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SUMMARY

Purpose&
Contents

This research is designed to strengthen the development of an industry-oriented
technology for utilizing animal stem cells, which lead to develop leading technology for
disease/differentiation model, bioreactor production and cell/tissue regeneration. We
selected chicken and porcine species based on their economic values as target animals of
research. We have tried to find out innovative methods for utilizing animal cells, which
prominently different from human stem cells. To establish research infrastructure, we have
established a bank system of function cells, which is functionally connected to cell
manipulation laboratory and animal farm. Based on this infrastructure, our efforts became
focused to retrieve stem cell of various functions (in chickens), 2> to renovate technology
for stem cell derivation and utilization (in pigs). and 3> to acquire the rights of intellectual

property for industrial application.

Results

Initial purposes of this research became focused to find out the utilization of

newly discovered, multipotent—like, progenitor cells in chicken and to stabilize

the technology for transgenic chicken and pig production. Number of notable

outcome was derived from a series of researches;

= Hstablishment of the bank system of functional cells for industrial application,
which is functionally closed to animal farm and laboratory with clean facility

= First discovery of osteogenesis—driven functional cells from neonate chicks,
which can be possible by alternative concept on species difference. Based on
this research outcome, we begin to apply this unique technology of
differentiation for the industry of cell and tissue regeneration and
differentiation. A multi—disciplinary approach using smart devices can be
utilized for further research and we anticipate to develop new pharmaceutical
substances from chicken bone marrow cells

= Stabilization of the technologies for transgenic chicken production as a
bioreactor and for somatic cell nuclear transfer and transgenic embryo
production. Stable production of transgenic chimeric/clone porcine with
effective gene targeting methodology became also possible.

Expected
Contribution

By this research, we expect to expand the infrastructure of animal stem cell
research and to activate an industrial application of novel biotechnology for
various field of bioscience and engineering. Based on our research outcome, we
could obtain competitiveness and specific advantages in an animal stem cell
research. Such establishment of research infrastructure make it possible to
pursue innovative research. Some research infrastructure can be shared with
every stem cell researchers, which can motivates various researches for utilizing
animal cells of specific function. Novel findings on the function of chick bone
marrow cells expand the utilization of animal cells for develop innovative medical
technology and drug development. Research network with medical school of USA
and Australia for pursuing our research can also expand both global network and
industrial application. The research outcome from our proposal will be shared
with other scientists for public interest, which further activate animal stem cell
research.

Keywords

Disease
transgenic model

Pig Chicken Stem cells Industrialization
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2. 49% FFoA gaE 5 7d AEY 5 @ 74 A FAE 4 B

7}, 4912 White leghorn (WL) 9] Femurs} Tibiami e 22 g2 ste] Gazs 2
2], HjeFst,
(1) 39 AxS] Aol wel 2z A 5 2 AA] H9 Alolo Fo4 zo] glas &
Q. <¥2>
CE2> 4918 White leghorn (WL) 5] Femur® TibiaZ € 3|49 AlLe] 44be] wa} 7+

REAESIRE I O

Physical characterization

Mean no. of cells

Length of retrieved Morphology of
Chicks Body weight(g) Height(cm) leg(cm) (x100,000,000 cells)  dominant cells
130415-1 42.34 8.5 34 1.0 Stromal cell
130415-2 40.61 95 34 0.84 Stromal cell
130415-3 38.70 9.5 34 16 Stromal cell
130419-1 4234 8.5 34 1.8 Stromal cell
130510-1 3311 9.6 32 2.8 Stromal cell
Mean+SE 3942+1.9 9.12+0.3 3.36 1.61+04 -
130806-1 40.00 10.2 2.7 24 Cuboidal cell
130806-2 38.00 11.0 35 35 Cuboidal cell
138006-3 45.50 9.6 35 2.0 Cuboidal cell
130809-1 42.34 9.5 3.2 2.7 Cuboidal cell
130809-2 40.61 8.5 2.9 34 Cuboidal cell
130826-1 45.50 10.0 2.0 2.0 Cuboidal cell
130909-1 32.80 7.5 2.8 14 Cuboidal cell
130909-2 29.50 9.5 17 11 Cuboidal cell
130909-3 36.40 9.2 32 2.7 Cuboidal cell
140124-1 31.10 8.7 2.3 15 Cuboidal cell
140201-1 32.10 7.9 2.3 1.0 Cuboidal cell
140617-1 36.40 9.2 38 1.0 Cuboidal cell
140617-2 3459 9.8 35 1.7 Cuboidal cell
140617-3 34.40 9.8 35 2.0 Cuboidal cell
Mean+SE 3461+1.2 9.27+0.2 3.09+0.1 2.03+0.2 -
Model effect 0.1738 0.7807 0.1812 0.3353 -

(2) Stromal—dominant cell®} Cuboidal—dominant cell AF¢]2] A3 morphology H]u ZHel.
<I1H14>

Stromal—dominant cell Cuboidal—dominant cell

<719 14> 3|45 0o]2 Stromal—dominant cell®} Cuboidal—dominant cell®] A3 morphology

_21_



(3) 2+ M et 4 3l AEe S 7F AlA BeE AR s +4E
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(4) 359 AlxE s vl 24 <I1716>.
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No. of cumulative cells
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(2) Azt H7t 5o wet A7t 2ot S gelsh
—. B 1wl cuboidal FE S AX7} R F o7 #Azke

Growth factor with Growth factor without
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(1) WAz wet g5l 2ozt Slag gl
—. QA HTF aFA B S50 wE
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i
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(2) WA Z=Adel wet %7] plating efficiency ¥ ZF2Y 5l zol7F la= A
—. B3 A FFAES 10% FBS7F H7FE High—glucose DMEM,
Low—glucose DMEM, DMEM—-F/12, aMEM Aol T3t += ujokstd S w %7]
A s FEol o4 Aol7t gles FAT <a¥24>
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Cell number
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Hjo} ex vivo A|AES LS AEE3}Ed g

b dwl FVIAEE 2ElE flstel AedvuiARl SSEA-1s #4838t VA% Ee
7hed =AY
(1) 4947 & Zellr SSEA-1 HAEe) EAIS S <1733>
— AA ZFFAE el oF 1%9] SSEA-1 FAAZIE SAs, FFIAEE T8 2
dEE I

anti-SSEA1

Negative control SSEA-1 positive BMC (1 week chick)

0.4% " 1.3%

PGC

Bone marrow-
derived cells

)
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(2) FACS ARIA III 9 MACSE o]£3}9] SSEA-1 A A EE2 R sle] Z7|AE E
o] npAE &gk <1734>
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<1¥34> SSEA-1 ¥4 AXE Eelste] 7142 Fo] whA &l

(L) =5 W SSEA-1 IAHAE B8 & ex vivo A|12HS o] §3F MxEsind s

(1) 44" o ZoA SSEA-1 YA AEE #25te] & Hjole] microinjection & ©]2
Aze] #3249 olss Fel.
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Control Embryo (6.5 day) SSEAL injected Embryo (6.5 day)

x100 x100 x100

<I1™35> 49% o FgoA SSEA-1 U4 AI¥XE 8 T o #fo}ol microinjection F

o4 AT BI H3l.

AEE PKHZ AMs & 2543 embryod

=

—. SAX 223 SSEA-1 %A
microinjection 3% Gonad® 2] ¢]E %S #43F Gonadeols] PKH labeled SSEA—1

M X7 BEHE . <IH36>

SSEAL (-) SSEAL (+)

<I1™36> 493 W FgoA SSEA-1 U4 AIXE 3 F o #fo}el microinjection $-
o] 2] M3l o]F5 &Rl
3. AxZF f& 77 E71AX Sol3d Wiy ML
7F w24 wE FAXE #3ks Hlal.
—. w3} e 7] EujA] e webA & A AEe] ZAE E3les vl
Foll webd FAE F3bsol =

~]

(1) 22hd% Aol Al aFulx] e} F3fulx]e] 7] &ujA] F
o7} A= FAETLIH3T>
—. DMEM/F12 8jA & 7]|28jA 2 o] & F57-2
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SEAA BAE Bahso] dAs) Wolhe G
. BAE 5ol A0lE wolt €] 1> AT Wl A AHgEE J1E werels] Aol
o o3 o] e AES Bald AU
o x4 Aole] ol
she 2719 el
—. DMEM/F12 vjekelo]q &
g st A= wAS =
15| ngh glucose DMEM Hj<

7 A ¥XE 37 2 553 High glucose DMEM 7]
N 2 Zolgk Hi 2 i3 & f %
|4 ¥ A¥E DMEM/F12 76k E3pjA 2 W
A5k 37 FREA s g9
-. @iﬁ OE o %—rvaﬂ Z71M e EAHE E3bs A T/ obd w3shul#] 9
| et - EE AS glE,

Culture medium i High DMEM i DMEM/F12

DMEM/F12 i High DMEM
DMEM/F12

DMEM/F12

Absorbance 590nm

Induction absorbance Relation absorbance
(Induction/Control)
Alizarin Red S extract = Alizarin Red S extract
3 1 Ss
! g
£ ' S
= 1 5
g2 ' g°
@ 1 2
2 1 = 4
F 1 H
S 1 £
2 1 22
I = i .
o 4 1 2o 4
High DMEM DMEM/F1Z o0 : High DMEM DMEM/F12 | o oucy
1
1
1
1
3 Alizarin Red S extract 1 Alizarin Red S extract
1
1
1
1
1
1
1
1
1
1
1
1

Relative absorbance (Induction / Control)
»

High/High,  F12/High  E12/F12  High/F12 High/High Fl2/High  F12/F12  High/F12
p=0.0626 p=0.2881

<TZH37> vk gk E3hf A o Z]EuiH] FRel whE SAE ksl Ape] Bl

2) & = 7 AX wjkuR e} FelA] TRl e SAHE FEas sl A2
I FAA wE v,
—. FAE W FANE E3lo #E" @12 RUNXZ, OPN (Osteopontin), ALP 2] 23]
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—. RUNXZ2 7387 = =AE #3t 9 =2 3o 4574 95 ol FAxE 444
U, TAE 23 Al RUNXZ 532 a2 S0 Hashs 202 HaEHo 9l&
High Glucose DMEME #3hiA| 2 o] &-3& wl RUNX229| Hdo] 744 7Pt 14
AA FFAadhs Qo] Hol= whdA, DMEM/F125 E3hujx|2 o] &3S w RUNX29
o] 14 A Trask] o A o] A& E <IH38>
RUNX2 (2 replication)

Induction medium (High DMEM)
High/High F12/High

]
w &

Relative gene expression

Relative gene
"

payo Day7 Day 14 payo pay7 Day 14
Induction medium (DMEM/F12)

High/F12 F12/F12

Relative gene expression

Relative gene expression
N W
onsaw 5 R

<1H38> & =5 A wikuiA gk EspulA Frel wE

ZHE IHE §A4A Runx?2 23 8w

2
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ﬁ
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S
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=

OPN< mwo] wW&3sl= Extracellular structural glycoprotein®® AFE3}
(biomineralization), ® remodeling®ll #olst= Aoz A A Q. 3 ZIAHXE E3
Al ®B37F ABHAA OPN 42 ddo] Frksks 1oz &defA 1+, High glucose
DMEM= o]&3ato] &3t wf OPN 34 23 Zo] £A4 S7kste 2o #&EHe
Y DMEM/F12% o] &3&to] &A% 235 752 wole OPN #434 23 S7H =7
Sas g S <T™H3N

OPN (2 Replication)

Induction medium (High DMEM)

High/High F12/High
7

20
g1s l I
B
o
payo pay7 Dpay 14

Induction medium (DMEM/F12)

Relative ge

High/F12 F12/F12

Relative gene expression

<IH39> & =5 ol Al vkl ek TQHHZ] Z% of WE ZAE fFEist Fol

A B3 3ol Phosphate metabolism® matrix elaboration®l
JJrEﬂQOJ A2, FAIFEL calcification initiatingol] d#AE o] = ZHow AdHA A
Be BE oA FrkskeE Aol #EE. <T"H40>
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ALP (2 replication)

Induction medium (High DMEM)

High/High F12/High

payo bay7 Day 14 bayo Day7 Day 14
Induction medium (DMEM/F12)
High/F12 F12/F12

[
& 8

Relative gene expression
s

o w

Dpay o Day 7 Day 14 payo Day 7 Dpay 14

<TH40> & = Fal AES kA gL Z3A] Fel whE SAE

SAE B FA ALP EE v

2 24 WE g IFad AXY AYAE 3

7h wiAl 2ol mE AU AE E3hs WAL

ek WA e 1A e] mekA B E5Re AX AYAL B

N

(1) WA F5Fo webs] AHAE B35 xfo] S vjwdh <1841>

—. 7]Eo= AHAE F5 3 A human recombinant Insuling ©]&3}5 01 Hj X

Aol #AAGe] AGAE E3hso] v AS &3
—. AWAME FE £33} Al bovine insuline
7

WA 3ol the 3ol Hlg =2 A= gQldh

5
oo
ol
o

@
o

Induction absorbance Relation absorbance
(Induction/Control)

Oil Red O extract

=

Absorbance 450nm
4

Relative absorbance (Induction / Control)

°

High DMEM Low DMEM DMEM/F12  a-MEM
p=00073
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Oil Red O extract

High DMEM Low DMEM DMEM/F12

™ g—MEME o] &3t 154 A

a-MEM

p=00028

* p<0.01



Low DMEM 1 DMEM/F12
Induction medium *  High DMEM  *  Low DMEM

L oMEM

Adipogenic |
Induction |

Control

<THALD> wiA] Foll whebd AGAE 23k Afo] Ml

M

5. 447 fFolA gFd 25 Fd AXY F71 35 9 SAE £3F 54 4

7k F7hA e % 499 White leghorn (WL) #¢] Femur$} Tibia®48 =55 Aste] @

Axrs 2, W S

(1) 38 MxEe Aael wet zb A 4 2 A3 59 Alole §-912 Zol7) flas &
Q18F <¥E3>

<E3> 4909 Wol o) Femurdh TibiaZPE] 24 858 MxLo) Jabel weh 2 AZ 5 % A 39 Abo]e]
978 Ao]

Physical characterization

Height tengthofleg  Mean no. of cells
Heads Body weight (g) {em) (cm) retrieved
#101 26.50 7.1 5.7 5.85X108
#102 29.80 9.4 5.9 8.55X108
#103 27.70 8.9 4.7 5.54X108
£#104 28.20 9.3 4.7 5.52X108

(2) 7R o7 3, wjors o Fg
—. W WA Sl wEb =5 S AlE

-9] EOOEO] T;]-%E 111_1:
—. DMEM/F12 sjcFaj =] oA wiekst = f2 Mxze 2% ve =313 28 Cuboidal
FE Y AxZ7F HA R ARt S gAgh

(3) F71=2 g9 =57 AEE gdo= SAY % v
RUNXZ2 32 w3 A3 DMEM/F12E5 o] £3F E3hix| 2 FAE fFEi3=
s oo o2 e Hls] HMAI] Jy=E £ AS JleAe] AAE. wEA F =

i)
B o
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olsh

High/High High/F-12 High/F-12

High/High

Induction Induction
Control Control
Induction absorbance Relation absorbance
(Induction/Control)
Alizarin Red S extract | — Alizarin Red S extract
4 g 28
1 g
£ 1 g =
S 3 ! g
% 1 g 20
'E ’ | E 12
9 ! 5
i ] : -
1 g 4
0 —— ! g ——
High/High High/F-12 1 High/High High/F-12
P<0.0001 p=0.0151
<1YH42> F712 g5 IFad AXRE ggoz FAY 45 235 4
[4xPA E]
. -
L $EE/ALLY A2T THE K Bo) A0
I~ O = T S~ 0
— 2 AT ERY f ] 7ba =5 el FERAE 785 (4Yd Hobd Thw =T
=15 3.~ O B = ST =z \ = S =] o
g F2RAE 625, 115798 7t9 =58 FZFAEL 16595 s+,

7 B ARERE GYE BAles 271AE T

(1) 2A1F-3A] ARz Ry a4 AAAAEL 25 (5 via), solE HI1E °J/\]*§/“
Az 15 (5 vial), stolekQl (AHFF AbsbAD) o) AAIAAAEZF 15 (6 viaD), & 45
o] b AAAAANEZE 71E whS.

(2) 185 3A dFRo2ZRY AW (n vivo fertilization) 8% 2 = A wjo}=7]
ME 45 (5 vial), ALA+H (n vitro fertilization) 8= & =A wjol=71AE 1
T (5 viaD), & 559 HA wol=7|AEE 7|5 W

(3) 718 & 7ha 9 HA AEFE E2dsto] & A7 FEETIAE
RANE AF, 37 7V 25 Fd FZAE 625, =37 7=
167, AWrd 4 Fdl A motE7IMAE 45, AAFH +74
ZIAE 15, 382 F4E Fo A wjolErME 25, =HA =
=, AFA 271AIE (PSC 238 3555 g Hgh

-
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=5
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=
=
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ek 2 AFRE g5l I FFAE7E Sox9+ Condensed mesenchyme,
Sox9+/Collagen type I+ Proliferating chondrocyte 95 Q133 S. <1H49>

X200

Low glucoseDMEM DMEM/F12
based medium based medium

Passage 5

DAPI

Collagen type II |
Sox9 | MS . N .
B-actin

Collagen
type I1

Sox9

Day 4 Chick BMC cell

- Sox9, Collagen type II expression
- Condensed Mesenchyme ()
- Proliferation chondrocyte (%)

MERGE

<1H49> 497 oty tEF ZolM Zed FAAEY 54 AT

. Collagen type II positive A2 719 F3
(1) =7 =39 =71M3xe Jejstd o2 xo]7} ¢+ Osteochondroblast”} o B F-2
o] o] FIolA FHAF=A FAT
—. Osteochondroblast7} & F-=2] of = FFolA wo] EAjst==] & Jé}ﬂ A5t 44
¥ =& Epiphysis ¢ Diaphysis F 02 UHA =74 U FHAAELE F2/89
gk <I¥50>

4 Days old chicken long bone H&E

Diaphysis

: Epiphysis
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=
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AN LG Bo)/8

—. Epiphysis® Diaphysis H-&olA £t AXE  Western blotS E314
Osteochondroblast v}# ¢l Sox9¢} Collagen type I wad 23S Felst Ay
Collagen type 1I & &l x| Qo Sox9+= olF okstA #ZEESRS. <I1¥51>

Primary cell

W.L. 4 W.L. 5 W.L. 6 W.L. 7

8] n 5 u . o 5] =]
I a =2 = G-
g 8 ¥ v g © 2 8
= = = = = = = =
a o 2 o 9o 9o a o
g 3 & 3§35 & 3 8B '35
[=] L [=] L [=] L [=] L

Collagen type II|
Sox9 | I

B-actin | .......d

<213 51> Epiphysis® Diaphysis $#ollA E8d AE2] Sox9¢ Collagen type 1I &z 4k& 7]

ofN
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. PGC wlj =] ol Al

zZb F-Qlel st AEE 12 well st ael 1x 10%5 A 10€3F #jF F
Immunofluorescence® #A3t A3}  Epiphysis FHolA  Fallsh  AEAA
osteochondroblast e MxE7} #EFE RO 21~23%7F Collagen type 15 3
ah= AIEZSS. W DiaphysisolAlE 71AAME Beko] Ax7F #2E o 0.3~0.6%
M7} collagen type 11 @ AS Wdsty QIS <1¥52>

. Epiphysis®} DiaphysiselA Z+zt #8]st A2 E 5 e AgiuleF & Collagen type
I W&S skelst A3, EpiphysisolA 20~40%2] A7} Collagen type 1S Wasta
Q1o Diaphysisol &= 2~8%7F &1¥EH 5. olEst A5 EUZE Collagen type

[IE &33st= A= Epiphysis F&o ®o] A5t a5 &g <I19H52>

DMEM/F12 Low glucose DMEM
based medium based medium

Diaphysis Epiphysis Diaphysis Epiphysis

QODiaphysis ®Epiphysis

Passage 0
Col2 expression cell (%)
@

DMEM/F12 Low DMEM
ODiaphysis WEpiphysis

60

50

40

30

Passage 2

20

10

Col2 expression cell (%)

o4
DMEM/F12 Low DMEM
P=0.01:

<Z1952> Epiphysis®} Diaphysis F-#oA #2838 A3E2] Collagen type II @d AF

o 7bE A% AZ (AAAHAZPGO) WG AT ol§8 37 Ul RAAL 54

o
497 ol 5 FAAES 2 A7 AFE-SE wljk
X ol wket  MXEE Passage 0O 9+ Passage 4914  AFAH  vAL
Osteo—chondrogenic A 23S A= #HWo)x RT-PCRE &3 Ay ASA n}
AR PouV ¢ Nanog A7l Wdo] #zwA ASks. Tyt FAx #ioA

osteo—chondrogenic P}A+ 5 @Ways= Zo] A2 <I1953>
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Passage 0 Passage 4

Trial 1 Trial2  Trial 3 Trial1  Trial2  Trial 3
EznE=n05z~x S5z 53z+o
TEE3RiEEs 1R IEiiicg
g3 3223558 BEEZIEEIEP LB
Pluripotent pouv] —1 | ]
Marker Nanog | —] [T .|
Sox2[= == == == == = — I == a]
Col1[= = =) [ === — |
Osteogenic Col2[= — — = = = — = — =] [ — — = —]
O Col10[mm - - - —— o [ o = e e ———— ]
Chondrogenic
Marker Soxg | e [ — — — = — — == ]
Aggrecan | ———————— —
B-cotin [ T ——— ] [ i v ——— |
<T1™53> PGC iAol A wfket 4% Wobe] Zfrdf F-2A2e aud vy AS
—. PGC Aol A wjekst 498 Wole] fd F2Axet & Axlolr AREsE wjek
x| A wfeket A|ES] Collagen type II ©H¥1 2 s S Western blots &3 <213
o) 3L~ O 2 ST = S
= A3 PGC wj Aol kst 447 Wole] el F-2AEolA dddo] 2l
A Sk, olF Fal PGC wjFulA|olAl wjekst F-2HM 3= Osteochondroblast”} o}
e #leh <a¥54>
Passage 0
Cultured in Cultured in Cultured in
PGC Low DMEM DMEM/F12
medium medium medium
Passage 3
- Trial 1 Trial 2 Trial 3
3
jEEqEEqE E
g3 Egzigst
R
T~ Type IT —_————
gE B-actin] —]
é‘:

4 days old chick BMC
cultured in PGC medium

MERGE

Not expressed Collagen type II

<1¥54> PGC wiFui Aol miekst 4% Wote] el FRAELAA <]
Collagen type 1I ¥4 wnjdtd 7=
—. PGC wicFuix e} & Ag-glolA ARE-gF wjeFuj Aol A Zh7; wjekst 4d® oy =5
ol FAAEY BobsE AW A7 TAL ool ik AT ALAE Fapel
A PGC i eFuj Aol A wljekst MEeA 2 #3lso] #ad. ojd A& EdjE PGC
v Fuf A ol A wj ekt F2AETE Sk E71AIE] Boy Mgk o3 <2 "55>

Induction Control

mInduction

Ocontrol

PGC medium L+ Medium

Osteogenic

2]

-

— meb B AT

< PGC vl oFul x| = wjekst 4

Induction Control

Induction

X200

e m N ow s owm
°

Absorbance (550nm)

Relative Absorbance (450nm)

PGC medium L+ Medium PGC medium L+ Medium

differentiation

o) &)

= O
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%7k o aAel hE B5Ad FAAE B4 dg 24
(1) 7hEel A% e 3 el 37l dEREe gus 2 34706 9w of o &
O PAAL) F5719 ET B BHAAL Tl Fol7t Y Roleks HHS A
$3FEY WY WA HF FFY dER FF 0 RAALE vuss A7 5
B,
— 33710 1153 A9 gEREe A 35 F PGS AT
— 1159 7hEe 24ad FAALE 499 Wele] T FAAL 9 Feets
o= 7HAE Eofol #EH S, Osteochondroblast PFAA Sox9 whHElz o] whgo]
okalAl BEEUSW Collagen type 11 ©¥lze w3 sl ¢ok= Z1g g <17
56>
4 Days old Chick BMC 11 weeks old Chick BMC
; i B | Passage 5 1 Passage 5
Collagen type II Collagen type II
Collagen type II expression X
Sox9 expression |
<19 56> 1158 7F=e] S5ad FHAZ 4947 Hobe] T F2A2e] Alx 54 9 44 vlu
3. 7ta S FRAXY FEEHEE 4
7h 4949 Boty] A FHAREY AX fFaivE 24
(1) 449 ot Iad FHAIEZY vlgds ExToR st TFfd F2AE v
% 3|9 ¥ += Supernatant W A|3EoA EB]E= #EH]ES Mass spectrum w48 73

g,
(2) Supernatantol]4] #<l¥ Chicken Proteine tWH++ Extracellular matrix (ECM)E
FA3eE B4 #eld9lS. Supernatantoll 4] #<l¥ chicken protein® %S EU
Z YA2E d& A3} Collagen 19 Alpha 2 chain®| 7Fg ol ##FHQ oM 1 vt
O 7 Collagen XII% Alpha 1 chain ©]%l
(3) 7]Ee WHxd dAF T Ay A=
o

wol £AF: AL o

ol

S FAEE= ECMeolA  Collagen type I,
Ao, B AFHo st FRAE A E
=]

O{

Fibronectin®

| B - L
RS A AWFY DALY ABALZ Pobo] AEAA ABAL FobsS )
wshs A7 AWF UL o ATelA Feluld At e A B ATl
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<E4> 497 oty =frdh FHA Y wieFiol EHH = ErlE

Mass spectrum analysis

Control vs 4 Days chick BMC supernatant
(4 Day chick BMC supernatant detected protein top 10)

M

A4

i)

Gene name Protein name

1 COLIA2 Collagen alpha-2(I) chain
2 coL12A1 Collagen alpha-1(XII) chain
3 coL1A1 Collagen alpha-1(I) chain
4 FN1 Fibronectin

5 comMpP Uncharacterized protein
6 NG Tenascin

7 THBS1 Uncharacterized protein
8 SPARC SPARC

9 COL6A1 Collagen alpha-1(VI) chain
10 TGFBI Uncharacterized protein

[5aPA E]

1. EAESY 9

7h dnt AAEe A Aol ofEe H =AY ZE BAEES wiop e HoEF
B e S7AxE 9 Zgtolw] AXE F 1435 xRl BAst QIS .<E5>

Mo

Ly

<E5> FREN FAFEe] wof = 2HoRFY fefE EVIAHAE 3 Zefol e A
[ w=ss [ A% |

IS A A M E =
571 713 2+ f2 BAM=E 625
EF7| 712 B4 g2 BAME 20F
AFE7| 713 25 fel 2EME 45
MU ST G2 BX HoE 7| M= 4F
M2l X gl HHX HiotE 7| M E 1F
CHIMA SXE gl BiX| HiOE 7| M E kS
EiX| S+ 712 = =

K| A5 OFM| = (TERT BHLH) F
x| ExgH SULEI|H= 2%

B x| E{O R OLHI F

X 289 EIIME 2F

MF E7|M= (iPSC =) 35%

= 14335

G7lg 9 R BeE BE g U dES eRstgon, sgn B e
39e ekl sto] AxY Fue) olFS AH HA T 5 9
=
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Introduction

Eszsaich

KIHST> F=E7IAE S 71894 9 2% Fo1A &9
g %A MAE 0 BUHY 9 o] FALN oY HAE 219
) 71E e BE AEE o ndE FAEHAY (volAERkmrt HAE) 9 o] FA 2
ke e Aol AANGIZE, ), HiA, & 459 vEZ=dor 7 HADE AlBske] Al
oq $9o) HHS HRAYT. F F B Al B A BE AAE AUA sl
A e AEE T3 %4
L | 28] e e QTS RAE Auseld AR RAAEE PO AZY v
AEY o FHARE & A3 BF SAYS FAF. <29 58 9 59>
2017 2HEr7| Mycoplasma A&
F—
EBESsSmEsEs-F
. A -
Hee-l-a £14 ESC ESC Celt HADSC Bone Bone Hegative positive
cell fine call fine {porcine} #64 line Marrow Marrowr control controf
{Human} {mouse} {Human} Celi Celi
200 BOW
{chicken) {chicker)
20174 &jer7| Mycoplasma A&
—
W S W S — S —
W e el B cor e
R1 ESC ishikawsa Bone hADSC Bope Bone Fegative pasitive
cell fine ceil ine marecw #46 line: Marrow Marrow cortrol contral
fmouse} [Humean) Cell fHuran) Cel Call
TN {hamany porcne
ichicken)

<1¥58> 2017d A8 BH{HME mycoplasma Ald 23}

20174 Zof g2 4| Z x| Mycoplasma A|E

—
s GEED TEE Gam waas T O s T
PKS-3 2HE X3 pweg  ESC EsC £sC E5C Megathve  positive
celf cell celf cell celf celf cell cell corerof cantrol
{chicken) fchicken) {chicken)  (chickery M2l Hold-l  Nod Biod-1

(percing)  fpeorcing)  {poreinet  {porcine]

<I¥59> 201749 ¥ ME (FFHZ 8FF Al2) AAl mycoplasma A1E A i}



718 wh AlZ e} AR AdEEeld] APd RAAEE tdoR olF AxE
H = 3 = = O [e) S S
oAFE e A3 BF F4Yd= AT <I1H60>
Paorcine
Humat
Chicken
mouse
an Ladder FR3.3  FHE P PWSE  ESC ss[ ES: BC BADSL  RLESC
B PN U U Nl S il R O R <m'i‘§l; fracw
reodTE {porsine) (parcing)
ECFASIE 8F T AE) olFAED edolF Zel A A3

=7 Fd FRAE L AZEBES o] &3 gok=d ALATF
9 TAEATAE AZaS sF00] I FUHFETIAES]
e A
B EABATAR ALY $HAL o] 55 oJoku A A
449 7] otk A= W 2AAIZ I =5 AxE R
NS AXTL<LIH61>
Isolation and cultivation Concentration
. Passage 5
E % Confluency
S0~ 100%
Ef:mm |
Replace with
l serum free medium
Get marrow (FL2/DMEM +1% 233
S | s
%PESwashingﬂ
Eo s Fitration
— 100im mesh (0.45m pore fiter)
i
% F12/DMEM = Conditioned media
+10% FBS
+1% anti
Ul(ra_
U e
fitter tube
l %Mrpm,ZDmfn
Cultivation .
<I1961> Al

<I™60> 2017¢ FoikE A

n il
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50pging
HMZHEsEY Ml

100pg/me
S sz Kl
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2
(010

100pg/ak

SOpglet

H=g

HERY2TN YIRT2TY

MEE ape 0.05

MEI2

<I¥H62> &

s

Arkatel el

Jol 50ug/mé, 100ug/ml

S phase A|¥7} thZTol

A7E ek

oJ
=

A AL B

s

o A

Ay
fhn Y

Z7|A

ORis!

100pg/me
HMZHYEsEY HelF

50pg/me
HAZHIYEsEY A2l

h

(W ElrElIcs

100pu0/nt
MENTIEE
Hal 2 *p< 0.05

SOpg/ee
EENI
Hal2

]

<I¥E63> & &

A7ketol el

Jel 50 or 100ug/mé

TEelA izl

s

= A

ALY FHAL v

hAYA
s Y

247

A

A3 ¥ =
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Collagen type 119
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3.

ar
=

7 493
7174121 wi GaH Aeld] o ua g

AY=7| 4=

ALE714=
#2

AGE7 4=

7&*1]31_-.1—?41 osteochondroblastd 1<% - 1&&
G37]) Holyl =7AEZ-F3 osteochondroblast?)

o7t

#1

a

A

#3

<1E69> & FAZATFAE A

zpeiged
+ HEH YN
__!l

2+l Runx29) el
NS AFT. <IA™H69>

£ 35
g
w28
[
-g 21
: 14
g 3
P
3

Alizarin Red

S (ARS) TZEH

®

S = 1
gEZ SEEHRER q: heszon
o= Hag (200pg/n8)
=g HEZ

AN FREL A

Runx2 | 34X} RT-PCR

R

71A % (Flushing) =¥ A7k ¥ &

&

U R e =l

e, <2F70>

El—/\u

R I

Relative RUNX2 expression
[T
o wn © wun o
| I I I i
T
I
o
b
b
|

o

<
LA

EdR A

&2~ 4 (Collagenase type 1) A& el w}&
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Epiphysis —— Metaphysis

1) Flushing method |

[ =
2) Enzyme treatment method

Day 0 Day 17 Day 21 Day 25

Isolation of bone
marrow
7~8min
Monitaring of
development
Monitoring of fertilization
& development

R
Hatching Cell 8%

Culture in vitro.

Incubating of
Sikken &igs Subpassage and observation
1. call prolferation
ko 2. Morpholagy observation
Cell 2|5 3. Cell characterization : TF, PCR (Soxg, Cal IL..)

> 4. Differentiation
Cell 3=

1. Estimation on physical characterization of cell donor

0.25% Trypsin-EDTA — Dissociation ability (Trypsin-EDTA > Dispase)

-. Body weight
-. Height

- Length of leg 0.2% collagenase II in HBSS

2. Initiation of cell culture

Al
- =

<a#E70> F7FAEF osteochondroblast?] TE&E - 1ES oS 93k A3

P

(D 71AA, 242 Aol we 34 @ AlEZe F7F Fo41 Aol7 s W
44 (571 Weotelel wdg AN de Z5AEE 7144 (Flushing) "

= AP 3474 (Collagenase type I1) * &

of F7F 1XZF a4 AYE S W M das A<D

o

>
Fel

Physical characterization

chest circumference,

Chicks  Body weight, g Height, cm Length of leg,cm em
170526 #1 3212 11 53 37
170526 #2 35.54 13 52 41
170526 #3 3143 1.2 51 38 5008407
170526 #4 37.44 15 54 35 g 400E407
2
170526 #5 35.89 14 60 34 3 shosd
2
s
170526 #6 3549 105 55 31 H
2 amewr
5
170609 #20 38.57 14 52 36 s
Z iooEs7
170609 #21 3410 13 54 36
000400
170609 #22 37.02 138 58 37 Fiusting e a e
p<0.0001
170609 #23 3289 105 52 32
170609 #24 39.20 14 59 39
170609 #25 3570 13 54 34
Mean+SE 3545+0.70 11.23+0.10 545+0.09 3.58+0.08

KTHT1> 71AA 9 aasd Al whE A 34k 2ol &}l

)
WO AEE H5 AL W, 95

i bR

—. 71AA @ A7bE F47F o] wE Passage 004 #edn| A Ed AEFEHE

Bl <ZH72>
Collagenase Collagenase Collagenase

1hr treatment 2hrs treatment 3hrs treatment Flushing

Passage 0

<A™T72> 71AA 9 g4 Ao nE AxPy &l
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S %4 Passage 0°A]

l

A R A A AR BE xS 59% dohu) A FRERANE
A =13 7

stelst A3} osteochondroblast RFA7F W& st 7S geldh

<T1HE73>
Hlushing Collagenase 1hr Collagenase 2hrs Collagenase 3hrs
T A ) ) O A A ) I T Y PO Fd
7 — —— - ———— - ————-———] ]
N — ——— - ———— - — —— — - — — - — — —
N - — — — I = - —— — — - — — [ ]
o — - — — I — — — — — [ ——— — - - — — —]
wennverr [ T B R LT
RIS — — — — - — — -~ — — — — i~ — =] — — — ]
wean I ik ek B TS
e — —— - ——— - ——— - -~ ———
<a"73> 71AA W aaF A uE F A §-1A dE el
HAMEHEFAMH S T3l A8 9 AZPE g47 Ao wE AMEe 5SS
passage 1A €13t 7 A3} flushing WHS &3t 757 =4AxEe] 357}
osteochondroblast #}#Q1 Sox9¥ Collagen type 117} &A% X g|Ws]o] dl&] o)
WEst= A 3k wet flushing W o] 4% osteochondroblast A2 34
o

_]
WS glsh <1y 74>

[y
=
=
N
=
=

sox9

col 1
O1hr @2hr w3hr Sflushing

Col II

ColI
f f ;
f }

KAH74> 71A1F 4 @i Ao wE osteochondroblast ¥# whlz &kQl

=
BELAE 8T A3 FHAS7IAEL =A
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% FFHAS ol &8t A AAIE ] AT E71A A

25 Lt Aok
—

% % | 18 p
“

20
L <
no Zc
N @ 15 o 12
=8 Ew
L] 5 R
0 *k
g w % 28 e
20 —— BE 6
i} = 0
g ° ¢
v (14

(i} 1]

Control Induction  Induction + Soup Control  induction induction +
soup
p=0.0243 p=0.0071

<IH75> & ASHATAE AZwF sHNE o] &3 AAENLY a37 EAAE

A A AR A <I-E 76>

OSTEO

DIMAX

The OS has been for the
of stem cells (MSCs). The

Osteogenic differentiation kit

OSTEODIMAX
using ©OST in with

Fiatstsrdiied clltire woddliow solution for MSC and can be
well differentiated into Oste
{Figure1) is schame af ostaogentc differentiation kit.

Stam Tissue Rarriar

| 1) Osteogenesis Booster(10ml)  2) Basal medium(10mi) 3) Osteo induction medium(10ml)
4) Control substrate {1U0ea) 5) Biographene substrate(100ea)
1) iIncubate MSCs with Cell culture on biograpl «ar control ina

humidified incubator (37°C, 5% CO,

2) When cell reached 90-95% confluency, change to Osteo-induction medium with Osteo
or basal

3) incubute the MSCs for an sppropriate length of time (e.g, 14days or 21days).

<Graphene Film> <Glass O
3 ¢ (o520} - Msterial: Super White Slass origin: chicken
= Synthesis Method : Chemical Vapo: - 0.13~0.16 mm : Saline Solution
- Sheet Av. - Size:® 12 mm
- Vs (Viax. 378

* Damain Size: ~10um
+ Storege : Rovn Temperature in Desiccator

<Basal medium> <Osteo-induction medium>
