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Development of HIF-la-induced exercise therapy focusing on the intra-articular
hypoxic environment
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Intermittent mechanical stress was applied using an automated stretching
culture apparatus under normoxia (21%) and hypoxia (5%). The gene expression differed according to
the oxygen environment, extension intensity, and stimulation time, and the mechanism of chondrocyte
response for mechanical stress under hypoxic conditions was different from that under normoxia. In
the hypoxic environment, HIF-1la was significantly increased, anabolic factor was increased, and
catabolic factor was decreased when mechanical stress was applied. In a hypoxic environment, HIF-1la

may regulate cartilage substrate metabolism.
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BUE, DRETITEEEM LS EL, I REE, EREITFELZ ML T D, EHEOFIE O 2
FNTEEZREE L STV D, I TH ARSI (00) 1%, XHRFHIFHREED 2500 77 ALLE
EHERI SN TEY, Sl OEITE L LSRRI DIZENTA Z ERTRISND. 2D,
0A DEETTHE T TE DIRTFFEIEDREN RO 5L 5. RFEIEICIEEPR YL B
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EEHERIIEZEmEOREE TENLTEY, OAICHT D THREE E L TALIThILTWA. L
ML, EENBEEE IS 2 50 TAWFN RIS iy, —JF, BEEINI AR
KRR CH Y, BEHUE IXEH 12 hypoxia-inducible factor (HIF)-1a Z¥H L, BAHEIN
DIRAFTAR VA ZHEFF L T D E T, HIF-la I A W=DV A R LA E OISR EHSTH
L. EDO A= I NVA L ASERECB T D HIF-1la O&%E 2R L, #E8hc XL Y HIF-1a
DR ZFRETENR, Fi-ESEEOMEE 225, AIFEo B, [KBEREREICBIT 501
W RRIENRE AT U, B IR 7 HIF-1lo 358 ESEEORIN 2 AfE4 2L TH 5.
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(1) in vitro Tl 72 FINEGHR D REYT

Z v bOE, B R SEESEE AL, 2778 & O CHCE N A BT L7
B2 I IHEERE A v % 2 _X— & — (Model 9200E, Wakenyaku f1) & 52240 E S &5 A (Shel 1Pa
Menicon Life Science ff) Z F\V 7. BRFE L EERR i (1%, 5%), B A N L ABREEORE (5%, 10%,
20%), L OV E TR E (1 IS, 6 PR, 12 BRRE, 24 BRRD) 297V, RE2fmE A b L AR
FE, RIS 2 it L7z, A b U AGREE, IR e ML D viability (252 228
PRI L 7.

(2) BRZZVEIE DSECE MO mechanical stress & ICH-x 5 2%

B /AR A N L ATRE, RISV T, BBERESIEMIEDRIL - B &m0 BL
IZH5 2D BERFI L. U arTF v ro3— (STREX#E) (2 1825 —%"2 (CELLMATRIX, #7
HEZFy) Zza—7 471, YMUKEHMIE (1X10° cells ) Z#&fE L7=. DMEM(FBS 10%) T
A8 Wi 52 L, DMEM (FBS free) IZZ5 8 L 7%, 4 #f (normoxia mechanical stress(MS)—, normoxia
MS+, hypoxia MS—, hypoxia MS+) (Z43F7=. 24 FEfE1%1Z total RNA Z[AUY L realtime RT-PCR
TR FRBLA TN L7z,

(3) (KR BREE T T mechanical stress & IZR1T 5 HIF-1 o O&E|

EiEZEBREE F COMEMIND mechanical stress a2l BT 5 HIF-1 o OD&EE|ZH57-DIC
siHIF-1 % AT HIF-1 « & knockdown L, BB G X 2B LKA L. v a3 T
¥ o /3— (STREX ) 12 1 # =5 —4" > (CELIMATRIX, FrHEZF) Za—T 7L, %
HUE A (5X10" cells ) Z4KFfE L7=. Overnight 4, si-HIF-1a (SASI_Rn01_00053994; Sigma-—
Aldrich), siRNA Universal Negative Controls (si—control) (SIC-001; Sigma—-Aldrich) %
Cationic liposome (Lipofectamine RNAiMAX Reagent; Invitrogen) % f#ifH L T transfection
L7z, 12 BREE RS T T A L7211, DMEM(FBS free) [CZEW L7-1%, 24 BifOffE A L
Z %% total RNA Z[AlIY L realtime RT-PCR TifnF-F& 84 3 4Mh L 7=.
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in vivolZEBU VT, mechanical stress 25 HIF-1 o OFBIZ G- 2 DB %2309 5 72912 rat
MLy RILv v (TMS8D ; MEQUEST #1) A HW-CililE TS &, MRBIEE 23 5 HIF-
laFEEZFHME L=, 12 i Wistar rat % control B, moderate running(12 m/min) %,
excessive running (20 m/min) #¥ D 3 FEIZ 3 1F, 45 RIOEHIEIT 21TV, ETERICLKIIES
, ABEEI AR L. T 7 0 uil%, BERINMIE sagittal i CHIWT, ST A ERL,
AT RFRVY 2 =AY (HE) Yeth, Safranin 0 Yed, HIF-1a O Yea % il T LALRRF2AOE
fili Z47 > 7.
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in vivolZHR W, BEEEE PICEET 2EE MR TO HIF-1 o WNECEISHNT S5 2 2 BB % 3T
i3 57912, HIF-1a O FEAHIET 5 7 a2 U Lokig{bEESE (PHD) %#PBHZEE L, HIF-1a 24E
{4 % deferoxamine (DFX) ZA#ifH L7-. Wistar rat OFHERIEIIZ PBS (n=7), DFX 300 x M(n=9)
Z 50 L BIEiNEE L, #5 8 Hf#IZ sacrifice U CRAEIHUE Z8EH U7-. £RE L 7= BAfER
H & HAEARE L C total RNA Z[B1Y L realtime PCR CHEM L 7=.
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TliX, HIF-1 o B8 XL aggrecan DX mechanical 1. BUEHIEO cell viability
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(3) siHIF-1 i AIZ L % HIF-1 o D knockdown 281X 75% CTdH > 7=, silllF-1a OEAIZ LV,
HIF-1 o 3 X TN aggrecan OFEEILIA L, ADAM-TSS OFEIT FA L7z, 512, si-HIF-la %
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mechanical stress (2> CHFR L, @7 mechanical stressiZX > TP L. Zhboz
LD, BAEHE O mechanical stress INEIZ HIF-1a 3E5S- L TV D A[REMERH .
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