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Establishment of canine adipose-derived mesenchymal stem cells
for clinical application

Mi-Ryung Park’, Min gook Lee, Bo Ram Lee, Sun A Ock, Sung June Byun

Animal Biotechnology Division, National Institute of Animal Science, Rural Development Administration
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st 282 7 vta it H, A Boto] 75H S0 E71AIES] Qb &84 I3t RAPF o]Fo]
A1 A= Aol wEtA, B Aol ¥ ae] AR CERE S0y E7IA2E gttt HEd F vy

B A9 222(5g) A5 collagenase type I A2 & 2-6x 10° A ZS 8531900, Aatelo] IYH 75T
flaskoll Al viFstATh. HF 48417 & thH-E0] flasko] B2EQlom HFobqzet 22 FHE 7ML = A &
oot vl 598 & 90% ol A RS 1oAY, ARuiLE HAotAT SHE E7IME uA] CD44¢}
CD90& o]&5to] Flow cytometry2 4% A3 =7 ddE= AL ERAsHAT. 4 71429 A, A, =
2 B3=8 3015H7] Y3t 0il red O, alizarin red 281 alcian blue® 4L Y59t 1 A3 B3t 8%
4570 A 2319 A9 Oil red O FMA] ZobA == AL sttt T3 AE £3+9] A% calcium
nodules¥t FM 02 E57F AP S-S Ikt & E3519] A4 alizarin red2 G E AL JEA E3L
A Q] wieFst A A fE U EVIAEY APS ERle) 2 Zi 78712 FAAHA AE DSk ek, 2
AtolMe 7 A 202 REH FNY £V 43He=E FYoigloy, o= ARoRREH 1F v wE AN A
A% A8 £HO0 R ol8d 4 S AOoE ARHTH

Abstract Mesenchymal stem cells (MSCs) have generated a great deal of interest in recent years as a novel
therapeutic application for improving the quality of life of pets and helping to free them from painful
conditions and diseases. It has now become critical to address the challenges related to the safety and
efficacy of MSCs expanded in vitro. In this study, we establish a standardized process for the
manufacture of canine adipose-derived MSCs (cAD_MSCs). Approximately 2-6x10° cells were obtained
from adipose tissue (n=2, 5g) after collagenase type I digestion, and 2 were seeded into 75T gelatin
coating flasks. After 48 h of growth, a vast majority of cAD_MSCs were attached to the culture plate and
exhibited fibroblast-like morphology. The cells grew to 90% confluence after 5 days and were passaged
for the first time. MSC surface markers, CD44 and CD90 were highly expressed in the cells of passage
3. The ability to undergo adipogenic, osteogenic, and chondrogenic differentiation in vitro was detected
by Oil red O (ORO), alizarin red, and alcian blue staining, respectively. The cAD_MSCs which
differentiated to the adipocyte lineage were visualized by staining with ORO on 4 weeks. Calcium
nodules were observed and stained red by alizarin red in the cells which differentiated into the
osteogenic lineage on 4 weeks. The cells which differentiated to the chondrogenic lineage were detected
by alcian blue staining at 4 weeks. The cAD_MSCs were diploid, containing 78 chromosomes, and no
abnormalities were detected. In summary, we successfully established a standardized process for
manufacturing cAD_MSCs. Clinical research on cAD_MSCs and their application would benefit a large
number of sick pet dogs.
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ShU7E E7IAIEE o] &3t X|&olth E7|A 2= HiokE
7ML} BAEZIMER U, HjofE7 A=
AE 7HAL Qlo] BE 2FoR HIl F = S
ofjel, BE A7y 229] Ao A7 §3E 74
At SHARE, TS ARESE] ol a2 Al 2A
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H249 B3 A 24& 5Y8 ¥ Dulbecco’s
phosphate-buffered saline(DPBS)Z A& 3+ &
collagenase type I(STEMCELL Tech, 0.25%)% 1A4]
ZF B<F 37C oA incubation St PBSE 300xgoll
Al 5EZE 23] AARY T ASAS AlAsH Al F
= 3ol 100 ume] YYE H4HE ol8st] &
AR ESES AASKL, 71E sigAdel ADMEM
(advanced Dulbecco’s modified Fagle medium,
Gibco-BRL, Grand Island, USA)°ll 10% FBS(Fetal
bovine serum, Gibco BRL, Grand Island, NY,
USA)2} 50 ng/ml Gentamycin (Gibco BRL, Grand
Island, NY, USA), 1x Pen-Strep (Gibco BRL,
Grand Island, NY, USA), 1x GlutaMax(Gibco BRL,
Grand Island, NY, USA), 5 ng/ml bFGF (Gibco
BRL, Grand Island, NY, USA, 5ng/mDE %7}s}od
5% COq, 37COlA viFsIRTt 2417t £ BiX|E weks}
of BHE7] k2 NRES AAsRCH, 3Y Bt Al
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2.3 E7IME TAL QR H 2t 2R} LR 24

E7IHE FARIAL HEE Oct-4, Sox-2, Nanog9]
9H9S  Realtime RT-PCR(Reverse transcription
polymerase chain reaction)@ &Ikt FH%}
primer= 10| AYd A Zow, GAPDHE
housekeeping genel & ARE3ITE Total RNAE
RNeasy plus mini kit(Qiagen, Hilden, Germany)Z
FE519om, cDNA  FE2 v
First-Strand Synthesis System (Invitrogen, Vilnius,
Lithuania)g ©|-8sto] 37CoA 60E7 AASHAT.
Realtime RT-PCRZ predenaturationS 95CoJlA]
10, 95CAlA 10%, 60TolA 30%, 72CoA 30%
ZANA 40 cycleZ AFPsIHOH, Table 137 22
primerE ©]83}] Realtime RT-PCRE AAISIFT]

SuperScript

Table 1. The primer sequence for Realtime RT-PCR

amplification
Primers Sequences
oCT4 F: CGAATCAGCCACATTGC
R: CACACTCGGACCACATCCTTCT
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: CCCCTTTATTTTCCGTAGTTGTATTT

SOX2
! GATTCTCGGCAGACTGATTCAA

: TCAGGACAGCCCGGATTCT
NANOG

! CCAGAGGTGGGTGGGAGTTCA

© GAAAAGCTGTTGGCGGAGAT
PPARG

: CCGGAGATCAGCCGACTCT

L : GCCGTGGAGTGGGAACAG

: GCCCGAAGTGGCTGGTT

LEp : ACCGTATGGGTGTCCTTTATCCT

1 GAAGAGTGGCTCTGTGGTGTGA

: GCGTGCAGCACAAGAAAGAC
SOX9

1 GGCCGTTCTTCACCGACTT
CCGAGGCAACGTGATCCT

: CATCGGTGGCGAAAGTGAA
CATCGGGCCTGTCTGCTT

1 ATTGGCAATGGATTGTGTTT
GGCGTCCACGAGCAGAAC

1 CGATGCAGGCCGCATAA
ACGAGTCTGATGAATCCGATGAA

1 AATTGGGTTGCTGGAATGTCA
AAGCCCTCCTGTAGGATGCA

1 ACGCTTGAGAATTTGCCATGT
CAAGGCTGTGGGCAAGGT

1 GGAAGGCCATGCCAGTGA

ACAN

COL2A1

ALP

SSP1

RUNX2

GAPDH

I I A A L R L A A R R R A R A R A R

H A

=

A f SAIE7IA Y] E4L ERlsh] Hstod
EX CD "AZE 0] 8319 Flow cytometry 242 A
Ptk & A2 7|E AFoA AP FHS 5
sto] ZPstATH7]. Acuik
0.25% trypsin-ethylenediamine teraacetic acid(EDTA)
A2l & DPBSE 23] washing Astgich 1x10°
cells/ml 5=& 31 & anit-CDI0-APC(Invitrogen,
USA)T} anti-CD44-FITC (Santa Cruz Biotechnology,
USA) antibodiesE 1:1002.2 &30} 147t 52t A
2l513itt. Isotype control2% immunoglobulin(lg)
G2b-FITC(Santa Cruz Biotechnology) for CD44%}
IeG2b APC(Invitrogen, USA) for CD90S ©]-&3}%iLt.
Flow cytometric(FACSCanto; Becton-Dickinson,
USA) analysisE °©]-&319 10,000 cells/sample &3
st EAL ZPstct. doje+= Flowjo software
(Tree Star, USAYE ©l-&sto] EAs13ltt.

2.4 Flow cytometry
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=, 9 193 A AEE 43 5t
238 folainh. ZF Alz2e] E3k= MSCs Adipogenic
Differentiation Kit(Gibco StemPro, USA), Osteogenic
Differentiation Kit(Gibco StemPro, USA) 13]i

Chondrogenic Differentiation Kit(Gibco StemPro,
USA)E °]&sIH

2.6 Karyotype 24

QA g B2 37C, 5% CO, RAA0A AchH=l
F T 70% o= WP IS o AASIATE AlE Hf
oFl-2 A|A%H 3 Hypotonic solution(0.075M KCI +
1% Sodium citrate, Merck)E 37CollA 2587 A&
3t % 1,500rpmOllAl 1087 Y& skt A4SHS
AATH & 1M (Methanol:Acetic acid=3:1, Merck)
< F7¥oto] 2087 A200A A2jgt & AAEE A
Alstal AEE o]&sto] &EtolE EES ASISIT
GTG-banding glsty]  Hsh
Giemsa(Muto Pure Chemicals Ltd., Tokyo)=Z &4
at3lom, @u]% sHOlympus BX60, 1000tH)°lA 40
N AEZEL 571 deol e AZE TE5t] BEs

At

chromosomes&

2.7 EAXZ
EAA2]= SAS Enterprise Guide 7.1 Z21#S

o1gSEOM, t-testE Hel Tt R HHS WA
a1, p 2 0.05 oVl 2L BAH el 9 7

02 FHAstHTHp<0.05, Mean+SE).
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3.1 M XMEE Q4 U S7IME 15

HZ79] B4 Ao gRE AxE Eegt & vt
A3t RO FAF FEY AlEE Aehs AS gl
51%lom, 1~3 passage”ZHA| At & 54 HESt
ArhFig. 1a). 2 AFolA #iget A2 karyotype
A4S A3t 23 78709 XYRE olio] gle-S sklst
HKFig. 1b).
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Fig. 1. Representative photographs showing the culture
morphology of canine adipose-derived from
cells (a) and karyotype anaysis (b). Morphological
charateristics of canine adipse-derived cells
from primary, passage 1, passage 2 and
passage 3(a).
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Fig. 2004 Hi= ule} Zo], xfxZ
7IM1328] Z54d olF-E ERIsH | A5te] colony 3%
alkaline phosphatase(AP) activityS &<1517] ot
AHS AR A3}, BE AaoA AFA0 2 UeRdo
24 positive ¥ Z23Hg FRISIAHFig. 2a). E7AE
9] 7] HARIA IdS ERIsH| $I6te] OCT4, SOX2,
NANOG &2 Realtime RT-PCRZ E4J3t A3} g
T+ 259 A Ax2 f ARoMHIE(cEF, canine ear
fibroblast cells) 2o} §-9]& 02 =7 Yephd-g gl
4 UStHFig. 2b). EZL  fAE E47)(Flow
cytometry)E ©l-&sto] B43 A7 F0E EVME ®
A QIR CD44%}F CD90OIAM 99% ol =A Uehd<
FRISHATHFig. 20). TaEHA, £ A7olA 23 S
E7MEE AsdE AU IS ST & Ik

al
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AT A Y
Colony formation
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15
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<EF
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P W
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99.94% I

Fig. 2. Primary colony formed MSCs derived from
lipid tissues. Detected AP activity(a), expression
of the early transcription factors (b) and
surface molecule markers CD44, CD90(c).
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olgsto] Z¥zZt A, AF, I= EIE ot
Shf|FAo| A 4527F vieF T A|Z] FE| WIS TH
P AR O R BAskt A 43 S04
E7MEE AAE 25 {2 vigHoA v = Oil
Red O @43t 23t F2M08 Yehtes AW 92
0| == 2 FRIF 4= S1%leH, Adipocyte T
SA4#19l  PPARG(peroxisome proliferator-activated

Mroa N
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O

receptor gamma), LPL(lipoprotein lipase) 121
LEP(leptin) f4A4HE w35} A2 Bl fojdoz &
A FEHES FRIsIITHFig. 3a).
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Fig. 3. cA_MSCs are differentiated into adipogenic,
osteogenic and chondrogenic lineages. Adipogenic
induction was assessed by oil red o staining
for accumulation of the lipid droplets (a),
osteogenic induction was assessed by von Kossa
staining for identification of the mineralized
matrix (b), and Alcian blue solution staining
for synthesis of glycosaminolgycans in
chondrocytes (b). Markers for differentiation
were detected by Realtime RT-PCR.
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ASAEE 23} f& wiFHoA 457F vt At
Fig. 3b%} o] N7t 51%A FEoE BAHAE A
2 I8l 9H, Alcian blueZ FA%t A3}, FEM0
FHE A 714 gl T = AAHEFig. 3b). E
I FHARA SOX9(sry-box
transcription factor9), ACAN(aggrecan) 181
COL2A(collagen type II alpha 1 chain) §-2%}9] gt
do| 238 FE3t AZoA FoH R A YedZ
gRIsktHFig. 3b). TAIER B3 FEgt 159 Alx
£ ol-835to] von Kossa G4 AA| 3 A7t & 52
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Osteocyte T2 374491 ALP(alkaline phosphatase)
¢} RUNX2(runt-related transcription factor 2) f
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ZAES &Qlstg o, SPP1(secreted phosphoprotein
D) #4379 49 F 15 1 1948 Aol AFHA &
UtHFig. 30).
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