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AA BB CC ey =) 7 14 i
EE 1% 2% o)t ym
th ot = BT
FF GG
AA ... Oct4 transformation
BB ... Change to serum-free medium
CC ... BMP4 treatment
DD ... Cells in plastic state
EE ... Bone differentiation medium added
FF ... Bone differentiation for 1 week
GG ... Bone differentiation for 2 weeks
HH ... Bone-like cells

(57) Abstract: The present invention provides: a method for direct transdifferentiation of somatic cells into bone-related cells, the
method comprising a step of treating the somatic cells with at least one OCT4 (OCTamer-binding transcription factor 4) expression
promoting factor of OCT4 protein or a fusion thereof, a nucleic acid molecule coding for the protein, and a vector carrying the nucleic
acid molecule, and a musculoskeletal growth factor; the bone-related cells obtained thereby; a cell therapy product using same; a
therapeutic material screening method using same; and a diagnostic composition using same. The present invention also provides: a
composition comprising at least one OCT4 expression promoting factor of OCT4 protein or a fusion thereof, a nucleic acid molecule
coding for the protein, and a vector carrying the nucleic acid molecule as an effective ingredient for preventing or treating a bone-related
disease; and a preventive or therapeutic method using same. Furthermore, the present invention provides a cell-penetrating carrier-fused
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OCT4 protein fusion or a cell-penetrating carrier-fused OCT4 protein fusion having a bone tissue-specific carrier conjugated thereto.
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SV M E Eol & #-A A (VIMENTIN, TWIST, SLUG) 2| W3] 4=

RT-PCRZ 13t 2 75 el
[92] Y162 RN M E 5ol 4 e A(CD31) % TSI A 3 So] A
il (aSMA)l o gk ' 4 5181 A A 15 hebdl T
[93] L 17 ZREodo® MEE G dMste] R YA S BES A0 E
[SR= =
[94] L 188 FOLM L Eol A4 nlA o] el Y5 Bl sk 1 Lol
[95] 19 M X 335 AnE dHAAd Ao g Q13 ALl o] T,
[96] L 209‘ TE AE npg-2 Bdox & AAS &elslr] ¢ g micro-CT AFF
2 BV/TV %E 5748 18 ot}
[97] % 218 CPP-OCT4 314 vl 2l o 1= BP-CPP-OCT4 534 whild F o]

98] ol 8}, ¥ rg& A Al SR =&
S Alshs A &, 2 o] shy] Aol of el g s = 2l of T

[99]

[100]  <&A 1>0CT4 #AA 23 A= A E FANAA XA =4 T
ZohAl X o] A A WA 3}

[101]

[102] AA e 1-1. FolA X 2 WA sl vk

[103]

[104] S ¥l 9] A 3 ¢1 HUVEC(human unbilical vein endothelial cells) A 3 & 8] %3} 7]
A3, A2t 0.1% 8912 205 5 oF 8 3 100 mm Al 3 vl ¢ F Aol HUVEC
Al ¥ (Lonzarl, USA)E 4 x 103 Al E/em 2 B 5= 8 £} 1% FBS 2 Zh&
#1491 2HIGF, VEGF, FGF)E X §13}+= EGM-2 ¥l | (LonzaA}, USA)°ll A 37°C,
5% CO, W% 27102 W A = 90% 7FHE A& w7k <] A & vl %3513 o
I, MY HAIY A EE 0.25% 552 EYALE o] 831 ¥l

[105]

[106] OCT4 F A AE E3 k= Eef~v| = 258 9] 38l, DHSalpha 2| #] o}
£ (InvitroAh)oll OCT4(Addgene #13366) 5 A7 319 ) 23

= a}/\u] = 5452 B 9F42°Col A heat shockS o] =3t} 1 tFL-, A7)
OCT4 2=} =¢) vhe 2] o} 100 pg/mle] &) A& 3 A4 7} £3HE 4 mL LB
] A (SigmaAl, USA)oll 4 FataL, 8AKF &<t 37 °C X% ) 7] (shaking
incubator)°l A 160 rpm & & E ] F3tAth 4 mLo] ¥HH g o} v A= = Al &
15%%} 3| &4 FH 2508 Bybatal, YA ImLe BHe g o} WA &
THIH 100 mLo] LB W Aol ol 2= 15 =] 164 1F &<t 37 °C 21l 7] 9]
200 rpm &= Wl Y&kl o). th&- ', Midi-Prep(QiagenAl, USA)E AHE-5)¢]
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Zefav| =5 v ol 2 E] B Al A FESAT
[107]
[108] CRARES %E]ri‘j] E% Neon transfection system(Thermo FisherA})$] R
A58 2 I Y M| E 2] FEA) el A 7| FH (electroporation)-S- 53]
A A A ZA T Xdﬂ{ﬁ o 15uge AxE Zef2u=7F2 x 106 A E )
AdE 5= A EF A7 A7) 13.5kViem, =4 A ZF30msZ DA 8tk 1 %,
AR A EE 6] Aste], OCT4 AARIALE 4 3}st= OCT4
A (Abcam, USA)E AF-&-3Fo] W A 3 3} 81 (immunocytochemistry ) &
T3k At
[109]

[110] A7 ol %, A2 b E H8te] 37°C, 5% CO, 7102 587
EGM-2 1l A of| 4] 24 A ZF & QF vl &F&} Sl Tl 1 %, 10 ng/mL -5 5 2] BMP4(RnD
systems, USA)E T8 nl| X o] H7}slaL 48 A3 &2k vl kst Tt

[111]

[112] 71 T, w373} ¥l 2] 91 StemPro Osteogenesis medium(Thermo, USA)©l 4]
AFEE 14 F )b skl

[113]

[114] A 1-2. BAYIAAME ] OCT4 F-3A 2H &9l

[115]

[116]  AAlel 1-19] e} OCT4 - HAE Hd st A I A 27} g A=A
glstgln). A7 S A A g A9 A Zef| ol RT-PCR 2
H A A 3£ 3} 81 H (immunocytochemistry) & =3 5} 31 T},

[117]

[118] RT-PCRE| 7 -5-, QA WI AN EEPBSE ¢ A ¢ & Trlzol(Therrno USA)E
A el ste] d 5ol 204 Fot A2 E §E310] RNAS [ 4 S A
£ 2 2 ¥ E(chloroform, Sigma, USA)S YW o541 15?:@ L5001, 105 Fot
Ao A HFX AT 71 & 15,000 rpm, 4°Coll A] 205 Fot YA -] &3t} o] F,
FoE F e SF(FEeE 53 5 5) ol 7 TS R F55
A ZEE FHE FATAT o] 423X 2 F-E(isopropanol, Sigma, USA)S 7 7}5}¢]
53 &< Aol A RNA A =o] A= w7bA] 7] star, A4 A&
AR 7]E S8k 15,000 rpm, 4°Col A 203 & SF 41wl 8ho] el 83l
Al AR 75% o §HE-S A A2 E RNA A 2l (pellenyol] W] thA] g
10,000 rpm, 4°Coll 4] 204 &<+ A2l 8kl o Al H ® & A &2 molecular
graded water(Sigma, USA)°ll 60°Col| 4] 10+-3F H A A F ),

[119]

[120] olg A 5% ZF A3 2] RNAT reverse-transcriptional PCR
kit(EnzynomicsAH) & ©]-&38Fo] Al 2ALe] 2 E T o u}e} cDNAZR A 2FH At}
A2 cDNAT WAt A} &= 2 f- 422 2 elol 53} SYBR green PCR
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[121]
[122]

[123]

[124]
[125]

[126
[127
[128
[129

—t e e

Mastermix(EnzynomicsA}) & A}-8-3}¢] quantitative real-time PCR-& <=3] 8} 31 T}

AL Zalolmi= alr] ¥ 13} 2ot

[3%1]
SHExt o2lo|H MY (g o2lo| AH (AW
CGTGAAGCTGGAGGAGA CATCGGCCTGTGTATATCCC
OCT4
(MEHZ 5) Mz 6)
CCCTGTAATTGGAATGAGTCCACTT | ACGCTATTGGAGCTGGAATTAC
18s
(M 7) (MY 8)

A M| 323} o] 79, OCT4 & A|(Abcam, USA)E AFE-3lo] A&
x_]zsg It} ol & A8l Al EE 4% 92} 5 < d] 3] =(Sigma-Aldrich, USA)E
o] -g-3to] 20 -3k Aol A 217 §F %, 53Xt phosphate buffer saline(PBS;
Gibco,USA)S. 2 F H A 8| =t} 15, 4 A oF &3} 3} (permeabilization) &
A3l 0.2% triton-X100(sigma-aldrich)E 1% bovine serum albumin/PBS (BSA/PBS;
MP Biomedicals,USA)°ll 4101 15 &3+ A 2] 3l 5= 91 t}. Blocking e %131 10% normal
goad serum(Vector laboratories)E 1% BSA/PBS®l 4]0] g A| {F & QHg=-¢ll
Hyskglvh 31 A A A9 OCT4E &017] 918l 0.1% triton-X100, 5% NGS, 1%
BSA/PBSell @A 2} &8l & 1:500 B &= 4]0 aF2 4 &k 4°Cell A
Bastdth o= 21024 Al A[ske] Holgl= A A A E glofl AL
HA A E 2 Gl ol 1:2200 Bl &= 1.5 A ZE 5k Aol A A 2 e =i
M3z 1A % %’4 Gl DAPI(D9541 Sigma-aldrich) € 915 1:200 H] & 2 PBS9]| 4]

1:1

A Ao 1-19] w2} OCT4 F- A A7 A I A 3 o)l AT d o=
= A THE 2).

AN 1-3. FF A A Fo] BMP4 A 2o WE EA F AR uF

A Al o] 1-19) upg} =53+ Al E ol A, BMP4 58 A ¢} ¥ ¥l MBPRIA ¥
BMPRII -7 A} £} W] 9] -%319] 7 3}(endothelial-mesenchmal transition) ¥} ¥+ ¥
SLUG 2 SNAIL 712} 8] & =35 A Ao 1-20]] 7] A ¥l RT-PCR< 53
=239l RT-PCRO| AF&¥ Zelo)n] AL t}e3 7o),
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[130]
[131]

[137]
[138]

[139]
[140]

[3%2]

FUX Zeiojn MY (FEd) Z2o|H MY (4D

BMPRIA CAGGTTCCTGGACTCAGCTC CTTTCCTTGGGTGCCATAAA
(MYHS 9) (MBS 10)

BMPRI GCTAAAATTTGGCAGCAAGC CTTGGGCCCTATGTGTCACT
(M= 11) (NS 12)

SLUG GCACTGCGATGCCCAGTCTA TGGCGCAGATCTTGCAAACA
(MEHS 13) (NS 14)

SNAIL | GGCAATTTAACAATGTCTGAAAAGG | GAATAGTTCTGGGAGACACATCG
(ME¥z 15) (MY 16)

1 AT, OCT4 F A AHE 2 A 3A 7151 BMP4 A 2] 71 %] 8l & Al Lol A
BMPRIA, BMPRII, SLUG ¥ SNAIL & o] 714 -2 218 st th(= 3).

AN o 1-4. ZotH X ol 4 wlA FHR A

AN 11 2R o} Qs AL e
Wl R QA 2els] e, AT ) L ul el (x] ael] 1 B A E S

TR ARE, Bl Lo 2: & I 9] A E ol BMP4TE 2 2], Hluﬂ] 3: ) I Al 32 o
OCT4E “}i AR g =)o A oA Eola|E Eo] 4]l npA Sl
cbfal, ALP 2 call f-A A2 H&H A& &218t 3T,

%} 7] cbfal(core-binding factor subunit alpha-1)2] T}& o] 5
RUNX2(Runt-related transcription factor 2) 2 =& M| E 9] 73}, A=A 2

9 = g A of] Fho] st} Fol A7) F-3Fsh= I ol A cbfali= 4 w2
2 wha Fl o)

A
A

O

A7 A A48l 8.4 (Alkaline phosphatase, ALP)+= A 9] B 2% 9
A ek, &3] Fx2A o] EA5HE ALP= & Aol &3] dojd u 21 g4 o]
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[141]
[142]

[143]

[144]

S 7Hghet, BERE, ALPA= R (osteoid) & 4 ¥ 7714 ShH(mineralization)©l] 5= 8.3
ASE st aholH, FolAE AL nbARA 2 el A AT coll(Type 1
Collagen) = oA L 7F A < ¥ 1= Z 7] o Wl o] F7h¥ = 1AFo]th. cbfal, ALP
R call FAAES TopAEA A A LR = {FHAAER

ol A E7FE oA 8 #3515 S= A= cbfal, ALP & call®] & A %7t
ST FoAEE 3 vt ekl

cbfal, ALP 2 call -4 AF2] vhd] A= 2 Ao 2 vl o] MEE w5
=2 Ak A Ao 1-20] 7] A1 A3} & RT-PCRE ©]-838} 51t A5
Zlol = 3] 3 33 .

3£3]

% Zojo|0 M (dY) Zeto|H NE ()

cbfal TGAGCTCCGGAATGCCTCTG TGTCTGTGCCTTCTGGGTTCC
(MEf= 17) (MERS 18)

ALPL GCTGGTGGAAGGAGGCAGAA GTGGGAATGGTCCGCAGTGA
(MERZ 19) (MEH 20)

Col I GTCACCCACCGACCAAGAAACC |  AAGTCCAGGCTGTCCAGGGATG
(M E@21) (MEYZ 22)

W -3} ) <) ok 7Y = 14U A A Ao 1 2 B ale]] Al EE] Dl |
GUNIA FEE o= AR, H] o] 2: Dl 9] A Fofl BMP4RE A €], H] Lo 3
o] Fhl ) A 3ol OCT4E F-A A2 A A3 TF =30) 5 9] cbfal, ALP 2 call
FARe] He AL E A THE 4).

AA o 1-5. 2 2H Ao &R &9l

o

A el 119 AR LA S ol whe} @ vk s A E oA £ 8
!

W3 A=A Felskr] H e, Uﬂ‘—j%]@r@?i*—'.J‘jq(lmmunocytochemmtry)— o] & 3}o]
Ao D ulae(Rl o] [ SA NI M EE T AFE, Bl 1o 2

o]
& ¥ 9] Al £ o] BMP4TH 3]
A A2 SRk 3 o] Al o

1= Teo

£A 2 A,

o], Bl 3: T F A o] OCT4E FA A=
A

ZEZ A E 1A 2 2 @ ZH 41 (Osteocalcin)

R

[N
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[149]
[150] Zy 2 Al o] @ W] Lo M| EE-S PBS W I (buffer) & A & ¢ 3, A EE 317 5}17]

[151]
[152]

[153]
[154]

[155
[156
[157
[158

—t e e

[159]
[160]

[161]

A3l 4% v}t X5 L H 8l o] = (paraformaldegyde) & ©] -8-3Fo] Al 2o A 204 & <F
2] 2] 89 o}, PBS B ¥ & A & 3 & 19% BSA(MP Biomedicals, USA)/PBS(Gibco,
USA)®l| 0.2% Triton X-100(Sigma-Aldrich, USA)Z 4]o] 155 St

53} 3} (permeabilization) 5F] & A (antibody) 7} M| 3 9F 0. 2 Eo]Zk 4= 91 A

A 2] sl T}, Bl 5 o] A 34 4 ¥+ (Non-specific antibody binding)< 4| 5} 7]

A ste] ek (blocking) WA ol A 10% A /3 4 & % (Normal Goat Serum, Vector
Laboratories, USA)S 1% BSA/PBS®l| 8|4 5Fe] 1A] 7 &-9F A 2] 8} 3 th.

0.1% Triton X-100, 5% "3 2 & *J (Normal Goat Serum), 1% BSA/PBS
£ dM(solution)oll 77+ 12} &4 & whpd Ftk A2l sl ALSH 13k 83 =
1:5002 8 3] A 3k 8} ¢ ~ €] @ ZF-A1(1:500; Abcam, USA; ab13420) == 1:2000. &
s A8 OCT4 S A& AFgat it 1 ohe, 7 M| £ EE 1% BSA/PBSE 54t
3¥ A A 8EaL, 1:2000. 2 3] 4 & 23 g (Jackson Immuno Research) & 1] 7+ 1t
Fok A stdct. & S H5ke] 1:2000 8 3] 4] 3 BAPI(Sigma-Aldrich,
USA)S PBSol| 8-3ll3lo] 1543 A 2] 319l ). 944 2 2} EVOS(Thermo,
USA)Co =& #2519t

Ao H HlaeH]ale] 1 I M EE I E AR H] ol 2
Y Fhy 9] A 3 o] BMP4RT A ], H]Loﬂ3 Y I I A ol OCT4E Jx}i
F A A =30 A Eo| A A E npARI 3/\151] Q ZF Al (Osteocalcin) &4 &
glgk A, AT Aol T2 F323Fa 9l A 39| o] DAPIO o & -F&
HFo= QMO TN MEL EAE Gl a1, -2 Mo A
Loz o] 8 Fef F3xE ] & FRASITHE 5).

A Ao 1-6. 433 AL &9l

A9 119 AR Yol whef A A e A
235 A Feso] A, DS e
SRR RS EEEER EORE L i

215 9124 o 201 A 2o ms}am AN

=
A-8-oll 4 30871 HHS A]?ﬂu} 552 23hel AR 9 PBS £
LA A s BRE AT 6).
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[162] AR 1.7 A-H WSt W E & 2o A &7 &3l

[163]

[164] A ATl 1-10]] wheh 2] 5] 2Pt sl Fol A 27 = 2 A4S Al A sk Felsh]
Al FoHE AT vpg-2 Bdlo] AAld B H| Lol A EES A8

[165]

[166] A A 71¢H}ﬂ 858 mh-2 Rl A F i E & 9] 92 2% 4mm
A7 & Fe = FhE A % A2 Al zte vt A2 A E7F
3 ﬂH%EwﬁMQDW%%L of A& = & (sham)3 2 Ao 1
Hl Lo (Al atel] 1: AWM EE T2 ARE, Bl ale] 2: A 3] A Lo
BMP47}+ A 2], Bl L] 3: & vkl 1] A o OCT4§_ A= A - ST =3
AXES S 2 Hitg‘/\}%a Ap-2 2 Wkl

[167] 875, Z Aol & A Q’Jg} ]HC’H w7 A e E
SkyScan1172 (SkyScan) micro-CT “JH] 2 £ ] 3} a1, ReCon Micro-CTo] 1] X] 4]
ZRIFE B BV/IV %5 S48 & XH BASEE FABATHET)

[168]

[169] = A BEE &AQ1e At vlale] Al x5S Fol8t71u 55 th & (sham)
] OCT4 7 2 };E’a HAASA I I A E ol BMPAE A 2] & A Al |

A E S Fol gk nhg-22o A F A 8] 2 & A Ao LER T

[170]

[171] A Aol & Ao Aud 224 o g gelsty] %ﬁﬂ Masson's
trichrome @A 02 = QA A= E AR FHEHS =A L vefd o
7% 2 205 M AR ¥ = AR platedl] #5]E85S THEY & H,
31 7] (sectioning) & ©]-&3te] gFAl &et frelEefolEe] Bt
Fre]<edbo) =) A= A S 100%, 95%, 70% L& 2 A7
glof Attt 1 H, & o05-10%-1F 7} ol &= da&3 glofl At thi
hematoxylin solution. 2. & 10%-3F 3 A &l 5231, T} A] 10%-3F =l 2o St}
=] Biebrich scarlet-acid fuchsin solution®l] 10-15%-7F 14 & E-of A o]
T thapx]4}F © 2 phosphomolybdic-phosphotungstic acid solution®l] 10-15%-3+
A A 3Fe] Z 2172 destaining 3F %, aniline blue solution & &2 5-10+-3+ 1218} 31
E-of FFA] B-& F] 1% acetic acid solution®]] 2-5+-3F &7} 5= T}, Dehydration=
A8l =l B o] T H, 95% ethyl alcohol, 100% ethyl alcohol, xylene®l] A
Tt} 1 F,mounting solution®l] mount 8l 5= T},

[172]

[173] 2783, OCT4 A2 &2 dshad d v ) Al o] BMP4E A 2] & A Aol 1
A E S Folb mp-2o] & o] o] & 223 AN FEj & A A ¥ =
& 3R THE 8)

[174]

[175]

<AA A 2>A X FAY FEE R OCT4 57 282 5FAE
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[176
[177
[178
[179

—t e e

[180]

[181]

[182]
[183]

[184]
[185]

[186]

AT A X = ZobAl X o A n a3}

A A o 2-1. CPP-OCT4 &3 ¥ 2 5349 A =HrH

M| 3 53} ¢l A (Cell Penetrating Peptide, CPP)©l] OCT4 ¥ 2 o] -3¢
CPP-OCT4 314 whwl & A 25} 3t} W A], OCT49} A 9| = A 3 17
AL A S A Ao s EE_PJ B} $13= 30ke 196 AHE-SFA T &
A 3ol Ag-¥ 30Kc199] ofu] Al A A& vt FHA D S 23),

30Kc19 (1-239 AA) OtO|i: 3t MG

ADSDVPNDILEEQLYNSVVVADYDSAVEKSKHLYEEKKSEVITNVVNKLIRNNKMNCMEY

AYQLWLQGSKDIVRDCFPVEFRLIFAENAIKLMYKRDGLALTLSNDVQGDDGRPRYGDGK

DKTSPRVSWKLIALWENNKVYFKILNTERNQYLVLGVGTNWNGDHMAFGVNSVDSFRAQW

YLQPAKYDNDVLFYIYNREYSKALTLSRTVEPSGHRMAWGYNGRVIGSPEHYAWGIKAF

30ke19 322} OCT4 # A A}E pET-23a W E| ol &2 g ¥, BL21
HhH| g oboll s OCT4RAAL7F T3 WE £ AF A 8F3A v o] 3 37°Cel| A
dhel| 2] o} vl ¢ o] 2 His TagE €83t CPP-OCT4 &34 @4 &
AA AT

CPP-OCT4 €3 & 3A @+ a2 14 bl ol 3] =7 22 vf & 71 2| ) (Fast
Protein Liquid Chromatography,FPLC)Z ﬁﬂ 15151, ] & SDS-PAGE A <]
Coomassie Blue= & Al sto] 2215t} C CT4 534 g o] 55 =
EF BSA 55 E H 1L txste] 4 }ME} %10 WA 5= 12).

{0

e
78 Al

O

e 1-100] 7] A E iHof] whe) v e F I M| EEEolA| R R H-E el
A8l 87 EGM-2 Wl A ol A 40 ug 2] CPP-OCT4 &-31HA| Wl A 3} 10 ng/mL
5 5-2] BMP4(RnD systems, USA)Z 24A] {7+ A 2] 811tk BMP4 & 22 2718
24A| 3 A 2] skar, w73} Wl %] 91 StemPro Osteogenesis medium(Thermo, USA)®]]
14 Fob uljFste] FolA L2 F-3hA # o)
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[187]  AAld 2-2. CPP-OCT4 E3 o] A ¥ AN L E£5

[188]

[189]  F°53% CPP-OCT4 &34 vl -8 & A 1] A 329 0, 20, 40, 60, 80 ug 2=
A e & J M-S 53 LIVE/DEAD ¥41& 3 A 548 Felstsdvt
FEAE Calcein A W02 A H AolQli= AMxEo]al, 2 M EBr dFo 2
A F2/5 o] 7H= Aol THE 13).

[190] 3 CPP-OCT4 5 314 whld o] M| X B3} o] 15 F1517] 93, CPP-OCT4
E3hA) e o] QI Q1 T7¢) A det= &3 A& o] &3] CPP-OCT4
B3A) gl AS v d A Eo) 0,4, 8, 12, 24 A 1A A 2] dhe] A T3t
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