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ISOLATION OF PORCINE MULTIPOTENTIAL SKIN-DERIVED PRECURSOR CELLS AND

ITS MULTILINEAGE DIFFERENTIATION

Moon-Jeong Choit, June-Ho Byun*, Eun-Ju Kang?, Gyu-Jin Rho?,
Uk-Kyu Kim?, Jong-Ryoul Kim?, Bong-Wook Park*

'Department Oral & Maxillofacial Surgery, School of Medicine and Institute of Health Science, Gyeongsang National University;

“College of Veterinary Medicine, Gyeongsang National University; ’Department of Oral & Maxillofacial Surgery, School of Dentistry,

Pusan National University

There are increasing reports regarding regeneration of the defected tissues using tissue engineering technique. In this technique, multipotential stem
cells are essential. There are many potential sources of adult stem cells, such as bone marrow, umbilical cord blood, fat, muscle, dental tissues and
skin. Among them, skin is highly accessible and easily obtained with a minimum of donor site complications. Moreover, skin is an abundant adult
stem cell sources and has the potential for self-replication and immune privilege. In this study, we isolated skin-derived precursor cells (SKPs) from
the ear of adult miniature pigs. In these SKPs, the expression of transcriptional factors, Oct-4, Sox-2, and Nanog were detected by RT-PCR. In vitro
osteogenesis and adipogenesis were observed at 3 weeks after transdifferentiations as assayed by positive von Kossa and Oil-red O staining, respec-
tively. In addition, expression of osteocalcin and osteonectin in the osteogenic differentiation medium and PPARy2 and aP2 in the adipogenic differ-
entiation medium were detected by RT-PCR. In vitro neurogenesis of porcine SKPs was observed during 24 and 72 hours after treatment of neuro-
genic differentiation medium. The results of this study suggest that SKPs demonstrate the properties of pluripotence or multipotence and multi-lineage

differentiation. Thisindicates that autogenous SKPs are areliable and useful source of adult stem cells for regenerative medicine.

Key words: Skin-derived precursor cells (SKPs), Tissue-engineering, Adult stem cell.
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Fig. 1. Sculpturing of harvested porcine ear skin (A) and
they were cultured in primary tissue culture plates (B).
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Fig. 2. Seven days after primary culture of porcine ear skin (x40 magnification). In this period (passage 0), heterogenic
sharpness and multiple colony formation were shown in the cultured cells.

GAPDH Oct-4 Sox-2

Fig. 3. Three weeks after primary culture. (A) Homogenous skin- denved cel\s were observed in the medium at passage 2 (x40
magnification). (B) Early transcription factors, Oct-4, Nanog, and Sox-2, were expressed in the cultured skin-derived cells
as demonstrated by RT-PCR.

GAPDH GAPDH PPARy2

Fig. 4. Additional three weeks osteogenic and adipogenic transdifferentiation of skin-derived precursor cells (A & B, x40
magnification). (A) Positive black colored bone minerals were observed in the osteogenic differentiated cells via von Kossa
staining. (B) Positive red colored lipoid tissues were observed in the adipogenic differentiated cells via Oil-red O staining.
(C) Expression of bone matrix proteins, osteocalcin (OC) and osteonectin (ON), were detected in the osteogenic
differentiated cells as determined by RT-PCR. (D) Peroxisome proliferators activated receptor gamma 2 (PPARY2) and
adipocyte fatty acid-binding protein (aP2) were expressed in the adipogenic differentiated cells by RT-PCR.

Fig. 5. Neurogenic differentiation of skin-derived precursor cells (A, x100 & B, x200 magnifications).
After 72 hours, numerous cultivated nerve cells and fibers were observed in neurogenic medium.

591



V. 21

[ld

7| M & GAdA 22 A A7EA A (slf-renewd) 52 3 A
SHATNE L HF EANEE 83 T F de 5ES 7
A EZE ZoAy. 2714 £+ 11 F35h5 3 ol nhe} totipotent
(B2 ol 2 jole) A NEZ 23} & 4 & FH), pluipo-
tent (W ol F Bl o] = AR #E3HE 5 A+ 5 8), multipotent
(F 7 2 Al 71 vl g e N 2R £33 & 4 = T8), di-
gopotent (multipotent 2714 X Bt} B} A g- 2l v o) A 22
w3} & = 5 H), L8] A unipotent (2.4 3 7HA] A s E Al
IZE T F o T FoE BF P ATLE T
2] 61 ujj o}-= 7] 4l 3 (pluripotent embryo sem call9) =AY 5wl o}
Hl] (blastocysts) ©] inner cdll massoll A FZ3}e in vitroAkol A ulf
FE J2, T F wjobE A X Bob et 4, AW, A
g, Biutd Y Fo] A F5 L uj g A S/ E
oM E 11 Ao 54 = 2ol 7k A ¥, multipotent ==
pluripotent g+ = 7] 4| 32 8] 57 &5 VFERH QAT

Oct-4, Sox-2¥, Z12] 22 Nanog®+ pluripotent embryonic sem
cellsol] 73stAl B == 7] AARIAE, A7 Aol
A7 B AFH ] wotE A 2T ZetA WAL Y, o] &
Al €] 3k posnatd gem cdis Q1 =57, AN E, g7, AW, 95 F
o] A E71M Zol| A= 7t HEH A etk EEA 9L
oh. o] AI7FA] AR A= H 428 22607] €] Q17 A Abe] =
= WL E|(promoten)el] 7hodake, Al ZARRIALF FE S 2 Thof e}
= AR BI7HA Y Aok, webA o] & Al AARIAE ¥
TOE EE A @50 E Q7 wjotET A 24 ths A
(pluripotency) 7} 217144 A8 /g (self renewal)2 =7 8kH, & 714 £
o] Mt 83 92 st A0 E BIE, Calin 592
=] ¢] At & (umbilical cord blood)ell 4] Oct-4, Sox-2, Nanog®]
733 E g AES AT RS =, ol A7 uj o=
M E el o] & 271 AARIAE 9 T o] weksith= 11
Qe AA e} AUk HA = A7k AT =
71 E Aol A 7 AP ==, ;WA S7AH £
ol 5 AAFQIALE] T 27N EAME 22
op7|gttiE o JEH. & Aol A = A3 A 1)
A 9] o] F- 9 F-5 bl oF 3F7h i 5 L3 RS
EE Ao, o] g7 o] uj e AT A 2714
9l Oct-4, Sox-2, 12| 2 Nanog ¢ 3 &
thool& & Aol A F= B e o Rl Al 27 o
(pluripotent or multipotent) o], x}-7}2] A A (slf renewd)S- 7+
Z7INE 9 A3A e o]t

F o= B2 FEolA olg g S E 3 A 9]

f
N

|

=

M
ol

[e)

> o3
MNoox 3@ 4 2 Moy x

i
u[i
)
(i
i)
4
off 30 o

=

)

=
240] Z7h 3 glth 58] QrARol = 94, T4, 718 FO
2 ool A&d ZA7 2715 93, A2elE AFA o}
432 98 $EF 4TS 34 A7FE w0l ASHD
ek ole# A AN B GAEL AEE ol Aot
TN BNYNE ol §3 B GE S Pylo] o2 2
ERE B8] ofs) F2 AL H o} RAT, AHE 0| 4%

oL =AM sy LF7e HTAHES F23F 09 CHIY MEZS| 227=0f thet &7

e
K
N

o
%
oX

= L=
A7bEe E5d AR AFEE 5 AAT, o4 F
of A A2} A ste] g2 Algbe]
QR Q& Abg-e] AlgHA o . FA =
= FEse g v A2
g

g 2
I T

T
il
ox
B
o
frtl

o, Mu
N = :
g}
*
bt
BN
)
B
i
[o
9
ofo
o,
12
3
2
o
Bt 2 KOO8 pd @ 3 fy L odol > P olo g rlo >

2
N
o3

= =2
ol
o

rir

N

2
N

N

~

P

[SURL
rr
o

oN TE
o
B
=

o

i
>,

_l

©

ofr
(e -
> 1l
o
o 2 ui
oo X,
LN
N ot
)
of
£
b
i k1
= o
ox g o
[o
HU it
A
&
30
ui
Jm
ol

2 o
o flo
)

N

il

£

1>

it

Lo

)
b4
ol 1“1

LTI O
=
ofX
i

- ye o}

>~
>
oo
=2
& ru
ot e
g
e
-5

wk Mo
ofrt o 2
N

=2

ot
¥
%0,
)
N
ol
N
N
S
re
-4
=
>
X e
[N
s

Lo
fkd
FN
)
)
2
2 12 2 1o ofn

0 _pJ

(o

EY

H

i

o

ofo kN

ol

&
N2 o
~
olo -+
o
yo 18 T o
Sorlo o
o N
2,
)
l

rlo %0, &
%
7]
hu
F
M
)

o
o
2

2
o
Rl
24

# 249 w37

N
)
ofr

o

=2
[o oy 4o
2 4o
_!Im F& j'(_),
o
-
rir
ro,
i_:"
=2
R
N
)
o3

T
>

X
R orlr
o

o ML E 2 L

ol
bumd

s
do oF O (o pob 9

b4

Mol st
i ro mal

r
4z R
"
X
N
R

o
o%

i

ot
)

¥
=

10 oo 8% o 12 ) Jo ml o ox T L rlo i oA my o

+
B
e
Y
N
i

ko

(e

1=y

Jr

Ho

)

2

-

>

Hd

[

o

oo

QL

rE Ml X
2
ox

ro
g o
(o b

ki
N
AC)

ik
£,
LA
iy
K
g
>
oX
f
offl
tlo
=2
i_r,‘
]
4
o,
rir

oL
1E rlo
=
>
1
&

b
tilo
o)
o
u)

it

K3
>
R
g

=

02
o

&

o

Ho

S

2

-

EY

=l

ol
= ©>, e
o W
=
e
g
ot
>,
bn)
[o
i
At
N
N
lo
=

M
ot
it
o

M
o

rot

> 32

dor b
o
>
bl
Ho
frow
=
N

=

<
S
:
ule
1o
[N
&
z O
il
o2
1
i
rr
]
N
R
llo
<

oft
>

=

Of
-

] ogteocacinz} oseonecting]
CEESH A A E = v A o)
Elube E3hE AEA 2
291 PPARy2 ¢} aP2¢] 3
AT A BAE FEH] A
AFAZ7L ABAE FHE

o
rJ
A
o 1
ox ¥ r

8
(@)
o2
1
=2

o

1w Q Mo

-

b 32
>
il
H
-
-
o o
%2
[

“
of
%

i
)

RT

3

ar

o g
RN

R o
>rlr—l
o

S
O O Ho

>, o

&
;
2ot e

I

-y
(o]
aand

N

>,

o

)
i1

ol
ol

X
e
K)
R

N
=

r

0.
s

H X
2
B

Bl oS M > |

=2

o
Y, H1
N
32
=
o

o

Z'
Fares) A Qojuthy wriol
5ol 1919 thal A= obs W &3] & % 9l
AN E 2F 712 a4 71 9ol
2 % QIeh 242 #320) 4
5552 271 EE A8

=

e
k)
rr fo
S0

Jo o ot
[t

o N
_l[)fv

X
i)
=2

=4
B

M |o

b b

-

2
o
P‘L

2
°
fle
73
Y
b
30
%
o

g

ol > gt M
™y of
o f i 1o

N
N
X

q

¥0 Hob L ooX O &L W OHUrF £ opst R oo ¥O mb o2 R X
i3
NE
X
ol
x
Fl
=
=
=01=1
A=)
-z
o
)
N

‘bl’ 2 oy
AN oz o
M
o
3
>
o

. -{E
o
&2
)
-
=
b
)
riu
o

dlo
tilo
o,
i
P
E

5
=

ox
N
e My

shet 7o) 3| -fe) AFA LI Z, A%
Y AZE EHHE A APE Q7
FRA E71 A E O] FASPA Tl A3
& Ak B, wheb ) fe) A7

M2

Bl ol >

>

lo
hut

=
jl::

oXN

wa o
N ﬁ ol
B
s

)
o
fr
M
ol

o

5

L]
N



LHT-2IX| 2008;34:588-593

BN
N

71908] A 2714 £k 7o) AN He| L thit
BTk 2 4 gluh e, 3 3

LT
N

4 1o
W
X
—n
-l
N
=
o
oy
o
f
4
L
ot
ol
°
st
fr

o 4o ko Il
%OIF—Y—L

S

& mulpotent 3}tk & 915 Ale]
M 719 B Rfe) Azl A Sl 71k &,
A AZER B3 e S 2 sranddifferentiation)
2k g ejsh=tl, ol A Mg o] 715 Fol Al Al E %A
A2 B3 2 gl AEZ A3 sk AL 9 n g, 4
A7 e o] g i3t 58 Wil Z71Ax] {4
(Plesticity) 7H '8 2} & 8l Al £ 0] 2 7] 4 £ 2 0] A -3} (rediffer-
entitiaon) 5ol Tt 7N F S0l A A HUTH. & AT A
Z IR S 2] 223 58S FHANS
el AFAETE =, A, A A ZE 9l Q1A €] B
€ 24 AEE #3517} 7hssttke ool & ol g
ths 2ol tht st 58S 2He I el AFAEE ol &3
Chd ohekat A A o) he) A & B RS 4 9l Aot

1o
Jm
oX,

lo

o
ot
=

101%

V. &

rhu

AASL B Ao A plUE A o) %e] 325 A3 o 2
NG ¥ FUD RPZ N FHHE AT F
231900, o] Al Eo A 271 8A11A2] Octd, Sox2, 1) 7
Nanoge] 2l RT-PCR &l al¢ith. o] = & ¢l o] 4 &
%8 432 ths 4 (pluripotent or multipoten) 2] 5.2 747 3]
4o APAER 05 B 5 AT o ARG APHE
£ 0F377) F714 0 % f Wl kalol 27k A ol A A
2 JEA0R g HE AL B IAT, F1 g
H

A 2EANA 2zt &7 2 2 2] ogteocalcin 2 osteonectin)]
p

Il

Ao

receptor gamma 2 (PPARy2) <} adipocyte faity acid-binding protein
@] W8S 77t B 3 5 ATk T AR A4
EE ABAER £3} frie TA] 2472 A7 qholl ARAER
AEEE AL B ATk BF 27149 A7) Aol
of sPAAIRE & AT ZAAE thddt Foke] A &) stel K}
AF 7 bgetHA s o 542 2 dRFd AFAE

o8 TS AR 7UEH
ik

1. Wagers AJ, Weissman IL: Plasticity of adult stem cells. Cell
2004:116;639-648.

2. Mao JJ, Giannobile WV, Helms JA, Hollister SJ, Krebsbach PH,
Longaker MT, et a: Craniofacial tissue engineering by stem cells.
J Dent Res 2006;85:966-979.

3. Buranasinsup S, Sila-asna M, Bunyaratvej N, Bunyaratvej A: In
vitro osteogenesis from skin-derived precursor cells. Develop
Growth Differ 2006;48:263-269.

4. shi C,ZhuY, SuY, Cheng T: Stem cells and their applicationsin
skin-cell therapy. Trend Biotech 2006;24:48-52.

5. Toma JG, Akhavan M, Fernandes KJ, Barnabe-Heider F, Sadikot
A, Kaplan DR, et al: Isolation of multipotent adult stem cells from
the dermis of mammalian skin. Nat Cell Biol 2001:3;778-784.

593

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22,

23.

24.

25,

Dyce PW, Zhu H, Craig J, Li J: Stem cells with multilineage
potential derive from porcine skin. Biochem Biophys Res
Commun 2004;316:651-658.

Kajahn J, Gorjup E, Tiede S, von Briesen H, Paus R, Kruse C, et
a: Skin-derived human adult stem cells surprisingly share many
features with human pancreatic stem cells. Eur J Cell Biol
2008;87:39-46.

Toma JG, McKenzie |A, Bagli D, Miller FD: Isolation and char-
acterization of multipotent skin-derived precursors from human
skin. Stem Cells 2005;23:727-737.

Marchesi C, Pluderi M, Colleoni F, Belicchi M, Meregalli M,
Farini A, et al: Skin-derived stem cells transplanted into
resorbable guides provide functional nerve regeneration after sci-
atic nerve resection. GLIA 2007;55:425-438.

Carlin R, Davis D, Weiss M, Schultz B, Troyer D: Expression of
early transcription factors Oct-4, Sox-2 and Nanog by porcine
umbilical cord (PUC) matrix cells. Reprod Biol Endocrinol
2006;4:8-20.

Evans MJ, Kaufman MH: Establishment in culture of pluripotent
cells from mouse embryos. Nature 1981;292:154-156.

Martin GR: Isolation of a pluripotent cell line from early mouse
embryos cultured in medium conditioned by teratocarcinoma
stem cells. Proc Natl Acad Sci USA 1981,;78:7634-7638.

Scholer HR, Ruppert S, Suzuki N, Chowdhury K, Gruss P: New
type of POU domain in germ line-specific protein Oct-4. Nature
1990;344:435-439.

Avilion AA, Nicolis SK, Pevny LH, Perez L, Vivian N, Lovell-
Badge R: Multipotent cell lineages in early mouse development
depend on Sox2 function. Genes Dev 2003;17:126-140.
Chambers I, Colby D, Robertson M, Nichols J, Lee S, Tweedie
S, et a: Functional expression cloning of Nanog, a pluripotency
sustaining factor in embryonic stem cells. Cell 2003;113:643-
655.

Boyer LA, Lee Tl, Cole MF, Johnstone SE, Levine SS, Zucker
JP, et a: Core transcriptional regulatory circuitry in human em-
bryonic stem cells. Cell 2005;122:947-956.

Bucher P, Morel P, Buhler LH: Xenotransplantation: an update
on recent progress and future perspectives. Transpl Int
2005;18:894-901.

Schmelzeisen R, Schimming R, Sittinger M: Making bone: im-
plant into tissue-engineered bone for maxillary sinus floor aug-
mentation- a preliminary report. J Cranio Maxillofac Surg
2003;31:34-39.

Wheeler SL, Holmes RE, Calhoun CJ: Six-year clinical and his-
tologic study of sinus-lift grafts. Int J Oral Maxillofac Implants
1996;11:26-34.

Chen F, Feng X, Wu W, Ouyang H, Gao Z, Cheng X, et a:
Segmental bone tissue engineering by seeding osteoblast precur-
sor cells into titanium mesh-coral composite scaffolds. Int J Oral
Maxillofac Surg 2007;36:822-827.

Yamada Y, Ueda M, Naiki T, Nagasaka T: Tissue-engineered in-
jectable bone regeneration for osseointegrated dental implants.
Clin Oral Impl Res 2004;15:589-597.

Fuerst G, Tangl S, Gruber R, Gahleitner A, Sanroman F, Watzek
G: Bone formation following sinus grafting with autogenous
bone-derived cells and bovine bone mineral in minipigs. prelimi-
nary findings. Clin Ora Impl Res 2004;15:733-740.

Springer IN, Nocini PF, Schlegel KA, Santis DD, Park J, Warnke
PH, et al: Two techniques for the preparation of cell-scaffold
constructs suitable for sinus augmentation: step to clinical appli-
cation. Tissue Engineering 2006;12:2649-2656.

Park BW, Hah YS, Kim DY, Kim JR, Byun JH: Osteogenic phe-
notypes and mineralization of cultured human periosteal-derived
cells. Arch Oral Biol 2007;52:983-989.

Zou L, Zou X, Chen L, Li H, Mygind T, Kassem M, et al:
Multilineage differentiation of porcine bone marrow stromal cells
associated with specific gene expression pattern. J Orthop Res
2008;26:56-64.



