THIKHE Z 4 7 & Enthesis ¥ &
EALORBREN B IR, Ko TR 2498 L L Tik, Enthesis
FEIRICHE R 2 Y T, I X A 7T OEAITHE D BB A N L AR
Enthesis FC S I MM 72 2 B 2 LT T NFEMICHWIET 5 2
EMMERARTHL D LB R T,
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6 MIED : EHEOEMLEHFIRMEIA TOEMR Y AR ESH
Enthesis TR IEFTHRBENEE

6.1 Hx& HBY

Enthesis FC 8 (3 7 IUAE (2 £ 5 B A 2 F L 2 0 F (X
S THEZEITHZ ENM BN TS, Thomopoulos & (2007)
T EARZARY Y X AFHHRICEL > THE I M D ZE TS
% L. Enthesis FC fHlli & SBREBMNEHICHRELR WV & & #
HLTWD 60, X5 (T Shaw H (2008) &, BT F L X i
Enthesis O3 A& BB IZ 30 T, H7HE2F 0 B 25 /) U6 12 1 O B ik
A ML AR LT FCM#MaicZ{k L, IEW 7 Enthesis #1&
KT 5 2B 5 MnIZ L7 60, Enthesis ICBH T 24F%8 D %
I, MO FEST 2D HHEMA A ML XDF %L Enthesis
CRITL FCHEHBOBEZRNMOBEABRMICERL TRBY | HHAE
K2 FC HBMOBRICEE THLZ L2WELTWVD, LiL,
EHESCERHOWM Y 4 7 OB LD BB A N L R %
RKREFLEETATORMIBFTIFEAEREEIN TRV, ZDTD,
BB A ML 20NN ERT® D AR — > H#EE
Enthesopathy ® BIEMFICE L CTIXZREARHRZ LN Z W, #H
ik I 12T Enthesis FC KO B RBEALIT, B & NG ¥ A 7 D
ZAADPEAELTWD W REE R LI EN6, Mk D Tl
Enthesis [ A &2 Y T, MEkFMT . BREFHMBNT. o1
W R RREATIZ X Enthesopathy 4k O i Bl 20 2L 28 £ U % »»
EoOMERIET HZ L& LT,
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6.2 Hik
6.2.1 fiy B A9 A fE
ABANBIL B ERIRFPHAGHEEZBESOARRE G T,
HMERTA NI A L THEMBLE (KRBEFS 2019-3), 72
B, EABEITATRARRY B/ RICEE L,

6.2.2 T A v LEENM AT b av
Sle : ICR v 7 X (3 #Hin/HE) 20 L% Japan SLC Inc.’» 5 It
AL, TAFEITIHRIET ERKE L, LT 4T ELEL
Control (Sedentary : 8A) #t. Overuse (@& LM ELT : X
8B) #f. Misuse (fKi# T v ¥ A&7 : M 8C) #. Misuse+Overuse
(mE T YAEIT: X 8D) #, HEHEHMEIIMRIEL LV O
MEE, AABHEIIRIEL EMARICERLZ, (K 8E).

6.2.3 IEALI
4 WHOEE I AR TERIC, RIE T FROGIETLEESE
T, HEEBME S SIX AR B - AW LR - A e 2R L,
MMk RIIEAT - > F AV - BRI 2 FE e L T,
A JE BIET 2 61X 5 - -Enthesis & K 2 B H L L& 2 00 fig 4T &
Fh L 7=

6.2.4 ik B 7 AT
M LIEEMRERBIT Ry KyEelRELLOBIZ ~FF -
A YN VRAEE (1:1) ICRMESE, -100°CT & H B L
72, Leica CM3050S cryostat (Leica Microsystems AG, Wetzlar,
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Germany) # AWV CH#l#k% 16um THY L7, WHICH L TIX
Hematoxylin-Eosin (HE) Y& & % % Jii L | *F¥) i #% W7 ifi 7% (Cross-
sectional area ; CSA) # & i L lb#t L 7=, f# #7112 1X Hybrid Cell
Count BZ-H3C (KYENCE, Osaka, Japan) % 7=,

T LB L 72 4 /5 -l -Enthesis A 81X 4%PFA/PBS 1A
I CHEEQMBEIEmE . 10%EDTA K 2 H W T K AL HE 2 FE i L
oo TORMIA T FERIZ AT 7 07 my 7 2Elk L, YR Z1{F
B L7z, 7238, Enthesis IS HIBEICHBIZE I % 300um @ i
5 um CHEIL, MATRKICERSCAEDOREBEZZ T RWVWED
100pm fEBED 3 IR 2 AT A4 AT TF7 A LICE&ELEZ, ERL 7=
IR LTIEMRANT 7 0 VB, HE % 307 N2 Toluidine-
Blue (TB: pH7.0 i[Z7%) ¥ |2 XV Enthesis FC 81k % ] #
fb U7z, ZEATHF%E DI TIHmRE SN TV LI MRBROEEZ b &
i, FC ik )t O UFC., CFC ik & [Al & L. & 558k o i 75 & 5
L7z, UFC & CFC fHlt® % i #13. Tidemark % HE ¥ (2 L TH
B L7, £7 UFC & CFC#HIKIZHB T 2 E/bE L HEH L7z (UFC
AL F=UFC/FCx100 [% ], CFC £t % =CFC/FCx100 [% 1),
fEFT I I B AT Y 7 b Y =7 Fijit® 2 \wi=, k. HE B k&
O TBYEFIEICEL TIEMMEER 1 o 13.1.1 & 13.1.2 2% L
726

Enthesis (25 2 AKABEBROEHZEZIT > 720, BT 7 4
VALER B FEHE L 7= B iC ok L ALP %4 & i L 7=, Enthesis FC
AR IC T 5 ALP I m AR 2 Bl Lk 21772 o 72,
W 14 fi# #7132 Hybrid Cell Count BZ-H3C Z{f M L 7=, 7% ALP
Qe FIEICBE L CTITMEER 10 13.1.4 128 L 7=,
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6.2.5 Gt ALk o8 09 R AT
IHC % f2 % Enthesis FC &' SB fEIkIC % L CTHEE L 7=,
Enthesis FC fHIZ X L CTix. #K-FE#H O 72 % Anti-collagen
type I (ColIll ) rabbit polyclonal antibody (& R {53 1/200,
ab34712, Abcam, MA, USA) %, &£ / &V | £ KALBEE A
FEGk 72 ¥ Anti-tumor necrosis factor-alpha (TNF-a) rabbit
polyclonal antibody (4 R {% 3% 1/200, bs-2081R, Bioss, MA,
USA) . Anti-interleukin-6 (IL-6) rabbit polyclonal antibody (&
RO % 1/100, ab6672, Abcam, MA, USA) . Anti-matrix
metalloproteinase-13 (MMP-13) rabbit polyclonal antibody (A
R A% 2 1/200, bs-0575R, Bioss, MA, USA). Anti-collagen type
X (ColX) rabbit polyclonal antibody (A& R %3 1/150, ab58632,
Abcam, MA, USA) Z XK HuKICH W THEMRELLL., £
Enthesis SB fH (2 k(7 % & 2F M@ 7> (b B K AR 5k D 72 ©
Anti-OSX rabbit polyclonal antibody (A R % = 1/300, bs-1110R,
Bioss, MA, USA) M O Anti-runt-related transcription factor 2
(Runx2) mouse monoclonal antibody (A& R % = 1/200, D130-
3, Medical & Biological Laboratories, Tokyo, Japan) % — & #i
I Lo, AT TGy 7 b o =7 Fijits 2| L 7,
TNF-a, IL-6, MMP-13, ColX iZx L CIXHEMEEH =D ITB T
DM E %2, OSX, Runx2 IZ%f L CIxFHEMEREH 7= Y I
BUULAEBMEmMELERELE N L, 7ok THC a0 R ARKFIA K
O L —®etEIcBE L TiTmMeEER 20 13.2.1 &£ 13.2.3 1
L,
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6.2.6 ‘HJE & 5 HY R AT

R L7/ B 2 A Al AK ClE L. 4% PFA/PBS iR T
[E & AL FE 3 i % . Micro-CT Sky scan 127212 X 5l & %17 » 7=,
W& S e VAR 2 AT TINEIXRRGE T & [RAR & L7z, e BRGE
I T bElEEFESEER @GR e LTV, BAED TIX
Enthesis FC 83k & O FC B F @ SB Ik D & & @i ki 4 & L C
WD) FFERRAEE Lic, ZEAITIL FICRHE L, FC E
sk o> R B 1 O 0k BT R L 0 CRIL E IR A % E L (400pm LA
). Enthesis SBiEE Z# & /WX 5 EH L7, SBHEHIK O MR
(X, FC B N SB 2 & i B E T AL E O &P IZ B0 58 5k
(400%500%x500um) # &% @& L. BV/TV., Tb.N. Tb.Th. Tb.Sp %
B U7z, M OEWICHER T D 72 B L S O 3R E TR AR K
(Attenuation coefficient ; AC) fEIZ HE S\ TEA T S /- H 4
WXt U3 Lz, ERE s oRBEIL, ER I LE O
BHEBEE (KERZRLS) L THEH LA, FC AR, ®
MEEORESICHBEINDIWREEL® D70, L 5 iEEH IR
B CTIEHAL L 72,

6.2.7 o7 1 EW R AR
R EfEICEB 1T 52 mRNA © % 3l % . Real-time reverse
transcription polymerase chain reaction (Real-time PCR) %
AW THFE L 72, StepOnePlus system (Applied Biosystems, CA,
USA) & TagMan Gene Expression Assays probe (Applied
Biosystems, CA, USA) Z H W T% i L 7=, Primer !X 7nf-a
(MmO00443258_m1). 7I-6 (Mm00446190_m1). Transforming
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growth factor-beta 1 (Tgfbl; Mm01178820_m1) ZfEH L 7=,
Reference gene Iz X Glyceraldehyde 3-phosphate
dehydrogenase (Gapdh; Mm99999915_g1) # i JH L . 24ACt £
FRMVWL 2 TEMNEBRFOMEMBEIEEZRZH L, RBo T4
Y B fRAT O FERM 2R FIE & ] L 72 Primer (2B U T 2 & ¥
3?» 13.31C7 L7,

6.2.8 it ik 5 A iR AT
T X TCOMMNIL R version 3.4.3 Z W THiaE [ FAEIC £ L
T AEKREZ %KM E L. T XToOREITFHHELSD TR L.,
BHUZEWMMEEIMES - —®BIZEER L7,

Control group Overuse group

sedentary fast speed running

30 $
Misuse

B
& = E 0 .
\/Q ( ) 40 ; Mz:lﬁ;iOvcrusc
b S N H

CC-dominant exercise 20

Speed(m/min)

10

C D
'
'
0 '
=~__ =g Adaptation OW Iw 2w 3w 4w
16°] 16°

Exercise intervention period

Misuse group Misuse+Overuse group
slow speed running fast speed running
EC-dominant exercise EC-dominant exercise

8: MABHOBRELEBNMATS Fan

A: Control (Sedentary)#f, 77— NIZBWTITEIZ HHE & L7z, B:Overuse (B FHEI TR, MLy KL
ORI EZ0° ICRE LAEITS W72, C: Misuse (K T 0 SGEIT)RE, D: Misuse+Overuse (g FYETT)
., MLy FINLVOMRMEZLZ-16" ITHRE L, SEATHFRICIES BT L OECTE# 2 35% S 72, E:
TEEN I N EATHE OMRBFRIE L, SR IEMisuseBEDRE L EZ R LT\ D, FE#RIZOverusedf & OMisuse+
OveruseBEDHELALZ /R LTV D, IUfiZ A 7L D AW EEEE L, Overuseff & Misuse+ Overuseff i3,
Misuseff J ¥ & 1.5F5E VGl EE CTHM L 7=,
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6.3 fif ;i
6.3.1 R L kF 9 D AE Rk o B R AT RS R
B EAIZx L C HE e 2170 filh CSA ZH H L 72 (X 9A),
fti B & L C Control £f & Overuse M TIXA B 2N %2 R & 72
Mmootz (p=.998), — 7 T Misuse K 8 Misuse+Overuse #f i
Control } O Overuse B & g L THEICHML 2 (p<.01,K
9B)., 2. Misuse £ & Misuse+Overuse FEMIC A & £ 1L kR

S olz (p=.368),

6.3.2 Enthesis #8850 3812 kF 3 2 fH ik 77 79 R A &G R

HE, TB. IHC (Colll ) 4t % 17\, Enthesis FC ff ik © fH %
FTHIEEZAZR 7 (X 10A), £79 FCE2EOHEEICEH L T,
Control # & Overuse HB CTIEAEBERE M EZ R IR o R

(p=.117) . T OB TIE A EZED#HER S 7z (p<.05,1X 10B),
feW T UFC iHBICBA L T, 2R THEZEPHER S iz (p<.05,
10C), —F CFC mHIKIZB L TiX. Control # & Misuse #f [
T (p<.05). F 7= Control & " Overuse #f & Misuse+Overuse
HHETAHELRBNAHER ST (p<.01, 10D), &% (2 CFC #H
& UFCHEBoE (R ZH B LEK L L Z A, 2FH T CFC
HB LV b UFCHEBAAEICHMT 2 2 LR I (p<.05,
10E) .

HE %t L 7= Enthesis B MHMMEB 2 EHROBLIE L 2R,
Misuse #f }x I8 Misuse+Overuse #f T X /8 I FIB K & O JEJE 2 #l
237, L2»L Control # & Overuse Bf[H TIEXFE W 72 Z 11X
B2 o7, Misuse+Overuse Ff CTid, BFIE FIHEE NI
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MEFENAEL TEY  JFET W IEEREEOFRESZE ) # 2
== (¥ 11),

6.3.3 Enthesis #f#E 0 B8 B 1T D RE - 42 1% B A
O G 5% AH ik Ak 7 U ks R

Enthesis FC fHEIC B 1F 2 R4 /& VE B E K+ D 3 B & i 58

95 7% TNF-a.IL-6, MMP-13 # £ 4 5 ITHC Y& % F i L .
HAmEY 7B oG MEMREEEZHEH L (M 12A), FC
THBIZ BT D5 TNF-a MM AL 31X, Control # & Overuse #
M T ABERElLERE 20> 72 (p=.086), — 5 Control & O

Overuse ff & i L Misuse BEIZHENL 2 N2~ L (p<.001) .
Misuse+Overuse BRI O 2RI~ FEICHE ML 7= (p<.05,X
12B), it \» C FC BEIRIC I 1T 5 IL-6 B MM g bk %1% TNF-a & [
Bk O ff 17 % 7k L, Control # & Overuse BEfH] TIXA B R £ L % R
7otz (p=.133), — %5 Control & U8 Overuse #f & [b# L T
Misuse BEIZEEAL 28N Z R L (p<.001). Misuse+Overuse #f %
D RFEICH_FEICHEM L (p<.05,K 12C), & %I FC
Wiz D5 MMP-13 GEMRERICEE L TEHN, 2656 8 TNF-
a X IL-6 & [Al#k1C Control # & Overuse # [ TIT A BE 2Lk %
IRE 2o T2 (p=.083), — 5 Control & T8 Overuse #f & g L
T Misuse FEIZT A E 2% 8 L (p<.001), Misuse+Overuse #f

Tt o 2RI _EREICHEMNLZ (p<.001,K 12D),
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6.3.4 Enthesis # M85 K IC BT 5 A K LB K+ D
o % L Rl Ak e G R

Enthesis FC S IC K T 2 A KL ERK ¥ O B E 2 R T 5
72 ColX Z#Eik ¥+ 2 THC Y e O ALP Yefa % £ fia L. HALm
YV ICBT oML OEGEmELELFE L L (X
13A), FCHHIRIZE T 5 ColX Bt Mifl b ==L, + X THER CTAH
HANHR I (p<.01,M 13B), it \» T FC #EIKIZ BT 5 ALP
B M 0 A bk =2 1% . Control #£ & Overuse # ] TITA B 28N % /R
7otz (p=.188), —JF Control & 0" Overuse £f & tb#g L C
Misuse #EIZEEAL 22 BN 2 /r L (p<.001)., Misuse+Overuse #f (%

fih D> SR _NEFEERICHEML - (p<.001,X 13C),

6.3.5 Enthesis & T & 02 3 285 3 MM o b B
K D 50 % A ik (b 57 G 0 G R

Enthesis SB #8023 (F 5 & 3 Ml Jd 43 b B & K]+ D 5 3 % fifg
R D57 OSX X Runx2 # i+ 5 THC Yoz FEf L, H
MHBEE VI T 2BMmmELREZHEE L (K 14A),
Enthesis SB fHIk(Z BT 5 OSX Bt m gtk X, Control #f &
Overuse BB THEEZITMB I N> (p=.8376), —F T
Misuse & O Misuse+Overuse £f (3 Control # X° Overuse #if £ ¥
LA BEICHEML TV (p<.001,% 14B), #V T SB fEHIKIZ B 1)
% Runx2 B P fE R 1%, Control #f & Overuse B[ TH & %
TR I 2oz (p=.211), —F Misuse £ iX Control # X
Overuse Bt L VW L HFEICHE ML (p<.01)., Misuse+Overuse #f
IO BRIV BAEICHEML Tz (p<.05, 14C),
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6.3.6 Enthesis #MEKET L G N EHEBICK T 585 F
HE 5 B fR AT 2R

Micro-CT TH# ¥ L 7= EfiH 5 96 & " Enthesis FC fH Ik %=/~ L
72 (¥ 15A), Control # & Misuse+Overuse #ffi] T D & L i
BHEREICAH B2 ZEL» S Sz (p<.05,X 15B), %7 FC i
WMoRBELE EhiE EHOKRE TER L ZYSA. Control BT
~ Misuse & O Misuse+Overuse #f TH Z 28I %~ L (p<.05) .
S 52 Overuse #fIZ fb X Misuse+Overuse #f XA & 72 80 % /R
L7 (p<.05,K 15C), EMAL L 7= FC HIK 0 KLk ix CFC 18
WoOMBTRIEEEE FEEOMBER 2R Lz, il T Enthesis

SBiEHICBIT2FMEHE TIETULTOLIRHERDPELNT,
BV/TV % Control #IZ tk X Misuse & O* Misuse+Overuse #f T
A EIWCHE ML 7= (p<01), F 7= Overuse #E IZ b

Misuse+Overuse FEIT A EICH M EZ R L7z (p<.001,X 15D),
Tb.Th iZ Control #£ (2 kb~ Misuse 2 O Misuse+Overuse #f TH
Bl L7 (p<.05), £ 72 Overuse #f |2 It X Misuse+Overuse
HITABEICHEMEZ R L (p<.01,K 15E), Tb.N I 2B CTAH E
EixMERER I o7 (p=.170,K 15F), Tb.Sp i% Control & O
Overuse #ft & i L Misuse+Overuse # TH E 2 P L &

(p<.05,¥ 15G),

6.3.7 R b MES 9D oy o A W TR R AT R R
MEMBCRSTILI0FEMFENELEBHZHAAET LD ENEKE
+® mRNA i EIHELLEW LT, £T Tnfa (L TIX
Control # 2 xf L Misuse & ' Misuse+Overuse #f TH & (2 H#0
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L7 (p<.05, 16A), — 5 II-6 T L TIXT MM CHEENE
BN oTm (p=.206,K1 16B), Tgfbl 2B L TIiL Tnf-a A £k

IZ Control B£IZ % L Misuse & I8 Misuse+Overuse £ CTH = (28

mu 7 (p<.05,K 16C),

Bz.ooo L.
*%
——— %A%
2,500 . L E—
~
Ez‘ooo
< | i
72} ]
Q 1,500 ‘.’ g
\ 2
X \ 5]
\ w
§ 1,000
500
0
Control Overuse Misuse Misuse

+ Overuse

9: MEBTHTIHMEBEEHEOLBER

A: BB IC R HDHEY A%,  Scale bar; 100pum , B: B_E/5 O CSALLESE R, T X TOF — & 13 EHHE
ESDT/R L7z, **: p<.01, ***: p<.001,
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< e
= e
.
ius
8
o
<
2
B
oo
Control  Overnse  Miswse  Mivase
+ Overwse
=
°
] .
& -
: e
= oss
9
L
g o
=
§ & o 8 o
Eom E B s :Jm'.
: ™ £ |ure
z o g gaon |l | =S '
L] t
E 004 g oo £
S o
0 & 20%
om g
0 -
A
0.00 .00 Control Overuse Misuse Misuse

Control Overmse Misuse Misuse

+ Overuse + Overuse

% 10 : Enthesis MK EFHROMMFHM B BE

A:HE, TB3 X U'Single IHC (Colll) ¥u(lifg, HAR: FCHEMZ R 7=, Scale bar; 300pm, B: FCHEE 4D
FEIER, C: UFCHE O mAgb#:, D: CFCREIk DO mfEib#s, E: UFC& CFCO A LSRR, T X CHT —
FUILHFELESDT/R LTz, *, p<05; **%, p<.01; ***, p<.001,
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Control Overuse Misuse Misuse + Overuse

B 11: FETHRLOEBRFWNEL
JA I BT D HEY %, BFETEIE &R LAME O BICAHET 2 BIE TR T O G%2 = LT,
HUREA: MM, B Scale bar; 300um, FE¥ Scale bar; S50um,

Misuse Misuse + Overuse

v

<

il .
3 _,..-..;.-_..; s
P “op

\ X '

TNF-a

MMP-13

IL-6

W - 7
S T N y
. . 'Yy /.
EREN ¢ / iy
A e e M
e ) L —
S, .
B C D,
n e n R o L
-
2 v - pove e ” o
‘g’ 6@ e . ] aes 3 g C R T
g < s 25
g =
& = a
g Ew £ g 1 L]
o z 1 § Q
23 C i »
M
3 £ i
& 20 § P S
: : 3
g 3 10 ; 10
0 o 0
Contrel  Ovawe  Mimse  Misuse Contol  Overmse  Misuse Miuse Contrel  Overuse  Misuse Misuse
+ Overuse + Overuse + Overuse

12 : Enthesis BHEKEBFERICBITIIRELRVCEHBEERFORE LK
A: Single IHCHx 4 % 52 L5 © 41 7= Enthesis FCREIK ORI (%, —IKFUA: TNF-o, IL-6, MMP-13, HH: [
DEIEK (Tidemark A FL¥#E(CCFCH L OVUFCHEIIZ 435),  Scale bar; 50um, B: FCREIAR{AIZI51T 5 TNF-a56 Bl
BHBGHR, C: FCREARIZI T DIL-65 B B HRGRHR, D: FCREIRIARIZ 51T 2 MMP-1358 5 & LR R,
B-D: TN TDOF —Z [ TEHE+SD TR LTz, *, p<.05; %, p<.01; ¥** p<.001,

41



A

Control

Overuse

Misuse

Misuse + Overuse

Col X

T v
o g -

ALP

=

Col X Positive Cell in FC Area(%)

X 13

FEIK(Tidemark % JE % (ZCFCI X ONUFCHELE |

PE+SDTRLT,

—_— —_—
¥
100 e -
90 e 4%
ey o wxn Q 50 o e
80 <
2
0
7 :ﬂ e 40
60 3 =
i : =
50 1 < 30
. s
40 ) = :
2 20
30 £ i
» 5l B
=80 i -
10 )
0 0
Control Overuse Misuse Misuse Control Overuse Misuse Misuse
+ Overuse +Overuse

Enthesis SRR B HIR IC B T 2 FIK/LBEER T OB L&

A: Single THCY: 435 X ONALPYe A % it L5 & 4172 Enthesis FCREIk O AR5, —KBPIIA: ColX, HAr: Bl
1), FBScale bar; 50um, T BScale bar; 100pm, B: FCHElk
SRICEIT B ColXFHBIIER, C: FCRIRAMRIZEHIT D ALPRBBIERFELR, B-C: T TOF—# I3

s

* p<.05; ** p<0l; *** p<001,
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>

Overuse Misuse Misuse + Overuse

Osterix

Runx?2

B =
it wxw s
-
:\: Latd - § 9 o
S * .
g 4 et E 8 =
< <,
= =@
»n 1Z]
s 3 g6 .
@ 24
£ : £ 3
1] 4

K | g3 I T
(- i B

1 ‘" i o 2 ¥ 3
£ g
g g !
S 0

Control Overuse Misuse Misuse Coatrol Overuse Misuse Misuse
+ Overuse + Overuse

14 : Enthesis 8B THHEBRICEB T I2BFEMBESILBEER T O RHRE LB

A: Single IHC %2 % Fiti L 15 © #17- Enthesis SBREI ORI 4, — KL OSX. Runx2, Scale bar; 50um,
B: Enthesis SBAEIRIZ 51T 2 OSXF LA LL#k A6 . C: Enthesis SBRENRIZ 4317 % Runx2 B i A LU 6 S, B-
C: T _TOF —H L EHIMEESD TR LIz, *, p<.05; ¥*, p<.01; *** p<.001,
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Control Overuse Misuse Misuse + Overuse
Attenuation CoefTicient value (1/mm)
B 40 200 e
E e
E
Z
0.0
C om . . _ §
. _
2 »
= 0.015
s i
£ 00
= 0.010
2
E 0.008
z
0.000
Control Overuse Miuse Misuse Contrel Overmse Mivose -:::‘:r:w
¥ 15 : Enthesis BHEHRBFHEBRBE X OCKRE THRFHEHRICB T2 BEEEEL

A: Micro-CT TR

L 7= kB i 88 & Enthesis FC fEIIS X O SBfEIk 27~ L7=, HZ<FI: Enthesis FCiEl%, HH:

R EE, B B B AR O R S R, Co e i AR CIEAME L2 FCIARE O ikt 5, D:

Enthesis SBREIIZ BT 2 BV/TVILESHE R, E: Enthesis SBREIKIZ 35T 5 Tb. Thiti#% ., F: Enthesis SBREIIZ IS
I} 2 Tb. N AESE, G: Enthesis SBREIKIZ 351 2 Th.Sphbikit i, B-G: X CHOF — H 1L FEHEESD TR LT,
* p<.05; *¥*, p<.01; *** p<.001,

Relative Expression

g
e

™
£

®

=

Misuse
+Overuse

X 16 :

=

Relative Expression
= B = & a2 9
® & ®© ® = & =

e
s

Il-6

ns.

=206

Misuse
< Overmse

Misuse

Relative Expression
w P
=

Tgfb!

Misuse
+ Overuse

Control Overme Misuse

HMEGRBIZCE T2 mRNAHKNRBEED L& E R

A: Tnf-aZ iERTEE T & L7emRNAMEXI R BB O LLBGHER, B: -6 4 EMNRIE T- & L7 mRNAFE B B D
s R, C: Tefbl ZEHE T & L7-mRNAFE X BLE O L HE L, A-C: Reference genelZ 1 Gapdh% A\ 7=,
FTARTOTFT —ZIFHELESD TR LI,

* p<.05; n.s., not significant p>.05,
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6.4 & 52

ARBFEFRERL LY, EC BN 2 ESH T EHEICHDLTHAD
CSAZHMsE b —=r 721K %ZR7T —7 T, Enthesis FC
Wiz W T AR —> B Enthesopathy £ @ J55 B 2 0y & b % 35
L, LTI OHBYFHNENIT. ECHENL2EE & Overuse
O FRMAEDLDINTEEAICEIVBEERE/LE R LT (K 17),

AKMFETIE TV IRETHICE W TH CSA B#EML, Bick T
HRIEEBER TCHRE « 4 M4 BE#EKTO mRNA 5 &
LML TWDZERPLNICR oI, ZDOTORIET OFEE B
B E x5 &, FOSRETIIH MO ECHEN 722 E 8 & i 9212 5 ik
LTWDZENWD THEES LTz,

EC . NHAMDBHE N A2 B TCRETHVINMET 2720
i M VR AL AR I @ R 22 Sl RIS DA T 2, WIS aRS NIk, M
DR PEIC X o TN SN D E T T, BEIICTEEI N
Enthesis FCHBIC L E L 5 x5 2 L BRI ND, RKIFET
. ECICXo T EMOBERIERF RS, BEMHLEEST S
RRKMEDERH CSA L OMICIFEOMBEBEFERERE SN TWVD
Z b 63 EC EAL 2 #E &) B TlX Enthesis (222222 /AT 72
S IR RIS LA REERZF 6N D, S b, Bl
X B R B I L Wrap-Around #iE A2 2 L TW D726 69
WA 2AE T 5 E#ESS S E & bIC Enthesis FC 81 fF ¥ 12 JE #
Jis TN FE AT B 65,660 Lo N o T, EC BN e iE 8 X5k S ) &
JEME IS 71 O W G 2 MESE 5 2 LIk > T, Enthesis #i&E D E
BRI OB E b2 FE LI AR EL D D,

FC MM X /1B A 2 N L ABREIZI 2 5812, ML REA
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fast B E 2T o8 EaHAL T D 69, flxiX FC ko F
Th, EMEOEWVWICEY CFC & UFC Tt /1~ &= Mo &7
S TW5, EATHRTIE 10%D AT &2 Mz -84, CFC X
2% L ZEl L7z oloizxt L, UFC X 9.7% £k L7 &
EWELTCWD 67, bbb, UFC KO B R I1E CFC Ik o
HERIDHERES ZBEDELRTVHEHILTH L Z LB RBR S
nNTWi, AREMHEN»D S UFC O ZE{LF 1L CFC #Hi%k D
1.6-3.5 5L o> Tk V., AT ZERMKIC UFC HI O Z k& 2
CFCHEBOLEIELIV S REWVWI LEZRLTWE, UFC D
FHELTERIBDET 7V rlorarr s ) o
Collagen typell 28 5 Tk D 1164 FiE S S 12 xF L TR P2
W E s TWWDE, O ECE#E) 2> Wrap-Around 1%
EODORE )L Enthesis Wl CTIEM IS INEM L7 & T, £
ftFE o E W UFC E O R BB D S ATREER & W, F 72,
W e B A X R L 2 Y Enthesis ICfF 5 SN2 H A&, BOMES
NAECURIERICVDFERIND 6869 Enthesis FC fHlk TH U 7=
RE R =0 O JE P CTA U 7= M % #7 2£ /X Enthesopathy £k @ J #
PREAEFETH LTI T CICEMBEES LB ENIEICE W T
AEHl S LT D 6970 KEFIEIZ B VT H Enthesis FC fHIK Tl
RIEMER 72 ECEM R EBECEBWWTCHEMLTEY, FFIE
THHERABICBWTIEE L MEFAEANHER S, HE TIBRE RN
FRINTWE, 2ROLDOEMEDPAEALCLTEHEREL T, EERKIER
A KA s 72 £ @O Enthesopathy £ B 2y ZAL N FFF S vz 7
RRERNB Z N5,

W EOMNE CiL, HEEE O I T TiX. Enthesis SB ff ik (Z
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REREADAEALC W ER RSN TE L 072, L LIEEFIE
BB i O ULHE 71 3 R 72 22 X 0 591k L 72 %5 & Enthesis SB
WA MER I D 2 &R T HE BRI E 2 DT IS
5717 TH., Enthesis SO @B/ T 25 2 L E R HE
S T, ZLLOMREFOBBENEDLY >Oob b, S OB
BWTH, Micro-CT & O THC ¥ (OSX, Runx2) fEHE N5,
EC 7 72 ¥ #) 2% Enthesis FC #8372 17 T7 < . Enthesis SB
BICHHELZ I TWLIZERHLNIC R, ZTHIEMIET O
R EAEDED & B 2WN AT IR LTI s 1
TREREBIAC VL OO, IO EENEENIZND
% Enthesis SHEIC I W TIIAHILHE Z 4 7R R 2B 4E L D
ZEDBHLEMNER T,

AL IZ L V. Enthesopathy SO B2y LN E U 5 H H
WAV EZE O L D b ALK Z A TR R REMA A LR
DEELTWLZEnHEmAELTHELRE, L LA
7205 Tlix. £ 72 Enthesopathy £ @ 5% B 59 £ (b 23 4 U 72 3 M 72
TRPHAL N Lo TRV, ZOH B & LT, Wil T
FEHONICTHIENERBEMN ThoTLlD, ZOBIZHED S
AT ERETERZL TR THDL, L VEEMAR
FIEERN LMW T 5720126 K72 5H% TiX Enthesis 55 (T
BWTomM2s 0 FHEESHNIAL TWEONEIBEXRL,
Enthesopathy sk O W H 2B ZFEH T 25 7 T VI ERKE %

BRETLOLEMEND D LB X T,
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Overuse Misuse Misuse + Overuse

Muscle CSA — Muscle CSA 11 Muscle CSA 11
FC area — FC area 1 FC area 11
4 Inflammation factor — Inflammation factor 1 Inflammation factor 11
~ Degeneration factor — Degeneration factor 1 Degeneration factor 11
Calcification factor -~ Calcification factor 7 Calcification factor 11
FC volume — FC volume -~ FC volume 1 ,ﬁ
HH volume — HH volume — HH volume —

Subchondral bone structure— Subchondral bone structure -7 Subchondral bone structure?

Not pathological changes | | Pathological changes like early sports-related enthesopathy |

K 17: AXR—YBEEM Enthesopathy D REER 2 R L EZEAXK

M@ EEED AL O B A N L A OBEINE, AR — B B 4 Enthesopathy D RIEIZ K & < AL 72\,
—J7, ECEENL 72 BB L 5 BRI A b L A DBEINE, AR — B3 B M Enthesopathyik D i BRI 28 &
AL, WEREE N S & X0 B RN A LA R T,
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7 RIEM:~ Y A L# Enthesis DFHEMNEELELITEEL K

o FREBORIE

7.1 R LEHAW

Enthesis FC fHB D JZ B2 13, M BRI 2 . W5
KELTHARFREBEOEESEEHRLIALTWD &, fl 213
MHEDOEMB T BMBOREL~ N 7 2ADOMBIIZ % E R
basic helix-loop-helix transcription factors scleraxis(Scx) & |
HE R IC %4 2 72 SRY-box transcription factor 9 (Sox9) 7%,
REBROHEM L0 —RKF 2K T 2 7570, D% TGFB
X°> Bone morphogenetic proteins (BMP) ® ¥ 7 F VG EIZ LD
WCE b SR E S B BEENSTER S LD T8, K I . BMP4 1,
=AM BB ESOEEERKEIC, KGR0 EmEE
SR LTV EEDLA TS 7, & 521 Enthesis FC
12 8 T Indian hedgehog (IHH) ¥ 7 F A mEN T SN D 2
ClckvikFMiao s REINAKEDNRESND Z & B
HEEHTWS 80, b o TGF8, BMP, IHH ¥ 7 F )\ x5 &
(3. Enthesis FC fHI D 3 LW R 2B W TIHKE I & 4Kk D7
BICEBEREEEZREZL TV DIN FHHEERECD2HEICLIE
ks Twb, #l 21X, X-linked hypophosphatemia & 5 /L <
7 A TiX, BMP &k " ITHH ¥ 7+ v » Enthesis FC 8% TiF %
ft3 % Z & T, Enthesopathy D TEREEL L FEHK T 5 8D, 7=,
~ 7 AREEAEEEEESESZETT ¥ L AR Enthesis ~®
WA R L AZKEE7ZET /L TH, Enthesopathy £ D JE

EMANALT. TGFB v 7V F VM fmENEE L TWVWEZ ERHES
hWTWwWa 18, I BIZHIEE T DR E CIL. B
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BT TGFS ° BMP AER -2 ML., Zhboy 7 F b
BEREPETRERICRKRESEELTWEZ ERHFEIALTY
%5 8283, F - THH N2 8BHE AL TEERL TWVWEZ &b #
HEERTWD 89, LarL., AR —YE#E M Enthesopathy @ L 9
WEBICER L T FCHEBOEEBEMNELCZSLA. IR v
TFNARERE DI SN D 2 HE L RIIFEE L2V,

MFET IZ L » CTAKR—E# Enthesopathy @ % JE |2 EC &
MR BEHNREAL LTV RN RSN, R 50+
R PIEEAE L T REIAH Thosle, DO ORI O H
FiZ., A AR — Y B #E M Enthesopathy BED B RE B LI H 5+ 5 4%
TRETRFET DL L LI,

7.2 Hik
7.2.1 fi B A9 AL RE
ABMANBIL B ERIRFPHAGHEEZBESOARRE G T,
Y FERITA RT A4 I TER L (KEREFS 2020-10),

B, EHBWEILIATREZRRY KADRICEE LT,

7.2.2 TV A v EEBNM AT 1 |k au
AR 2 ANGECEA L TEMRAED & Rk & L7z, Sle: ICR
v % (3 Wh/fE) 88 L% Japan SLC Inc./» b A L 7=, 1 3
OEFE#EGE, 2B (2W: n=44) KO 4 #H B (4W: n=44) O
MMANZ R L7, E#HAAZITAEH Ny FIAVEMFBH L,
UFD 4 BEIZHE L7 (M 18A) : Control (Sedentary) #f.
Overuse (& #E FHiE1T) # . Misuse ({K#F T 0 W E4T) B
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Misuse+Overuse (FiE F Y S AETT) B, <P R EH LEME & L.,
FRAT RIS & U UMk L AS . Bk OB, b B R BE R M OVR b -
fE-Enthesis Gk & Lz, MITEBENAEONRITN 18B I #
Lz, MEREIIMIED & REE L (K 18C), /M ABE X 1
H 1B, 5 H, 2W RO 4W Ehg L 7=,

7.2.3 FEARTRI
2W KOV 4W D EE S AR TEHZ IS, BWGE T TR D TIETE
WIS iz, T uT 4 I 7 AN, MEERMAT. 0 F LW T
FENT . B RS AIREAT O 7o D ok Ll /2 L. /2 Enthesis
FC fEik, /2 FJpiE 86 & O 45k b -l -Enthesis & K 2 SR HL L
77

7.2.4 70T F I 7 AR

Enthesis FC fHKICEB W THIA L TWH X X7 H = M@EMN
T+ 5, VL—HF—~<wA4 7 v ¥ A7 a (Laser
microdissection ; LMD) B X O KEK I/ v~ T T 7 4 —X 5
LVE & 53 M1 (Liquid chromatograph - mass spectrometry; LC-
MS/MS) #H W7 u 74+ I 7 A% %L, 2W i AR
B DA LA -IE-Enthesis 6 K &2 R L i% . 4% PFA/PBS & &
[ CHEELERE . 10% EDTA IZ CTRBUIRAL IR 2 F i L 7=, & D%
7747 vy 7iZa# L, Enthesis #f#E# 5 o 28K % [ L
T HZHIC, 10um 2T 40 K/ 1 HIEK O R 2 /ER LT, YA %
Director slide (AMR, Tokyo, Japan) {ZO®., B/NT 7 4 4L
gk, FCHEBkzMMEILT 27201 TB A2 FEKE L, aL
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728 7> 5 LMD7000 (Leica Microsystems, Tokyo, Japan) (Z
TFCHEBOAZEIN L, V=Y —OREICEAL TIXLLToO@E
W To 5 : Power 40, Aperture 25, Speed 20, Line spacing 8,

2R E O HEIZIX Qproteome FFPE kit (QIAGEN, Hilden,
Germany) Z i FH L 72 (X 19A) 8%, il H ik Z iR IC R X 5 & |

B-mercaptoethanol # 1 2 7= Extraction Buffer EXB |2 &k » T #
YR E R ML (HEEE 4 © 13.4.1), 4pl @ 0.25pg/pl
trypsin in 25mM NH/HCOs %= % > 7 iz x 7=, 37°CT— Wt A
VX a2a_X— F L%, 20ul ® 5% trifluoroacetic acid (TFA) %
MxTHhRY Ty rifbaFEEsEz (MEER 40 13.4.2), &
#%iz, 7% C-TIP T300 (AMR, Tokyo, Japan) % H T
iR L, EE P CHEItzob, 20ul ® TFA_A [H20 :

Acetonitrile (ACN) : TFA=98:2: 0.1] IZ®EH L 7= (M &F
40 13.4.3), F T VITEHT E T-80°CTHRE L, b, 1
Ko/l ond 2 N7 EONETHBD THLRVWD, 2-3 1K
SOYRFEZLIDICELD LI LETINEELZWMSEL, TDZOMK
Fricix 1# by 23Tz LL, gLy 7
Nano-advanceUHPLC ( Bruker, MA, USA) & Q-Exactive
Orbitrap Mass Spectrometer (Thermo Fisher Scientific, MA,
USA) iZ Advance Captive Spray ionization source(Bruker, MA,
USA) #MAHGbELEEBICTHN L (K 19B), FFEMICIX.

o NvE~NT7 v H T A L-column ODS 5um (Chemical
Evaluation and Research Institute Japan, Tokyo, Japan) (Z &
— KL, 8 A (H20 : Formic acid =100: 0.1) Ty & &
Mg s W 24T o, £ D%, s 7 . Zaplous a-Pep C18 nano
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HPLC column (AMR, Tokyo, Japan) # /It L T. 5-45% @ ¥ @) fH
B (ACN =100) % 500nl/min @ i T 20 /32 1F THEH S 72,
B &7t (Mass spectrometry ; MS) OKMHFIFILL TO®EY TH
% : electrospray voltage 1.8kv. no sheath and auxiliary gas
flow . ion transfer tube temperature 150°C. ion selection
threshold 1000 counts, MS/MS ¥, ¥ A4 7 I v 27 - =7 X7 )L
—VarIicED, HEMSAF XY D AL 10O A A 1Tk LT
fThbihiz, #_XT» MS/MS A7 k)5 — X% (%, Proteome
discoverer 2.4 (Thermo Fisher Scientific, MA, USA) % H W\ C
FIEL., K=& L Tk MASCOT version 2.5.1 (Matrix
Science, London, UK) #{# M L 7=, M % L Swiss-Prot 7 — & X
—ABF LIV AZ P ICHLTHEBLEL, X7 F FEED
HEFMIL 10 ppm., 7 IS A LV NEREOHFRHMIZ 0.02 Da &
L, MU 7y rofitzEMi L, K 2B O 2902 iR
L7z, _X7F ROEAIZ DWW T, methionine oxidation,

cysteine carbamidomethylation, N-formylation., including
formyl (K). formyl (R). formyl (N-terminus) # & & L 7=,
fERITET T IO T 1H O LC-MS/MS 3t b /B b v,
ST NO L RN EREREZLBRST DO TNV T Y —
ErxHWE, B, /BoNTT —ZILEENDIXTTF ROFMERE
Th ¥ E &M (Abundance) £ DB O HIZH M L2, MK
AW 7 F ol FBTHRAALIEET, 2% 7 (2-
3% 7 /group) TIH@ELTHIEAL WX NI HEE, HET
figtr Y 7 F RIZT Venn M ZEpk 952 & THIHLZE, T 6D
OB EERIT Y E EME % T2 log2 fold change (log2FC) &
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By o Tl (K 19C),

log2FC Z # L 72 fi 1% Ingenuity Pathway Analysis system

(IPA : Qiagen, Hilden, Germany) (27 v 72— K L. & &M
IZ%F9 5 Upstream regulator analysis & 3 Jii L 7= (X 19C),
Upstream regulator analysis (¥, 7 —# & v ORI LH % 3
#3925 miRNARBEER F2 4258 LA » -2 HEKE L.
TN OTEMRIREELY TR T 57077 ATHD (z-score>2.0
X% — 7 v b+ Activated S TW5H Z & &8 L, z-score
<2.01x % —7% v b4+ M Inhibited SN TW5H Z L &2 /R7), Kt

RRERELIVE LT EAL 15 8 @ Activated/Inhibited 43 1 % %)
LT,

7.2.5 H kT B AT

2W K& O 4W o e ik b 3 OV A5k B -l -Enthesis 8 A& 8 12
kDR RN FIEIIMREET & RAARICHEKR L7 (K 19D),
IR RS & ML EfmE~FHh YR Z RE
Wik (1:1) 2 CEaEEA L%, Leica CM3050S cryostat %
MW THAMZ 10pm THEU Lz, IR Ik L Tix HE 44 & % FE i
L. # CSAZHMLE L, MHATiZIE Hybrid Cell Count BZ-
H3C (KYENCE, Osaka, Japan) % 7=,

4R b5 -l -Enthesis A& K123 L TIX 4%PFA/PBS iK1
THEELHEFEmm®EZ ., 10%EDTA ik 2 H W TR K AL EE 2 FE g L 72,
ZTO®BRNT T 47 my 7 2EKL, 22712 F—2A REM-710 %
AT hum THEBGU R EZ/ER L, MBYURFZH N7 7 4 4L
% . TB Y &% O Safranin-O fast green (SOF) Yefa % ffi I 4
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% Z & T Enthesis FC ik z Blfigft L 7=, SOF (T &k » THRAI
eI U7ofHER DM IRICHE S W T FC #HIK L F & L. B
ity 7 b =7 Fijit®Z W% H H L7, £72 Enthesis
CFC MO E# AT H O AT 7 4 VB & FEE L 7= 6 F 1
% L ALP %4 % £ Jg L 7=, Enthesis FC fH & K2 x4 5 ALP
PtEm R A BN L AT o o, B AR AT IX Hybrid Cell
Count BZ-H3C V7 by =7 i/l L7z, 7ok, L FIHICH

LCiEmEg®r 1o 13.1.8 L 13.1.4 123 L7,

7.2.6 G K S A iR AT

2W KO 4W S ARFICH 925 THC Je 121X, — ik L LT
Anti-TGFB receptor type 1 (TGFBR1) mouse monoclonal
antibody (A& %3 1/100, sc-518086, Santa Cruz
Biotechnology, CA, USA). Anti-BMP receptor type 1A

(BMPR1A) mouse monoclonal antibody (& fR{% 3 1/100,
MABS419, Merck Millipore, MA, USA). Anti-phospho-
Smad2/3 (pSmad2/3) rabbit polyclonal antibody (& R % 3
1/200, AF3367, Affinity Biosciences, OH, USA). Anti-
phospho-Smad1/5/9 (pSmad1/5/9) rabbit polyclonal antibody

(A %=+ 1/100, 138208, Cell Signaling Technology, MA,
USA). Anti-TGFB1 mouse monoclonal antibody (4 R %
1/200, GTX34272, GeneTex, LA, USA). Anti-BMP4 rabbit
polyclonal antibody (& R{% 3 1/200, bs-1374R, Bioss, MA,
USA). anti-Sox9 mouse monoclonal antibody (& R {5 2
1/400, 14-9765-82, invitrogen, CA, USA). Anti-Runx2 mouse
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monoclonal antibody (#& Rf% 3 1/200, D130-3, Medical &
Biological Laboratories, CA, USA) A Ui L 7= (K
19D)., TGFBR1 & pSmad2/3. BMPR1A & pSmadl/5/9 @ 35
FHREEZRET 2201, 2FEBE O ABC ¥ »
(VECTASTAIN Elite ABC kit Peroxidase, VECTASTAIN
ABC-AP kit : Vector Laboratories, CA, USA) & " Mouse on
Mouse Immunodetection kit (Vector Laboratories, CA,
USA) % H T, avidin-biotin-peroxidase / alkaline
phosphatase (AP) #4512 X % Double IHC % % 5 L
7=, TR ¥ (TGFB1, BMP4, Sox9, Runx2) (Z2>WT
IZ. avidin-biotin-peroxidase #£ & {512 X % Single THC % & %
To7-, THC S E B IZ >\ Tix., FC M#EIKIC 1T 2 HAL i FH
Bl OEEMER, SBEEICK T 2BEMmEESE 0 OB
AR L RHB Lz, MATICITEGEN Y 7 F Y =7 Fijit® s
fEH L7, ok, IHCEAORAFIHL L OHEH L 72 —KkitK
B L CiEmMREER 20 13.21CfLE LTk,

7.2.7 1 LW AT

2W K OV 4W I ABEIC B 1T 5 /£ Enthesis FC 8 & OV 2 Bk E 75
FEIZH 15 2 mRNA %8l % . Real-time PCRIZC L VW FFMi L 7= (X
19E)., StepOnePlus system & TagMan Gene Expression Assay
plobe Z W CT%E g L 72, Primer 1% 7Tgfb1(Mm01178820_m1) .
Bmp2 (Mm013401780_m1) . Bmp4 ( Mm00432087_m1) |
Collagen type II alpha 1 chain (Col2al ; Mm01309565_m1) .
Alkaline phosphatase 1 ( Alpl ; MmO00475834_m1) . Sox9
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(Mm00448840_m1) . Runx2(MmO00501584_m1) . Collagen type
lalpha 1 chain (Collal; MmO00801666_gl1). Collagen type II
alpha 1 chain (Col3al; Mm00802331_m1) #fi /A L7, Karll
TR LHEMBME O S HEME T 57D, Reference gene T4
ABEME . &Y Enthesis FC H & D R 72 5 kA THRIAE D
2 @y N A 72 v Hypoxanthine Phosphoribosyltransferase 1

(Hprtl; Mm00446968) |ZZHE L7z, 28Ct 2 HWH Z & T
B FOMSRERIAEZEE L, 70 F A% F W AT oM 72
FINE & A L7z Primer (2B L CIEIMi 2 &R 3D 13.31ZF5E L 7=,

7.2.8 F &k O DK R F 0 AT

2W J OV AW St ABEN O BRI L 2 A B lE- EliE AR %
AR K THEH L. 4% PFA/PBS i C & & AL B 5E fit % .
Micro-CT Sky scan 1272 I X oz 3 L7z (X 19F), AE
WMCTiEEREFEBOALRSTHO CSAbREET 2O RES
a2 To@EYICERELE X 60kVp/166pA. ik Hi 2% @ fif 4
£ 1632x1092, B 7 B % A X 4pm. A5 A E 0.4°/F, 7 4 v
Z— TIoI=0U L 02mm, EiEEHBKLO Enthesis FC 58
ozt T DA HIE R O E B IERAEL L RS L, B,
TR Lo CSA XA (PRE S LIEFHALR) ko TR
DI, HEEHICE T 2K bMNERZ I EHEKE L,

7.2.9 RN TR MEAT
T _XTOMEHNIX R version 3.4.3 #H W THGET « I [AERIZ3E
fiti L.2W OV 4AW N F Ikt L — ol E oo 2 F i L 7=,
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B, T AEMFENMANTICEB W T Enthesis FC fHIk & ik T o
Col2al BB EHBICEHL T, 2W B X AW 2L £ I *f L.
EHMEREEBEZICHICOZRNY THRELZEBLZ, 2ETOT —
ZICHBITDHEEKREILB%ANME L M RITFEHMELSD Tx LT,

HHLEZEANEEI#ES —% &I R L 7=,
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A Sample Collects Sample Collects

3-weceks old 4-weceks old 6-weceks old 8-weeks old

€ontrol | 320909090 | |esssesmaverssnnedassrescasssiasese s sass i oiais s ? .............................. ,
Total n=22 .
T
Total n=22

Total n=22 —

n=11 n=11
Misuse+Overuse % = - .I .I
Tl s 16°
Total n=22 Adaptation st
e = I
<l Adaptation period ‘ : Sacrifice ... : No Running
—— ; Fast Speed Horizontal Running ——= ; Slow Speed Downhill Running w— ; Fast Speed Downhill Running

B

2 week Intervention group 4 week Intervention group
Right Shoulder Right Shoulder
A —Histrogical Analysis A —+Histrogical Analysis
Left humerus bone Left humerus bone

n=5 -+ Micro-CT Scanning n=s —+ Micro-CT Scanning

Right Shoulder
~sProteome Analysis

n=11/group A (LC-MS/MS) n=11/group ‘/& Left SISP muscle, m::]o-, enthesis
Left SSP muscle,tendon.enthesis —+Molccular Biological Analysis

n=6 —Molecular Biological Analysis s (Rcal time PCR)
(Real time PCR)
C 40
? Overuse
E ¥ Misuse+Overuse
g 30 |
N’
8 Misuse
Q }
2. 20
w2
[=T1]
-4

(=1

Adaptation  OW Iw 2w 3w 4w

18: EBRTFT VAV BLIUVOEBHAAT B a2y
A O ABERRE L AW A 780k L7=, Sle:ICR=~ 7 A88PL %25 DtimepointQW I & U4W: ZhFhn=44), ¥
K V4> DRI L T2, Control (Sedentary)#f, Overuse (FFiE FHIAEIT)HE, Misuse (K3 T 0 IWAETT)EE,
Misuse+0veruse (BT 0 BCEIHME, LA OBREHEISH2IWE L AW SN A 21T o 72, I ABEILHES
N1 )\H#FEEJ IXTHIEE & Lz, B: &~ U AN Bﬁkﬁlﬁ_én‘ﬂﬁkc‘:/\*ﬁ'ﬁ_éﬁﬁ TR LTz, Co A NEREE DB
ﬁk 72 BABIZ DWW CREH Lo, RIS O CERRE 4 5 5 7o OITHE 4 BRI 72, Overuse
B & MisuseBE OIEBHTRFL 2 [F U2 T 572012, Overuselt DI AHFE [ EMisuset DI A E D 1.5FIZFRE LTz,
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Sample preparation

) Laser microdissection i
/

Protein extraction

Trypsin treatment
ey SR
FFPE Section : 10pm Fxnhcsn FC region
Toluidine-Blue stain )( extraction Q-Exactive analysis

—— Histological & Molecular biological & Morphological analysis Data analysis - M-
D

F . C Bioinformatics analysis
- ' Proteome Discoverer 2.4
Enthesis & Tendon

extraction Ingenuity Pathway Analysis system

* Tendon * Upstream Regulator Analysis
- CSA - )
e . * Humerus Bo 2
. mRNA extraction - Bzrr\:qMo:;:h ology . : S -

S cDNA synthesis

FFPE Section * 5 - )
. Sc(‘);lg:mn e V {4 Gene expression 3
= ALP stain - Real-time PCR
* IHC stain

19: ERFEOBK

A: 7T F I AR OO DY T GEEFE A R LTs, 10um T A B L, L—Y—~A s m XAk
7acky Enthesis FCHEIKZ IR LT, TD%, X X7 oM e M) 7y is 4T -7, B: v
IV ELC-MS/MSIZH T, Enthesis FCREIRIZHIL L T\ B X R BEOEEHSHT % FfE L7-, C:Proteome
Discovererz IV TH /37 B %FIE L. IPAIZ & o TActivated & 72 | ZInhibited & Tl S 7= 1% FE L7z,
D: WJ:ﬁ*EEnthesis FCHREIIZ %7~ DA~ Tl f2 % 7~ L 7=, E: Enthesis FCAEIE & ok _E A2 %13 % Real-
time PCRIZ AT Ak Lz, F: B BB SRSk 5 Micro-CT % FV 2 JERE Y fif
Hrimfs 2 7w~ L?’_o

7.3 iR
7.3.1 R b -IEAE A K O K OV R B R AT RS R

2W LK OV AW St ABED DR L 72 A8 B lcxk L HE B & % 17
W, CSA zH M L7z (KM 20A), 2W K T* 4W T Control i
Overuse B L LB L CTHEEZITHR I N T (p=.932, p=.878).
Misuse #f & O Misuse+Overuse #f Tl Control # } U8 Overuse
BLHEBELTHEBEICHML T\ (p<.01,X 20B), 7 fk &k
O CSAIZBE L TlX, 2W KN 4W & 4 (2 Control #f & il L T
Overuse FECII A EZTMB I N2> 72 (p=.423, p=.839,K
20C), — J Control #fIZ kb X T Misuse #f & Misuse+Overuse #if
THEIZHEML (p<.05), Overuse AE 2tk X T Misuse+Overuse

FECAHEICHEML = (p<.01),
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7.3.2 Enthesis % #X & f5 55 oo 4 1k 7 /9 #7 b1 2 1k

SOF }, OV ALP %4 % 92 Jfi L Enthesis FC 5848 o> # #% 2 09 1% 1%
ZlbrxRELE (K 21A), 2W, 4W 7 ABE & $ 12, Overuse Bf
X Control #E L ki L CTHEZN o7 (p=.933, p=.126),
72 2W. 4W /F ABE & 12 Control # & Overuse B % < &
HHICTAEEP PRI N (p<.001,K 21B),

%t \» C Enthesis FC fHI(Z 35 1F 5 ALP B5 M i £5 t 1L, 2W,
AW I A & H 12 Overuse #f 1% Control #f & i L TH E Z 1T
MRS oiz (p=.706, p=.086), Tz 2W, 4W It ABE L& b
IZ Control # & Overuse [ . Misuse £f & Misuse+Overuse #f
MEzbR< 2 TAEE BRI (p<.05,K 21C),

7.3.3 Enthesis ###E 8 880 5 & OV T sk o 5 ik
SR R AT R R

Micro-CT Z W CTH AN 2 K L7z, 2W & 4W It
ABEICEB T % EhiE 5 & Enthesis FC #8558k o KK ¥ i i
B 2R L (M 22A), 2W TIX2fH T LG FHABICAE R
ZEIHHER IR o720 (p=.152), 4W TIiE Control #t &
Misuse+Overuse Fffll TO LA B B ZDPHER S Lz (p<.05,K 22B),
EEFHEAEABE CERILEINT FC ABEOEMLICEH L TIX., 2W
IZ 8 T Control & ' Overuse # & Misuse+Overuse # ] TH
BEENERINTE (p<.05), 4W 2B W Tix Control AT~
Misuse & " Misuse+Overuse # ] T (p<.05). £ 7= Overuse £t
IZ fb X Misuse+Overuse B CTHEZEZPMBRE I N7z (p<.05,K
22C), #i» T Enthesis FCEH T b ikl £ T SB HIIZ B
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JTOHEMTER TCEUTOL RERI™IBELONT, £ BV/TV
I . 2W 2 B v T Control # & kb # L Misuse Mk O
Misuse+Overuse #f CH EICHE M L 7= (p<.001), £ L T 4W (Z
B TiX Control # & H# L Misuse & O Misuse+Overuse #f T
(p<.05). F£ 7= Overuse ff & lb# L T Misuse+Overuse £ CH
BTN L 7= (p<.05,K 22D), Tb.Th IZBH L TiE. 2W 2B W T
Control #f & k@& L Misuse+Overuse #f TH E ICH# M L =
(p<.05), =L T 4A4W IZEB W TIiE Control & O Overuse #f & [t
# L C Misuse+Overuse #£ T (p<.05). Overuse £t & b L C
Misuse #f TH BEICHE N L 7= (p<.05,K% 22E), Tb.N (ZB§ L TIix.
2W & AW ICB W T A THEZEZTEER I LR o 7z (p=.180,
p=.938,X] 22F) , Tb.Sp 2B L TIX.Control # & tb# L T Misuse
KO8 Misuse+Overuse £t C (p<.01). Overusel # & L#g L T
Misuse & 8 Misuse+Overuse #f CTH B2 A L 7= (p<.05), %
L T 4W (28 W Tix. Control #f & fk# L T Misuse & O
Misuse+Overuse #f T ( p<.05) . Overuse #f & bk # L T

Misuse+Overuse #f TH B I A L7 (p<.01, 22G),

7.3.4 Enthesis MAEWHFHIKICH T 27 7T 4 I 7 2 g
Br il %

Tu s A I 7 AT ERREABHEB S LT 2W oY T v
% fiEHT L 7=, Control # Tl 118 . Overuse #t TIiX 101 f# .
Misuse #f Ti% 219 il . Misuse+Overuse #£ TiX 181 » % >
JEMDPRIESNTL, 60T _XToY 70Tl L THERI L
TWhEZ U R I7EHEFT T4 THo72 (KM23), 2nb 14 F
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NRIBEOXTF FFEENOH/ LN EEME log2FCHE L
MW (K 24), HE#ERE IPAIC7 vy 7o —FL
Upstream regulator f# #7 % % it L 7= . Activated F 7= 1%
Inhibited & Tl &7z E{7 15 K ¥ (z score>2, z score<-2)

ZzHhz L, £7. Contro # & Overuse #H X T 5 & |

Activated & Tl SN 72K F1X 1 271 ThH Y . Inhibited & T
WK Fix7e o7 (£ 2), Control # & Misuse #f % g
T 5 L&, 44 HOR T A Activated & THI S, 10 #H DK 1 3
Inhibited & T#H] &7z (& 3), Control # & Misuse+Overuse
BEaie3 2 &, 58 DK 72 Activated & THI S, 15 D
Kl ¥ 7% Inhibited & F#l S 7z (F 4), Overuse #f & Misuse f
g+ 5 & 31 DK T2 Activated, 5 il @ [H 1 % Inhibited
ETPHl &tz (£ 5), Overuse £ & Misuse+Overuse £f & [t #
T 5 & 57T OK T A Activated, 15 i @ [K ¥ 7% Inhibited & T
HWENn7= (£ 6), HEIC., Misuse #f & Misuse+Overuse £ %
W5 & 49 fH DR T 28 Activated, 15 & @ [K ¥ 2% Inhibited &
nsne&yilshie (£ 7)), Activated & THl = v EAL 15 K+
OHIZIE, TGFB A — =7 7 IV —BHERRFREZFENL TN
b, EMBORESE, HEIE, KA, TR =X

JKAb iz B > %5 TGFB/BMP v 7 F MR EIZ K J D5 Smad % 4
7z canonical ¥ X IER & L 7z,
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7.3.5 Enthesis # M #8688 & KA TEBEBICH TS
o % KRR AL Y 2R
T A I 7 AR O IPAIC & - THE L 72 TGFB/BMP-
Smad ¥ 7 F VIR ERK OIEMA 2 R T 272D, Enthesis FC
3512 % L Double THC % & % 47 W, [ 4 3k J&y 76 0 i bk 3 o0 B Y
= RO
EFFTIE 2R VCAW N AR ICx L. TGFBR1 & pSmad2/3, BMPR1A
& pSmadl/5/9 ZF N Fh —EH CEHBIILLZ (K 25A), 2W K O
4W (2817 5 TGFBR1 & Smad2/3 @ B3 7 7E M fd bk 31X
Control Bt & Overuse #ff CITA B EZ TR I o 2
(p=.070, p=.244), L 7> L. Control # & Overuse B M % & <
ZTOMOT XTOHMTAHAEENRB D b (p<.01, 25B) .
BT 2W K N 4W (2815 5 BMPR1A & Smad1/5/9 @ B 4 R
6 0 B b %1% . TGFBR1 & Smad2/3 W12, Control £ & Overuse
HHRTIEAEEZEITMEE I N2 o7 (p=.228, p=.779), L L,
Control # & Overuse M ZR< T OMDO T X TOHHE THE
ENRBEO LI (p<.01, 25C), £7-. TGFB-Smad & o 1%
K EMALIEE R T TH 5 pSmad2/3 &, BMP-Smad & # &
REWRIEEE TR 7 Th 5 pSmadl/5/9D KBl EZ* T Z 1
HH L. Enthesis FC fHBNIZ B 1T 2B BLLFE L L THRIEL &
(pSmad1/5/9 / pSmad2/3), fEF & L T, LEIFILEET 1.0 2 H#
ZTCWhihrholled, #2781~ Tk TGFB-Smad #% ¥ @
&ML 25 BMP-Smad ¥ OEMHEIL LV b ESH TH -7, LrL
728 5 pSmad1/5/9 28 \EC #4772 i # B T Control & Of Overuse
Lo oAEBEICHEML TV (p<.001) Z &b, ECHEAL R E
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#2175 2 & T BMP-Smad R OEMHEANREIN D Z & BR
’wxniz (K 25D),

Wiz, 2W & 4W @ Enthesis SB fHI% (2 % L TGFB1 & BMP4
FREHA L (K 26A), R E LT, 2W & 4W ® Enthesis SB
HIZ BT S5 TGFBL @ B m 8tk * 1L . Control # & Overuse
HETHEABEEIROD LN o7 (p=.898, p=.711), L L 7%
N5 2W TIix Control # & Overuse FE[ . I ONIC Misuse B &
Misuse+Overuse M Z R WA O 2B THEEZNR D b 1L

(p<.05), 4W TlE., Control # & Overuse # [ % b < filh © & #f
MCTHEZEZNHER I N (p<.001, 26B), #t\» T BMP4 (2 B
LT, TGFB1 M#£I2. 2W & 4W o Enthesis SB fEiic kT %
BMP4 [ i 78 bt 51X . Control #f & Overuse #EM TiT A B 21X
B EN otz (p=.540, p=.869), L2 LZ2nb 2W T
Control # & Overuse FE[H . I VT Overuse A & Misuse £f ] &
<o 2BMCTAHEENHER SN (p<.01), 4W TIiX Control
B L Misuse B[ . Control B & Misuse+Overuse Ff[# . Overuse
B L Misuse+Overuse MBI TORAAEEZNHR I N (p<.05,
26C),

¥ 7. TGFB1 @& M1t 75 Enthesis SB ff fuk £ B A0 72 £ b &5
MEMIET D720, ERE @ MEEicsd L Ts TGFB1 & % ik
L7z (K 27A), fRE LT EBEEHBER T, 2W KO
AW L b2, AERBEMEZRD o2 &6 (p=.965,
p=.300, 27B). TGFB1 @ & M {ki% Enthesis SB f# i £ £ 49 72
KIETHDHZ EDNbrol,

%I TGFB-Smad ¥ 7 F Vi #EREK O FTIZALE T 5 Sox9
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& . BMP-Smad ¥ 7 F WV {EREK O TRICAE T 5 Runx2 O ¥
i 7z Enthesis FC fH THEM L L (LB FT 217 72 o 72 (M 28A),
F 79 Sox9 EMEMARILFIZE L T, 2W KT 4W @ Control #f &
Overuse HEMl CIXA B EZITMRB I N2> 7= (p=.057, p=.477),
L 7> L Control # & Overuse £f [ . Misuse #f & Misuse+Overuse
HHEZzBRWEZMO 2R THAEE IR I N (p<.001), 4W
Tl Control # & Overuse HEM Z R Wb O 2HEM TH EZND
e iz (p<.05, 28B), #t\» T Runx2 B5 Ml fa b 3R 12 B
L Ti&.Sox9 M 2W K T 4W (23 1F 5 Control # & Overuse
B CIRAREZTIMABIN2>7- (p=.875, p=.989), L »nL
Control # & Overuse #: [ . Misuse #f & Misuse+Overuse #f [
<Moo 2B T 2W AN 4W L HICAEERRB DO LN
(p<.01, 28C), IBICHMEMBEORBELZBE LI/ E. 2W
Tl Sox9 2% FCHE AEKIZE D b, 4W TiX CFC sk 12
MM N B ST, UFC fEIR S i o J7 1) ~ 3¢ B 68 I8 8
JE kL CWwWi=, £72. Runx2 2B L Tk 2W KO 4W & b
Tidemark 7> 5 UFC fEIK O AL HHICHIE L TWiz (K 28A),

7.3.6 Enthesis #f #5688 K& OV b /5 I 12 xF 9 % 4 F
AW B SR AT RS R
Enthesis FC S & L ED o AT ELZHET D
7= . Tefbl, Bmp2, Bmp4, Alp1, Col2al, Sox9, Runx2, Collal,
Col3al DAH* Bl & % th#z L7z (¥ 29A,B), % ¥ Enthesis FC
fHIIZ B 1T D TGFB & X BMP ¥ 27 F /LA 2 #% % 0 1% YL & 3 ~
5728, 2W KON 4W 2815 TGFB & BMP s+ @
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mRNA BHE 2R Lz (K 29A), #iHk & L T, Enthesis FC i
W TiX., TGFB v 7 T VInZERKOEN B T CTH D Tegfbl,
Col2al, Sox9 OB EIL EC B OEB THMT 2 MICH
> 72, FlZ Misuse+Overuse #f TlE 2W I V2 4W (2B W T
Control X° Overuse FE & bl L CH EIWCHEIML TW7z (p<.05),
BMP v 7 F Vi #ER K OE Bz Td %5 Bmp2, Bmp4, Alpl,
Runx2 DBl &b ECEMREB R THIM L., 2W TiX Control
# X Overuse #f 2 kb X Misuse+Overuse #: CH EIZH ML TW
7= (p<.05), F 7= 4W TIlX Bmp2, Alpl, Runx2/ Control & &
tb# L Misuse+Overuse #if CTH EICHE N L 7= (p<.05), Runx2 ®
7 Overuse #f & Misuse+Overuse # ] CTH EEZDNER I N

(p<.05), £72 Bmp4 OH 2B THEENER I N1 o
(p=.609),

WAk LA \C B0 5 Tegfbl, Collal, Col3al ® mRNA #H %}
FEE A L (K 29B), B L LT Tefbl IZM L Tik. 2W
81T %5 Control # & Overuse HHICAEZ 2R O T (p=.113) .
EC {7 72 #E #) #£ 1X Control #X° Overuse £ LV b A EICHE ML
T W7 (p<.001), F£ 77 4W 2 B\ T ix Control # &
Misuse+Overuse BEfl] TO A A E EZNHER I N7z (p<.01), FW
T Collal Z B L Tix . 2W ({2 B 1 %2 Control # &
Misuse+Overuse #f [f . I NIZ Overuse # & Misuse+Overuse #f
M. Misuse #if & Misuse+Overuse Rf i T O & H & 72 2 R
S (p<.05), 4W T 2B TAEEZETRE DN o T
(p=.209), #H T Col3al lCBHL T, 2W TIX &/ M TH B =1L
RO LT (p=.739). 4W TiX Control £ & Misuse+Overuse
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FERE . IF OVZ Overuse #f & Misuse+Overuse #f ] T A F & 72
WA NHER I N (p<.05),

Enthesis FCHEHE IZ 81T 5 mRNA L X)L T® TGFB/BMP Lkt %
HH LA, 2W O Bmp2/Tgfb1 tt %1% Misuse+Overuse Bf
T 1.93+0.457 TH U Control #H LV & A EIZ /2 o 72 (p<.05),
72 2W © Bmp4/Tgfbl th3 2B L T% Misuse+Overuse #f T
1.78+£0.378 T& Y Control #F L W b A FIC@Em -T2 (p<.05),
AW TO® Bmp2/Tgfbl & Bmp4/Tgfbl tb RIZH L CIXT 2B CTH
BANPHERINZ o7z (p=.982, p=258, K 29C),

W EFBE BT D5 mRNA VX)L TD Col3allCollal k3R % &
M L7zéEZA2W D Col3allCollal btk 33 Misuse+Overuse #f
T 2.60+£0.591 TH VO, MLV LAREICE» 7= (p<.01), F
7= AW @ C(Col3allCollal tb 3 X Misuse #t T 1.57+0.20,
Misuse+Overuse # T 1.71+£0.229 T®H » . Control FfiZ kb~
Misuse #f & Y Misuse+Overuse #£fi] T (p<.01). F 7= Overuse
BEIZ X Misuse+Overuse ] THEZEZDNHER I N7 (p<.05,
29D),

KBEICABOY T AVRBMGEO RS EEBRIET 520, KE
OEERMBEAIEE TH D Col2al DI B % 2W & ¥ 4WControl
FEO FCHEB A OB LA THAEL 72, MRk & LT L@ T
Col2al ITHBIZHRBEL TWVWARWI LRI (p<.001,
29E), Ko THHE L7 FC B & Mk LM xR IC oS T
HZEDBFEH SN,
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Misuse Misuse + Overuse B s *ah s

LT L 1]

;g hx L1
2,000
S
5-.,«
o
2
2 1,000
3
g
-
17}
7]

L]
—_ 14
ol
é 1.2
=
%]
U oy
§

LX)
E
2
e
A wu

Control

Overuse

Misuse
Misuse+Overuse

B20: MLELHG-BRESHEOHEBRIS I OBREENEL

A TR AT X OVE BRI OREBmI R AR Uiz, BR AR ISR U CIIHEY % S50 U7, RO AR M 1%
Micro-CT% iV THsZ Lz, fifif#kf&Scale bar; 100um, JERRNTE # Scale bar; Imm, B: #k 55 OCSA L R,
C: 1k LD CSAHESTE R, B-C:T R TOT — X LB ESD TR Lz, *, p<.05; **, p<.01; ***, p<.001,

A Misuse Misuse + Overuse B
0 o PR kol e
el BEE 113
*¥% **¥
ETTN 1] REE Rtk
38
e b
w2 =
|- : 1 Inalls
%
|-
-
< C 2w 4w
~~ - o L L
o . 3
s
s
2=
I-m E- i : - ?
R 0 P .
: < 3 [E ]
< pe |
I- W 4w
5 Control
< Overuse
Misuse

Misuset+Overuse

21 : Enthesis REKFHERICB T HAMENBEEL 1L

A: SOFY B 3 L ONALPY: #4227~ L7-, Scale bar; 100um, B: Enthesis FCREME D LL#i#E 5, C: Enthesis
FCHEIRIZ 31T D ALPBE I A L B O LLiFE B, B-C:T R TOTF — X L FHEESDT/R LT, *, p<05; **,
p<.01; *** p<.001,
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A Control Overuse Misuse Misuse + Overuse B
40 X *
p—n.;SZ
)
E
= E
[} 2 el
5 n
3
-
=T}
oo}

o S| B
= 2W 4w
= 000 = "

— *
*
ues

D » 99 L1l

Normalized FC Volume ()

E e * _ o
-~ —bee =) .. = = 0.000 i ] s 5, ;
£ A ’ :
= e L ; Tewm ) 1 we ] !
S 1 ‘E t 6
= ﬁc.m
» o - L
N 1 oo L1 o / /
) 2w aw W aw W 4w
" e " "
F _ni«m _n.;JS G P - Control
g 7 P -8 % y
g E 5 Overuse
= "o S s [ ey — . Misuse
ZA e I “ * ‘ - II 2.,, ‘ “ ( II Misuse+QOveruse
<
= 2 205
0.06 0.25
"!(m || i I -
W AW 2w 4w Attenuation Cocfficient value (1/mm)

22 : Enthesis MHEKBFEREROKRE TEHARIIBITII2FEBREENEIL
A:Micro-CT CHi S 7z _EIfiE B 8150 & Enthesis FCTEIK O SR 4 % R L7z, ACIEICESE T —~ ot
v 7 Uiz, HKHI: Enthesis FCfEik, HH: bfiE 88, Scale bar: Imm, B: FRiE-ESEHIAMO LR R, C:E
i B B R ARE CIERAL S V7= FCIRFE O LLi#E B, D: Enthesis SBfEIKOBV/TVILEL#E S, E : Enthesis SBHEI
DOTb. Thit#fE R, F: Enthesis SBREIK DO Tb.NLLESFE R,  G: Enthesis SBFEIK D Tb.Sprbikit ft, B-G: 9 CTD
F— T ESD TN Lz, *, p<.05; ¥*, p<.01; ¥** p<.001,

Misuse Misuse+Overuse

Overuse

28: BHEMTREINTZ N7 HHE D Venn X HE

Control B CiX118fE. Overuseft TIL101{#. Misuseff TIZ219fE. Misuse+Overuseft TILI8IEA D & o /X7 E M
FE ST, TMED S 37 BB ~TOY 7Tl L THB L Tz,
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YT NTRE L TWETMED 2 3 B A LTz, 2 EfE(Abundance) T4 #f CHAMEA R H LT,
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*= 2:

Upstream Regulator

IPA @ upstream regulator i #7Z X - T Activated/Inhibited &

FH ENn7 BN 15 FF : Control vs Overuse

Molecule Type

Predicted Activation State Activation z-score p-value of overlap

Target Molecules in Dataset

CSF2

cytokine

Activated

0.000257

Chil3/Chil4,LDHA,MPO.TPI1

*® 3.

am Regulator

IPA @ upstream regulator i #7Z X - T Activated/Inhibited &

TR Eh7 EA 15K F : Control vs Misuse

Predicted Activ

et Molecules in D:

BGN,Chil3/Chil4,COL12A1,COL6A1,COL6A2,DCN,FB

CCR2 G-protein coupled receptor Activated 3.742 5.57E-21 NI,FNI,HSPG2,0GN,PRELP,SPARC, TGFBI, THBS 1,V
CAN
Acan,ALB,ANXA2,BGN,CKM,COL12A1,COL2A1,COL
. 6A1,COL6A2,COMP,CST3,DCN,EEF 1A1,ENO3,FBN1
g Active X L09E-13 B 3 B > s > > s
TGFB1 growth factor Activated 3.546 1.09E-1 FNI,GSN, HSPAS, HSPG2,1 DHA PKM,SERPINA3, SER
PINHI,SPARC,TGFBI, THBS1,VCAN,VIM
HIF1A transcription regulator Activated 3.091 0.000000106 BGN,FNI,GAPDH,H2AC20, HSPAS,LDHA,PKM,PPIA,
THBS1,TPI1,VIM
NFE2L2 transcription regulator Activated 2.784 0.0000828 FNI1,LMNA,PDIA3,PPIB,SERPINA3, TKT,TPI1,VCP
IGF1 growth factor Activated 2.677 2.26E-09 Acan,BGN,COL2AL DCN,FN1,GAPDH, HAPLN1HSPA
5,LDHA,PKM, TF, TGFBI, THBS 1,VIM
. ALB,ANXAI,ANXA2,CKM,COL2A1,COL6A1,FN1,HS
M tokine Al d 2.661 . 101 ’ ; . ’ ’
0s cytokine ctivater 66 0.0000010 PAS.S100A9,SERPINA3, VIM
. ANXAI,ENO3,GAPDH,HSPAS,LDHA,OGN,PDIA3,PK
IL15 cytokine Activated 2.626 0.000000951 M.TKT,TPII
CCN2 growth factor Activated 2.606 2.95E-08 Acan,COL10A1,COL2A1,DCN,FN1,HAPLN1,SPARC
CEBPA transcription regulator Activated 2.596 0.00000892 ALB,ANXAL,COL10AL GAPDH,HSPAS,MPO,5100A9,
THBS1,VCAN
BMP2 growth factor Activated 2.561 0.00000472 Acan,ALPL,COL10A1,COL2A1,FNI,SPARC,VCAN
EGF growth factor Activated 2519 8.52E-08 DCN,EEF1A1,FNI,LDHA,PPIB,S100A9,SERPINA3,SP
ARC,TF,THBS1,VCAN,VIM
BGN,COL10A1,COL12A1,COL6A2,DCN,FN1,HSPG2,S
Tef bet: Al d 2.51 .06E-11 ’ ’ ? , ’ ’
gfbeta group ctvate 5 8.06 PARC,TGFBLTHBS,VIM, VTN
ILI0RA t 1 receptor Activated 2.449 0.000372 DCN,FBN1,FN1,HSPA8,0GN,SPARC
TGFBR1 kinase Activated 2.433 0.000000263 Acan,BGN,FMOD,FN1,TGFBL,VIM
Chil3/Chil4,FN1,GOT2,HSPAS,LDHA,MPO,PKM,SPA
CSF1 cytokine Activated 2.428 6.34E-09 RC.THBS1,TPI1
estrogen receptor group Inhibited -2.63 0.0000109 ANXA1,COL12A1,COL6A1,COL6A2,FN1,SPARC,VIM
BDNF growth factor Inhibited -2.449 0.00000591 ANXA2,ANXAS,HSPAS,S100A9,SERPINH1,SPARC, T
HBS1,VIM
PRKAA2 kinase Inhibited -2.387 0.00000306 ALB,FN1,HSPAS,LDHA,P4HB,VIM
PSMBI11 peptidase Inhibited -2.236 0.0000367 CHAD,COL6A1,COL6A2,THBS1,VCAN
RICTOR other Inhibited -2.236 0.00163 ATPS5F1A,ATPSF1B,RPL30,RPSA,Uba52
CLPP peptidase Inhibited -2.236 0.00000161 ATPS5F1A,ATPSF1B,GAPDH,MDH2, TKT
TSC2 other Inhibited -2.219 0.000124 ANXA1,ANXA2,GSN,HSPAS,PRELP
Alpha catenin group Inhibited -2.201 0.0000339 BGN,COL6A1,COL6A2,S100A9,VIM
ARHGAP31 other Inhibited -2 0.00000299 COL6A1,COL6A2,FN1,SPARC
CUL3 enzyme Inhibited -2 0.0000221 Acan, COL2A1,HAPLN1,S100A9
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# 4: IPA ® upstream regulator fE#7IiZ & - T Activated/Inhibited &
FHEEHh- EN 15 HF : Control ve Misuse+Overuse

am Regulator

Predicted Ac

BGN,Chil3/Chil4,COL12A1,COL1A1,COL1A2,COL6AI

CCR2 G-protein coupled receptor Activated 4 4.27E-24 ,COL6A2,DCN,FBN1,FN1,HSPG2,0GN,PRELP,SPAR
C,TGFBL,THBS1,VCAN
Acan,ALB,ANXA2,BGN,CKM,COL12A1,COL1A1,COL
1A2,COL2A1,COL6A1,COL6A2,COMP,CST3,DCN,EE
TGFB1 growth factor Activated 3.817 1.53E-14 F1A1,ENO3,FBNI,FN1,GSN,HSPAS,HSPG2,LDHA,PK
M,SERPINA3,SERPINHI,SPARC,TGFBI, THBS1,VCA
N,VIM
. ACTB,ANXA2,ANXA5,COL1A1,COL1A2,CST3,DCN,F
PRL cytokine Activated 3.107 4.09E-13 NI,MEGES PAHB RPSA SERPINA3,SPARC. VIM
L BGN,FN1,GAPDH,H2AC20,HSPAS,LDHA,PKM,PPIA,
HIF1A t t lat Activated .091 0. 10022. ’ ’ ’ ’ y ’ ’ B
ranscription regulator ctivate 3.09 000000225 THBS1,TPI1,VIM
OSM cytokine Activated 2.979 3.21E-08 ALB,ANXAI,ANXA2,CKM, COLIAL,COL1A2,COL2Al
,COL6A1,FN1,HSPA5,S100A9,SERPINA3,VIM
NFE2L2 transcription regulator Activated 2.952 0.0000204 COLIALFNI ’LMNA'PD:géiP[B'SERPINA3‘TKT’TPI
BGN,COL10A1,COL12A1,COL1A1,COL1IA2,COL6A2
Tef bet: Activated 2.8 . 25E-1 ] ’ ’ ? ? i
gfbeta eroup cuivate i 6.25E-13 DCN,FNI,HSPG2,SPARC, TGFBLTHBS L,VIM,VIN
TGFBR1 kinase Activated 2.804 4.13E-10 Acan,BGN,COL1A1,COL1A2,FMOD,FN1,TGFBLVIM
CCN2 growth factor Activated 2.785 174809  |AcamCOLIOALCOLIALCOL2ALDCN.FNIHAPLNI,S
PARC
o ALPL,ATP5F1B,COL1A1,COL1A2,COL2A1,FN1,HSPA|
Pl | Activated 2.734 .00001 g ’ : " R
S transcription regulator ctivated 73 0.0000157 5 PKM,SPARC.VIM
IL1S cytokine Activated 2.626 0.00000186 ANXAL,ENO3,GAPDH,HSP A8, LDHA,OGN,PDIA3,PK
M, TKT,TPII
o ALB,ANXA1,COL10A1,COL1A1,COL1A2,GAPDH,HSP
CEBPA transcription regulator Activated 2.596 0.000000235 A5MPO,S100A9, THBS 1, VCAN
ZEB1 transcription regulator Activated 2.592 3.76E-10 COL1A1,COL1A2,FN1,RPL30,TF, TGFBL, THBS1,VIM
BMP2 growth factor Activated 2.575 2.5E-09 Acan, ALPL,COL10AL,COLIAL COL1A2,COL2ALFNI,
MATNI,SPARC,VCAN
ACTB,ALB,COL1A1,COL1A2,COL6A1,FNI,HSPAS H
Insulin group Activated 2.573 2.18E-12 SPAS8,LDHA,MDH2,P4HB,PKM,PPIA,PPIB,TGFBI, TH
BS1
PSMBI11 peptidase Inhibited -2.646 0.000000155 CHAD,COLIALC OLIAZ’i%LéA]'COLGAZ'THBSI'VC
estrogen receptor group Inhibited -2.63 0.0000174 ANXA1,COLI2A1,COL6A1,COL6A2,FN1,SPARC,VIM
Alpha catenin group Inhibited -2.602 0.000000138 BGN,COLIAI,COL1A2,COL6A1,COL6A2,S100A9,VIM
BDNF growth factor Inhibited -2.449 0.0000101 ANXA2,ANXAS,HSPAS,S100A9,SERPINH1,SPARC, T
HBS1,VIM
CUL3 enzyme Inhibited -2.449 2.24E-08 Acan,COL2A1,COL9A1,HAPLN1,MATN1,S100A9
PRKAA2 kinase Inhibited -2.387 0.00000465 ALB,FN1,HSPAS,LDHA,P4HB,VIM
FAS t 1 receptor Inhibited -2.236 0.00141 ANXA2,BGN,COL1A1,COL1A2,COL6A1,FBNI
RICTOR other Inhibited -2.236 0.00223 ATP5F1A,ATP5F1B,RPL30,RPSA,Uba52
CLPP peptidase Inhibited -2.236 0.00000229 ATPS5F1A,ATPSF1B,GAPDH,MDH2, TKT
CRIL other Inhibited -2.236 7.13E-08 BGN,COLIA1,COL1A2,COL6A1,FBNI
MYOCD transcription regulator Inhibited -2.219 0.00000968 COL1A1,COL1A2,COL2A1,FN1,VCAN
TSC2 other Inhibited -2.219 0.000174 ANXA1,ANXA2,GSN,HSPAS,PRELP
. ATPSF1A,ATPSF1B,COL1A1,COLIA2,COL6A1,COL6
NR4AI 1 - it nucl t Inhibited -2.061 0.000000372 ’ ? ’ ; ’
igand-dependent nuclear receptor nhibited 37 A2,ENO3.MDH2,PDIA3
PRKGI kinase Inhibited -2 0.00000351 COLIAIFNI,MPO,THBS1
ARHGAP31 other Inhibited -2 0.00000398 COL6A1,COL6A2,FN1,SPARC
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# 5: IPA ® upstream regulator #7112 & - T Activated/Inhibited &
FH & BEfr 15 K+ : Overuse vs Misuse

eam Regulator / Predicted Act ion z-score p-value of overlap et Molecules in Dataset

BGN,COL6A1,COL6A2,DCN,FBN1,FN1,HSPG2,0GN,
PRELP,SPARC, TGFBL, THBS1,VCAN

Acan, ALB,BGN,COL6A1,COL6A2,COMP,DCN,EEF 1A

TGFBI growth factor Activated 3.105 2E-10 1,FBN1,FN1,GSN,HSPAS,HSPG2,PKM,SERPINA3,SE

RPINHI,SPARC, TGFBI, THBS1,VCAN,VIM

BGN,FN1,GAPDH,H2AC20,HSPAS,PKM,PPIA, THBS1,

CCR2 G-protein coupled receptor Activated 3.606 4.17E-19

HIF1A transcription regulator Activated 2.928 7.32E-08

TPI1,VIM
NFE2L2 transcription regulator Activated 2.784 0.0000113 FNI,LMNA,PDIA3,PPIB,SERPINA3, TKT,TPI1,VCP
Tef beta group Activated 2,652 1.29E-09 BGN,COL6A2,DCN,FN1,HSPG2,SPARC, TGFBI, THBS
1,VIM,VIN
OSM cytokine Activated 2.511 0.000316 ALB,ANXA1,COL6A1,FN1,HSPAS,SERPINA3,VIM
TGFBR1 kinase Activated 2.433 5.13E-08 Acan,BGN,FMOD,FN1,TGFBLVIM
AR ligand-dependent nuclear receptor Activated 2.425 0.000272 GSN,HSPAS,SERPINA3,TF,THBS1,VCAN,VIM
TCR complex Activated 2.425 0.0000251 HSPA5,MDH2,P4HB,RPL30,RPSA,SERPINA3, TPI1
PRL cytokine Activated 2401 0.53E-10 ACTB,ANXAS5,DCN,FN1,MFGES,P4HB,RPSA,SERPIN
A3,SPARC,VIM
IL6 cytokine Activated 2.412 0.00000151 ALB,ANXA1,BGN,COMP,DCN, FN1,HSPAS,SERPINA

3,TF,THBS1,VIM
TGFB2 growth factor Activated 2.39 0.000000302 COL6A2,FMOD,FN1,HSPG2,THBS1,VCAN
Acan,BGN,DCN,FN1,GAPDH,HAPLN1,HSPAS,PKM,T

IGF1 growth factor Activated 2.363 8.02E-09 F.TGFBLTHBS | VIM
ILIORA t 1 receptor Activated 2.236 0.000778 DCN,FBNI,FN1,0GN,SPARC
IL15 cytokine Activated 2.224 0.0000749 ANXA1,GAPDH.OGN,PDIA3,PKM,TKT, TPI1
estrogen receptor group Inhibited -2.433 0.0000243 ANXAI,COL6A1,COL6A2,FN1,SPARC,VIM
PSMBI11 peptidase Inhibited -2.236 0.0000098 CHAD,COL6A1,COL6A2, THBS1,VCAN
BDNF growth factor Inhibited -2.236 0.0000992 ANXAS,HSPAS,SERPINHI,SPARC, THBS1,VIM
PRKAA2 kinase Inhibited -2.177 0.0000138 ALB,FNI,HSPAS,P4HB,VIM
ARHGAP31 other Inhibited -2 0.00000101 COL6A1.COL6A2.FNI.SPARC
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IPA @ upstream regulator i #7Z X - T Activated/Inhibited &

FH &z EAE 15 AF : Overuse vs Misuse+Overuse

et Molecules in Dataset

BGN,Chil3/Chil4,COL12A1,COL1A1,COL1A2,COL6A1
CCR2 G-protein coupled receptor Activated 4 4.27E-24 ,COL6A2,DCN,FBNI,FN1,HSPG2,0GN,PRELP,SPAR
C,TGFBL,THBS1,VCAN
Acan,ALB,ANXA2,BGN,CKM,COL12A1,COL1AI1,COL
1A2,COL2A1,COL6A1,COL6A2,COMP,CST3,DCN,EE
TGFBI1 growth factor Activated 3.817 1.53E-14 F1A1,ENO3,FBNI,FN1,GSN,HSPAS,HSPG2,LDHA,PK
M,SERPINA3,SERPINHI,SPARC,TGFBL,THBS1,VCA
N,VIM
PRL cytokine Activated 3107 4.09E-13 ACTB,AN{(AZ,ANXAS,COL] Al1,COL1A2,CST3,DCN,F
NI1,MFGE8,P4HB,RPSA,SERPINA3,SPARC,VIM
HIFIA transcription regulator Activated 3.091 0.000000225 BGN,FN1,GAPDH,H2AC20,HSPAS,LDHA,PKM,PPIA,
THBS1,TPI1,VIM
OSM cytokine Activated 2,979 321E-08 ALB,ANXA1,ANXA2,CKM,COL1A1,COL1A2,COL2A1
,COL6A1,FN1,HSPAS5,S100A9,SERPINA3,VIM
NFE2L2 transcription regulator Activated 2.952 0.0000204 COLIAI‘FNI‘LMNA’PDII/;SS:)P[B’SERPINAS‘TKT'TPI
Tef beta group Activated 2.878 6.25E-13 BGT?LCOLIOAl,COLIZA],?OL]AI,COL]AZ,COLGAZ,
DCN,FNI1,HSPG2,SPARC,TGFBI,THBSI,VIM,VTN
TGFBR1 kinase Activated 2.804 4.13E-10 Acan,BGN,COL1A1,COL1A2,FMOD,FNI1,TGFBLVIM
CCN2 growth factor Activated 2.785 1.74E-09 Acan,COL10AL COLIALCOL2AL,DCN,FNI,HAPLNLS
PARC
- ALPL,ATP5F1B,COL1A1,COL1A2,COL2A1,FN1,HSPA|
Pl trans t egulat Act ed 2.734 0.000015 ’ ’ : N ’ ’
S ranscription regulator ctivates 7 7 5. PKM,SPARC,VIM
IL15 cytokine Activated 2.626 0.00000186 ANXALENO3,GAPDH, HSPAS,LDHA, OGN, PDIA3,PK
M, TKT, TPI1
- ALB,ANXAI1,COL10A1,COL1A1,COL1A2,GAPDH,HSP
EBPA t cript: egul Activated 2. 0.0000002! ’ ’ g : ’ ’
C ranscription regulator ctivate 596 35 AS.MPO,S100A9, THBS |, VCAN
ZEB1 transcription regulator Activated 2.592 3.76E-10 COLI1AI1,COL1A2,FN1,RPL30,TF,TGFBL, THBS1,VIM
BMP2 growth factor Activated 2.575 2.5E-09 Acan, ALPL,COL10A1,COLIALCOL1A2,COLZALFNI,
MATNI,SPARC,VCAN
ACTB,ALB,COL1A1,COL1A2,COL6A1,FN1,HSPAS.H
Insulin group Activated 2.573 2.18E-12 SPAS8,LDHA,MDH2,P4HB,PKM,PPIA,PPIB,TGFBI, TH
BSI
PSMBI11 peptidase Inhibited -2.646 0.000000155 CHAD,COLIAL 'COLIAZ’i?\ILﬁA] sCOL6A2,THBSI,VC
estrogen receptor group Inhibited -2.63 0.0000174 ANXAI1,COL12A1,COL6A1,COL6A2,FNI,SPARC,VIM
Alpha catenin group Inhibited -2.602 0.000000138 BGN,COL1A1,COL1A2,COL6A1,COL6A2,S100A9,VIM
N ANXA2,ANXAS5,HSPA5,S100A9,SERPINHI,SPARC, T
o, . Inhibited ) 5 s s s > s
BDNF growth factor nhibit 0.0000101 HBSL.VIM
CUL3 enzyme Inhibited 2.24E-08 Acan,COL2A1,COL9A1,HAPLNI,MATN1,S100A9
PRKAA2 kinase Inhibited 0.00000465 ALB,FNI1,HSPAS,LDHA,P4HB,VIM
FAS transmembrane receptor Inhibited 0.00141 ANXA2,BGN,COL1A1,COL1A2,COL6A1,FBN1
RICTOR other Inhibited 0.00223 ATP5F1A,ATP5F1B,RPL30,RPSA,Uba52
CLPP peptidase Inhibited 0.00000229 ATP5F1A,ATP5F 1B,GAPDH,MDH2, TKT
CRIL other Inhibited 7.13E-08 BGN,COL1A1,COL1A2,COL6A1,FBN1
MYOCD transcription regulator Inhibited 0.00000968 COL1A1,COL1A2,COL2A1,FN1,VCAN
TSC2 other Inhibited 0.000174 ANXA1,ANXA2,GSN,HSPAS,PRELP
. ATP5F1A,ATP5F1B,COL1A1,COL1A2,COL6A1,COL6
2 clear rect Inhibited . , , X ) K
NR4A1 ligand-dependent nuclear receptor nhibit 0.000000372 A2.ENO3.MDH2.PDIA3
PRKGI kinase Inhibited 2 0.00000351 COLIAIFNI,MPO,THBS 1
ARHGAP31 other Inhibited 2 0.00000398 COL6A1,COL6A2.FNI.SPARC
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# 7: IPA ® upstream regulator fE#7IiZ & - T Activated/Inhibited &
FHIE - EAE 15 HF : Misuse vs Misuse+Overuse

ream Regulator i £ S on z-score p-value of overlap

BGN,Chil3/Chil4,COL12A1,COL1A1,COL1A2,COL6A1
CCR2 G-protein coupled receptor Activated 3.873 1.77E-22 ,COL6A2,DCN,FBNI,FN1,HSPG2,0GN,PRELP,SPAR
C,TGFBI, THBS1
Acan,ALB,ANXA2,BGN,CKM,COL12A1,COL1A1,COL
1A2,COL2A1,COL6A1,COL6A2,COMP,CST3,DCN,EE
TGFB1 growth factor Activated 3.695 5.09E-14 FIA1ENO3.FBNIFNI,GSN, HS PAS, HSPG2.L DHA_PK
M,SERPINA3,SERPINHI,SPARC, TGFBI,THBS1,VIM
PRL cytokine Activated 3107 2.72E-13 ACTB,ANXA2,ANXA5,COL1A1,COL1A2,CST3,DCN,F
N1,MFGES,P4HB,RPSA,SERPINA3,SPARC,VIM
. BGN,FN1,GAPDH,H2AC20,HSPAS,LDHA,PKM,PPIA,
A 3.09 . LENI, 8 , s . > s
HIF1A transcription regulator ctivated 091 0.000000168 THBS1.TPI1.VIM
. ALB,ANXA1,ANXA2,CKM,COL1A1,COL1A2,COL2A1
OsSM cytokine Activated 2.979 2.27E-08 |COL6AT.FN1.HSPAS,S 100A9,SERPINA3,VIM
NFE2L2 transcription regulator Activated 2.952 0.0000163 ('OLIAI’FNI’LMNA’PDII‘/;}(’;PIB’SERP[NAS’TKT’TPI
Tefbeta group Activated 2.878 4.16E-13 BGN,COL10A1,COL12A1,COL1A1,COL1A2,COL6A2,
DCN,FN1,HSPG2,SPARC,TGFBL, THBS,VIM,VTN
TGFBR1 kinase Activated 2.804 3.29E-10 Acan,BGN,COL1A1,COL1A2,FMOD,FN1,TGFBL VIM
coN2 growth factor Activated 2.785 130809  |/AcamCOLIOAL,COLIAT,COL2ALDCN,FNIHAPLNI,S
PARC
BMP2 growth factor Activated 2.744 0.000000483 AW’ALPL’COUOAI’(OLlAlfLOLlAZ'COLZAl’FNl’
SPARC
. ALPL,ATP5F1B,COLIA1,COL1A2,COL2A1,FN1,HSPA
P1 transcript lat Activated 2.734 0.0000122 ” ’ ; i ’ ’
S ranscription regulator ctivate 73 5. PKM.SPARC.VIM
. ANXAI,ENO3,GAPDH,HSPAS,LDHA,OGN,PDIA3,PK
e Activate X ) > A N 8 , 8
IL15 cytokine ctivated 2.626 0.00000143 M.TKT TPII
ZEBI transcription regulator Activated 2.592 3E-10 COLI1A1,COL1A2,FN1,RPL30,TF, TGFBI,THBS1,VIM
ACTB,ALB,COL1A1,COL1A2,COL6A1,FNI,HSPAS.H
Insulin group Activated 2.573 1.37E-12 SPA8,LDHA,MDH2,P4HB,PKM,PPIA,PPIB,TGFBI, TH
BSI1
IGF1 ih £ Act od 2.483 3.77E-11 Acan,BGN,COL1A1,COL1A2,COL2A1,DCN,FN1,GAPD|
growth factor cvaed g > H,HAPLN1,HSPAS,LDHA,PKM, TF. TGFBLTHBS L.VIM|
estrogen receptor group Inhibited .63 0.0000145 | ANXAL,COL12A1,COL6A1,COL6A2,FNI,SPARC,VIM
Alpha catenin group Inhibited -2.602 0.000000114 | BGN,COL1A1,COL1A2,COL6A1,COL6A2,S100A9,VIM
PSMBI11 peptidase Inhibited -2.449 0.00000262 CHAD,COL1A1,COL1A2,COL6A1,COL6A2,THBS1
BDNF growth factor Inhibited -2.449 0.0000082 ANXA2,ANXAS,HSPAS,S100A9,SERPINH1,SPARC, T
HBS1,VIM
PRKAA2 kinase Inhibited -2.387 0.00000395 ALB,FN1,HSPAS,LDHA,P4HB,VIM
FAS t 1 receptor Inhibited -2.236 0.00122 ANXA2,BGN,COL1A1,COL1A2,COL6A1,FBNI
RICTOR other Inhibited -2.236 0.00197 ATPSF1A,ATPSF1B,RPL30,RPSA,Uba52
CLPP peptidase Inhibited -2.236 0.00000199 ATPS5F1A,ATPSF1B,GAPDH,MDH2, TKT
CUL3 enzyme Inhibited -2.236 0.000000784 Acan,COL2A1,COL9A1,HAPLN1,S100A9
CRIL other Inhibited -2.236 6.19E-08 BGN,COLIA1,COL1A2,COL6A1,FBN1
TSC2 other Inhibited -2.219 0.000152 ANXAI,ANXA2,GSN,HSPAS5,PRELP
PTP4AI phosphatase Inhibited 2.157 4.08E-09 ANXAS’COMAI‘COLMZ\}E;FIAI’PKM‘SPARC'TKT'
. ATPSF1A,ATPSF1B,COL1A1,COL1A2,COL6A1,COL6
c o Inhibited 2. ) ) ) R ) .
NR4A1 ligand-dependent nuclear receptor nhibited 2.061 0.000000292 A2.ENO3.MDH2,PDIA3
PRKGI kinase Inhibited -2 0.00000314 COLIAI,FNI,MPO,THBS1
ARHGAP31 other Inhibited -2 0.00000356 COL6A1,COL6A2,FNI,SPARC
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29 : Enthesis SRS B EBEE VK EHGRBICEB T 52 mRNA RBHEBRER

A: Enthesis FCREHIRIZ331F 2 TGFR K U'BMP > 7' /AR ER IR B AR 1 OmRNAFH X S Bl & Lhiig U7z,
Primer: Tgfbl, Bmp2. Bmp4. Alpl, Col2al, Sox9. Runx2, B:# B2 5 BIE T OmRNAF X B &
Z bl L7, Primer: Tgfbl, Collal, Con3al, C: Enthesis FCHEIBIZ 31T % Bmp2 &% O'Bmp4 D Tefb 11233 5 HH
RFEBULR IR R, DR LA 1T 5 Col3al & Collal FIxHFEBLL SR LR R, E: Enthesis FCRRIE K UMk
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ST EMFENRBETICE Y, TGFB A —X—7 7 I U — (TGFB-
Smad % O BMP-Smad & #) {fmERKE OEMEMN, A KR — Y H
# % Enthesopathy £ @ Ji B9 i & Z b I & T 2 AR & 72 0 15
L2 EDBHLEMNER ST,
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ftENZonEAHTHLE, L LAKRIETIE, BICBT S
Collal mRNA 7 EC B {7 72 @ B # T D L Tefbl @ M I
Col3al 8 Collal X WHEB 7o TWit, THIXEATHAEICTT
DY AEAT A 26.8m/min T 1 ML mMEETEZSELT v FO
mRNA T #E 5 (Coll 3 #H. 7% Sedentary B LV LA L. Col3
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N—7 71U —o® TGFB-Smad # # & BMP-Smad #% & o % M 1t
W5 L TkY, EC B2 EHIIC Overuse 28 % & BMP-
Smad ¥ OIEMEANEINT 52 L REHA N, TGFB 1L,
AL MBAREED Y T Y 7B F oMo hE ek, M
BEERLE 2L ODEMFH T o A CHET S LHMEYA D
A THY. B -WKEF-BERECESEBET LR TH H 88-90,
OB AR T, A" X R B OEE 2R L, KB
fa Db &2 B S EE 2R T D 00, BEMMN TIE, EMEIS
Y —3 L T Enthesis FC Il FHEICHEBL 525K FTH 5
79.80), —F T, BOB/INEEOBEEICES LV | ML L E
TOERFThHoob & BT DM L > THENELT
HRFTH D 8182, IO TIE, SBEE TO TGFB O ith R
3 B2, Enthesopathy #fkOJREE bzl Z2 L 18 F
BIE R BT 2 HF N FEBEEO BB TGFB B REB L T
W5k 8 FREASICREIT LW TO TGFB i F % Bl 23
B OA ODFERFTHLZILREDHLNITHR S TWVD 82, L
7ol o T, TGFBIZRBEHA L2 1T T BEEZIZHLIKFET IR
FTThdreEXAOND, 0, BHEIC o THREN L KM I
% TGFB X, Ca (2+) ORBLEZHEBEL L THHET %
FET LN RENTED 99 FEMAKHOZ X F—7 %
E#ES LSEHEBEHNICEHSRFTHLIZ ERTFIBINLTWD,
BMP /X, BHEELIE YV ET Y o 7l IWFEAE DR« 72
maar, BREERICEELRESH ZRZLTWD 99, fl 2 1%
SB fHEL TiX. BHFMBOSILRESCEHEIERICEAE L T 989,
o MEEKICEYTIE, REFTESLKEOMRE - BE. KE
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Ml D m ko fbofedER EICEELTWS 9, LT, H
RS0 A KAL DR T 100 X ST RE N B b HE R E E
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TR, MRS ALP BBMESEBSHEML TWD Z &b b
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D7 BARN—T7BRRBIHTND 209D LxLARIEICE VT
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—HFCTHMESCOHERA.MBO 7 7 24 —{LIZHER SN 1o
2o Thbb, KRR CAE U Enthesopathy £k D JERE A 1L
FEHENFBERZEC TV E WS LV FCHEBIZKE T 2 A K
IEDOREIZLAIBEEADELZLEEZEZTHIENTEX D,

AL EREICBTA2ME L L TRBER T & 0T, &#FH
EAT % 4T 9 Overuse FELIRE TV R AEIT 217 5 Misuse FEH D
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LM AWMERAT 2N TERVHERSD S, LN
ST ABEAECERBEHENTIHDESCERHOY 4 X2 Lo
THIR I ATV D RN H Y, T X ToEBY I I EBAL A R
72 % Enthesopathy (i H T 20 & 5 N ILBLFE R CTIXES TX
BV, FEb ) 2 OHBE LT NASMOEELE X LD,
M TIE, AR — Y #E M Enthesopathy O3 TdH 5 4
WToLLzRIET 2O RV RABEEH T O A& 3
fi L7z (o AR AAHM: 4-8 ), T AHHEZ LV EL T2
CLTHMERE TCOERIZFRT DI LEVNARBRTHL 2D
LAV WA MR DL o 28 6 o 2 72 @ A AW oD [R5 2%
& o T2, & D7D KR FE P Z 3 F WKOE ARk 25 M 99 70 A AR 123
JE R RE T & D A%, MER#Y LB @ Enthesopathy (23 Ji T & 2 7
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) FET 2, ARIETEHBRFORBEEZRIEL T d,
EC BN @B I X U canonical B O ABE ML L ZD 2.
L < & non-canonical M b EWHMH L T D2 WL 2Tk
W, %M ORKEMIT T 2t CECEBMNAEH S EL LD
BHEZEELMLLS T VORHLAICT Z2Z b METH DL LEH
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i B - Enthesis FC M Z M L=, k. FC X

t_l_

FHMAEENLRVEIICEBELARNLHI D H L,

2ul F a2 —7 &Y 7, ISOGEN (NIPPON GENE,

Tokyo, Japan) 400pl., Y/ 2 =7 E — X % I 2 .

TissueLyser {2k v b L 7z,

#lfk 2 50Hz T 5 /L. KET1HhMmEA L%,
X 52 50Hz T 5 4y MM L 7=,
Dha=7bv—X%&xkREK, BERICTHoMEHEL I,

200pl @7 mu AR AERML, 30 MM LS H#EHL -,

4°CER B F T 154 M. 12000g T LO#IEL -,
LRI AkKBEZHLWVWF 22— 7 ICBE %K. 3ul ©
Ethachinmate (NIPPON GENE, Tokyo, Japan) & /K& ®

0.8 % & ® 2-propanol Z iR LEEEIE L 7=, & D% 4°C
R T —BERE L,

4°CE B F T 154 M. 12000g T LO#IEL -,

Wik L T o by bSO EIEERE L,

Wik ~L v MZ 1ml ® 70%~ % /7 — /L&KM LIRM%.
4°CER B F T 5 4. 12000g TiIELEEMEL -,

Ny MU EEEREL, BEIRTI00BEZREI T

~ L w MZx L UltraPure DEPC Treated Water(Thermo
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14.

15.

16.

17.

18.

19.

20.

Fisher Scientific, MA, USA) # 15ul /14 5 Z & T RNA
W LTz,

RNA wH®ICxt LIBEASZ 2 &5 DNA B ET 5720
DNase (TaKaRa Biotechnology, Shiga, Japan) &L % 5

i L72, RIGHIZELTFTO X H> Il L =,

DNase I &
RNA R 15ul
10 X DNase I Buffer 2ul
Recombinant Dnase I (Rnase-free) 1pd
Rnase Inhibitor 0.5ul]
UltraPure DEPC Treated Water 1.5ul
Total 20l

OGS HR 2 RNAB RIS L 37°CA > F 2 X— % — AT
30 47 Al i i& L 72,
BN 7 5 DNA OFrE RO RNA BE® 21795 729, RNA
"k & DNase I J& & # (2 RNAClean XP (Beckman
Coulter, CA, USA) % 36ulimim L 7=, 30 [ O 1% =
BIZCHhyMEFET 22 & T DNAW A 28— XITH
G,

WK 77— EZBEBHL 10 0MBELZ, TOKRT ALY
L—& =T hiFEREL I,

R 71— bhETT70%= % /7 — )L 200ul Z @01 30 7
HiELHELREERELE, T0%T % ) — Lz &k 3
B SEH L7z, Ve BIE=EICT 10 ML w7

W 7 v—hrn6EAL, UltraPure DEPC Treated
Water Z 50 LI # L 7=,

A7 —hFPETHEMFEL, KRS RNAY 70
et ElEEHLWT a2 —TICBE L,
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13.3.2High-Capacity cDNA Reverse Transcription kit %
7= ¢cDNA & 5k FE

High-Capacity cDNA Reverse Transcription kit (Applied

Biosystems, CA, USA) Z i L. WiR W%, ik

LU TO XS ICHMEL L,

High-Capacity cDNA Reverse Transcription kit 5 )i #Z
10 X RTBuffer 2.0ul
25 X dNTP Mix (100mM) 0.8ul
10 X RT Random Primer 2.0ul
MultiScribe Reverse Transcriptase 1.0ul
UltraPure DEPC Treated Water 3.2ul
RNAf & 10ul
Total 20ul

Thermal Cycler Palm-Cycler ZfHH LLLF DO 7 ma 7 7 A

T cDNADOEKEATR o T2,

Thermal Cycling Condition
Step1 25°C 10min
Step2 37°C 120min
Step3 85°C 5min
Step4 4°C oo

G L 72 ¢cDNA I E B I2-80°CTHRAE L. MR I IZ 1% 75 fiR
W L THERLZ,

W E R INIC L > TH LN ¢cDNA Z 8 & L, Real
time PCR # W T E = F D mRNA x5 & % ik
L7z,

Real time PCR [ StepOnePlus system ( Applied
Biosystems, CA, USA) & TaqMan Gene Expression
Assays probe (Applied Biosystems, CA, USA) % H W C
FEh L 7o, BB ERICEA L TIZLLTo®@EY ICHHEL -,

121



Real-Time PCR )&%

TagMan Fast Advansed Master Mix 10p]
UltraPure DEPC Treated Water Tul
Reference gene primer 1ul
Targed gene primer 1ul
Sample cDNA 1ul
Total 20ul

S L 7-VA A 96-well L — M2 L., EIRIZT

BfE L 72,

StepOnePlus system (Z

PCR X Fast mode (95°CT 20 # .

IE LT,

\Z CTHFF 45cycle FE it L 72,

fiE T )7 15 1% 2 0ACT ¥ % H W T Reference gene |2 %f 3 5 1=

SR (/RN G - S R (VR RNl 4

B F ORI EZFERLE LT,

13.3.3 ff/H L 7= Primer

60°CT 20 b1 7 V)

TRAETT
BEF4 Wik VIC/FAM
Tumor necrosis factor-alpha (Tnfa) Mm00443258-ml FAM
Interleukin-6 (1I-6) Mmo00446190-m1 FAM
Transforming growth factor-beta 1 (TgfB1) MmO01178820-ml FAM
Glyceraldehyde 3-phosphate dehydrogenase (Gapdh) Mm99999915-g1 VIC-PL

JRFEI
BEF4 Wi gk VIC/FAM
Transforming growth factor-beta 1(Tgfp1) MmO01178820_ml FAM
Bone morphogenetic protein-2 (Bmp2) Mm01340178_m1 FAM
Bone morphogenetic protein-4 (Bmp4) Mm00432087_m1 FAM
Collagen type Il alpha I chain (Col2al) MmO01309565_ml FAM
Alkaline phosphatase 1 (Alp1) Mm00475834 ml FAM
SRY-box transcription factor 9 (Sox9) Mm00448840_ml FAM
Runt-related transcription factor 2 (Runx2) Mm00501584 ml FAM
Collagen type I alpha 1 chain (Collal) Mm00801666 gl FAM
Collagen type IlI alpha 1 chain (Col3al) Mm00802331 ml FAM
Hypoxanthine Phosphoribosyltransferase 1 (Hprtl) Mm00446968 ml VIC-PL
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13.4  fili 2 ¥R 4
13.4.1 Qproteome FFPEKkit Z 72 & > /N7 B i H i 12
10pm (2T 40 #&/ 1 xR DY)/ 2 ER L 7z,
] i % Director slide (AMR, Tokyo, Japan) (Z D+, fi
NT T 4 R, FC iz LT 27201 TB &
R L7
ettt L7281 2> 5 LMD7000(Leica Microsystems, Tokyo,

Japan) (T FC kD & % 0.5ul ¥ = — 7 IZBIX L 7=,

Bl L 7= % » 7 v I Extraction Buffer EXB & B-
mercaptoethanol JE & (94 : 6) % 50ul Win LIEFf L
726

KETHEMGBAL, WX T2k o FBERML -,

P TIUNRANoT2F 22— 7 % 100°CT 20 oA~ F 2~
— h L7,

T IVN Ao 2T =2 — 7 % Thermomixer % A\ T
80°CT 2 Kffl. 750rpm TA ' F =2 X— kL 7=,

VU TANR AT TFa—T7 4°CT 1M AyFax—hFL
7o

4°CEE 5 T C 15 43 [ 14000g oz D fE & Fh L, i L
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10.

11.

12.

13.

14.

15.

16.

17.

B RITEPREENTWS EEZ 1.5ml F2—7 128
LB R T,

it L7 # v "7 Bk # Pierce Micro BCA Protein
Assay Kit (Thermo Fisher Scientific, MA, USA) % AW
THE NIV EREZREL -,

200pl @ methanol i % ' NI HEWRIZHEML 10 B
MR L7z, €Ok 10 B H 9000g T L #E L 72,
50ul ® 7 ma R AEMMME Y N EEIRICEML 10 B
MR L7z, € o% 10 B H 9000g T L #iE L 72,
150ul ® HLPC-grade @ H20 # #itH # > R 7 B IERIZHK

MU 10 EEML7EZ, 0% 14H 9000g T L#fE L

7= 6
ELOBRMEICELY 38 (EB: kB, v/E . 2o 78,
TR . ArRE) SEESE 0L, FEOAREL -,

150ul @ methanol Z¥/M L 10 BWEEM L7, TDH% 2
5y 9000g T 2 Rl L#IEL 7=,

W L=~y NSO EERE 2 TEREL -,

W L=<y hE Imlox ¥ ) — L THEL, TDH% 2
sy 9000g TELEBELLE, 0% 2 BHICHIT T X )

— L EETHREL -,
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10.

13.4.2 % > X7 Bk R

e L7=~L > h%& 10ul ® 1% RapiGest SF (Nihon
Waters, Tokyo, Japan) in 25mM NH,HCO; T fig L 7=,
10pl ® 50mM Dithiothreitol(DTT: Merck, Tokyo, Japan)
in 25mM NH4HCO3 %# /& il L \ Thermomixer % ffl \» T 37°C
T 18R, 950rpm TH# L 72,

10pl @ 100mM iodoacetamide (IAA: Sigma-Aldrich, MO,
USA) in 25mM NH HCOs # ¥ /1 L Thermomixer % H \»
T 37°CT 1 Wff], 950rpm THERHLL, vtk 1045 2
ElF =2—7 @Bl TERML I,

90pl @ 25mM NH,HCO3 % % L 7=,

4pl @ 0.25pg/pl trypsin (Promega, WI, USA) in 25mM
NHHCOs # i/ L 7=,

BTCERE F T WA v Fa—|F L,

20pl ® 5% (v/v)trifluoroacetic acid(TFA: Sigma-Aldrich,
MO, USA) ZiHR/M L T trypsin i X 2 #HELEFEIE L 7=,
Thermomixer Z AT 37°CT 1 Kffi]. 950rpm T ##
L T2,

24°CEE B F T 30 4y [ 13000rpm D E L #EE/E A EhE L 7=,
TrypsinllE 2 SN XTF R E2EH EBAEZHLVT =
— 7B L %2 Speedvac evaporator % A\ T H 22 7 f&

g Al
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13.4.3 C-TIP % Vv 7c i 3 % e i 2

HEW RS- i L, TFA_LA [ H20 :
Acetonitrile (ACN) : TFA=98:2:0.1] Wik Z /WL .
AEHEEHEERICL T T E2E w7,

C-TIP T300 (AMR, Tokyo, Japan) % 2ml F = — 7 ® #
e x gl L, F 2 #E [HaO: ACN : Acetic acid (AA)
=20:80:0.5] & 10pl &Lz,

24°CE 52 F T 15 M 1500g O LAH 2 Fjm L, A3 A
7 42— L,

e\ T C-TIP ({3 B (H20 : ACN: AA = 96 : 4: 0.5)
Z 10pl ¥ L 72,

24°CE 52 F T 15 M 1500g o LA 2 Fj L, ¥ B
74N E =B Ll (74 —HFOEKZAE A »
HBHRE B ICEBRT D ETRTF REWREATEERIREC
L),

C-TIPIZH > 7 IVIEW % 10ul IR L . 24°CERE F C 15
[l 1500g O LA 2K L7z, Z OEFE%ZHMEDY
L7,

oz #E B% C-TIPIZIRML, 24°CER K F T 15 B
il 1500g @ = Oy AL ER % F i L 7=,

C-TIP NEZH S > TWVDHFa—7DHE% TPX # 1.5ml
7F = — 7 (Hitech, Tokyo, Japan) (ZI1Z®H Z &, o 7
M T A0 ICHIE A ZFHE C-TIP I 10pl 0L 72,
24°CE B2 F T 15 M 1500g o LA 2 FEm L., Vv 7
NEBHE L, 89D EEL 2 YKL 2,
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10.

11.

12.

13.

C-TIPHPHE o TWAHETF 2a—70xFZI L. TPX R 1.5ml
Fa—TRHrTAREE>TWDHIREIZL T,
Speedvac evaporator & H \» T H 22 7 i & & 7=
e U7 iz TFA_A [H20 : Acetonitrile (ACN) :
TFA=98:2:0.1] WK ZIRM LB EFHEEFKICL > TY
YIRS,

BICA = T T —HONRIZY T NVERER L

i
B x . LC-MS/MS fg#riz Bl L7z,
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14 55— 4% — &

REE 1
X4 B C D E F
Control 32.578+2.798 0.0740.007 3.953+0.177 0.176+0.017 0.0290.003
Overuse 33.884+1.580 0.084+0.004 3.996+0.238 0.1690.008 0.031£0.002
Misuse 36.733+2.183 0.085:£0.009 4.203+0.336 0.147+0.013 0.034+0.002
Misuse+Overue 37.008+1.899 0.0930.008 4.403+0.63 0.145+0.012 0.0370.002
B5 B [¢ D E
Control 1.705+0.060 0.6790.055 38.417+4.640 0.156+0.007
Overuse 1.716+0.075 0.711:£0.045 41.424+1.632 0.170:£0.008
Misuse 1.759+0.044 0,743+0.045 42.305+3.060 0.174+0.007
Misuse+Overue 1.750£0.053 0.817:£0.039 46.731+1.862 0.186:£0.009
7 ¢ D
Control 0.9180.465 1.173£0.300
Overuse 1.101£0.489 1.296+0.353
Misuse 2.1510.544 1.932+0.328
Misuse+Overue 2.483+0.685 2.153+0.277
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&9 B
Control 1584.84211.4
Overuse 1661.7+158.9
Misuse 1913.0499.1
Misuse+Overue 1953.9+144.9
E10 B C D E (UFC rate) E (CFC rate)
Control 0.107+0.008 0.040+0.005 0.066+0.004 37.98+2.31 62.02+2.31
Overuse 0.117+0.010 0.047+0.004 0.068+0.006 40.76x1.72 59.24+1.72
Misuse 0.128+0.008 0.055+0.004 0.072+0.005 43.45+1.61 56.55+1.61
Misuset+Overue 0.139+0.014 0.063+0.007 0.077+0.008 45.20+0.95 54.80+0.95
12 B C D
Control 39.12+3.28 38.04+4.03 38.53+1.74
Overuse 41.36+2.70 42.24+2.87 40.30+1.28
Misuse 46.42+1.65 50.25+2.13 43.51+2.89
Misuse+Overue 48.98+1.86 53.94+2.04 37.15+2.55
®13 B C
Control 50.95+5.95 12.93+4.42
Overuse 61.03+3.71 16.80+2.95
Misuse 66.71+3.16 29.07+5.65
Misuse+Overue 73.49+4.40 35.27+6.39
14 B C
Control 1.12+0.22 2.48+048
Overuse 1.29+0.29 2.89+0.55
Misuse 1.74+0.21 3.72+0.67
Misuse+Overue 1.94+0.14 4.41+0.57
B15 B C D E F G
Control 2.797+ 0.120 0.0103+0.0006 10.651+0.764 0.025+0.002 3.931+0.223 0.173+0.008
Overuse 2.819+0.102 0.0108+0.0006 11.641+0.814 0.027+0.003 3.815+0.264 0.172+0.008
Misuse 2.985+0.135 0.0118+0.0006 13.100+0.953 0.029+0.002 4.038+0.264 0.163+0.008
Misuset+Overue 2.966+0.144 0.0127+0.0010 14.191+0.778 0.003+0.002 4.063+0.402 0.154+0.007
16 A B C
Control 1.00+0.36 1.00+0.64 1.00+0.42
Overuse 1.06+0.47 1.21+0.78 1.21+0.31
Misuse 1.85+1.08 1.22+0.64 2.19+0.85
Misuset+Overue 4.10+1.09 2.28+0.78 3.09+0.61
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20 B C
2W Control 1212.2+87.3 0.58+0.06
2W Overuse 1233.0£72.6 0.64+0.06
2W Misuse 1394.3+102.9 0.74+0.06
2W Misuse+Overue 1519.2+155.1 0.82+0.06
4W Control 1635.3+126.9 0.72+0.04
4W Overuse 1672.9+145.9 0.76+0.06
4W Misuse 1859.1+132.8 0.87+0.08
4W Misuse+Overue 1938.7+125.3 1.00+0.10
21 B C
2W Control 0.093+0.004 9.76+2.13
2W Overuse 0.094+0.004 10.80+3.32
2W Misuse 0.101+0,006 15.49+2.02
2W Misuse+Overue 0.109+0.006 18.28+2.63
4W Control 0.107+0.005 11.29+2.27
4W Overuse 0.111=0.008 13.23+2.67
4W Misuse 0.124+0.005 21.88+2.70
4W Misuse+Overue 0.137+0.006 23.78+3.10
22 B C D E F G
2W Control 2.251+0.084 0.0066+0.0005 12.04+1.52 0.029+0.002 3.830+0.161 0.174+0.008
2W Overuse 2.290+0.114 0.0068+0.0007 14.39+1.17 0.031+0.002 3.836+0.253 0.168+0.011
2W Misuse 2.345+0.076 0.0078+0.0009 16.61+1.29 0.033+0.004 4.113+0.341 0.149+0.009
2W Misuse+Overue 2.391+0.068 0.0085+0.0010 16.95+1.29 0.036+0.004 4.149+0.225 0.149+0.007
4W Control 2.594+0.098 0.0090+0.0009 14.63+0.92 0.034+0.003 4.403+0.228 0,168+0.008
4W Overuse 2.654+0.067 0.0096+0.0008 15.59+0.84 0.034+0.003 4.444+0.361 0.163+0.010
4W Misuse 2.721+0.101 0.0109+0.0007 18.02+1.93 0.040+0.003 4.499+0.520 0,148+0.007
4W Misuse+Overue 2.779+0.052 0.0117+0.0009 19.11x1.77 0.042+0.002 4.552+0.245 0,140+0.009
B25 B C D
2W Control 24.90+2.46 5.08+2.30 0.21£0.09
2W Overuse 27.62+3.14 6.66+2.12 0.25+0.08
2W Misuse 32.6£2.71 12.7+2.42 0.39+0.09
2W Misuse+Overue 36.06+2.43 18.83+1.74 0.52+0.06
4W Control 24.42+1.86 4.11£1.55 0.17+0.07
4W Overuse 26.31+2.23 4.88+2.52 0.19+0.09
4W Misuse 31.434£3.02 11.95+2.31 0.38+0.07
4W Misuse+Overue 34.69+3.23 16.27+2.05 0.48+0.08
26 B C
2W Control 6.16£1.02 3.01+0.78
2W Overuse 6.48+0.95 3.53£1.05
2W Misuse 8.60+1.33 4.50+£1.12
2W Misuse+Overue 9.60+1.62 5.82+1.06
4W Control 8.02+1.23 4.79+0.72
4W Overuse 8.55+1.23 5.08+1.15
4W Misuse 10.96+1.57 6.06+1.01
4W Misuset+Overue 14.02+1.37 6.80+1.27
27 B
2W Control 6.48+0.90
2W Overuse 6.63+0.95
2W Misuse 6.40+0.95
2W Misuse+Overue 6.52+0.93
4W Control 6.46+0.68
4W Overuse 6.75£1.18
4W Misuse 6.81+0.82
4W Misuse+Overue 7.20+£1.27
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28 B C
2W Control 36.09+2.38 15.39+2.42
2W Overuse 39.3242.91 16.30+£3.15
2W Misuse 47.4+3.26 20.9+3.43
2W Misuse+Overue 48.84+4.10 22.5743.70
4W Control 21.04+2.93 12.66+2.82
4W Overuse 22.68+2.51 13.02+3.15
4W Misuse 28.92+3.57 17.05+2.90
4W Misuse+Overue 32.02+£2.92 18.30+£3.42
29 A Tgfbl Bmp2 Bmp4 Col2al Alpl Sox9 Runx2
2W Control 1.00+0.27 1.00+£0.24 1.00+0.29 1.00+0.44 1.00£0.18 1.00+0.34 1.00+0.39
2W Overuse 1.05+0.28 1.36+0.53 1.13+£0.37 1.56+0.72 0.95+0.28 1.25+0.60 0.99+0.34
2W Misuse 1.36+0.18 1.82+0.44 1.62+0.35 2.98+1.11 1.46+0.48 1.61+0.48 1.26+£0.28
2W Misuse+Overue 1.81£0.19 3.52+1.07 2.89+0.76 3.48+1.27 1.87+0.57 2.57+1.10 2.43+0.83
4W Control 1.00+0.28 1.00+0.38 1.00+0.29 1.00+0.25 1.00+0.47 1.00+0.39 1.00+0.42
4W Overuse 1.18+0.22 1.24+0.42 1.32+0.54 1.49+0.43 1.82+0.37 1.15+0.34 1.30+0.21
4W Misuse 1.53+0.31 1.57+0.39 1.40+0.60 2.27+0.49 2.11£0.58 1.73+£0.22 1.65+0.32
4W Misuse+Overue 2.05+0.41 2.03+0.72 1.59+0.85 2.38+0.57 2.8140.85 2.52+0.97 2.25+0.62
E29 B Tgfbl Collal Col3al
2W Control 1.00+0.20 1.00+0.17 1.00+0.21
2W Overuse 1.60+0.38 0.87+0.25 1.000.21
2W Misuse 5.08+2.33 0.70+0.14 1.08+0.12
2W Misuse+Overue 7.12+1.54 0.45+0.14 1.11x0.22
4W Control 1.00+0.09 1.00+0.20 1.00+0.16
4W Overuse 1.24+0.28 0.82+0.19 0.95+0.29
4W Misuse 1.37+0.28 0.79+0.20 1.22+0.28
4W Misuse+Overue 1.62+0.24 0.87+0.06 1.44+0.19
®29 C/D Bmp2/Tgfbl Bmp4/Tgfbl Col3al/Collal
2W Control 1.09+0.42 1.05+0.30 1.03+0.25
2W Overuse 1.27+0.40 1.06+£0.24 1.23+0.39
2W Misuse 1.33+0.21 1.18+0.14 1.62+0.41
2W Misuse+Overue 1.93+0.46 1.62+0.50 2.60+0.59
4W Control 1.07+0.43 1.40+0.29 1.02+0.19
4W Overuse 1.05+0.37 1.13+0.40 1.19+0.34
4W Misuse 1.03+0.16 0.89+0.24 1.57+0.20
4W Misuse+Overue 1.00+0.29 0.75+0.29 1.71+0.23
E29E Col2al
2W FC 1.00+0.44
4WFC 1.00+0.56
2W Tendon 0.008+0.004
2W Tendon 0.002+0.001
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Abstract: How various types of muscle contraction during exercises affect bone formation remains
unclear. This study aimed to determine how exercises with different muscle contraction types affect
bone morphology. In total, 20 mice were used and divided into four groups: Control, Level, Down
Slow, and Down. Different types of muscle contraction were induced by changing the running angle
of the treadmill. After the intervention, micro-computed tomography (Micro-CT), tartrate-resistant
acid phosphatase/alkaline phosphatase (ALP) staining, and immunohistochemical staining were
used to analyze the humerus head, tendon-to-bone attachment, and humerus diaphyseal region.
Micro-CT found that the volume ratio of the humeral head, the volume of the tendon-to-bone
attachment region, and the area of the humeral diaphyseal region increased in the Down group.
However, no difference was detected in bone morphology between the Level and Down Slow groups.
In addition, histology showed activation of ALP in the subarticular subchondral region in the Down
Slow and Down groups and the fibrocartilage region in the tendon-to-bone attachment. Moreover,
Osterix increased predominantly in the Down Slow and Down groups.Overall bone morphological
changes in the humerus occur only when overuse is added to EC-dominant activity. Furthermore,
different type of muscle contractile activities might promote bone formation in a site-specific manner.

Keywords: exercise; muscle contraction; bone; tendon-to-bone attachment

1. Introduction

Bones play a very important role in the musculoskeletal system because they function
as a lever for muscle contraction and promotion of joint movement. Exercises induce a
beneficial increase in bone density during tissue maturation in growing children [1] and
contribute to protection from age-related bone diseases, such as osteopenia and osteoporo-
sis [2]. Sports activities promote bone formation, and the dominant hand humerus of a
tennis player may have a larger bone circumference than the non-dominant humerus [3].
Bones cause hyperplasia when excessive mechanical stress is applied. Many in vivo ani-
mal models of various movement types, such as running, jumping, free-fall landing, and
swimming, have been developed to identify the modes of movement that cause optimal
bone formation [4-7]. For example, studies using treadmills found that bone formation
was promoted in the group that performed flatland running [8,9].

Mechanical stress is constantly generated during exercises, and the amount of exercise
is an important factor that determines the increase or decrease of mechanical stress. [n the
studies using the treadmill, running speed and its frequency have been often analyzed.
However, it should be noted that the muscle contraction type is one of the factors that affect
mechanical stress during exercises. There are roughly three types of muscle contraction,
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Le., Concentric Contraction (CC), Isometric Contraction (IC), and Eccentric Contraction
(EC), and CC or EC always occurs during exercise. [tis known that CC has a small amount
of mechanical stress because the directions of joint movement and muscle contraction
are the same, while EC has a large amount of mechanical stress because the directions
of joint movement and muscle contraction are opposite [10]. Therefore, when verifying
the effect of mechanical stress due to exercise, it is necessary to consider not only the
amount of activity but also the muscle contraction type. One clinical study found that
EC-dominated training increased bone mineral density levels [11], and another study using
small animals also demonstrated that an EC-dominant mode of exercise promoted femoral
bone formation [12]. However, these studies did not use active exercises, and they focused
only on the lower limbs in quadrupeds but not on the upper limbs, which are load joints.
Moreover, very few studies have investigated the effects of changes in muscle contraction
type during movement on bone-related disorders. Notably, recent evidence suggests that
bone-related disorders, such as Osgood-Schlatter disease, can be caused by the misuse of
the body during performance [13]. This misuse may reflect changes in muscle contraction
types. Therefore, clarifying the effect of stress on bone formation based on different muscle
contraction types may help elucidate the onset mechanism of sports disorders.

The purpose of this study was to examine how various types of muscle contraction
associated with different running conditions affect mouse humerus morphology using
microcomputer tomography (Micro-CT) and histological analysis. Because bone growth is
not reflected in mature individuals, we decided to use growing mice in this study.

2. Materials and Methods

According to the exercise conditions that have already been established, mice were
subjected to exercises that change the muscle contraction types. The following sections
detail the experimental design and materials and methods.

Regarding this research, The Animal Research Ethics Committee of the authors’ uni-
versity approved this study, which was performed in compliance with the University
Animal Experiment Guidelines (Approval number: 2019-3).

2.1. Experimental Design and Exercise Intervention Protocol

Twenty male Slc:JCR mice aged 3 weeks were purchased from Japan SLC Ine. (Shizuoka,
Japan). After a 1-week adaptation period, a 4-week exercise intervention was performed.
All mice were individually housed in plastic cagesat 23 °C +17Cina 12-h light/dark cycle.
A small treadmill was used for the exercise intervention, and the mice were assigned to four
groups: Control (non-running; Figure 1A) group, Level (level land running (fast speed);
Figure 1B) group, Down Slow (downhill running (slow speed); Figure 1C) group, and
Down (downhill running {fast speed); Figure 1D) group. Based on a previous study [14], we
changed the muscle contraction type using the inclination angle of the treadmill {downbhill
running imitates EC of the target muscle, and level land running imitates a mixture of CC
and EC of the target muscle). The shoulder joint was the target joint, and we analyzed the
humeral head, supraspinatus tendon-to-bone attachment region, and humeral diaphyseal
region. As EC produces approximately 1.2-2 times more joint torque and force than CC and
IC, the load in the Down Slow group increases when the exercise is performed at the same
speed as that in the Level group [15,16]. The running speed was adjusted for the Level and
Down groups so that it was 1.5 times faster than that in the Down Slow group (Figure 1E).
The exercise intervention lasted for 1 h per day and 5 days per week for 4 weeks.
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Figure 1. Grouping and exercise intervention protocol. {A) Control group: free movement in the
cage, non-running intervention. (B) Level group: running on the level land and fast speed running
intervention. (C) Down Slow group: running downhill and slow running speed intervention. The
predominance of eccentric contraction (EC) during running exercise increases. (D) Down group:
running downhill with the same intervention speed as that in the Level group. The predominance of
EC during running exercise increases. (E) Temporal changes in exercise intervention speed. The solid
line shows changes in exercise velocity in the Level and Down groups. The dotted line shows changes
in exercise velocity in the Down Slow group. Considering exercise intensity, the Level and Down
groups were subjected to interventions at a rate 1.5 times faster than that in the Down Slow group.

2.2. Specinien Collection

Immediately after all exercise interventions were completed, the body mass of the
mice was measured (Table 1). The animals were then euthanized by professional cervical
dislocation under deep anesthesia with 2-4% isoflurane. To confirm the effect of exercise
on the target muscle, the left supraspinatus muscle was peeled off from the scapula,
and the wet muscle mass of the entire supraspinatus muscle was measured (Table 1).
The left humerus and right shoulder joint were collected for bone morphological and
histological analyses.

Table 1. Overall Body Mass and Wet Mass of the Supraspinatus Muscle.

Group Body Mass (g) Muscle Wet Mass (mg) Normalized Value (mg/g)
Control 354 % 1.02 46.0 = 4.90 1.30 = 0.12
Level 35.6 + 1.02 50.0 + 6.32 1.40 + 0.7
Down Slow 36.8 £ 0.75 62.0 £4.00 %% 1.68 0,08 *+
Down 374 +£1021 64.0 +4.90 & 1.70 + 0.09 *4

Data are shown as mean + SD. * Control vs. Down Slow group, p < 0.05. * Cantrol vs. Down group, p < 0.05.
! Level vs. Down Slow group, p < 0.05. § Level vs. Down group; p < 0.05.

2.3. Bone Morphological Analysis

The collected left humerus was washed with physiological saline and fixed with 4%
paraformaldehyde for 24 h. Micro-CT (Sky scan 1272, BRUKER, MA, USA) scan was
subsequently performed (n = 5/group). The measurement condition of X-ray, detector
resolution, pixel size, and rotation angle pitch were 60 kV/165 uA, 2452 x 1640, 5 um, and
0.5 /sec, respectively. Subsequently, using a dedicated visualization application (CTvox;
BRUKER, MA, USA), the measured data were converted into three-dimensional data and
analyzed in each group; subsequent analysis was performed using an analysis application
(CT Analyzer; BRUKER, MA, USA).

Humeral head regions were distinguished from the perfect cartilage tissue based on
a certain threshold (bone: 60-200). The threshold was not changed between individuals.
The cancellous bone region above the growth plate (excluding the growth plate) was
used as the analysis region. The region of interest (ROI) was set using a free pen to
include the entire humeral head in the sagittal section image, and the following analysis
items were calculated: bone volume ratio (BV/TV), trabecular number (Tb.N), trabecular
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thickness {Tb.Th), and trabecular separation (Tb.Sp). In addition, for the analysis of the
tendon-to-bone attachment region, which is the fibrocartilage region (including calcified
fibrocartilage), the threshold was set at 60-100 to distinguish between complete cartilage
and complete cortical bone. The ROI was set at the tendon-to-bone attachment region
using a free pen on the sagittal section image. The range of the supraspinatus attachment
(400 um) was set as the analysis area, and its volume was calculated.

Next, for the analysis of the humeral diaphyseal region, the part 2 mm below the lower
end of the surgical neck of the humerus was analyzed. Since the humeral diaphyseal region
is the perfect cortical bone, the threshold was set at 100-200. The analysis items included
the total cross-sectional area (Tt.Ar), cortical bone area (Ct.Ar), cortical bone area/total
cross-sectional area (Ct.Ar/Tt.Ar), and cortical bone thickness (Ct.Th). The results of Ct.Th
might differ depending on the analysis part. Therefore, the thickest part, the thinnest
part, and the opposite side of the thickest area in the cortical bone circumference in the
analysis section were used as measurement criteria, and the average value was calculated
and compared.

2.4. Histological Analysis

The collected right shoulder joint was fixed with 4% paraformaldehyde solution for
48 h. Subsequently, decalcification treatment was carried out with a 10% ethylenediaminete-
traacetic acid solution over 2 weeks. After decalcification, the tissue was embedded in
paraffin. A paraffin block was then prepared using a paraffin embedding block making
device (Tissue Tech TEC™ Plus; Sakura Seiki Co., Ltd., Tokyo, Japan), and the block was
stored at —20 °C until section preparation. All tissues were sliced at 5 um thickness using
a microtome REM-710 (Yamato Kohki Industrial Co., Saitama, Japan). After deparaffiniza-
tion, tartrate-resistant acid phosphatase (TRAP) positive cells and alkaline phosphatase
{ALP) activation were evaluated with a TRAP/ALP staining kit (FUJIFILM Wako Pure
Chemical Co., Osaka, Japan). After deparaffinization, the slice was washed with distilled
water. Then, a mixture of tartaric acid solution, acid phosphatase substrate solution A, and
acid phosphatase substrate solution B {ratio: 10:90:1) was reacted in a 37 “C incubator for
30 min. Subsequently, the slice was washed again with distilled water and infiltrated with
a 0.1 mol/L 2-Amino-2-hydroxymethyl-1,3 propanediol- hydrochloric acid solution for
10 min. It was then reacted with an alkaline phosphatase premix substrate solution for
90 min at 37 °C in an incubator. After washing again with distilled water, the slice was
finally incubated with nuclear staining reagent for 5 s for counterstaining. Macroscopic
observations were performed to analyze the histological images in the articular cartilage
region and the tendon-to-bone attachment region.

In addition, immunohistochemical (IHC}) staining was performed for the humeral
head to label osteoblast differentiation marker Osterix (OSX) to evaluate the dynamics of
osteoblasts. First, tissue sections were washed three times for 5 min with a PBS (pH, 7.4)
solution. For the antigen activation treatment, a Proteinase K (Worthington Biochemical
Co., NJ, USA)/distilled water solution {0.2 mg/mL) was added dropwise onto the sections
and incubated for 15 min. After washing with PBS (three times for 5 min), endogenous
peroxidase was inactivated by incubating the sections in 0.3% hydrogen peroxide /methanol
solution for 30 min. After washing again with PBS {three times for 5 min), sections were
blocked with 5% normal goat serum/PBS solution and were then incubated with anti-Osterix
{O8X) rabbit polyclonal antibody (1:300 dilution, bs-1110R, Bioss, MA, USA) overnight at
4 °C. The streptavidin-biotin-peroxidase complex technique was then performed at room
temperature using an ABC kit (Vector Laboratories, CA, USA). After washing with PBS
(three times for 5 min), sections for immunohistochemical analysis were stained using
diaminobenzidine (Agilent Technologies, CA, USA), and counterstaining of the nuclei was
performed with 25% Mayer’s hematoxylin. Image analysis software Fiji [17] was used
to analyze [HC-stained images. The analysis areas were the tendon-to-bone attachment
subchondral bone region and the subchondral bone region of the articular surface, where a
load is easily applied, and the area of positive cells per unit area was calculated.
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2.5. Statistical Analysis

All analyses were performed using R version 3.4.3 {The R Foundation for Statistical
Computing, Vienna, Austria). The Shapiro-Wilk test was used to determine the normality
of distribution for each dataset, and normality was recognized in all analyses. One-way
analysis of variance was performed after conducting the normality test. Tukey’s honestly
significant difference method was used for posthoc analysis. A p-value of < 0.05 was
considered significant. All results are shown as mean + standard deviation (SD).

3. Results

The comparison results of different groups that received exercise intervention are
shown below. Bone morphological results were classified by the humerus head region
and the humerus diaphyseal region. The histological analysis result is shown only for the
humeral head region.

3.1. Body and Muscle Mass Conparisen Results

The results of comparisons of body mass after all interventions, wet mass of the
supraspinatus muscle, and wet mass of the muscle corrected by the body mass are shown
in Table 1. Regarding body mass, a significant difference was detected only between the
Control and Down groups (p < 0.05, Table 1). In addition, the supraspinatus muscle wet
mass was significantly different between the Control and Down Slow groups, between the
Control and Down groups, between the Level and Down Slow groups, and between the
Level and Down groups (p < 0.05, Table 1). After normalizing the wet muscle mass by body
mass and calculating the relative value, significant differences were still confirmed between
the Control and Down Slow groups, between the Control and Down groups, between the
Level and Down Slow groups, and between the Level and Down groups (p < 0.05, Table 1).

3.2. Bone Morphological Results
3.2.1. Humeral Head and Tendon-to-Bone Attachment Regions

The humeral head region imaged by Micro-CT is shown in Figure 2A. Significant
differences in BV/TV and Tb.Th were detected only between the Control and Down
groups {(p < 0.05, Figure 2B,C). No significant difference was found in Th.N between
all groups (p = 0.09, Figure 2D). Moreover, significant differences in Tb.Sp were found
between the Control and Down groups (p < 0.05, Figure 2E) and between the Level and
Down groups (p < 0.05, Figure 2E). The most significant difference in the FC volume of the
supraspinatus tendon-to-bone attachment region was detected between the Control and
Down groups (p < 0.01, Figure 2F), followed by differences between the Control and Level
groups (p < 0.05, Figure 2F) and between the Level and Down groups (p < 0.05, Figure 2F),
Macroscopic observation showed that the subchondral bone region on the humeral joint
surface (white arrowhead) appeared to increase in all intervention groups compared to
the Control group. There was also a difference in the subchondral bone region among
the exercise groups; the Down Slow group showed an increasing tendency than the Level
group, and the Down group showed an increasing tendency than the Down Slow group.

8.2.2. Humeral Diaphyseal Region

The humeral diaphyseal region imaged by Micro-CT is shown in Figure 3A. Tt Ar
was not significantly different among all groups (p = 0.53, Figure 3B). However, significant
differences in Ct.Ar were found between the Control and Down groups (p < 0.01, Figure 3C)
and between the Level and Down groups (p < 0.05, Figure 3C). Therefore, a significant
difference in Ct.Ar/Tt.Ar was observed only between the Control and Down groups
(p < 0.01, Figure 3D). Furthermore, Ct.Th significantly differed between the Control and
Down groups (p < 0.01, Figure 3E) and between the Level and Down groups (p < 0.05,
Figure 3E).
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Figure 2. Bone morphological changes in the humeral head region. (A) Micro-CT image of the
humeral head in each group. Scale bar, 1 mm. White arrowhead, the subchondral bone region on the
humeral head joint surface. (B) Comparison results of the bone volume ratio (BV/TV) in the head of
the humerus. (C) Comparison results of the trabecular thickness (Th.Th) in the head of the humerus,
(D) Comparison results of trabecular number (Tb.N} in the head of the humerus. (E) Comparison
results of trabecular separation (Tb.Sp) in the head of the humerus. (F) Morphology comparison
results in the supraspinatus tendon-to-bone attachment fibrocartilage (FC) region. (B-F) Data are
shown as mean + SD. #, p < 0.05. **, p < 0.01.

Down

Figure 3. Bone morphological changes in the humeral diaphyseal region. (A) Micro-CT image of the
humeral diaphyseal in each group. Scale bar, 1 mm. (B} Comparison results of the total cross-sectional
area (Tt.Ar) in the humeral diaphyseal. (C) Comparison results of the cortical bone area (Ct.Ar) in
the humeral diaphyseal. (D) Comparison results of the cortical bone area/total cross-sectional area
(Ct.Ar/Tt.Ar) in the humeral diaphyseal. (E) Comparison results of cortical bone thickness (Ct.Th) in
the humeral diaphyseal. (B-E) Data are shown as mean =4 SD. *, p < 005. **, p < 0.01. n.s., p > 0.05.
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3.3. Histological Results in the Humeral Head Region

TRAP/ALP staining was performed for the humeral head, and macroscopic obser-
vation was conducted. In the articular cartilage region, TRAP-positive cells showed no
changes in all groups. ALP active cells were almost not detected in the Control group but
were observed in the articular cartilage region in the Level group, In the Down Slow and
Down groups, ALP active cells were found not only in the articular cartilage region but also
in the subchondral region, and the osteogenic reaction was also detected. Enlargement of
the subchondral bone region was found as the osteogenic reaction increased (Figure 4A). In
addition, similar to the observation results in the articular cartilage, in the tendon-to-bone
attachment region, TRAP-positive cells showed no changes in all groups. ALP-active cells
were almost not found in the subchondral bone region but were detected in the calcified
fibrocartilage region of the tendon-to-bone attachment region. Although no changes in
ALP activation were observed between the Contol and Level groups, ALP was activated
more in the Down Slow and Down groups than in the other groups (Figure 4B).

Level Down Slow

Tendon-to-bone 00

Figure 4. Tartrate-resistant acid phosphatase (TRAP)/alkaline phosphatase (ALF) double staining
and macroscopic observations in the humeral head region. (A) TRAP/ALP double stained images in
the articular cartilage region. (B) TRAP/ALP deuble stained images in the tendon-to-hone attachment
region. (A,B) Black arrowhead: TRAP-positive cells. White arrowhead: ALP active cells. Scale bar:
100 um.

OSX-labeled THC staining was performed for the humerus head (Figure 5). The OSX-
positive areas in the articular cartilage subchondral bone region were 0.92% =+ 047 in the
Control group, 1.10% =+ 0.49 in the Level group, 2.15% = 0.54 in the Down Slow group, and
2.48% + 0.69 in the Down group (Figure 5A). Significant differences were observed between
the Control and Down Slow groups (p < 0.001; Figure 5C), the Control and Down groups
(p <0.001; Figure 5C), the Level and Down Slow groups (p < 0.01; Figure 5C), and the Level
and Down groups (p < 0.001; Figure 5C}). The OSX-positive areas in the tendon-to-hone
attachment subchondral bone region were 1.17% = 0.30 in the Control group, 1.30% + 0.35
in the Level group, 1.93% =+ 0.33 in the Down Slow group, and 2.15% =+ 0.28 in the Down
group {Figure 5B). Significant differences were found between the Control and Down
Slow groups (p < 0.001; Figure 5D), the Control and Down groups (p < 0.001; Figure 5D),
the Level and Down Slow groups (p < 0.01; Figure 513}, and the Level and Down groups
(p < 0.001; Figure 5D).
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Figure 5. Inmunohistochemical (THC) staining of the humeral head region (OSX labeling). (A) IHC-
stained images in the articular cartilage subchondral bone region. (B) IHC-stained images in the
tendon-to-bone attachment subchondral bone region. (A,B) Black arrowhead: OSX-positive cells.
Scale bar: 50 pm. (C) Comparisons of the OSX positive area in the articular cartilage subchondral bone
region. (D) Comparisons of the OSX positive area in the tendon-to-bone attachment subchondral
bone region. (C,D) Data are shown as mean 4 SD. **, p < 0.01; ***, p < 0.001.

4, Discussion

This study clarified the effects of different exercise-associated muscle contraction
types on the humeral head and humeral diaphyseal of mice by bone morphological and
histological analyses. Our hypothesis was that the effect of exercises on bone during
growth depends on the type of muscle contraction during movement, and that significant
changes occur regardless of the amount of exercises, especially in the EC-dominated group.
However, the bone morphology analysis found that only the volume of the tendon-to-bone
attachment region and Tb.Sp in the humeral head showed significant changes in the Down
Slow and Down groups, and the Down Slow group did not show any specific changes
in other items. In addition, histological analysis demonstrated site-specific changes in
the loaded articular cartilage subchondral bone region, and OSX, a marker of osteoblast
differentiation, was confirmed at similar sites. Interestingly, there were no major changes
between the control and level groups.

In this study, total travel distances during the intervention period were about 27 km
in the Level and Down groups and about 18 km in the Down Slow group. The average
running speeds were 22.5 m/min in the Level and Down groups and 15 m/min in the
Down Slow group. Although the average intensity was moderate, the speed gradually
increased with age; the exercise intensity was limited to the extent so that no mice dropped
out after one hour of running (maximum 30 m/min at eight weeks of age). In addition,
although the running speed differed between the Level and Down Slow groups, the exercise
intensity was almost the same considering the effect of torque [15,16]. Therefore, if there
are significant differences between these groups, the muscle contraction type might have
an effect.

In the overall humeral head, the number of trabecular bones in the subchondral
bone region was not affected in the Down group compared with the other groups, and
the expansion of trabecular thickness and the narrowing of the trabecular space were
promoted in the Down group, thereby leading to an increased bone volume ratio. A
characteristic change was observed in the subchondral bone region just below the articular
surface, which is predicted to be loaded, and this region was thickened in the Down
Slow and Down groups compared with the Level group. Another characteristic change
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was found in the tendon-to-bone attachment region, which significantly increased in the
Down Slow and Down groups compared with the Control group and significantly differed
between the Down and Level groups. The same tendency was obtained from histological
observations; in the Down Slow and Down groups, an increase in ALP active cartilage
cells and a positive osteogenic reaction in the subchondral bone region (localized to the
articular cartilage region under loacl) were confirmed, and the number of OSX-positive
cells, which are markers of differentiation into osteoblasts, increased. The width of the
subchondral bone also increased in the Down Slow and Down groups compared to the
Control and Level groups. ALP activity is positive not only in cartilage calcification but
also in mature osteoblasts [18], and OSX is positive when preostecblasts differentiate into
mature osteoblasts [1¢]. These findings may indicate that osteoblasts increased in the
subchondral bone region, and bone formation was promoted. In addition, ALF activation
tendled to increase in the fibrocartilage area of the tendon-to-bone attachment region in
the Down Slow and the Down groups, indicating that the calcification reaction in the
fibrocartilage area is promoted; this finding is similar to the volume result of the tendon-
to-bone attachment region in the bone morphological analysis. Promotion of calcification
reaction in the fibrocartilage area may have been caused by an increase in OSX in the
subchondral bone region. In fact, past studies have also confirmed overexpression of OSX
in the subchondral bone region of tendon-to-bone attachment when the tendon-to-bone
attachment region causes pathological ossification [20]. Furthermore, in the diaphyseal
region, Ct.Ar/Tt.Ar showed a significant increase in the Down group compared to the
Control group. In detail, although no significant difference was confirmed in Tt.Ar in all
groups, Ct.Ar and Ct.Th were significantly increased in the Down group compared with
the Control and Level groups. In other words, the cortical bone area and width increased
in the total cross-sectional area of the hone in the Down group. Despite no significant
difference, the change in the Down Slow group showed the same tendency as that in the
Down group.

The forelimbs of quadrupeds are load-bearing joints; when traveling downhill, grand
reaction force (GRF) of the forelimbs increases, and the forelimbs account for approximately
84% of the total braking impulse during downhill running [21]. When the amount of
mechanical stress applied to bone increases, a pressure electric potential is generated on
the bone surface, and cytokines involved in bone remodeling are secreted from a complex
composed of osteoblasts and bone cells. At the same time, increased blood flow in the bone
directly and jointly promotes osteoblast activation and bone formation [22,23]. Although
the blood flow in the bone did not be determined in this study, it was confirmed that
changes in osteoblasts were significantly increased in the Down Slow and Down groups.
Thus, it is highly possible that the same phenomenon occurred. Moreover, it has also been
demonstrated that simply increasing the amount of exercise load changes the thickness
of the subchondral bone. For example, Murray et al. showed that high-intensity exercise
in horses resulted in increased subchondral bone thickness, enhanced bone modeling,
and decreased bone resorption at high-load sites [24]. In addition, the same result was
found in an experiment that imitated high-intensity exercise by running downhill [25]. It
is known that the cortical bone in the normal bone stem becomes thicker with growth,
and the thickness of the cortical bone adapts to the stress and increases when stress in
the long axis direction is applied. Therefore, bone formation is promoted after exercises,
such as jumping exercises, in which pressure stimulation increases [26,27]. Based on our
present findings, the Down group, which had high-intensity exercise conditions, showed
a significant change in bone morphology compared to the other groups. Therefore, it is
possible that bone morphology in the Down group changed significantly due to increases
in longitudinal mechanical stress and accompanied GRF and excessive exercise conditions
that promoted the activation of osteoblasts and osteocytes.

This study set such conditions that EC, which shows a muscle hypertrophy effect
by carrying out downhill running, became dominant [28]. The wet mass of the muscle
corrected by the body mass increased significantly in the Down Slow and Down groups
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compared to the other groups, indicating that the muscles have become hypertrophied. It
is known that exercise in EC causes muscle hypertrophy, and the tension exerted to the
bone increases as the muscles become hypertrophied [29]. Since there was a significant
difference between the Level and Down slow groups in which the exercise intensity was
adjusted, it is possible that the tension applied to the bone was higher in the Down slow
group than in the Level group even with low-load EC exercise. In fact, many studies
have shown that muscle volume affects bone formation, and reducing mechanical stress
through hind limb suspension and paralysis promotes muscle volume and bone atrophy.
Conversely, bone hyperplasia occurs by increasing muscle volume using a model lacking
myostatin [30-32]. Similarly, the mechanical stress associated with muscle contraction is
essential for formation of tendon-bone attachment regions and promotion of mineralization,
and they are not normally formed when the mechanical stress is attenuated in conditions,
such as paralysis [33,34]. Taken together, increased mechanical stress due to different
running conditions and contraction types can lead to hypertrophy of the target muscle,
thereby promoting humerus bone formation and increased volume of tendon-to-bone
attachment regions.

Unfortunately, the results of this study did not completely support our initial hypoth-
esis. No bone morphological changes were observed between the Level and Down Slow
groups, although they showed muscle hypertrophy. Therefore, we can not conclude from
this study that changes in muscle contraction type affect bone morphology regardless of the
amount of exercise. However, when observed by site, the subchondral bone region tended
to expand in the region where the load was likely to be applied, and it was confirmed
that the ALP activity and expression of Osterix (a marker of osteoblast differentiation)
increased. Similar results were obtained in the tendon-bone attachment region, suggesting
that molecular fluctuations might occur in a site-specific manner, although there is no
morphological change.

In this study, we confirmed changes in the humerus due to changes in the muscle
contraction type. This study suggests that the tendon-to-bone attachment region may
change in a muscle contraction type-specific manner; this is a very valuable clinical result.
QOsgood-Schlatter and Sever diseases are disorders of the tendon-to-hone attachment region
and have been recognized to be caused by muscle overuse, especially in young sports
activists [35]. In recent years, clinical studies have demonstrated that misuse of the body
during movement may be involved in the onset of Osgood-Schlatter and Sever diseases,
but basic research has not reported any related evidence. In this study, bone morphological
changes occurred, in addition to ALP activity and OSX expression, which promote bone
formation, in the group (Down) that was overused and mimicked EC. However, the volume
of the fibrocartilage region increased slightly, and the OSX expression and ALP activity
were significantly increased even in the group with low amount exercise and imitating EC
(Down Slow) compared to the other groups. Therefore, the morphological change of the
tendon-to-bone attachment region may be due to the change of the muscle contraction type
rather than overuse. In the future, focusing on changes in the tendon-to-bone attachment
region and clarifying the relationship between muscle contraction type and bone formation
in more detail may help elucidate the pathogenic mechanism of sports disorders.

This stucy has some limitations. First, this study focused on bone morphological
analysis and histological analysis, and we did not determine whether increased mechanical
stress leads to molecular and gene changes. In addition, although the muscle mass was mea-
sured, the amount of mechanical stress actually applied was unknown because the muscle
tension test could not be performed. Furthermore, we could not determine whether the
bone morphological changes are functionally strong. Therefore, future studies are needed
to further clarify the relationship between muscle contraction types and hone formation
by muscle tension test, molecular biological analysis, and dynamic bone formation mea-
surement. To our knowledge, very few studies have determined the association between
muscle contraction types and bone formation during exercise. Particularly, changes in the
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tendon-to-bone attachment region have not been analyzed to date. This study provides
additional data on the mechanisms underlying exercise-associated bone changes.

5. Conclusions

This study found that when EC was induced by running downhill, muscle mass
tended to increase. In addition, we observed bone morphology changes in the head of
humerus, tendon-to-bone attachment region, and diaphyseal region of the humerus and
an increase in osteoblasts. However, when a mixture of EC and CC was induced in the
Level group, no change was shown. Furthermore, EC-dominated slow movement (Down
Slow) tended to increase muscle mass and osteoblasts but did not change bone morphology.
Qur findings demonstrate that overall bone morphological changes in the humerus occur
only when overuse is added to EC-dominant activity, and EC activity might promote bone
formation in a site-specific manner, even at a low load.
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