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Abstract

Stem cell therapy 1s rapidly developing due to increasing demand for a means of regenerating
damaged or aging organs. However, this technique is subject to numerous challenges such as unsuitable
conditions in human joint spaces for differentiation of chondrocytes or the degradation of original
chondrocytes caused by injected stem cells. Repetitive magnetic stimulation (RMS) is also gaining
popularity, and we used this method to stimulate the chondrogenic differentiation of stem cells, which is
a novel approach for the induction of chondrocytes. We aimed to achieve the following: (1) to elucidate
the efficacy of chondrogenic differentiation for RMS in comparison with the results in the control group
of bone marrow stem cells; (2) to disclose the differential effect of traditional RMS versus a novel
pattern of intermittent theta burst stimulation G(TBS) in the efficacy of chondrogenesis; and (3) to identify
the optimal parameter settings for RMS. Quantitative polymerase chain reaction and
immunohistochemistrystaining were performed to analyze the effect of magnetic stimulation. Here, we
demonstrated that the optimal chondrogenic outcome was achieved in response to 50% 1TBS intensity
during 5 consecutive days of exposure. The 1TBS group exhibited significantly superior expression of
chondrogenic markers, including SOX9 and COL10, compared with the 15-Hz RMS group. In
immunohistochemistry analysis, the staining intensities of Alcian blue, COL2, and COL10 were all
significantly higher in the iTBS group. Superior outcomes for chondrogenic differentiation were achieved
with 900 pulses per session than with 600 pulses per session. The demonstrated efficacy of our optimized
1TBS regimens has clear clinical implications for the injection of chondrogenic stem cells into

osteoarthritic joints in the future, facilitating further development in the area of regenerative medicine.
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ABO ~ AB3 ~ ABS #1 ABS °

1. =70

e it e g
alpha-MEM Gibico DEPC 7K Sigma-Aldrich
Fetal Bovine Serum Corning GENEzol"™ TriRNA Pure | Geneaid
(FBS) Kit
Phosphate buffered saline | Sigma-Aldrich iScript™"cDNA Synthesis | (BIO-RAD
(PBS) Kit
0.25% Trypsin-EDTA Gibco Fast SYBR Green Master | Thermo
Mix
Trypan Blue Biological Industries Primers Sigma-Aldrich
DMEM-HG Gibco Alcian Blue ScyTek
ITS plus Premix BD Bioscience Nuclear Fast Red ScyTek
dexamethasone Sigma-Aldrich Super sensitive™ BioGenex
Polymer-HRP dection
system
ascobate-2-phosphate Sigma-Aldrich Acetic Acid Solution Sigma
TGF-51 (R&D Systems Paraformaldehyde sigma
L-prolin Sigma-Aldrich Histokitt Assistent
2. M
A e c4i e
10-cm £23& M Corning 0 ml HIZER K EE pipet Corning
6 FLEFEMR Corning b P
ELEEE Chase Scientific WEAMEREE tip
15 ml #E0E Corning Micro slides galss DAKO
1.5 ml fEEEOVE Corning

3. Bxff
By [
SRR RS RMS Magstim Rapid2




il SR Thermo
AR ERE Thermo
TORACHE TKS
B G Nicon
Pipette-aid Drummond
(Z&Vaphetr Thermo
MmERETEes Marienfeld
i AT Eppendorf
Nano Drop (ND-1000)
i R Sl EE R FERS Veriti | Applied Biosystems
F[JHE 52 & # £5 £7 JE 55 Step One Plus | Applied Biosystems
R B T
AEY]
B 1z
ST
e FAS
Prism5 Version 5.03
ipwing32 Version 4.5.0.29
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()ESHERASINILEE | (10)ESAERASHEFIRAE | )8 CDNA (10) IHC
(RMS) AR

(MAGSTIM,RAPID’)
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B~ EhRAERREL S CITR(EE)

=~ WA

(—) BB— HEIRESREZ RMS 1243 B T [E FEREAYSR RO

DRIRE 70 P BRI P T ERELEE - o TSN BB I AT RIS - SISt
BGRE T 1 A5 3 Ao HEEREEA FEFRR ~ A EIRE R NS RE o N RS
B FIHY PEME SHR0E 15Hz - NBEERLE SR BR - S MER A 15Hz & {F PEMF HYUF - 2
{E4 A RMS IYAF% > 1 S0Hz E1E# 5 RMS B9 » &R aK ] DUHIE] 0.09T > BEE#4es
SRS - WGSBS W E AN - ZRM AR E BRaE R - HISHIMS S NI SRR
s L 2 DHRAAERE - AR KA & F 2.2T > 1Hz ~ 15Hz ~ 50Hz > 58[E Ry 30%H5 -
FERERESRRE 2 Norke o e s ST RIS R E 3 R 0.31T ~ 0.32T ~ 0.30T(ER—) -
SR Ky S0%IRF - TEREREEARRE 2 A7 - HIHSHINES 58S Ry 04T 7245 » 15Hz #Y RMS #11TBS
RS B B AE A -
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iTBS
LLLLLL (FRTNARAN]]
\I_I_I 3 pulse train 8s 2s
<>

0.02s (50Hz)

[EPY ~ RMS 15Hz fi1iTBS #ilrrEE GRIEAEE)

() BB EECRESERT 15Hz RMS fIEE RMSGTBS)#I]3 BMSCs #& b

AIHFEREE AT BMSCs A THCE 0 LI 5 ERAVRECE LA SOX9 ERRZRE -
LUK 21 RS —BIRBIRE H COL2 BT IR COLI0 BRELE I HIERH - RERET
RMS(15Hz)8¢ iTBS %15 BMSCs #0F s BATAE KAV E - I E Lt =% - 2
1% RIEEHEA [F58RE (5% ~ 30%0 50%) YRS EE - MRiZ B2 PEMF BYSCRR » R —F1=
FIFE AR E LR ERSCR - R E R SR — S =K A [E RRE R AT RUAEFE o A EREH
BRI {oE F A3 B2 K 1800 pulses » iTBS 1 15Hz 4HAIERLA 900 pulses Jitif T wi[el& - HRfiE
GilETapANE



v 23 (4.5% 107 4HIHEY ~45 1)
v HEUEE A 3* 10° 4HH/15-mL E0E

v BZENERERBIE
RNA #5% cDNA
QPCR : SOX9

AN

v BIRWERERRBEY

v OMERUEERER
RNA ## cDNA
v QPCR : COL2 & COLX

<

7~ EhiE GRRAE#)

AR -

FEAHRRRE PERERI4Y 3x10° 8 BMSCs BEEAE 10-cm BEE L » AHEHEHL 10 mL 558K
(alpha-MEM, 10% FBS) » B#&4E 37°C ~ 5% CO. WYAHREREERE - 49 2~3 K > EHEL
EREBERETER > DL PBS JEEAIAE | ZQREF: - A& 10 mL 898K > HE
720 909 FE I -

AMREAEC - eI R PR R > (B PBS JEVedlfEsRA 2 JOiER - IIA
Trypsin fEFIRYAIAE L 37°C > KZHE 5 5788 o DL S mL S ER(USATAE - AU 10 1L (=]
W 4HAERER Trypan Blue JEA)1% » HU 10 ¢ L HIMMERGHEEsst HAIMEE - LU 1 S HY
MR - FRE 2 10 mL BER » B p3~pS UEHYASH BMSCs #EfTEE -

HUE BB - AR R AC B S 23 (B Chondrogenesis Induction Medium

(CIM) : DMEM-HG (&# 50 ug/ml ITS plus Premix ~ 10-7 M dexamethasone ~ 50 ug/ml
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ascobate-2-phosphate ~ 10 ng/ml TGF- 81 ~ 40 ug/ml L-proline) » H 4t [=[Z#Yy BMSCs »
DL 3x10° FEAHREIENALE 1 mL CIM > WG45#KE 15-mL #e0E © BL 1,500 rpm ~ 5 538 -

i O s AN OB SRR E - TERRE SRR - BPEAE 37 'C ~ 5% CO2 HyAHAEES
BT ISR SRS - &9 1~2 K B SRR EE o R 0E
[HFBRRT © SF% 2~3 K (EHE LR EER CIM » B 1 mL CIM » BEFIE

21 RO R B BR -

WG RIBER T BK - AEAHRHRF R S A OSBRI SR R E R E 6 FLE R
EF EE - FF o FLEFEREE A VS BRI REURAINEEIE T 5 - AL 6 FLEER
EE > RIRERBRRIG T A FEIREAVERIE - SSReRlEER - K 6 FLEF SR 2 [I4THE

PR > (IR IR SRR BR o 260l 2540 15-mL B OVE T - JERRE SR Ae il -
e -

HCHE © CUFRE TR~ $ 14K 521 RIVER B0V ERER R
R _EFANE o DU AR EG EHIBREGAH Y RO R RV E R - HCPE(E - L8
SHEUEHERKE AL - Bl bRk B HVRE T EE - BIFE BRI > Bied
FHESEERK -

[N~ OB/ NEASHIE CIRIEAFE#)

ZEHY RNA : {8 GENEzolTM TriRNA Pure Kit » $&FCHTEREESS 7 K ~ 25 21 KAy
HEERZEEL RNA » /% RNA [BA4F 20-25 « L DEPC /Kt » $E5HL 1 LA - DL
Nano Drop & & RNA B -

7GR B AT R E (RT-PCR) © £%54HHY 1000 ng RNA > f# A iScriptTMcDNA
10



Synthesis Kit # RNA £ A2 Sl #EH S FESS Veriti HEEERAL cDNA AR
TREFIR-20T

(1) HAESER

5x 1Script Reaction Mix 4 1L
Reverse Transcriptase 1 L
Nuclease-free water Variable (15-X)
RNA template 1000 ng Variable (X)
Total volume 20 L

() KHERRA:
Priming 5 min at 25°C
Reverse Transcription 20 min at 46°C
RT inactivation 1 min at 95°C
Optional step Hold at 25°C

HIAS B2 Sl 8 §5 57 B (S Real-timepolymerasechainreaction, real time-PCR (Q-PCR) : {#FH
Step One Plus PYZERY Fast SYBR F22( » Bl cDNA Fufbitly » #EFC AR5 [ 78
SYBR Green » #4{T 50 {E{EERAY BRI SR H A E - GAPDH AR FHE A B ¥
L &4 CT (A ACT) 4558 -

T RUTEERY RNA BEA - LU oA BRYRTRERA SOXO HYZRIR © 56 21 KUK
Y RNA B4 > F PAZI A lehaie g BRI AL Col 2 ~ Col X =3 - B 7Bl
HHIRETHE - BRRFREENE - 5[ TiGEt2RER=EEERIUE -

D 5l
GAPDH Accession number © NM_017008
F-primer(5" -3" ) CAACTCCCTCAAGATTGTCAGCAA
R-primer(5” -3" ) GGCATGGACTGTGGTCATGA
Sox 9 Accession number * 746629
F-primer(5” -3" ) CCAGGGCACCGGCCTCTACT

R-primer(5” -3" ) TTCCCAGTGCTGGGGGCTGT

11



Collagen 2 Accession number - NM 033150

F-primer(5” -3" ) TTCAGCTATGGAGATGACAATC
R-primer(5” -3" ) AGAGTCCTAGAGTGACTGAG
Collagen X Accession number «+ NM 000493
F-primer(5” -3" ) CAAGGCACCATCTCCAGGAA
R-primer(5” -3" ) AAAGGGTATTTGTGGCAGCATATT
() PN EE
dd H20 T uL
SYBR Green 10 ulL
F-primer (10 M) 1 uL
R-primer (10 £ M) 1 L
cDNA 1 nL
Total Volume 20 L
() SHERRA:
Holding Stage 20 sec at 95°C
Cycline Stage (50 cycles) 3secat 95C
30 sec at 60°C
Melt Curve Stage 15 sec at 90°C
1 min at 60°C
+0.3C

15 sec at 90 C

9. AR 55 21 RUEERAHYRUEBK - (£ PBS thRifEE BRAT - FE 200 [ i
B BRIZATE 4% 2 REE T EE 1 /N - AR K » BRI E s - )
Fi By 4 ZoRIEE R -
10. {RE2ZufE(Alcian blue)
(D) PS8 - RreHSR VTR B 65°CInEVR | 30 7788 - mifigiEs o BRI
Xylene 15 77

Xylene 15 47

12



2)

A)

11, 4H&%
(D
2

©)

100% k5 5 I

100% k% 5 7§
90% FEi5 5 T
80% JH§A 5 T
70% 5 5 o
dd H:0 5 T

et LR 3% Acetic acid BREEAHERYIF 3 70 #81%H4ER » Ik Alcian blue Z+t4 1
INFHRESER » TCE R RKHE - HKHRER 2 8R4 5 7 #8712 FHRZ 5 ik nuclear
fast red J0 1 5388 BRI - oK EERR 22 8R4 5 88tk ARG - S5
fosi MR A AE R - TERRBH R fiER 1% - (M Histokitt £/ -

7 2 e (o A [ (5 S BT £ ipwin 32 IR EEAEIAH AR Y] | A2 R — R iF T 4 eary
SR S3EE o ERAHRE S LRI YRR TRk EE - EIRES YRR R & R e

& ~ BMSCs s E#E Bk TR BL Alcian blue 24t (RIF:AF#)

Sk i wle2es
Bl o CEEZ[E] Alcian Blue)
gett: D04 mg / ml ZEEER K BRERAHSRYI A 15 708 - FIBADURSSREAS I E -
LA 3% i EA b S B R M R S ALYl S 1 - B/ PBS kU1 R 1% - TIA
1%IE R 5 4riis > P A PBS JERRZER0VIL% - DUHEM RS IRE—
MeaES o SR A —31 anti-human collagen 2 Hif&(EX anti-human collagen X
PUAG) - LA 1:200 #ikE - £ 4°C 2 F5rh BLsHAR D) 7 SRR - fak - (£
Polymer-HRP THC detection system (HRP/DAB) - {{<H&{sH FIeR BHEHE » Biby
HEN ME S et - MERTBH (L fEaRi% - (M Histokitt £f 5 -
16 2 A SR (eF [ {5 S A £ ipwing32 S B B (EAHAR T F AE R — 15 T 4%
EHYFRE H orth o BRI BRECE YRR TR E - BRSNS SERL
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12. VRERE  BEEHT—ROMEEGCEBINEGERE  ERZEERB e R
1Y RGB tfg (e - st R ARIEL R (S FAGHA VIR AYEE(E - #f#% RGB £
BEMFFTERS AT stELATEARCRE N ERILLE - FRES 4T DIELES -

(=) BR= KBER_HER - UIRESBERRBREBZ KT
FHHYERE PR RMS {58 FH B AL S STRRES HH P 55— (B Ry a6t -2 > ZA1fT % PEMF
FEREYRIFR B R —F =K > TSR S R AT R B IRIESR - (L - e
P EE B RH IR T 5 = PTG B RS AV BRI TURAI R - ARSI RIECR B 2
SRHTE -

RMS

&/~ 5FEm RMS FIUMCR B 4H E

() BRIURRER_AER @ (LRESBREHSTRRHIEE

FHIAEEPR | fEFEY RMS 8%a T A& ElE 600 pulses > ISR AEFEE 900 pulses A TIRE & 2
PR AR A P SR S R PR R ER, - ERIEL » BB B BRI 0 600 pulses X3 [EI&HEET » (HAEFRMS:
K 1800 pulses HYHIE » FEETEEEE 600 pulses £ 900 pulses iR AYELEE o

2 - HsEER

—  ER I ESERZ RMS 48 T A [EERERTRE AN

it MER - SRS EGER AR — - Ry A SUECE FIHY PEMF 3% 15Hz »

R AR B B B F: P95 A 15Hz & /E PEMF 89483 » 1 50Hz & {E RMS B9 - 4558
14



BRI LUHIE] 0.09T » B (et HoRE I i - USRI Ee N - KHERSRER
SIS RS FE AR AR R - BLMRR I H 2 IHBERE - AL R E Ry 2.2T  1Hz
15Hz ~ S0Hz > 58 Fy 30%HF > (ERRHEARIE 2 A5 0R » it 2 R I AT IS ARG 50 E 53 l
F50.31T ~ 0.32T ~ 0.30T © 58 Ky S0%HF » TEREREGREE 2 A 70E - HISHYRLES TR Ry 04T /o4 -

F—. iEirat MR E RS R

i B 1Hz 15Hz 50Hz
Gz
Tesla

5% |0cm |0.2 0.16 0.19
0.5cm | 0.13 0.12 0.11
lem | 0.09 0.09 0.09

10% |0cm | 0.30 0.31 0.32
0.5cm | 0.19 0.23 0.21
lem | 0.15 0.19 0.13
1.5cm | 0.09 0.15 0.11
2cm 0.12 0.1

30% |Ocm |0.76 0.71 0.78
0.5cm | 0.47 0.45 0.48
lem | 0.40-0.41 0.40 0.45
1.5cm | 0.34-0.35 0.35 0.35
2cm | 031 0.32 0.30
2.5cm | 0.25 0.26 0.28
3cm | 0.21 0.23 0.27

50% | Ocm 1.17 1.13 1.18
0.5cm | 0.79-0.81 0.78 0.88
lem 0.49-0.50 0.49 0.54
L.5cm | 0.46-0.47 0.45 0.46
2cm 0.42 0.41 0.37
2.5cm | 0.34 0.37 0.35

15



100%

3cm 0.32 0.33 0.31
Ocm 2.26 2.06

0.5cm | 1.30-1.32 1.45

lem 1.12-1.14 1.12

1.5cm | 1.03-1.04 0.99

2cm 0.77-0.78 0.7

2.5cm | 0.68 0.59

3cm 0.55 0.52

- BEE— EBCRESERT 15Hz RMS R1rE! RMSGTBS)RIE: BMSCs #a 43b

(—) BMSCs #E4r{Ei#f2 L 15Hz K iTBS R EHRAERIM &R SRR F BT
SOX9 BERFRTRT
1. % 15Hz F11TBS FI#HY BMSCs 73 L E BREAAAZFIMAY control 4HA#E(TEL
B X AH SOX9FENFETR » 53 DLTBS FIMAVAERIE SOX9 FIH EBE KT
control 4H(P<0.0001, & /1) » FIRF KK 15Hz 4HA1 - Mi4HEEEE B =57
(P=0.0291, [& /1) °

SOX9
*
2.0
*
1 1
g, 1.5+
= I
w
£
Q
1)
S
[]
L
1
J S
\"’Q\ ‘1@

B~ Eb#s 15Hz A1 iTBS F#f% BMSCs s B#AERAY SOX9 ZEHFRHR
BMSCs #1T80s BB BHARM - DL 15Hz BC1iTBS #EFTRIEL > control & /&7 BIAREIASZ
(EATRZRIZEVEE R - 2o ESE BRI 43 RNA 7% DA Real time qPCR L (e 4K &

S ERT SOX9 FENFIR B2 5 -
16



2. LDIPR[EISREE 15Hz #11TBS H BMSCs #E{THECE 70E » 5ELL S0%58 % 2
iTBS %1% » BMSCs 73 B#E BRI SOX9 FIHEAZARTY control 4H(P<0.05,
(&) > BUR iTBS 1£ S0%5REEFHRIEER & 73 bR REEATRER -

g
o
)

*

-
o
1

Folds change
P

o
o

o
=)

[+ ~ ELieA E5REZ 15Hz Rl iTBS REH& BMSCs 7RV EREY SOX9 ZRFRH,
BMSCs #1THUE /A L EBREART » DL 15Hz 2 1TBS R EFRE(5% ~ 30% K 50%)#EFTHIY -
control 4H Fs 7 LHAR AR SZAE AR AVAE R 1Yo B ERUCHLS4H A RNA 72 2A Real
time gPCR EEEE AR E 7T LR+ SOX9 ERRILE A -

3. Eb#EAE BMSCs #1THUE - {bdfe P 15Hz A11TBS RIECA FEIR#% - H
BMSCs 73 B#UE ERHY SOX9FR - &GERBUREZ 4RI SOX9 R R
H 5% (P=0.5818, [ +—) -

SOX 9

b
L=}
1

Folds change
>

o
2]
1

17



B +— - bk 15Hz R iTBS R BMSCs SMEEREIRA B REiR SOX9BERFH,

BMSCs #E7THCE 7L EERIAR - DL 15Hz B¢ iTBS #E/TREFCRERRE > 1 R(1d) ~ 2 K
(2d)E 3 K(3d) » control 4H Fy 7 {LHARI AR SZATAERIMAIAE R - 7 BEE BRI 4R A
RNA 1% DA Real time qPCR ELER #ERE 70 LA~ SOX9 ELRFRI SR - B4 A fEI4
sT A= R BN T 71 (one-way ANOVA analysis) °

(=) BMSCs #&4r{bif2 LA 15Hz & iTBS REMRGRISEITE —RBFRES
COL2 B 55+ BB REH COLI0OERFH R
1. % 15Hz M1iTBS Y BMSCs 73 B E EREL control 4HAETTELEZ&EH COL2
FERZHR - 3 COL2 FRIAT =40 7 R 722 54(P=0.0665, [+ ) < 28
ifi iTBS A 15Hz 4HAHTHEES -

COL 2
2.0

1.5 —I_

1.0

0.5

0.0-

& *2‘4" @ql’
& N2 {

B+ - Eb#k 15Hz R iTBS §;%%% BMSCs SE#EERRY COL2 EERFH
BMSCs #1THUE s BB BREART » DL 15Hz 2¢ iTBS #E{ TR » control 4H A5 BHAR A2
(EAATREREEIAER] > P BEE ——RUCES 4 A#UE B 2 RNA &L Real time gPCR
ChERsE AR EH COL2 ERFREEZE -

2. ¥ 15Hz #11iTBS #1389 BMSCs 43 {E#i B EREL control 40 HEFTHE# &40
COLIO BRI » S5 5HE0T (TS RLSHI4H HIE: BMSCs #eE 7{LBRAY
COL10 53 851 control 4HARIE 7 54(P=0.001) » HRIHENEEE S 15Hz
BRI (P=0.0392, [ +=) -
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15 | ——— |
% 1.04
E
s
n
£ 05
w
0.0-

o)
N

[B-+= - bL&Z 15Hz #0 iTBS K% BMSCs SHME#EBREY COLIOERTH
BMSCs #E{THE 7L EERHAR - DL 15Hz B0 ITBS #EFTHRIE - control 4H £ 7 {LHAMIASZ
EATRERTH AR - 52 B3 = — RIS 48 K2 RNA £ A Real time gPCR
thi s HRBIREE COLIOERFRBE AR - B4R dst = R HR T2 2y
Hr(one-way ANOVA analysis) °

(=) BMSCs #Fr{b#T2 LA 15Hz K iTBS A [EMRRAFFIEE DIAH G e K AR 88 o
EAENTBE_RBRESD COL2 KB TEBRER COLI0EBFTINL
1. JHIE 15Hz ~ iTBS B contol =&HIAY BMSCs #& 73 bERR 731E 21 RZ1&F
il B BRAG LA o ELERcAS SR FH AL 1TBS Rz BMSCs s bLEUE BRAR
15Hz 40 > WA BE MR P=0.0115 - [E--PU) -

Pellet Size
1.2" ﬁ

B-Pd ~ EbEr 15Hz f11TBS H#3%f% BMSCs S EER B ERAVERBEE R AN
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BMSCs #E{THRE 7L EBRIAR] » DL 15Hz B0 ITBS #EFTHI » control 4H 5y 70 LHEAMI A Z
AR AR R 7Y b5 = — KR &4HRIHY BMSCs #UF 73 BB ETTRIE EAR R
/INmm: millimeter) » 24H R 48 ET 75 52 AR B IR T8 B 85747 (one-way ANOVA  analysis) °
*2on P {E<0.05 - HsHERILI A IE =2

2. LA Alcian Blue $f#f BMSCs sr{E#UEERU) /1 _ERVSRUE HARE AR5 2 MEAET T
et GEEATEIZEE] iTBS HHz BMSCs b B U] 7 Ay 4L e fE Bl
control Z1= 15Hz AHAHEEAEAREGR(E 171 A) = DA Hriaa ST sk
TER - WHI R REBETE —(L& - P control 8H1F RfAELbE 4l
O5RE > HEEREUR 1TBS dAHIAEREEER control 2H(P=0.05)A1 15Hz &H
(P=0.05)MHELA#E EA=RE T B)

A Control 15Hz iTBS
(]
=5
o
c
o
L
<f
Alcian Blue
1.5+ I - * I
—
———
1.0- e
[+]
N
0.5- ;% %
ﬂ.ﬂ- ﬂ T T
N
y «© '@.gv 6%9

E-+7 - bL#Er 15Hz #11TBS % #% BMSCs 43 LEREERAY Alcian blue 4H4RZEE
BMSCs #THCE LB - DL 15Hz BCTBS #EFTRERL » control 40 Ry 7 {EHARIARZ
(EARTRERAETEE R - 7o b5 = — KA 24 A1HY BMSCs BB M BERETYI R - 2 1%
LA Alcian blue #EFTHLEY(A) - RSO RIEITE BRILEH I RE 2= B) - 540
A2 472 52 B R 5 = 805 Fr(one-way ANOVA analysis) © *367r P {H<0.05 » HR

HEURIE A AEE =R -
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3. BMSCs 3 {E#E Bk Y] | DIiAS $1 COL2 #EfT4RAR Rtk » A%
COL2 ZE [ FFRAELL iTBS H3> BMSCs SME#E BRI H A Ere s
control 4471 15Hz 58175 A) « FEIEELAIMIEE S N Bk S #ETER »
I H LI R S TR —1b1% » L control A0 {F BB Ll K 4H L (TR T
HAEREUR 1TBS sy 2l 15Hz 4MHILA B e R
(P=0.0003)([&l+7< B) °

Control 15Hz iTBS

COL 2

B+ ~ Eb# 15Hz il iTBS H3#41% BMSCs SME#k S ERAY COL2 4H s vt
BMSCs #E{THCE 7 BB BREAR] > DL 15Hz B¢ iTBS #E{ TR > control 4H Ry /- LHAR AR SZ
(EATRERDHAAERT » o BSE = — KRR 4HRIHY BMSCs #g o LEKET VI R - 21
DAgtif COL2 FE HMVBIAGEr TEYE(A) » R S S T E B L H Ay s g 7=
FE(B) » B&HA < MI&at 2= F B - R M7 (one-way ANOVA analysis) © *F= P H
<0.05 » HsHEIE tbar L EE =51 -

4. BMSCs 7rb#E kU1 A LAiAe$t ¥ COL10 EfTaHE A (g - nliE
£ COL10 2 1 FRIAELL iTBS %2 BMSCs sHE#EERY) | AL g
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control 4071 15Hz 5&([& -1 ) - FERRLL O HTEAS Ht LR T ETER - 2
HLAE SRARE A TER —{B1& > LA control 4H{E Ry iELbE S 4H L (e » B
SR iTBS &0V OAR E B 1SHz SHAHEL AR B8R -

Control 15Hz iTBS

COL 10

B+t - EL#k 15Hz A1 iTBS Hi#t% BMSCs s E#EBRET COL10 4HERk e s
BMSCs #{T#E S L EBGHART > DL 15Hz 3¢ 1TBS #ATREK > control 47 A5 LRARIARZ
FEATTRZRIDEAAE RN - P BEE - —KR& 40 01RY BMSCs #E s BEREITUI R » 218
DIgt COLI0 ZEEAVHRSHEITAE > BSOS RIETE BRI GIRE AR -
B gt = 52t B - S By M (one-way ANOVA analysis)

=  EHBE= ' REBERCHRERBGRAERRE > A RMS R BMSCs #1787
B BRI EER B

fRIZ EHAYEESR - 1TBS SHEL 50%58REAERRMIFREZE 5 K > Y BMSCs #5108 3B 5 RUTHT
RNA 53#fr SOX9 FI BT - SIRRFHILRAYEH ] > H BMSCs 30 E#CEERHY SOX9 FRNZ=
RERRIH =R —K - HEFRABEMEFP=0.0122,E /) - #EH1TBS 1£ 50%5%8 & R
HRGEERIF—RE| =K FERE(E#E BMSCs HYRUE 71k

. SOX 9

J

Folds change

B+ /\ ~ iTBS K BMSCs 73-{EEH IR EIRE R SOX9FRFEH
2



BMSCs #E{THE LB BRHART » DL 50%58 % >~ {TBS #EITRISA B RE - 1 R(1d) ~ 2

R(2d) ~ 3 R((3d) B 5 R(5d) » control 4H K53 CHARIAR ZAFRIRERISATAE R - BB
RUCHL#4H A RNA 1% 2L Real time gPCR EEEZ{E 4B 7L SOX9 ERFHREE R -
e S 7 2 i BN R (one-way ANOVA analysis)  *%~ P {E<0.05 >

HWHBIE L B R -

s EERV IR ER_AVRESR - AR iTBS R BMSCs SkE M b&EE&R[E
B TE

HIE S0%58FE > 1TBS Ml H L 600 pulsesX3 [H[& A1 900 pulsesX 2 [O] & A& Rl 5 KEHA
BMSCs #g 7 {bHYEZ 2 » > BMSCs #UF 70 B35 £ RUCH RNA 734 SOX9 R E R - 4551
B LA 900 pulsesX?2 [E & HIEEL control 4HAHEL » SOX9 HYZRIR & A BEE 7 FL(P=0.0233, [E
J1) > #EIHLL 900 pulsesX2 [HIEEEEE 600 pulsesX3 [ElE HAE (£ BMSCs #ogs3{EBk 2 SOX9 %k
RIFRIR AT, -

SOX 9
4-
*
o 3 I I
m —_—
c
©
L
0 2 —
0 —n
v ...
S :
w 1_ oy
B .
o
4 g
S >

B+ ~ iTBS RI% BMSCs 7 b#F BT HEE SR FEB R SOX9ERFER
BMSCs #E{TH0E s BB BRI - DL S0%58E 2 iTBS #E{T 600 pulsesX3 [H]E (600X3)A1
900 pulsesX2 [E]A (900X 2) BRI 5 K > control 4H A5 EHAR A Z (T REHE I 4H A -
3B RUCELE4H AT RNA 1%L Real time gPCR EE#{IE#EHCE 73 BIR T SOX9 FE R
AR - R SRS 25 i AT R 8 M7 (one-way ANOVA analysis) °
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B~ GRETEm

Mt g B8 T =@ TSR < \ESURRIG I £ LR ITBS FE
= GRS 17> BMSCs #UF 43 (L RZ 28 » IREE TN YIS AR E R IR -

~ BMSCs #E77#0E 70 BHAR - BLITBS #il# BMSCs #E 73 {bEKEY SOX9 ~ COL2 F
COLI0FER, LR Gy e PRI AR = A PA 15 Hz B4 = RERE IR -

* 50%5EEERY iTBS HAEH 5 K% - BMSCs 7B EBREY SOX9 KN FFH = A E A3 3
REG 2 KRB 1K > (i 15SHz BYEAESRERIROTL 28 K EEIE RV ERR AR -
=~ BT ITBS AV LB G R [FIRMEE ie 2 BMSCs RYECE 731k » 4537 900 pulses
TR (Bl EEAE 600 pulses JiF T =B B AE (e #E BMSCs U5 7Bk 2 SOX9 EIRFIRATEES -
A5, ITBS Ry im e Gl - I SR A AR 0 B T RE A B YRR » RO
HEH R ERBFEEAEGRNBX -

LRI A fer 2% BMSCs #RE 531k

% S E 451 PEMF R & i saar iR ryees oo k[22], » Hor AR H AR Ry
FIES @ iE A RE[26] ° Voltage-operated calcium channels (VOCCs) f&—FEFFAT o] BLEE 4 A4l
o ATLARREAT AL A AAEI 5 T~ e F e s 2R 1 > Kawano et al. (2002)F5 HIAE A B 4R AR AT E &
fath AHERNS o BEHGHIEHEEE S E(E VOCCs » feifi s 5 m AR [28]
T E5HET [E 2 AR YOS o LR P R B B E RS (SRS AR A R Y [29] - A& 1L ] 55 ]
BRI AT RERE FH LRI L . BMSC HYERE 701k -

{TBS ¥} BMSCs KK 73 LA BAERTRIBBCR

SOX9 &—(EiE e G BT (P S PR AV BRIN T (RO AR T - R g
Tell: H BREE B B AR » SOXO {E RTINS Ay & Betn i A nl sghAy A o - [FIRF e
SR SR D REY T R #ETT - 5 [ AR 70 (E(30] » (NIL - fERrAlEE SR T
HIE BMSCs &5 b1& 55 TR SOX9 BRRZRER A] AR Ryap AR s o (LAY EAFEAE -
BE5t > COL2 R COL10 R EAER & o E 7 bk B AR Ay SRS AT - FCRL ] DAY AlsEE L o
AN AR EE 3] BUES T RHIE COL 21 COL10WIFERNELE H FRHH 8 m] LA
TE BB EH0E 7 ERBERAVIERE - Alcian Blue B 2 HigltEAull - BRI E S BEGTAIF
FERE B IERESROME - AL Alcian Blue HYZ R FE IEARRE TR E0 A (HREAVELE(32] - COL2 I
COLI0Z R FARRINERERNLIR - AlEHE b AREHITEEE -
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Liu 2% (2019515 iTBS TE4-4HAE RATER » SRS S ITBS 7 ASE &1 2 se i Atife
FVRRER 3 (L Er B TR AR 3 (L AR NeuN HYZRER(19] - BRI F - USRS H ITBS B RSy Sl
SCRAB A E A S AL R323] » Parate 22 (2017)ER A 15Hz H3 BMSCs 2K M T E 43 {EAY
LL > SEFERLE— R FE e (R iOs o BRI RR IR Hodh R — KRR A (22] -
Parate 22 (2020)[F/4£35EH 15Hz HJ35 BMSCs » [EF4E40 74 RIS E =190 T
WAFEN TR HERCT 53 LAVEER[24] - FARR SCRREEE T 15Hz Y PEMF RISECE S BRTBER -
ARREHEZER 1TBS Rl BMSCs HHE /3L » B A R A ERPRAY A B8 = B RN RIS
PARHEETE 15Hz » AL (i E EHOE S B B - (ERMAIWIRE b s AR
HATHIE > 8 1TBS FSAVALAIE BMSCs #8533k SOX9 FILEEIZ AN 15Hz (I4HHA! -
7R T iTBS #H#% 15Hz SEAEA RO BMSCs FY#CE 47k -

e Rl SR LI B YA PG - Rafsg Alcian Blue ~ COL280g COLI0 > iTBS fEEL457
B S ARV B E I XY 15Hz © QPCR MRS H S LAY &5 SR — 2k - 588 1 iTBS
TREEE R IR R ENE R R O SR REREE 15Hz B RE A 0k & Bare 4Tk & 531t - %
i FiTECE B SCR > FERR DL IR AR SR G E SR AR R4S R - 2 A {8 B
FEAK B LA CRRERYZEER[22], [24], [33] - HItL - REERLIEIKEES ipwind2 TS SIHV4ERE
REHEST ITBS A1 15Hz BYFLEECE 5 LRE S22 52 - o] FLITBS RAERIR SR AN - IR EH
R ER AR B P RE A EHF AR

LRI B R B S BMSCs ¥R 7+ bRV &

BefMa5 2 50% 58 EHY iTBS HH#L 30%5K, 5%A S SOX9FERFI - REER e
EIE DA ERPE MPAHINGSTRE - S8R A Sm R PR Ryfa] - H5REEH—%L - A1 PEMF
tb - REERIVRES RS KETE 100 5 > S0%HIRES R s 0.37T » 30%F0 5%453 1l s 0.3T F
0.1T - Eipiaie hg AEHsrdiiry AT - KibEEwSRE A (e RIS by
tEs - (HiE - EREEE - S0%R e MR EBRIVER - IRE 7 IRATE E iS558
FERETER o WL H ATEEEAER 0.37T HYER - S HYMEAS RIS A BEE (e AR o (LHYEEE, -
[EHF - BTt 38R iTBS BAERM 5 KT SOX9 BRI FI4AE BB R 3 Kal 2 K1
K o fE4% Parate 255 (2017) [EFE(EFH BMSCs ZETHCE 70 LAVELEL - 3B —K ~ FRA]
VORATEHBI22] © 45 RBERHRIE—RAAAE SOX9 I Aggrecan HIZRER &L EHATHY - (EHEHIM
— R REN COL2HIRBAM BT o HESGESERIRR D » #UE 7 bryRIR &l
5 o MABEBGEFERM A K E T BMSCs (R HEEE 70 LAV E S » HERE IR [EHY

BN B REN A E - BEEAAFENGER - HEaBERS - KL > SR
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(RMS)HI{E 2 FR SRS 7L R PA_E AV RO REEE SR HIRCR - A E By BMSC %
IREEPARAART & - A DA B AR ARER PR FHE AR e e R A (LAY T -

(# iTBS FEIARIEBRBE T BMSCs s HMEHIHE

HI5Y RMS FEARGHYRIA » Blardiiffg i f [ > MBI SR E R R - P
ERIENEGUE M EIeEAGER - GEREHE—(HE 900 pulses HYBERIETE—[E1E 600
pulses, I H FfHEHRIERKEE 1800 pulses, (RFRHVFEEZEIEH - AERERG—HEL
ZHARIEAT DUS BT HY 7 BRSR  RIRAE SOX9YBEVERE N - BhEE AR E AV
AE > FEARGHEE F G — (0] & {TBS HYS88# R 600 pulses - 1 LABZHIRIMGZE—RG
900 pulses » FIlSZ [T & 485 i AHAE S A HARIHTBER IR fHAE £ 4 metaplasticity HYERE2(34] -
BRI - 1£ BMSC RIS (R HE M ERN 2 A S IR - M@ E—[El& 900 pulses 5L 600
pulses, LEEFR M AI{E RyoR AR ERAIRD SIS -

{h ~ &EmEaEH

RE SRS = e RIBRES44 i1 BMSCs 1EAGS MR E 70(EFRIR - 1 iTBS HYRE5REIR
SUBTY 15Hz © [FR - FRMTESR T EERVRIEBARE  ROSEEE > BAREL - A2 PR #E—
A HE B SR EREE EACS RERM RIS TRCR - 38 - TERIRERIREER I - P& RESaA
RIS S SR REMDRIEOT A © IEER TR B Z AR BRI R - (NItHEE
TRAFIARG S HIRHED - BFESEME - BRME - ISRHET - SREAED - RRBAEFIERBEET 5 R AvE(b
HRAL o HESE > WUARERAAERY 3 ~ BEE o EAEE b - W RARIRL RIS & H7E T - th
LRI B SR AR A e o1 - e nT DUS tRIURE ey 4, B8 o ERIE
REBRRFIER S NMEERBENETT - REEAER - AERIEM TSR RN A R R4S
GHYARACGEEZEM] -

BE ~ 2E R
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