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Characterization of multipotent mesenchymal stem cells isolated from adipose tissue

and bone marrow in pigs
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Abstract : Mesenchymal stem cells (MSCs) have ability to differentiate into multi-lineage cells, which confer a great
promise for regenerative medicine to the cells. The aim of this study was to establish a method for isolation and
characterization of adipose tissue-derived MSC (pAD-MSC) and bone marrow-derived MSC (pBM-MSC) in pigs.
Isolated cells from all tissues were positive for CD29, CD44, CD90 and CD105, but negative for hematopoietic stem
cell associated markers, CD45. In addition, the cells expressed the transcription factors, such as Oct4, Sox2, and Nanog
by RT-PCR. pAD-MSC and pBM-MSC at early passage successfully differentiated into chondrocytes, osteocytes and
adipocytes. Collectively, pig AD-MSC and BM-MSC with multipotency were optimized in our study.
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2420097 B el B Jeh A, 3599 AR
= HEZERE =5 AEE AF 8T 100 UmL
penicillin®} 100 pg/mL  streptomycin®] &% dulbesco’s
phosphate buffered saline(DPBS; Gibco, USA)Z 4~ X}
A S A 248 7192 ZA) A2 3, 0.1% collagenase
type 1 solution(Gibco)y= 37°CellA 1A17F RESAIHT [14,
22]. 300x g, 5% YHEE T FEAES AASIAL DPBSE
Ba oA 4R sl 4SS AlASKL 10% MSC
fetal bovine serum(FBS; Gibco), 100 U/mL penicillin,
100 pg/mL  streptomycin, glutamine 3% DMEM/F12
(Gibco) HIAIE ¥WI FIF 4 T 100mm dishol]l ¢
ate] 37°C, 5% CO,, 20% O, ZZIo|A wigsisich. e
F ANk A9 &, F 30mL DPBSZ 45 AjF 3ol
Ficol(GE Healthcare, Sweden) 3 mLE &+ 4mL¥ &
Fale] 400x g, 30% PRSI F0 AEFES Lelst
At [2, 16]. DPBSE Wil 300x g, 10 ¥4l&e] 3k
e AA F AL 2AH FUS 20E NEE WY
sttt o] Al7]ole 24X7F wit viAIE wA|sh A E7}
70~80% BHASFH 025% trypsin-EDTA(Gibeoy 2 31e]
Al el a3t

A5

MZ ZAE +£2(cumulative population doubling
level analysis, CPDL)

23 22 328 ol&et AlE FAES sl

CPDL = In (NfNi) In2

NiE 27] AE §, Nfe vpAe AZ £, InE Adza
= YeRI™ 6-well platedl] HIES(5 x 10*) A= wjst
3L 5ol AW AlZ 5 SAT F, oA AIEE(S < 10%
vjeFate] 10AtH7EA] wHe, AlLksldct [23].

CoVAS - AWNE - $AY - S
Reverse transcription polymerase chain reaction

(RT-PCR)Z 0|88t Z7[MAMEX|QIX} Oct4, Sox2, Nanog
we HA

A =23, 2 Ul AEY 271-AAREAJIAL Octd,
Sox2, Nanog®] '¥alS &<l&t7] #la] RNeasy Mini kit
(QIAGEN, Germany)E ©|-8-3l] 3AIt] st AlE9] total
RNAE F=313L, cDNAS E4317] 918 GoScript Reverse
Transcription System(Promega, USAYS AFE-31%it}. PCRS
GoTaq DNA Polymerase(Promega)E |23}t A&
AFE-3E primer= Table 19] A|A]3FAth. PCRS  pre-
denaturation 95°Col| A 5%, denaturation 72°CollA] 30%,
annealing 303, extension 72°Col|A] 30%, final-extension
72°CoA] 5%, o] IS 40 cycle HHE-5193L PCR product
5 2% agarose geldl] A7|9F5oz BEEs &, Al HFs)

ATk,

042424 At (immunostaining)2 0|8t =7 |MALEX|QIX}
Oct4, Sox2, Nanog L&l ZAl

4% paraformaldehyde oA 158 HEE IGAIFATH
FAE A 0.2% PBS-triton X-1002 “d=2ellA 303 %]
]3] permeabilization AlZ1 %, 5% BSAZ A-2olA 14|
7t blockingd}$it}. Primary antibody® =5 1:10022
4°CollA 24717+ 2|3t aL AME-gE antibody &F+ Thedt
2t} Anti-Oct4(Abcam, USA), anti-Nanog(Cell Signaling,
USA), anti-SSEA-4(Millipore, USA)E A}&-31Ith. PBSZE
A2 & secondary antibodyE 1:4000-2 3]A3}e] 220
A 1NZF AZEitk. DAPI(Invitrogen, USAYS 4204
1058 A2t 7+a38] A2 3 mounting solutionS %123}
3 sealingdte] F@aAnEoz FYFsIS

i)

FM=Z EM(flow cytometric analysis)2 S8t M=ZIE
So[of7] e ZHA

0.25% trypsin-EDTAES *|2]3to] wojdl A|Z£E PBSE
3] A T, AAES7IME ZHSonAe] 3d AHw

W
Lo

Table 1. Primer sequence of pluripotency markers for reverse transcription-polymerase chain reaction

Gene Primer sequence (5°-3")

PCR product size (bp)

GeneBank accession

Annealing Tm (°C) No

F-AGGTGTTCAGCCAAACGACC

Oct4 335 58 NM_001113060.1
R-TGATCGTTTGCCCTTCTGGC N
F-GCCCTGCAGTACAACTCCAT

Sox2 216 60 EU503117.1
R-GCTGATCATGTCCCGTAGGT
F-ATCCAGCTTGTCCCCAAAG

Nanog 438 60 DQ447201.1
R-ATTTCATTCGCTGGTTCTGG
F-TCGGAGTGAACGGATTTG

GAPDH 219 58 AMF017079.1

R-CCC GGA AGA TGG TGA TGG

GAPDH: Glyceraldehydes-3-phosphate dehydrogenase
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Table 2. Differentiation induction media

Adipogenesis Osteogenesis Chondrogenesis
Dexamethasone 100 nM Dexamethasone 10 nM Dexamethasone 100 nM
Insulin 500 ng/mL  Ascorbic acid 2-phosphate 200 uM  Ascorbic acid 2-phosphate 50 pg/mL
Indomethacin 100 pM B-glycerophosphate 100 mM TGF-p1 10 ng/mL

Isobutyl methyl xanthine 500 uM

Flow cytometer(FACSCalibur; BD Biosciences, USA)Z
o83l TS ol A= FFEZ] ZHE anti-
mouse CD29(BD Biosciences), anti-rat CD44(BD Bio-
sciences), anti-mouse CD45(Fitzgerald, USA), anti-mouse

CD90(BD Biosciences), anti-mouse CD105(Abcam)E AR
St

25 9 U oM , .
3= =37 sl z+zke] £33} FAdol " ujx|o Fig. 1. (A) Adipose tissue-derived MSC (pAD MSC) (B)
17} wjj kst o =72 23 w2 Bone marrow-derived MSC (pBM-MSC). Morphological

2_1’9‘ oﬂH FoITH(Table 2). o ™, 39 F712 53} v characteristics of pMSCs at passage 1 (p1). The adherent cells

LA BEA exhibited a typical fibroblast-like morphology. x40, Scale bars

=100 pm.
24 jl_l.

& AlE 2e BFEIh 13} A Al A, 25 fe
d HFEE HAgopdErefo 7 B ek AL dolslyd
F 3 olHF mEE 2, 33 AW A&HATHFig. 1) A

HR)o] At 237, FFollA BEg Alxe wYg 45
ol M ZF(colonyye FA3AL 59 F7I12 A )

A Oct4 Sox2 Nanog GAPDH

pan-vsc [
povevise [l il

B pAD-MSC pBM-MSC

DAPI FITC Merge DAPI FITC Merge

- .-.
o ... -.
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Fig. 2. (A) Expression of pluripotent transcriptional marker, Oct4, Sox2 and Nanog in pAD-MSC and pBM-MSC at passage 3 by
RT-PCR. GAPDH was used as a housekeeping gene. (B) Specific immuno-reactivity for Oct4, Nanog (nucleus), and SSEA-4
(cytoplasm) was observed in pMSCs. DAPI: 4’,6-diamidino-2-phenylindole, FITC: fluorescein isothiocyanate, GAPDH:
glyceraldehydes-3-phosphate dehydrogenase, RT-PCR: reverse transcription polymerase chain reaction. x600.
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Fig. 3. Expression of cluster of differentiation (CD) markers in pAD-MSC and pBM-MSC at passage 3. Each sample was counted
with 10,000 cells by a flow cytometer. Two kinds of cells were stained with each specific CD marker (filled histograms) and isotype
matched controls (open green line). Expression level of markers represents the mean percentage of all assessed cells stained by the

antibodies, respectively.

=8=pAD-MSC =O=pBM-MSC

CPDL

passage No.

Fig. 4. pAD-MSC and pBM-MSC were seeded at 5 x 10* per
well, counted and passaged every 5 days. Proliferative
capacities of pMSCs were expressed as cumulative population
doubling level (CPDL) using the formula CPDL = In(Nf/
Ni)In2, where Ni and Nf are initial and final cell numbers,
respectively, and In is the natural log.

7 EE vEs) dEelA] RS B3l AT
= TS 7K AEEA o fEiME dde 54 /4
27 8 Ft} (1, 9, 15, 21]. 2 =, WEZ Z7|HAL
Q121 Octd, Sox2, Nanog®] F&S F15t7] $3] 37
AEZ2] RNAS FE3l9] RT-PCRS &3 F 7/IX] AX &2
T olg fHxte] WS SRISHTH(Fig. 2A). B8k, WA
ANG =) & olof] 9|8 Octd, Nanoge} AlEZZ| 2%
St SSEA-49] WS s th(Fig. 2B). XS]0 9]
1S gelsly] Yl fAIE 24715 Sl CD29, CD44,
CD90, CD105 &3 CD45 ¥ §-52 A3l A4

pBM-MSC

Fig. §. Differentiation potential of pMSCs. After induction for
21 days, adipogenesis (A and B), chondrogenesis (C and D)
and osteogenesis (E and F) were demonstrated by Oil red O,
Alcian blue staining and Alizarin red staining, respectively.
%200, Scale bars =100 pum.

Z7|AE w9l CD29, CD44, CD90, CD105= 23]
Aak, ZHZ7|AE v17)el CD4sE W ER] AUThHFig. 3).
AZ S2E 2R1S f8] 59 F71= 3AUEE 10497t
A wjeste] A, 2 i AAETIAES] FAES At
SloATHFig. 4). AAH o2 A 2 727 25 F
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7N ERT F2]o] mEth= AL g1 F 2
el E7AEE oAt o] 97 FAEe] WojA= Wi,
g ST E 1047 Z2)0] X &EE
el 71 xRY AR E71ME] A0
= SRIT = UATH(Fig. 4).
] AF 2Ao2 FEsisith wsj)
7hzke] sl A Ajefo g Fs)
= T FH A=
Oil red OF °]&3t] AWAHx27t FA4] HM==
F93 3L (Figs. 5A and B) 91& xFog frdh 4
Alcian blueZ FA3le] 23} FdES S8 TH(Figs.
5C and D). T3t & 2oz F3jst 4
S Bl AR Elske A
and F).
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7 ZR A7 A s8I 2, 3Le Eskes
7= AR ez BalEA] gke Maolt) [5]. S7IAEE
Eshsol wet 24 wolErME, AAETIMER Ys F
ATh wjolE7|ME= uvjo} E(blastocysts)2] inner cell
massE TE AEZ wjoRERt opz}t BE AXR Fspt
7Fsstal AAE7IMES o|BTh AgdH R E3kE ¢ ¢
O} opgsk oM = 7hsal] wiimel] 283 <1 Hel
A B AT o] FoA L T Z7IAARIAE dEx
Oct4, Sox2, Nanoge HolZ7 A ZolA ZFelA] ddde &
HAAEAN 278 oJe] FAxte] dAbE 2t gt
Z7IMEe] F83F 54 sl Aot A
7] W&o ol fiAE thisks #ARIANE Y98+
ok [3, 1] B delde =, B, st AlEe] Octd4,

7IMZE AW 10, == il E7HEs Ad 7 S2s
< BAg A3E FHEH, o= & AFoA FEg Al
27t thsdE AP SS 7R E7IMELE SA =
2 7k ZpolE HS AlAFSIAL 3l

AAE7AEE e o g xERAES] FAAR] CD45,
CD34= Wdsk# @ W2 CD29, CD44, CD9O,
CD105= 2Hsit} [8]. oldh A 2 & 7] Ao,
z27 fef AE e zpel7b QUL BERE A uiF A Al
7F SRR 8 das o d-o] dA8] faghtt (18]
2 gefslal AR FaSolupAdd ol E714x2e] &
4 EAE Eeke A 2ds] EEA ok

BAEZMNEE NEH R A E, AFAHE, SAZR
37}t 7hssh 23k syl gk EshiiAle] 24
dnk oz dHA Utk E3} AloFe] e TRk 23
A frEfgh Aol wet zkel7h 9ls 4 ek AP R
3= lipid vacuole2 Oil red O FAHS o]&3le] Fol
3FA Y adipocyte protein 2(aP2), peroxisome proliferator
activated receptor gamma(PPARY), lipoprotein lipase(LPL)

T W e Bs st gRlE 5 vk [17]. =
Mol E3h= calcium 5383 Z714S Alizarin red 94%
S F3 <IshY osteocalcini} osteonectin®] WS Tzt
& = Atk [19]. dZAEE Alcian blue LS Z3)
glycosaminoglycan®] S4H& & 4 2U3L Sox9, Aggrecan,
Collagen type 119 F73AF 28 572 AZAEZE B3lES
I = Aok [13]. o] Woll HAE7IAE= AAFAE, )
FHERAE, A, SHRRTAE B ASAERY] #s)
gk HAFATE [10]. Eh, E2lE AASTIAEZE vix] &
7ol wheh Alx20] S5 R Eskeol AolE Heltha &
HA AT [12].
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