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Analysis of characteristics of human
adipose derived stem cell(hASC) and

confirmation of differentiation capacity

of mouse chondroprogenitor (CP) cells
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% E-(Abstracts)

Adipose derived stem cell called as ASC is a kind of adult stem cell
which can be isolated and cultured in the laboratory easily. Besides
adipose tissue is quite abundant in the human body and ASCs can
differentiate along multiple mesenchymal cell lineages. Owing to these
favorable properties, the application of ASCs for clinical use is increasing

steadily.

First of all, we isolated ASCs from the human adipose tissue by two
times. And we characterized each cell lines by confirming mesenchymal
stem cell surface markers and stemness genes expression via
flowcytometry and real-time PCR techniques. After then, we isolated
chondroprogenitor cells from mouse embryo and quantitified the degree of
chondrogenic differentiation of those cells in different culture conditions

by Alcian blue staining and glycosaminoglycan assay.

This article shows that improving chondrogenic differentiation of mouse
chondroprogenitor cells is available by coculturing with human adipose
derived stem cells or only adding the media in which human adipose
derived stem cells have been cultured. This result shows that interaction
between two kinds of cells, which can be figured out upon the concept of
paracrine effects, could increase the efficiency of chondrogenesis in vitro.

Furthermore, the possibility of stem cell therapy in incurable cartilage



disease can be opened up by examining and applying the conclusion that

we suggest via various follow-up studies.

Keywords: Adipose derived stem cell, Stem cell therapy, Surface marker,
Stemness gene, Paracrine effects, Chondroprogenitor cell, Chondrogenic

differentiation.
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I. Introduction

I-1. Basic Concepts of Stem Cell Sciences

E7|H Z (stem cell) & oJE Z2H 9| A x=2 E3LA o YA A &

2 v &3 AERA, 222 A3 I(self renewal) THE M| E 2] £33}

olf

¥ & zZte(differentiation) A E2A] F At E7|AE 1 7] ot

gl =7 W)o}Z7| M E(ESC; Embryonic Stem Cell), 44 Z7] 4l £ (Adult

Stem Cell), FX%t5&7]A £ (HPSC; induced Pluripotent Stem Cell) 2

dred, 2 JdE 48 ot AzzRE 2IAiE HolEIIA

¥ (Fetal Stem Cell) &} &4+ 23 AN, Warton' s jelly 52 Z3 ojA

2 §o}Z7| Al E (Infant Stem Cell) o] Uth. Zzte] Z71ME

£ g8 29N FAH Bl AL, FANAE A=l Yo} ‘¥

olf

3 gdA BA UL ObY 38 TN a2 ¥

#3}F (differenciation capacity)< Z7|1ME7l dviy Oggd A%

(lineage)®] MEZ ¥3& & JEAES 4B = Loolt. &3 715

A% o wel A%A (omnipotency), 54 (pluripotency), ThHeA



(multipotency) To2 FA3H, dntF oz AN 7|9 AELFE

o E2 E3tse ZET. oAl 28 HjolEV|AIEI AASTIAZEG

Aoz g2 AT £Ho29 E3Ut 7bed Aot a3y £3

S0l EE4% A FALE W FF AL 5 2489 Aol &

3, a2 &3 EA7F AwE7] gEd E3e2 v Fde

A e B40gn & & Y. ol gL danE A 9 3

= AAEZE EVIAXE AINII= &3 7[<<] iPSCPF FE2En 3§

on, FUHer F2H EANAN AFE2E: JAES7IAEE A 43

A3 AFHo2 AgHn & AFolth.

EESCINEESE

fr

o] dRIeE xFd &40 JMHAS W o

€ AA3 Qs AT S7IAE7E SAZH. oA "tz ZAE71A

Folth. AAEVIAEE & HAEEFH EAFHY E2AE7] HE, &

AgF o2 283 in vitrodlA ¥lFdE 7lEe] 44F FHEo Ao

74 718l o, AAEVIAEE 719 2F we SFFHASIAR

(BMSC; Bone Marrow derived Stem Cell), X|%f3<7]A ¥ (ASC;

Adipose derived Stem Cell) F°| om Zzg ¥, wd, AAs=



Wl o] =54 |7t A

E AT+ Y E714 X (mesenchymal stem cell)®] €F<Q ASCe

FEse] Qe AMEHozrEH ASCE I, WY, AFdx

flowcytometry$} real time PCR 7I¥H<S %3 <AIIAFFIES7IHAE

(hASC; human Adipose derived Stem Cell)e] 5-©]Z X3 (surface

marker) @ FZAA =¥ (gene expression)S FA<ldtuA Fo}, o]F E

3 F& AT AMEE F e E71AEAYl HSE hASC stocks &

23 F 34

N

I-2. Current Research on Stem Cell Therapy
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I-3. Characteristics of Chondroprogenitor Cells

AZ A 74 E(CP cell; Chondroprogenitor cell) E L9 AFAHEZEA
AZAE=29 3} 715380, limb budst 2L vdE AZFTZFA
FHAE F o, dSAEE 2V)de 22 A 23 =2 A
< HBo|Aw, F&¥LF dAE, 71d F4F, E3ks Fol FAA &
3t A5 UFoe tlo|d £E3A ¥ dF fAld Tad 7AwS

FgstA Aot

53] 53 7E I (osteoarthritis) = H| £ AZge A9

rlo
l‘b

o] AANARE ARHoZ Aol AY o|FAXA 7] WEo] wHA

73

o
i

ZE 457 Bo. wEkA V& EEQYE THLE IHH,

A2 EFHoz FHES U AL Fse mAAFTe

(microfracture) $°] A=Y oY F33 N8 EHE Holzn E3A(r).

azd F 20129 WOE2ES E71ME X 8AQ 7HE] 2H (cartistem)

o] N9 $9E ol AA AFANAN AEHD gon, AZAEAS

i

X Fz} E7IHAE A8 HEo| Eolvta Y FF AYE &2
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wetx B AFE hASCY FHEMIEAFAES AFEHI A, @A
moused] UEF ZF O ZHE CP cellS ¥ ulFsta o]& IA £
d hASC FHlFE AHeoltk. Yolsl in vitroolA] hASCe EH|A
(secretome) 7} CP cell®] AZAH X %3} (chondrogenic differentiation) <l
nXE  9FE B3] 93]  Alcian  blue  staining 2
Glycosaminoglycan(GAG) assayE %3 CP cell®] #3328 A FIE A

olc}.



II. Materials and methods

II-1. Isolation and Culture of human Adipose derived

Stem Cells(hASCs)

olgfle] AL ESHMX| A FPsAtt. £ (Isolation) = F %
2 Xz e wa APduHel th=o}. (2017.11.22 I3) A
A 23 (excision sample)®] A9 WA wlxg AHEd Xz} ATz
g ZEs Y3 ol HAH2AE AW 2ZREH HAE AAF

ojof Fth, TS o2 150mm plated] PBS with 1% P/SE 23 o] £d

X

xRS Jd7F 717 AR wizkA] wrEBEA Mol agla 23
< A3 Zg 50ml conical tubed] A Hi 4] € W7A 719

2 HH53to A3

(2017.10.25 A3P) FUYZZ (suction sample)d 2B LA AF3F
washing, chopping @Al & A= FH32=z 059 dAFEH £33}

d}. 18] collagenase powderEs 7 F3la] 0.1% collagenase solution(in



PBS with 1% P/S)S W& F1, S4° @ 2AF 1:1 v &2 &3}
o] 37C water batholA] 1A%} incubationd} R th. oju] 10%&°] HHAA
invertingdte] ZZ 3} collagenase’} & ¥t3d ¢+ JYEE o). Seto =z
Hol HfrzHo] FE3] AAHAJLE 1300rpm, 25TAA 3E3F 44
ettt 22d AWzxFo] 3/ FoE RIHTH AFEH A
2 718% (oil layer), A3 (fat cake layer), 37 3 (pellet layer)©] &1
FEt. A7IA 71833 AWFTY %S voldloeR wx B UHA
£ AMEE 50ml tubed] &FHT. °|F media®tazr A FE Dulbecco
Modified Eagle Medium (DMEM) solution(20% FBS, 1% P/S) 1:1 H|
£2 2 T S 1300rpm, 25CHA 3EI SAEIs AT, v F
2 7185 H AWFY %S goldler wi v UHAE A2
< 50ml tube®] #71t}. ©] W 100um strainerE AFE-3 v A3FA do}
Je ARZEHS vtA A Folok g}, v HO 2 mediad 1:1 HE&

2 E%sla oA 1300rpm, 25ToA 3E A EIF oS pellettt
G711 FEYE 25 AASNIT. FEF pellet2 HFFHS mediadl

resuspension3t TFS 100mm plateo] HF3dl3 Av|F o2 #FAF AT,



vl %k (culture)S ZA WYY oA (media change), Althulg
(subculture) 2 Y& 4 Uth. WA Wity mAE AdNG o5 &, 2
g1 FrHo 2 3¢d 198 +q3Ath. suction tipe| micropipette tip
€ 72 B%& 712 media® suctiondld] AASFL MEE medias
100mm plate®] A% 10ml¥®, 150mm plate® A% 20ml¥ 718 FAc}.
ol mediaE plate®] HI=o] obd WHo| FE& 3t A X7t HoA|X

FEF AT

A FS 71E plated] MEZF FE3] AF%S o AEE 42 plate
2 BEsd wWiFe oldurte Heolvh. WA Z plated A mediad
suctiond} 3l trypsin 0.1% solutionS 2ml 7}3] 37C 5% CO, &7 A
1E3} incubationdt . 283 plate?] ZHES £o2 JPHA XWA
AME7L vigeA FE3] FAAREeA dErALZ AT o=

media 3mlE 7}8lY trypsin®] #&<S FFet AT &AL 156ml E

fr

50ml conical tubeo] &7 @3%th. ©] Wl pipetS 2 plate B}IE Holl E3}

# mediags ¥ Fo 7b¥

o
it
=

ZE Y T UEF o oA

2

rd

tubeE 1300rpm, 25To|A 3E3IF P EE3} FE Y-S suction

2



3 oS A2 pellet2 HA3F volume mediacl resuspensiond}$ith.
o] £4E 20ul H3t: 2-10W12 343 the nucleocounterE ©| &3l
AT 22 2339, vxgez 2zt plate B AE F7F 2x
10°cells(100mm plate) =+ 4.5x10°cells(150mm plate) 7} H == A X
L£9g B HF volume®] 10ml(100mm plate) EE 20ml(150mm

plate) 7} E| =% media® F7HH o2 YAFA

A7 (freezing) S A X7} FE3| AZ< ® °]& ITHLE EHAG]
93 qhiolt}, dukd o2 100mm plate 313 cryotube 170, 150mm
plate 3lU% cryotube 27§ & THETH. WA Adn| g FAF WP o=
A Z£Z harvestdt Th2 cryotube 3% FBS 900ul =& FBS 4504,
media 450ul /49l &N pelletS resuspensiond}Ft}h. ¥R H o2
DMSO €9 100ulS 7}8tx EAMe pipettingdt ¥ cryotubeE - &
o} -80C deep freezero| A overnightdlHtt. & € cryotubed A&

& YE ad A "3
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II-2. Flowcytometry (MSC surface markers)

FlowcytometryES %3] #2]¥l g3 hASCI) old 33 FHIY &
d FEe S A5 vt WA FHYY 8FF, control 3T,
unstain 1FF2 F 127019 FACS samples FH|3IEY. E4& 93

HA 274 FAYY T 104 cells 0732 AHEolx|gt, BAo A

AL 93t 105 cellsS 7R o2 A XS wjgFsg.

HA Aduigsd 433 o R HFEE harvestdt THE pelletS
PBS 6mlel resuspension3tth. ¥ .29 wa nucleocounter® AHE FE
23 & Ao, AE £9& FACS tube 343 500u1% BojFzn F
A& 4ol FAE 4u¥ 73R . o] # ¥I=A] labelingS 33l control
U2 I3 sample F A FUC. thoz HES U2 IR A
294 1A|ZtE<E incubationdtATh. oW 1AHE 2/ A $ -20T
BAae AN E#ASG. wXHoz MES Ao Hol FACS 7]

712 o|Fd &9<S AP,

- 11 -



I1-3. Real-time PCR (Stemness genes)

<Table 1> Primer sequence designed for real-time PCR. The sequence is

written from 5 to 3’
Type Gene forward seq. backward seq.
control Human 8 - GCGAGAAGATGACCC | CCAGTGGTACGGCCA
actin AGGATC GAGG
stemness | Human c-myc CGTCTCCACACATCA | TCTTGGCAGCAGGAT
genes GCACAA AGTCCTT
Human Kif4 CGCTCCATTACCAAG | CGATCGTCTTCCCCTC
AGCTCAT TTTG
Human Nanog CCAAAGGCAAACAAC | TCTTGACCGGGACCTT
CCACTT GTCT
Human Oct4 CGACCATCTGCCGCTT | GCAAGGGCCGCAGCT
TG TA
Human Sox2 TGCGAGCGCTGCACA | GCAGCGTGTACTTAT
T CCTTCTTCA

Real-time PCRS %3] E&|u]g3g hASC stemness gene &3 ¥

< Q13 A g}, Yalvac, M. E., et al (2010)2 F13dte] ¢ 2

©] house keeping geneQl B -actin} stemness genel! c-myc, KIf4,

Nanog, Oct4, Sox29] primer designe 3lF 1 (F)A =g oA FEIH

-12 -




=y

dA fFAA Td FEEe FdUE = cell line2ZHFE RNA

isolation & 3l th. 71EF o2 10°cells ]9 A EE AlL3Aof Jr},

£ mediaE suctiondtil &5 HrolF PBS bufferZ 3Hx#| washing

3l tt. PBS bufferS suctiondlil plate F 1ml trizolS 7}3 ¥, cell

scraper® plate HIE-E& FHoIAl 1.5ml tubed] =o} AA20A 5E3H

incubation3tR . ME7F F#3] FHEHALH 250ul chloroform< 713l

1527 AA & L LA 10837t incubationdtil 1200rpm 4T

A 1037 dAEZSAT. oW cell lysate?’} 3522 S =Hed 4

%< clear, aquesous phaseZ RNAE ¥&3l F3+F2 white phaseZ

DNAZ} AAHo Qe ZFo|t}. nixgto 2 33=L pink phase® organic

materiale] Zx)gctl. wWEkA] micropipeto-2 F7t30] @ oA &A F

93y AFEL wA ANEZF 1.56ml tubeZ2 AT, ©]A] 550u

isopropanolS 7}t R=HA 4L F FL29 4 10E3t incubationd} it

1200rpm 4To|A 1083 YA ELIHT. o] WH e old] ZFo| pellet

of AW HES LFd Zotyan 4SS AU, pellets F9



3t AEN-g w WElal 75% ethanol in DEPC treated water 1mlE
7tel F=FA 4L F 1200rpm 4TAA 1083 4 3AT. A
goz A3dg ma W pelletS F7]15oNA TR pellete] Z7]
£ <93l o]o] S3Fo] DEPC treated water 15-25ul5 ¥ 31 dilution
3lE k. FFAH OS2 nanodrope AFE3] RNAQ quality$} concentration

KX
=

A% F -80TC deep freezero| A H.#A3} A},

A

RNA isolations $#EFOW o]A] cDNAE FAd ok F}. Thermo
Scientific AF2] RevertAid First Strand cDNA Synthesis KitE A}-83}9
o. 1A T RNAE L3 Zobyx HAHI =, b=
1.5ml tube©l template RNA 3ug, oligo dT 1ul, 12|31 nuclease free
waters 12u7F 2 wWi7hx] ¥k, a8]l2 5x reaction buffer 4pl,
RiboLock RNase inhibitor 1pul, 10mM dNTP mix 2ul, RevertAid reverse
transcriptase lule TAHNZE Y3 F 20ue] AZFo] wrEofHEA &<
AT, oAl ATl F Ho=E FIF EE tS 42T heat blockel
Al 60%3t, 70C heat blocko| A 5%-Zt incubationdl$it}t. 2422 ¢cDNA

o] o] FojAm A9 WHg FAAJ|E DAt cDNA Ao &



Brornz dFY olUd Al&dd A$ -20C, I o] HAT B -

80T deep freezerol] E. &3} t}.

<Table 2> Real-time PCR cycling conditions. The

referring to the protocol used in the laboratory.

condition is optimized

Real-time PCR run method

Number of cycles=45, Starting cycle=1

Stage Step Temperature Time
Hold stage 50T 2min

2 95T 10min
PCR stage 1 95T 15s

2 64T 40s
Melt curve stage 1 95T 1min

2 70T 30s

3 95T 30s

4 60T 158

34§ cDNASH

S FEI primerE AFE-3]A real-time PCRE

g3t th. TAKARA AFS] TB GreenTM Premix Ex TaqTM II (Tl RNaseH

Plus) 7| E9} Applied Biosystems 7500 Real-Time PCR Instrument

System, ViiATM 7 Real-Time PCR 7]7]& AF&3ltt. HA 96 well

- 15 -




PCR platec] theel 2ol wet 4E¢ =98ttt 2 well vt
SYBR premix Ex Taq2 5ul, PCR forward primer 1.75ul, PCR reverse
primer 1.75ul, template cDNA 1.5 ul, ROX reference dye 0.4ulZ 3
10.4pl8] MES 23ATt. o ¢cDNAE A3 AofS ¢4 E73
master mix2 TEYFi cDNAE F7lste W oz 439& P33
o RE HFL Ed5o Zob IFPdAd. AEES EF 2P o
PCR plateE ¥ 31 real-time PCR machined] %t} tt&o =z
<Table 2>°]| A|A|¥ cycling condition®] %F©] PCRe| Z3P=H 1, delta

delta Ct methodS 7|9t 2 A4S BEA3Hr}.

IT-4. Isolation of mouse Chondroprogenitor(CP) Cells

E d3gd s L AE At A FEI 11.5D moused AME-3tATH H
A IYFIEES v AR Sl E $¥sta PBS, HBSS,
media, 70% ethanol® 50ml conical tube®| aliquot 3 FA . T 3}

HBSS 800pl + 1% trypsin 100 pl + 0.1% collagenase &% n)g s

- 16 -



SRSl

AYZAE R o]F3d mouseE CO2 chambero| A SIEAAZ F,
mouse?] H] 7}1=& 70% ethanol® 25313 792 24, dAo=w
mouse embryoE ZUl PBS bufferd] B715FA. AHE3 FE=FE 70%
ehtanole] E7F4 E#ASAT. FUWHIZ Zol94A mouse embryos
PBS7F @7 50ml conical tubeo] 4] 2¥, HBSS7} @31 150mm dishol A
A7 7 25 AlgE W 71A] washingdt 9ot €719 S A3 mouse
embryog 271 992 A23 HE AAI embryos AUA AMEL
150mm plateZ2 <Z . 2832 Z embryo? limb bude] € 1/3< &
24 HBSS7I €7 2% 100mm plated] 23}t 2 E embryoc] Uil
o] EUH 1ml micropipetd AHE3 lLimb bud® AMEZE 50ml
conical tubed| 2o 31 ZZF o] rigtekE wWi7iA 7Itd oS A3 A Al
AstHth. 183 HBSSE 2mlE ¥i 7MEA £59 washingd ¥ 2

z2ag A AASE B S 38 S,

o|A] gtEo]F HBSS 800ul, 1% trypsin 100ul, 0.1% collagenase &

&g filteringd}d limb bud’} ©3l 50ml conial tubed] H¥olF3 37C

- 17 -



e 29 A 10% incubationd3}F . AlE7} 58] HOH medias ¢
31 pipettingdl<] collagenase inactivations 3+ T, 1200rpm 25T A

3EZ 94

2]

e
o

BEAe AASAT. 2D tube EE 3-43]

e

tapping3l i mouse ¥¥}E]F mediaE 100pl¥ Eo] HA3] pipettingdt

< 4pm filtere] FxHE] 23 . €18 nucleocounter® HE F& =
Al 1.4%x107cells/ml F=7F HEF dilutiond1 F2Y T 18ul¥
AE3IRY. E2YE 12 inserts/24 well plate(SPLAIS] SPLInsertTM
Hanging 37024)¢] insert’} 9l 12 welld] 1 F2YH, 2719 60mm
plated] Z+ 6 Z2UH F 24/ F22YE WHEJT. vx|Hoz 37Cd
Al 41t F<F incubationd THS media 500u1% ¥o] Hig] R FH

AE7E JEA Av|d oz FAS3AT.

II-5. Coculture of hASCs on CP cells

(2017.11.27 AYP] Aty FLd3F HWHe=z g I

hASC(hASC isolation P5)E harvestdt3i media 500ulE 713

- 18 -



resuspension3}$th. 123 20ulE FH3| 104 dilutiondd nucleoconter
2 AXE &5 2339, 2832 inserte] WAL 13 insert I
5x103cells¥} 250ul media’} S°17}1== A3 (CP+hASC, CP+media)

o] | F3l= 8709 insertsol] FHF3 o}.

(2017.11.28 AP) g II-4°] AAF WEo] wal mouse
embryo2 % E CP cell& *#23led 12709 welld] HFdFch. t=T
(CP only)°l al33l= 47019 wellol= fresh medias 250u1% % oF
ot 238z A4FF 1(CP+hASC)dl alF3te 4719 wellel 7§ hASC
7t A2 3 Y€ insertZ CP cello] AFE welld]l 912 SAFA. vhAl
go g2 HPT 2(CP+media)ol NZ3te 4719 welldE hASCIF A}

3 & inserto| A medias 250ul 3 A EoIFHT).

II-6. Alcian blue staining & GAG assay

II-4, II-5¢] #HFAHE vwlX3z 37C 5% CO, ZANA dFA3t
(2017.11.28-2017.12.4) ¥ &3 HAtt. HEZT(CP only) 4 well, 43

- 19 -



T 1(CP+hASC) 4 well, 43T 2(CP+media) 4 well EE3H oW 2
well ¥ YFo] Z}Z} Alcian blue staining®} GAG(glycosaminoglycan)
assayE PRt AFHF AHRAN FERYIL ulgd A "oRR =

£ FostuA APRAT.

Alcian blue staining®] 7% Z well® mediaE suctiond}il PBS
500ul® ol 2x+d washingdtH . 83 4% paraformaldehyde
solution 500ulE Yo 2494 1083 fixations FIFT o,
paraformaldehydeZ- suctiondlil T}A] PBS 500ulS 9] 2x8] washing
39T, &2 2 Alcian blue solution 300ulE ¥ i 3AI7F T AL
A] incubationd}3i 0.1N HCL 1mlE %] nonspecific staing A A3}
™. °o]Al 0.1N HCLS 7HEe°] AAZ ths 4M guanidine solution
300l w3 FEAv A S A8E] 409 ¥iEo)A nodule X FE=E
TA3G Y. v FO 2 shakerE |83 Z29A overnight3}HA|
destainingS A3 TH. 5 Z2YE PBS 180ul¢] resuspensiond}

o 96 well plate°] &7]3 microplate reader® 600nm 3%

i
A

7 3t

At

- 20 -



GAG assayt 7]1&¢] FHEL A S AL . 0.2M sodium
phosphate buffer 100ml + 800mg sodium aceatate + 400mg EDTA +
80mg L-cyslenin HCLS &% 3 €9 1mlo] papain crystallized solution
5UE H7ste FHlEFATH Z welldl A medias A A3 L GFA] FH]
3 9L 15008 ¥ oS F2YE E9H3A  resuspensiond}]
1.5ml tubed] $AFUYT. 28l FdSFIESZ ol 65T dry ovendl
A 3A1ZF incubationd3tTh. 1831 10000golA 1083 YA EE s

Azdut HHA 2L 1.5ml tubed] A -20Co A BH3+ ).

<Table 3> The method of preparing standard solution for GAG assay.

Gene Dw Stock (100pug/ml)
blank 200u1 opl

lug 180ul 20ul

2ug 160ul 40ul

3ug 140ul 60pul

4pg 120ul 80opul

Sug 100ul 100pl

2oz 99 Hd udt FF49 100ug/ml glycosaminoglycan stock
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tlo
2=

< &9 FFEY EAT. ez AEH} EFLYS 7
50uld 3 1.5ml tubed] A FUTH. 7] Blyscan dye reagentE
Iml¥ ¥ 3 shakerolA] 30&3F BHEAIZTH. ©|A] 12000g°lA 10E3t
LAEH S pellets FE3HEA AFHE HAFE AAS}AT. 28n
dye dissociation reagentE 500ul® Y il pellete] &A3] =g w71
vortexing3t$1th. 12000geA 5#3 AAEHHFE HEH FFLH S

2001 #H3&] 96 well plate®] &7]3L microplate reader2 656nm 3%

=& SFSA.

- 29 -



III. Results

ITI-1. Isolation and Culture of human Adipose derived

Stem Cells(hASCs)

53 Az AW 2L Foutol 20179 109 25¢, 11€

ttlo

T

229 I3 Fatdo] 23 hASCE £ t. olojA AEE Wi

7ie 8% @92 BEAWAE Agd 400 HgE #F L FIE 5

o

gatgdot. AE7} FE83] A cell countingS 3t Al ¥S
AY -80TC deep freezer®] FZA3}H stocke FH3IIUT. 10€ 25¥€9
£33 cell line® hASC isolation, 11¥ 22¥¢] &g cell lined
hASC newZ WH3F o™ Z} cell lineo] 3] flowcytometry$} real-
time PCRE 33t E7I1AE4 S HFS3ATH. hASCE HFSHA &7
E Ve, 459 HEYY AERA FHFHA FHE Zeoh. wEF Al
plate Blgto] Eojx z&r] W Eo| harvestd @ trypsing X Ist &

A AL 71 EE cello] DolHEA F Aot ot 105

g %

)

He] #F A3} dWH O 2 passageE AFIETE HMEY 5AF Ut

- 93 -



2AH 0 FAHAY F4 £27t A3 oARE AL FAF F U
. FYFFeozHE R 3 hASC isolationd AAZZFozXRE EH
3t hASC new cell line Alo]o] 5A A ol /AR dfon o=

flowcytometry$} real-time PCRO|A = w}3F71X] o},
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<Figure 1> hASC culture on 100/150mm plate with DMEM (10% FBS,

1% P/S) media observed daily with light microscopy at 40x magnitude.

(A) Culture of ‘hASC isolation’ cell line from passage

number 1 to 6.

hASC isolation

[2017.10.27] [2017.11.3] [2017.11.7]

[2017.11.13] [2017.11.27] [2017.12.1]
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(B) Culture of ‘hASC new’ cell line from passage number

1 to 5.

hASC new

[2017.11.27] [2017.12.1] [2017.12.7]

[2017.12.11] [2017.12.11]
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III-2. Characterization of Adipose derived Stem Cells:

Flowcytometry

QA FZH A ZAH F FT7F2 cell line(hASC isolation, hASC
new) ] thalA flowcytometryS %3] 8%<2 MSC surface marker(CD19,
CD34, CD44, CD45, CD73, CD90, CD105, HLA-DR)9] %3 4% &
gt olu FAE ¥R ¥ Unstain® Ig-G1(CD19, CD34,
CD45, CD73, CD90, CD105 control), Ig-G2a(HLA-DR control), Ig-
G2b(CD44 control) & controlZ2A] A}-&-3t . A FE dAd %3
hASC isolation2 F#o] o] hASC newt F¥el AAE FP 3

or A% AAE <Figure 2>° B 3Ar}.

A% Z3 hASC isolatione CD44(95.52%), CD73(70.27%),
CD90(98.69%), CD105(94.76%)°] th3lA] positive, CD19(0.05%),
CD34(0.06%), CD45(0.20%), HLA-DR(0.15%)9°] thalA] negativeQ]
tt. ©&oe=Z hASC new: CD44(65.02%), CD73(50.00%),

CD90(96.80%), CD105(83.44%)°| w34l positive, CD19(0.02%),
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CD34(0.06%), CD45(0.19%), HLA-DR(0.14%)9] tH3lA] negativeQ

. F cell line 25 APAFA AAE MSCe HHIY w&d X3

I dXste AAE BPorn, E3] hASC newdl A surface markerd] o

deol Az WA YeEt. o€ E7IAEE 434 28T A

flowcytometryE %3] A EE A3l AL oVl &S AASHE

2ol tt,
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<Figure 2> Confirmation of MSC surface markers of two different hASC

cell lines by flowcytometry.

A) Analysis of CD19, CD45, CD90, CD105 expression on
hASC isolation(P4). hASCs were stained with anti-IgG1 and

antibodies binding to four surface markers mentioned above.

hASC isolation
[2017. 11. 15] Passage number 4

*) ()

0 20 40 600 800 1000
FSCH

0 45007
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(B) Analysis of CD34, CD44, CD73, HLA-DR expression
on hASC isolation(P3). hASCs were stained with anti-IgG1,
anti-IgG2a, anti-IgG2b and antibodies binding to four surface

markers mentioned above.

hASC isolation

[2017. 12. 18] Passage number 3

(+)

D44 c073 (_) CD34 HLA-DR

SSCH
sscH

0 200 400 600 80 1000

200 400 600 800 1000
FSCH

cous < co73.004 N C034.005

102 103 10%

A2H

10!

Quadrant Statstics

File: HLA-

«©) Analysis of CD19, CD34, CD44, CD45, CD73, CD90,
CD105, HLA-DR expression on hASC new(P4). hASCs were
stained with anti-IgG1, anti-IgG2a, anti-IgG2b and antibodies

binding to eight surface markers mentioned above.
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hASC new

[2017. 12. 12] Passage number 4

)

1000

sscH
200 400 600 800

1000
271

H
5 104

File: CD44.012
Acquisiton Date: 12.Dec-17
Total Events: 10000

Quad Locason: 82, 117

Quad_Events % Total

o
uR 9 00
W 369 3489
) o o

1000

sscH
20 400 600 800

Quad Locaton: 82, 117

Quad_Events
U0
R s
W e
w [

% Total

(3
4995
000

Quadrant Statstics

Fie: C0%0.007
Acquisition Date: 12-Dec-17

B
100 10!

102 10®
FLIH

Filo: C0105.008
Accuisition Date: 12.Dec-17
Total Events: 10000

‘Quad Location: 82, 117

Quad_Events % Total
Cam ey

e
v 10 010
W 1646 1646
R o o000

Quacrant Statistics.
File: CD19.00
Acquisition Date: 12-Dec-17
Total Events: 10000
Quad Location: 82, 117

Quad_Events % Total
w7 0@

uR 6 006
W owez w%
w o o

10!

Quadrant Statists

Filo: CO34.004
Accuisition Date: 12-Dec-17

Total Events: 10000

Quad Location: 82, 117

Quad_Events % Total

UR
w
W

6 008
wes 9988
o o0m

- 31 -

Quadrans Statietcs

File: 45,005
Accuisition Date: 12-Dec-17
Total Events: 10000

Quad Locaton: 82, 117

Quad_Events % Total
W 7w

(A
R 8 008
W oW W
W 1001

o W01
uR 7 oor
W oo w79
R o oo




(D) Summarization of flowcytometry data

Flowcytomtery

Group/Surfae marker CD44 CD73 CD90 CD105 CD19 CD34 CD45 HLA-DR
hASC new(P4) 65.02%  50.00% 96.80%  83.44% 0.02% 0.06% 0.19% 0.14%
hASC isolation(P3/4) 95.52%  10.27%  98.69%  94.76% 0.05% 0.06% 0.20% 0.15%
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ITII-3. Characterization of Adipose derived Stem Cells:

Real-time PCR
JAAAFZZ A s Hd 5 FF2 cell line(hASC isolation, hASC
new)°l] W3] A real-time PCRS &3l E7|M XA Eold oz UHE

NEAQA FAA 552 Octd, c-Myc, Kif4, Nanog, Sox29] =& <F

fr

AE FRA3AT. & FAAS A dEFS AN AsAo
house keeping gene?l B -acting internal control2 4tkar, AWbA| E <}
BE FAAL zolE #2137l $13] human fibroblastE negative control
2 Y3 He}. 2 E primert human genomee 7|22 Yalvac, M.
E., et al (2010)S #3113} designdlgd i, ZE MEZL duplicationd}e]

B AE WA AT, A3 real-time PCRS 7|H Fo]A SYBRIM

lo

=

o

AN

A

Greeng T3l T &4 Fadom, A #¢L delta

delta Ct methodE 7|¥to.2 AlAt 2 B3l <Figure 3>2 7}A &3l%

=y

WA hASC isolation®] 7% hFBe| B]3] Oct4(0.3014)), c-
Myc(5.282H]), Kif4(1.814%}), Nanog(1.9284]), Sox2(0.110uj]) &
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¥ 3}, hASC newt hFBe] B8] Oct4(0.5344), c-Myc(3.938Hl),

Kif4(2.0954]), Nanog(1.4344]), Sox2(0.1424]) L33 A=

1

AEgth. 28R 2 = cell line(hASC isolation, hASC new) =5
hFB¢}t ¥ 23S o] c-Myc, KIf4, Nanog?] 23 Fo] AUFH o2 =1
Oct4, Sox29] YA HFL FUFo 2 I AHoln, o] 7|&9] stemness
gene®. 2 ¥FE FAAZH dtigtE hASCrt 53 H o2 ol ¥}
A &€ F IS HAFET. tstd hASCY 74 EHS #9E o
Oct4, Sox2 E.T}= c-Myc, KiIf4, Nanoge 7|22 #A43H Ho {4

28

tlo
o

< F UE Aeolnh.

- 34 -



<Figure 3> Analysis of stemness gene(hOct4, hc-Myec, hKl1f4, hNanog,
hSox2) expression in two different hASC cell lines(hASC new, hASC
isolation) by real-time PCR. Internal control (house keeping gene) is 8 -

actin and negative control is human fibroblast (hFB).

Real-time PCR

Il hFB(P7)

5 hASC new(P2)
2 4 hASC isolation(P6)
2
S
X
o
2 2-
o
o
L iy

N O & SV

N o ) N ) a

o N ¢ & &
A

stemness gene
Real-time PCR

Group/Gene hOct4  hc—Myc hKIf4  hNanog hSox2
hFB(P7) 1 1 1 1 1
hASC new(P2) 0.534 3938  2.095 1434  0.142

hASC isolation(P6) 0.301  5.282 1.814  1.928 0.110
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III-4. Chondrogenic differentiation of CP cells mediated

by paracrine pathway

M7MA & wlF =7 (CP only, CP+hASC, CP+media) 3}°]A] mouse
embryo2 5B £&|3 CP celld] ASAHE E3l=7} oJu g Zo]E Ho
A 43nA . ASAE BEIEE FFS87] A8 Alcain blue
staining, GAG assay F7FA 7|'H& A=H3A 1, CP celld HlFL 5L

Al 13 slE RE MEZ-S duplicationdte] T4 @ 3}2 Wz AT,

Alcian blue staining 23 HZT(CP only), 43T 1(CP+hASC), &
T 2(CP+media) A 600nm FF %7t 42 0.352, 0.479, 2.109
2 235}, o] Alcian blue stainingS 7]|F 2.2 CP celle] 934
¥ E3l71 hASCS ZHl 43S W 1.3614], hASCE Wl 43 medias 3

AAFAE W 5,991 FAEE ofnl @,

GAG assay 23 W RT(CP only), 43T 1(CP+hASC), AIdT
2(CP+media) A GAGY %°] &7 5.762, 5.782, 9.9072 A=A

t}. o]E GAG assayZ 7]1F2 2 CP cell®] 9S4 ¥ £37]1 hASCS #
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W &FAE W 1.0034], hASCE H| YT medias IH7IEIFAS o 1.719
W S713HE 9| git}. Alcian blue stainingte 23 A3dT 19 A

Wzzol Ha FAACZ K@ AolE 2AE Wk,

AEZXH OS2 Alcian blue staining, GAG assay F7}A 7|HE& &3

CP cell®] ASHME EI=E ST 23, CP cellS WlFE v hASCE

W FEd medial HUFE ASAE 87t foveA FE2S A}

Aot ¥1H CP cell} hASCE FH|&3lE= A2 Alcian blue staining®] A

E a2 B2 FAHJAA W, GAG assayolAE AT &+ Quucth. o

AN T AAAE 239 S ] hASCY FHEHIEHAE 53 CP cell

A

o] ASAME B8t

e

g & dse 93 FAseH, 1 aRe
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<Figure 4> Alcian blue staining of mouse CP cells grown in three
different conditions(CP only, CP+hASC, CP+media) for 7

days(2017.11.28-2017.12.4).

(A) Visual observation after staining

Alcian Blue Staining

CP only CP+hASC CP+media
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(B) Quantification of chondrogenesis was determined by

measuring the absorbance of bound Alcian blue at 600 nm

Alcian blue staining

3=
Il CP only(control)
CP+hASC

g 24 I CP+media
[=}
[=}
©
o 1-

L I

T
‘o\\ 90 6\’0
N S e
N X &
& Q* <
) o o
O
&
group
Alcian blue staining
Group CP only CP+hASC CP+media
Sample 1 2 1 2 1 2
OD(600nm) 0.341 0.363 0.474 0.484 1.861 2.357
OD(600nm) average 0.352 0.479 2.109
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<Figure 5> The amount of glycosaminoglycans of mouse CP cells grown

in three different conditions(CP only, CP+hASC, CP+media) for 7

days(2017.11.28-2017.12.4).

(A) Plotting the standard curve using glycosaminoglycan

solution as a standard.

Standard Curve

1.5=

E 1.0+
[
(o]
n
©
8 0.5 y = 0.2008x + 0.0908
o v R2 = (0.99843

0.c 1 1 | 1

0 2 4 6

GAG(ug)
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(B) Quantification of chondrogenesis was determined by
measuring the absorbance of dye-binding glycosaminoglycans at

656 nm and calculating the relative quantity based on the

standard curve.

GAG assay
15+
mm CP only(control)
CP+hASC
= 101 T CP+media
=
2
o 5 -1 -
0~ T T
,éo\\ v%o e&’b
o S &
& Q <
) o <o
&
Q
(@)
group
GAG assay

Group CP only CP+hASC CP+media

Sample 1 2 1 2 1 2

GAG(ng) 6.034 5.490 5.383 6.180 9.375  10.440

GAG(ug) average 5.762 5.7815 9.9075
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IV. Discussion

10F%¢t hASCE Wi %3lHA hASCE #32, W%, A3ste 713
< 948 F At 43 2 AWEzFSE de W WE cell line?)
2ol e F|AH A ¢Fgko ™, passage number’} HolA 42 hASCY 534
A FHrt 2451 4 S50 2oAE € FdddAH. 2y
B ATFdAE FH 243 54 Adolgte F/HA A4S B FsA
e, olg F&3 AFII AMME FrA EE #IE F 3

t AREE AFsta oo wa FFAE ARS EX3F & HolH.

S22 <Figure 2>94 571X cell line(hASC isolation, hASC
new) 2% HAPAFA AANE AHY FLI MSC surface marker L&
F2E BFY. oyt hASC isolation®] 7% antibody T2 EAZ 5
ol ol FaeA710] Zzte] A M3 passage number’} ThETHe
A& AHE 4 31, hASC newE positive surface markere] L& S0
AAA 2 EA 9A Ugxted o AEE FHse DAdAEH

AEL] Fefot viability7l TR %¥3%7] WELZ AT, ZEFHo=
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E AFdgqa 28 wIFg F71X] hASC cell line B5 CD44, CD73,

CD90, CD105¢] th3allA| positive, CD19, CD34, CD45, HLA-DR®] U

A negatived] UH FAFES HolH, wF AHd waE MSC surface

marker®] WdEo] IAA zelyr] Wi UG HEd  EA

flowcytometryE &3 H3ol 879 FHolt.

<Figure 3> A 571X cell line(hASC isolation, hASC new) =%

negative controlQl hFBel| B]3|| stemness gene?! c-Myc, KiIf4, Nanog®]

dEo] A4 JEsth. ok Oct4, Sox29] A% @& e3]8 A

233, o] hASCE passage number’} 2+t 2, 622 | go] o

3= AYPH A FHo]7]o] Octd, Sox29 Tdo] ZHAFr] wWEAY,

hFB7} Oct4, Sox22 o=F = T3] wEo2 AZHY, TR H

05

¥ hFB7} negative controlZ & &3}% L Zola #3317 458 XU

AEE controlZ e Ho| o] dHoIth. Ht B -acting BRI o

r

9] MEZ A Ct Fo] 25 oA 2 EA gy W&o, cDNA %<

I AY primerg AMZ YARJTOZHN Ct #S FFH Ho 3P Jd&=

235 < 7 dS Aot
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<Figure 4>} <Figure 5>¢] A¥dE F3 hASCY paracrine effect”}

CP cell®] ASAX E3E Fse Ae FUdsden, 1 ade

hASC 9% Bk WiFe AstlA o 2A dehgd. ok NG =

A9 A insert®] membrane®] hASC7} &¥|3lE FE AHES 83 5

Halx] EPAY, W Fd HIIA] media AA Y Fo| HolxA7] RO R

AZtd ). @2l membrane®| pore sizeE E#HE AU, media Gl 3}o)

b =S hASCH BH@ BAL B FANA Arlee PHo=m F

489S AP dgU Yot FHA  Alcian blue staining®] GAG assay

o HlF HAHe=z O ol AFHE AFS FU¥ F sEedH, o

@3] Al ke QE] EME FEE =33 Alcian blue staining®] &

374 unspecific binding®] 7}s/do] EA37] W&o A2 AZHArt.

BAEZIAES 4dFA ARFHASVIAZE AGZFHAA H4A £

e

7} sz, APAA N 5 3o, FrlHez nAstE A=

ol@A ¥t a3 A2 AAAA HF TR 23 F stolr] o

ol 432NN @A A 7 F d3, ol AYEHL EE W,

A, o5, AEExH T2 B3 F 5ol AFA+E T3 FUAH
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Ak, A" EVIAE A8 E]d o ALFAHAEVIAEY] AL

o - ¥ Holth,

oet AR FAE7IAZE GGl HEF 3 AA¥A I}E A=

A3}

m{m
Hie

oli FAL&E HAZT & YSAd dFd nvle] dg3irt.
£ A= flowcytometry, real-time PCR, Alcian blue staining, GAG
assay & U 4T AF7IHES 83 oo BES A, WA
hASCe E7|4AXA-& HlYg3lE= MSC surface marker, stemness gene
expression®] 333t variation©] EA 3}, ol FAR zfo|, M EM|F
817, passage number 5 T3 Q44 719 Aoltt. wax ZE7]A4
X A8 HHOZE hASCE AH83l7] ¢4l floweytometry, real-time PCR
Y WHE B3 EVAEAC] B2 AEE AE3A AEIdTE Ho

g3 =& 2 Aol

e

A5 ZAE goltd

g3l 71Eo A XFEHHo] H AZZFEA Yo EIAE
gl Ado] e AL tAlF #<lslgth. hASCe paracrine
effect’l CP cell®] AIAE E3E F3lo] FHIYdE A LS Alcian

blue staining, GAG assayS E3 U3 om, 53] CP celle uIE
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W hASC medias FH7IlF+E 7S Alcian blue staininge 7|Fo2
5.991H], GAG assayZ 7|F2 2 1.719871A] AT &35} F7138
Aok, ole EVIAIE X8 Hodd MR FHS A dse EHo
o JF SVAZE FAHA guigxs 2 MEFYS HFoEN AZA

29 g3}

i

278 4 oA, & ZVAZ A=A He) AR

Mo

A3 = =2 S7AE FA S ABAZ AL 5 S FHoln.

< 23 FAHd b5 g%

e

Uolrt 271 E mMFdonre R A

g Ao HEPEe dTE FF AEHE F & Ao, S7AHAE

{0,
N
rE
He
=
ko
k)
fr
L]

H 2o Exnd Jideln dAAE &3] dT7vt &

3 AYHARL d& Bololth, B AT7E MR Foz F/NATY FH

EH A W gFd 77 AgBod, 48R B 09I

E71ME ABAZ L= 82 £ IS Bt
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