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v Ag BHow W,

A7) HASE GAF Olonolayer) ol A HlFE 2D RIRE Fh F7AES] WHANE T ol BAHE Aol
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wowge] FAAS Pl W, ¥ Uyl vel F0Y FIAE AdRo|EE o) Ax: R
Asoln], ek FALORE /AL wE APALl R, g Ao RE FA Al
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% 7
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tissue bead)= #3} FIHY F7IHME AdH Eo]=(spheroid)ol®, A7) wE3 T3] F7AE A¥Rol=
(spheroid)¥ A7) 3 =719 E7|HME ~A#H 20| =(spheroid)el ¥]dte] 214 (Angiogenesis) 2 A
(Osteogenesis)oll @ oA <z} = MMP14, TGF-B2, TGF-B3, HGFel w&o] © =i, =23t fAx
BIP2 3ol ¥ =& AS EHoR 3l=, A7) vt 34 EVIME 2H 2= (spheroid) & X338t 24
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Gujoke 237) wlolmEd olglo]l Wk £7] W A & 0.5 x 10°
- 1.5 x 10709 MEES BFgoay o)oldrt. wrl FAHoz= 0.7 x 10 - 1.3 x 10719 AT, 7%
FAROZ=0.9x 10 - 1.1 x 107]¢] MEZ BFac)

oA gol TAE wekelre @, ol 2F JUFRA, T4 53

L

e =
AFA 248 TPIE, A ERAA AT 4F L 4L A% EFEL o)

AE g wjRe] FrFoR ZF}E F Y AELS 42 5o FAd, L-gdgd, L-ofE7d slojl=2F
Zglol= | L-A]2H¢ slo]lmR2E R o] E-R-3lo] = L-3|2EY slolm2EZZgo]lE-Ry
lol=go]E | L-g|Al slol=gFg2dlol= | L-HEod, L-Z =Y,
Ridfo]=go|E, L-ofamt2EA, [-Al2® 20Cl, L-2FE, L-o]afAl, L-F4l, L-fdgdehd, L-E-E
%, L-HZA gAY YstolEdolE, i-olxAlE, oyl slo]2F2efe]= | yololilolu= | I F5Al &)
olmRERgolt ) vlo]¥l, D-RERIASE, 4k, flEEER], HE B2, ASPHEFNaCl), BAFFAUE
F(NalC0s), F3FZE(KCl), A3Z4(CaCly), SAFAUEF Eimslo] =g o] E (NalPO,-H,0), A FE}lsto]
ZY ol E(CuS0,-5H:0), FbAlold  Elslo] =2 o] E(FeS0,-TH0), A3l (5-47), Ak zulg (MgS0,),
Ao EF (NaHP0,) , akoled FE}a}o] =g o] E (ZnS0,~7H,0) DEEAR(H1AERZ), 25

WolE, XN Na, 2lisalRl, BXA, FEA 2MCI P OIS xgent, ool ABHE AL oy

os]

o,
24

Ju

O

E AXE wigE AE A9F R Axste] ARESAY, F2 APH R AlREHE AS FSlEk
28 = Q). AgHow ANFFHI Q= vfdE wiA 2] o= IMDM(Iscove's Modified Dulbecco's Medium),
aMEM(Alpha Modification of Eagle's Medium), F12(Nutrient Mixture F-12) 2 DMEM/F12(Dulbecco's
Modified Eagle Medium: Nutrient Mixture F-12)& X3}, o] Adty = AL ofyr}.
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Tl AR el wEE, A7l @A (Dl AFSEEE = 23 fFEdAE B-erlAREAA 0 E
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Wy A7 Hek FAF g

oo, MANE Bel ¥ WAE US PA A uA Gtk olF WAl e=A B WIS unp 7A
o MY/ A% Aom, B el axe mel ¥ owwel Wzt olF WAl ol AwHA eerke
AL FAANA B AN AR Ao QoM AEF Aot

ERE
AN 1 2szol=e A% L B4 B4

B
e
=
o2

AFEE ot FafdE 34 S71AE(WMSC, Lonza, Switzerland)Z 37°C, 5% COp, w710l wikS &4},
hMSCE 71971 $13F wix]:= DMEM(Dulbecco's Modified Eagle's Medium, Low Glucose, Gibco, USA)ol 10%
FBS(Fetal Bovine Serum, Gibco, USA)<} 1% Anti—Anti(Antibiotics—Antimycotic, Gibco, USA)E Z7Fgh wiA|
£ APgetgion, wiA = 3dntth wEEtHA A4 2 oSS Sl Adiee 7S 971A &%k, = = 7
3} wjx1e] A9, a-MEM (Minimum Essential Medium-Alpha, Gibco, USA)ol 10% FBS®} 1% Anti-Antis F7}3F
iAo Frr o2 10md -S| M ZE 2~ o] E(Sigma, USA)9F 50 uM L-of~5 28] -2-F ~ | o] E(Sigma, USA),
223 0.1uM A ERE(Sigma, USA)S o] AREth. = &3 wix]= wjA] wdolv} WSCE w+3t7] A4
o] whEo] A&,

2| Rol =] A%

nfolg 24 ojgole]  hMSCE  EFetum  A#zo=E Ay &, Aesd -9 ZHolEQ
EZ_Sphere(Reprocell, USA)E AF&3FSITE. hMSCE #5317 A, #3834 DMEMCOZ wlo]a =2 & A st
]v‘* AAS H AFESIAY. hNSCE vlolaz Ao E5:3817] $3, hMSCE TrypLE Express(Gibco, USA) = E
Agslda, 0.4 EHA BF2 A5t dFAG7] (Hematocytometer) S o] &3] A¥X 5 zotglin),
ok IMSC Wi WiH Eo 2 B3l WX e #AsA A7 08, 1.0 x 100 AE/98 B389
él%— = 23 A9 F2 dnl/Lo] HEF SIS, = 23 X 3drith wEslglon, AnRo|=r) -3
2 Hogk 2AAHA 3ult FFoz AAZE 3 FH, A = 23} ujA] uLE Wi Aoz uX

=
Grt. 2 Reol=x FaFn A (Optical Microscope, CKX53 Olympus, Japan)S o]-&ste] #&atgivt

hMSC-2s| 2ol = o] thf a2 GP 23Rt ofu} FdHoR o8 7hed vio]azd ool AARS AHS
stef E&A o R olFojHr}. wholaRd ofFo] AARE 6-U FCIES wew AAHUY. 6-9 o] U
& A7 500 um, zol 200 ume 2,40070¢] whelAR WS T low, wepd @ wlo]lam 4 ofeo] A
2EG ARl 14,40070 9] hMSC-=d| 2o =5 g Wol Aard 5= gl

ok
3

s

slol a2 ojglole] ifE P EHAe A B 3} A= F vholaZ o] 0]
Aol E WE AF BN A E2L PAY 5 Jus AAY 5 ATk WA, 69 Saol=e] 7t 4
6

e Al=E hMSC 2 1 x 102 ZF A RZo|zo I7]|9} A H3E AAEA Aojstd ule} 943 2,40070 2
hMSC-2HZo]l=2 FAESITE (= 1A9F 1Bl U= 27 oF 100 um 7]9] ~417 A/ o] Ro]=),

2

hMSC-2=F| 2ol == hMSC A3 A ('3D-undiff' &+ 18) EE= FAMA('3D-diff'g= 28)A 74 Z9F H)
SFERAAT, 271 s A7 AEF7E FAE 2 FAERYeH, FBS 12 AFE3F NSC-AdZ2o]=9] o] A+

o} dxs1gitt.

hMSC-2F| 2o]=9] A7) 5L Fos W3t 2po] glo] 4Uatel vla)] 7o #&AE = A o] YL 1B).
Az BA A, 3D-diff 2 3D-undiff TFANA wFE 90% oFe] AMEF W 717k 7Y (= 1D} B) HF Ag
£ 7hset Aoz ZAEITE.

H gl o] FACS EAo w2 3D-undiff ZFS AXE F 95% o] oA A4 hMSC mFAZ 4 A U= (D449}
CD737F 2D ®ieF Zo)Ed A 3¢ 7F vk hMSC('2D-undiff'olglE &)<t A8 A= T3 HAT. b=

¢
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AD-L2H QL IFLS ol5S 77} 86.7%9F 43.4%% AT Fe FFoR FHAIPE=d), olx 7LUte] FEA Al
Aga 384 237t 249 Aoz ewth. (D459 (D349 Ze &4 hMSC-m# T A RE 188

=
T
i)
H
rlo
dlo
1o
.,
:\_l‘
e g

£ HERAH (= 1F).

M REHED-undiff) R F EEED-diff) 2ANA MFE NSC-23 o= Fste] NSC A WA E AHgho]
GA S (2D-undiff)oll A wjFRt Fef MSCet 4 sk mlasiivt. AEe] AT dd ZRakld dolHE o
7] 8 LCNS B4 FaAgon NSC-2sZelme] sl ol JgHom 2ALE

2o|zolE 7] &4

AF2olEE Roy| Y& 7d T 15U vEs £ F EIlE A¥Zo =S 300rpmol] 3w YA RS
t}. o3 PBSZ F-HA1Z] thg 48-4 (Non-adherent Cell Culture Plate(SPL, South Korea)o] #53F U2 &
AN AL o]L3}o] 40x9] HlEoAH e AT Ro|E AARAS FGFATt. o]F H7|E Image] TRIME o] L3}
o A Eolre] 7|5 FAIF T, Hi 507 o]t F2H9e A Ro|EE duste AHE SA3ST.

=
wjoke A Rol=9] AEJEE 52135ty 98] Live & Dead ©]Alo] (Thermo, USA)E 33, 2¥Rol=
5 a3 Y8 7Y £ 1597 F EslE AHRe|=E 300rpmel] 3E7E 94 28Tk, Live & Dead o
ANe ¥ 3083t 37CAA A H FFAw A (Fluorescent
o] &3t CalceinAM(Zto}gl= AE) 3} EthD-1(FE A¥E)S A& 2 &

>
o
=2
>
>
ok
i)
)
fr
rEI
rln
oft
tlo o
oo

Microscope, CKX53, Olympus, Japan)

Jsh9irt.

~H 2ot FE3S BA] (Quantitative Polymerase Chain Reaction, qPCR)

=3k Aol wgs AT Rojxg 35S Hrlelzl Yu) 7Y, 15937 A Ro=E wjkdk o
(Invitrogen, USA)el =<9 ¥ RNAS FZ3F3th.  olF 9HAF A4 (TOYOBO, Japan)E& ©]-83}o] cDNAE
= ANZF FEa L9932 (Quantitative Polymerase Chain Reaction, gPCR, Bio—Rad, USA)S A A8t
= 3E g9l }] gk Al v FAAES HAESUTHE D). 4 FEAe] dde 2D hNSC
Day 39 Aol Al Fo= =43} sto] e (= 2 2 = 3).
s

M

0

izo
é
o

38 Ef '-= i1

Ersﬂ_

O

2D Wik Z1H 3D Ml 1F Zhe] wlmelA, BWP2, RUNX2, OSK, ALPSH #& & 4 fadel hirwe W
712 Bk 3D Wi aFelM NER 2EHE Ao wolth. 58 BWP2 #94 B@LL 3D-undiff 15
T, 2D Wik 1 R 3D-diff el W) e oA A u) o) A 2SS & 7 A= 2)

F 1
AR Zglols] HE (5°—3) NCBI HH=E

g GGA ACT CCT GAC CCT GAC C

ALP == jk NM_000478
Sk TCC TGT TCA GCT CGT ACT GC
Ak AGG GCT CCA ACG AGA TCG AGA

COLIAI e NM_000088
A TAC AGG AAG CAG ACA GGG CCA -
g GCA GIT CCC AAG CAT TIC AT

RINY2 == “E : NM_001015051
S CAC TCT GGC TTT GGG AAG AG
g CIG GCA CAC AGG CGA GAG GC

0S¥ — "} : NM_001173467
AHEF GGA GCA GAG CAG CAG GTG AA
A GCA GCG AGG TAG TGA AGA GAC

OCN . NM_199173
A HgF AGC AGA GCG ACA CCC TA
s CCT CAG CAG AGC TIC AGG TT

BIP-2 83 ‘} : NM_001200
&k TGC TTG CAT TCT GAT TCA CC
Ag CCG CAT CIT CTT TIG CGT CG

GAPDH ‘} NM_002046
L CCC AAT ACG ACC AAA TCG GIT G
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S, BE OF9 T8 ol gdd st d AErt FHES vEY 2 ~AYE AAEReH, TGF-5 2
NSC 574 wuidel A =E 23S Ui (= 4 WA = 5). LCNSE S3f oF 4,20070¢] daids &
Aglom, 1 F MSCE, WY Y, ECM #4, BF, @ A4/F ¥4, 25 g 5 o/ BFY gl ©
AL o AFE 98 A

2 odgel A AAFE wEW, 7] uid FHE F71HE 2d 20 = (spheroid)(3D-undiff) & 7] 3}
FY E7IHAE ¥ 2o = (spheroid) (3D-diff)ell Bl 3414 (Angiogenesis) 2 8 A (Osteogenesis)oll
HdEE A Qlxk F MWP14, TGF-B2, TGF-B3, HGFe ode] ¢ & & & F vk, &, Z29dydd o
WA F MMP14, TGF-B2, TGF-B3, HGFS miEst 53t =714 =¥ 2ol =(spheroid)(3D-undiff)7} vh& =1

(e7kel W EF) vs) FPT] e $EOE WA ACE LehTH(E 5A-5E).

=
A7) vEs 33 EVIAE A¥Eo]=(spheroid) = 7] B3 T3 EVIAIE Ad| 2o = (spheroid)dl H]S}
o]  F3#AA(Angiogenesis)oll FHEE @A <Qxl F OWNTSBe] o] ¢ Ei(&= 4A-4E), F3A
(Osteogenesis)ell #&F whld olx} = SMOC1 2 BMP1e &do] ¢ & AL EAO R Jrh(x 5F-5]).

A7) mlist 7Y E7IAE 29 Zo] = (spheroid)E @Y S (Monolayer)oll A vkt w23l 7k Z 7|4 X
v)sle] d33A1 A (Angiogenesis) ¥ =3 A (Osteogenesis)oll B whwlz oz} = MWP14, TGF-B2, TGF-B3,
HGFe] wdo] o ¥, 3414 (Angiogenesis)ol THAE ©d <Qix} F WNIBBL WHdo] ¢ won, F3A
(Osteogenesis)ol ﬁe‘i% ohElE o1z & SMOCT 2 BMP1Y o] f =& AL EFoZ T 4 UA &
5).

T 68 Az, FH AXSHE B4 (E 2 %) Aoy, % AES5H A2 D-undiff ZF2 MSC
7FMSC AHE Y3 dujdoz HAHE NSC 549 Fdx ¢ E%% wrEsks etk

A7) mlE3 2349 EV)HE AW 20| E=(spheroid) (3D-undiff)E A7) B34 319 EVIAHNE AW REo|=
(spheroid)(3D-diff)el u]ate] (D73 2 (D44 MSC »FA7} ¥ =4 TdEHE AL & 4 9

5‘2?‘{}, A7) m &3 9 E71AE 2 2] =(spheroid) (3D-undiff)+ ©U 35 (Monolayer)ol A HlE3F w3}
= 7V A E(2D-undiff)oll w)ste] CD73 2 CD44 MSC m}A7} o] A4 ZdHE AL & 5+ 9},

of

L
2

N

.
7

1>r.w”“”

2 ool A AAFH mEA, vist F09 FVAE 2d| 2ol A wg V|ite] 3-5Y, &
24, 7-18¢ = w3 Y FVIMNE s Relrrt) A V|3te] e 4 glom, o
H-g Azt a3% gty e, 2 wiolA wEst F31Y E71ME 2d|Zo]=(spheroid)E E3
Z7|ME ¥ Zo]=(spheroid)el] ®]3te] 1A (Angiogenesis) 2 ZF3H A (Osteogenesis)ol] AT
Axpe] wdo] v A7] wjite] X EAZA S &t By 58 & vk, Te, B3 F319 E7AE
o|EE MSC AEAR AE3l7] flato= 2 el wisl F1Y %ﬂ*ﬂi iﬁﬂiolE(sphermd)oﬂ H
A Q1E7F F4go] g Hibstal, u AAg QC R kA AlE AAE sh7] wiZel, & e
] E7IHME A Zo]=(spheroid)9] X FA A& 7lsAdo]l o %41’ & 4 ATt

=N e o

=)
W

ofN & Hu wX z@ ot

15
7]

olow B owe E4F RES A8 s&aAs v, FAA] Bl AAL A AolA oA o
TAA e WA R T Woln] | olo] W whge] Wer}t ATEE o] ol He W},
weba, B el AAAQ Mot HRE FTR o] SrHEel et HelHrim @ ot}
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SIHES

A {-) growth medium B (] growth medium
Day 7 (+) estecgenic medium Day 15 (+) esteogenic medium
RUNX2 coLt RUNX2 coL1
10 5
20 . 5 L3
g’ 5 il
P Es !- 15 g
4 g 2 5 n 6
3 32
@ & 2 2
2 1
“ 5 w 4
0 - 0 = m . .
2D 30 -+ -+ -+ -+
20 3 20 30 20 3D
FAER osx ALP osX
80 100 400
!__|
&0 ‘ ) &0 300 100 N ]
s £® Ew
40 2 200
a0 = 2 60
§ § £ 100 3
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0 3 "
o ol —1 =ty FEr :
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OCN OCN
5 5
g 4 ? 4
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o § 2
g
1 1
o L]
" “an” D 0
RVl
1. 2D-control
A 2. 3D-ostea 1.2D-contrel 2. 3D-ostea c 2.3D-osteo 3, 30-undiff
3. 3D-undiff 102 e 2 3 e |
2 ® FGF1 E— Q 9 e |
O O mes [ Q Q Fit 1
O O csPet O
o o  FGR2 = O O i =
Q O it 1| Q © RRAS: =
& e APz = o o Fes =
Q O Lom2 [ | 9 0 856
(= o] RRAS. c < THES? .
_— O O SERPRE! @ o GEMN!
e ©  POCLY = Awm O O PDGERB | |
Qe o o pos [} Owe © 0 sare
& Q
Qe O O wMreEs O o ©  WNIsB
Ow g © BSG B O O wrcey
S o o EMCIO [ ] @u O O SERFNEL
Q0 A O ©  ECFR
QO HsPEl o e CSPGA .
Q O POGFRE 0 Q FGF2
O O HOX o O Hoxi
o O P o O  neEs
o O POSTH — o o T ——
o O Mz | | g =2 MRP2 I
o o coM? 1 S O ANGPTLY 5
75 [ 25 s o FGF1
Fold change (Log2) F 50 75
Fold change {Log2)
D 1,20 cantrel 3. 30-undiff E
1 3 4= - - Bl
Q O mnen = 2D-control* 3D-osteo*
Q0 0O FN1
5 & PpoLa. ] THEST HSPET
G O Lom2 = CEPGS
Q O cseee FGE2
rosT 2. dahe 1 Lon2
ANGPTLY O O ey POCLT
pipie A e o TNFAR2 ]
FOGFRE Qa9 Dumes —| 3D-in-commeon’ 3D-undiff*
WNTSE taan 2 0% i
(SR PDGFRE PDGFRE
SHC1 S & o SHOY
HMOXT WNTSE
EGFR a o s —
| [ vavz o O EGFR Mmp2 SREXZ
- SRPXZ o O HaOxX1 = oMz EGFR
| AIMP1 o 0O MMP2 1 HITMGOF‘;’
11GE3 ¢ O moes |
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S AP L 00 75
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1. 2D-control
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1. 2D-control
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3. 3D-undiff
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1. 2D-control 2. 3D-ostea 2 3D-osteo 3. 3D-undiff
B c
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25 oo 25
Fold change (Log2)
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SOS——y— 2D-control* 3D-cstec*
Abon -L SPARC GPNME
O s
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o GENME MumPLs
— e oo
25 (X3 25 MMPI4 TGrEs
Fold change (Log2) HGF
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el —
o mean [ ]
Aapan o LTF
Sk e
O
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I J
2D-control® 3D-osteo”
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coLta [ | coLrar N
FMLZ [} COLTAZ TMEMT1S
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POLMT 7
e O KEBPI = r’hm
) £ L 1Gr8P3
= CoHN
0 0 WRc2 L PDLIM?
0 © FaN 2
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: e TMEM119 Fant
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3 SHIPXD26 {3 7
s AR = SHIPHDIE 1GFEFS
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Fold change (Log2)
1. 2D-control B
2. 3D-osteo
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