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At AEAlEE 2 AN Basta " 27 Alg AIEE ARESES]
Aagad FAH Ad x7] AW ASAEE 10% fetal bovine serum
(HyClone, Logan, UT, USA)¥ 1% antibiotic-antimycotic solution (Gibco, Grand
Island, NY, USA)E ¥3}sl= DMEM (Welgene, Deagu, Korea)oll i1 4°Col| A
400 x g2 AAE AL pellets L Aol 3]Xste] 37°C, 5% CO, 74 9]
i F7Tol A mf sttt 6 Al A=AEE Aol AFESHA

Growth curve®} Population doubling time (PDT) &3
6 At A=FAE growth curvedt PDTES =43}
Al AkE- 2]

OH

Growth curve = logNn#*logNn-1/logNy

PDT = T/{(logNn-logNy)/log2}

(T : AIE vk 717k logNn @ n-1 Aol A wjde AlE2] 4= logNn : n
Aol A wika AES] o, logNy @ 27] AlEe] )

Fluorescence-activated cell sorting (FACS) &4

Abgr AExdiui Al el SAEAS flste] WY £4S FACS Moo=
EAstg o, ofel e A Eo] AFEsdtt. ; FITC-conjugated mouse
anti-human CD14, CD31, CD44 and CD45; PE-conjugated mouse anti~human
CD29, CD73, and CDI117; PE.Cyb-conjugated mouse anti-human CD90;
APC-conjugated mouse anti~human CD34 and HLA-DR; streptavidin—conjuaged
PE; biotin—conjuaged HLA class I (BD PharMingen, San Diego, CA, USA);
APC-conjugated mouse anti-human CDI105 (eBioscience, San Diego, CA, USA).
oF Mub o] AIFAEE 4% Paraformaldehyded] 10%7F 118 % FACS buffer
(2% FBSE =x3s DPBS)= Al # a3 ol 7t FFAE 301 el FAUT



FACS buffer® A& % FACS CaliburTM (Becton Dickinson, Lincoln Park, NJ,
USA)e =2 34 ZEE =431 BD CellQuest Pro software (Becton Dickinson)

= Akl

At ASAERFH MB ¥4

MB= AEE S8+ FEHe  AEYolglE  aggregate, sphere,
pellets o 2% Eo&th Abg dATAERFH MBE A7 #18te], 0.25%
trypsing A& dt AZTES 2otk DMEM3# 50 pg/mL ascorbate-2-phosphate,
100 pg/mL sodium pyruvate, 40 pg/mlL L-proline, 1% ITS+Premix, 10 ng/mL
TGF-B3 (Sigma-Aldrich, St. Louis, MO, USA)E &3t A=3 wixE
A3 tE. Round-bottom 96-well plates (Becton Dickinson, Lincoln Park, NJ,
USA)ol well T 1.2 x 10* cellsg 53k 500 x gollA 5&7F QA2 &
MB+= 37°C, 5% COg incubator Hj7]el A wjFastdom 39, 74, 1443t Wit &
FAE MBE TM A 2ol AF&-3L T (Fig 1.).

TM ¥A % Macroscopic ¥4

ol dAelM  AxtE  #te wEeR, g4 Ariz I

i

MB
non-coating 96-well plate (SPL, Daejeon, Korea)oll Ajuj<dste] TM X
7best s AT ZF well F 200 pLe] wiAIE Wi widksidvh (1€, 39). Ak
AZMEFY MB, TM stereoscope (SMZ645; Nikon, Tokyo, Japan)2 =
macroscopic =212 9t MB+ 19 H4 o2 39 ot H9S oy, TMS

12412 bR = 3d Feh skt (Fig 3). 27 4= f8 AR Z9
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micro-rulerE o] &3] 1 IS =AY

TM$] Shape factors (circularity and roundness) &7
Circularity= ¢ =3 959 A= HEl™ roundness= =31
ol drut} doll 77keA YERE A Folt). Circularity 2} roundness: 1247+
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A2
Circularity = 4x11*A / ([Perimeter]®)
Roundness = 4x17+A / ([IT*major axis]?)
Circularity 9} roundnesst™ tAe] FEj7F drty ol 77k A& YEU =
A Foltt olAA ¢l A9 circularity®} roundness® e 10|tk FHEjrp Aol

ARNESE e 10+

Glycosaminoglycan (GAG) &% £4

GAG 3%%e =H387] 938te], Blyscan Sulfate Glycosaminoglycan Assay
(Biocolor Ltd, Belfast, Ireland) kitE A}&3tAth. AEE2 1 mL Papain buffer
(0.2 M sodium phosphate buffer, 0.1 M sodium acetate, 10 nM ethylene diamine
tetraacetin acid (EDTA), 5 mM L-cysteine and HCl, pH 6.4)° 7.8 pL papain¥
skAl 18A1ZF 65Tl Fo. 28] 10,000 x goll 10%3F LA+ EI
FTHs AATF F kit &§HFH WEEAIAH ELISA reader (S500; BIO-RAD,
Hercules, CA, USA)E ©o]&3le] 656 nmolA JFTHE=E SHSAch
Chondroitin-4-sulfate solutiong standard2 A}-&3Fth Hd M ¥E o] DNA dHS
=A3}7] §35te] pico-green dsDNA assay kit (Invitrogen, Camarillo, CA, USA)E
AbEEA T AA GAG & DNA $ds 2dzz dYedida dA GAG

gere AA DNA 3o 2 uhirol 4 Fsat.

4% Paraformaldehyded] TAHAIZl &S &4 F9 g3 J5F AAHS
AXHA 24 EolE sk Eujd FELE 4 ym FAR duste] Eol=E
A Zsk Ak Adsl &elol=% Histo-clear II (Natural Diagnostics, Blackburg,

VA, USA)= g3etd & 32 S8t A2 JuE ad#str] f1sk]
¥ 7S haematoxylin and eosin (H&E) (Sigma-Aldrich, St. Louis, MO, USA)
AAE skt MBe TMe Zebzls €helst7] #18F] masson’s trichrome ¢4
MT)& sttt MT @2 A7ZEA 8= 25, otuidf, Afa %

AYGE AdHor JAsE= HH o2 Trichrome III Blue Staining Kit (Roche,



Lilleroe, Denmark)ES A}-83}31t}. s} sk Aol = the avidin-biotin—peroxidase
complex principle (R.T.U. VECTASTAIN Elite ABC Kit; Vector Laboratories,
Burlingame, CA, USA)S A}&33t. Egtol=s gygtd 2 A5 AAS
A &3t a1 peroxidase?t pepsine 2z 1087 A skl 12 &A= 4°Ceol A
S Wl S kite] WA gdS ALgEdt. 1A FA &= anti-collagen 1
(1:100; Abcam, Cambridge, MA, USA), anti-collagen I (1:5, Abcam, Cambridge,

MA, USA)E 218392 Heamatoxylin® 2 thZAMS 3%

Statistical analysis
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Aol 4=7F F 1,0008 o]/ Aol 7k
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U+ AS growth curve=
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TM9 circularity$} roundness

Circularity= €9 F=¥ @59 dAAFS YEM™ roundnesst =3 WO
HeFol dmpid ol A dERdl= A xoltk. TMO Fe7h dupu 4
7Wbe A BAE7] ¢3k A EZ group 3 (3+3)% group 4 (7+3) TMY
circularity?} roundnessE A3t Fig 4. A, C, E°9F G&= /W¥E TMe
circularity®} roundness®] AlZtoiE W3lolw, Fig 4. B, D, F& He o]lE59
H S Yepd 2 zolt} group 3 (3+3)oA4 TM vl 24413t ¥ circularity 7}
7HE g3 AR AR S ek Y (Fig 4. B). WEHO] group 4 (7+3)ol A=
48X 74HA] circularity7F HASEATE 1ol oAl FUbstE AS T

At} (Fig 4. F). Roundness® % group 3 (3+3), group 4 (7+3)EF A7t uwhz}t
AR Hasks wARE 34 WEbi Y (Fig 4. D, H).

MB¢ TM9 GAG 33 4

Zb 2w GAG & AolE Hlusty] 9fs) Abg A=l Al Ee MB,
™ 4 GAG 3FE& A5t GAG/DNAE GAG AYl %S DNA Ay
gFom yrol A e ek dA 2EdA AFAEe fFARSEAY
=2 S Yepde (Fig 5. A). GAG A &3] 4%, group 4 (7+3)9}
group 5 (14+3)oll4 FAsA #astgda, ALY 27k 1768, 4548 7
S4=A group 1 (MB)& 7 ©S GAG Tl FAHA2M, group 5
(14+3)ol w3s] 811 =4 YeEltt (Fig 5. B). &3k group 4 (7+3)¢} group 5
(14+3)¢] DNA g#Fel t& 2ol Hlal wig- vA S45U7] ol GAG/DNA
el A o8 2w A AY =4 ek (Fig 5. A, C). MB HI%F AJZFo]
79 ol AAAH GAGSF DNA staFe] #HA3skdtt (Fig 5. B, C). ¥Hd el group 1
(MB), group 2 (3+1), group 3 (3+3)9] GAG$ DNA Hd g=e Az
Az A Eet FASEAY O Edo 53] GAG A e ATAE
alskol zhzy 1.78wH, 1.649, 1284 =4 =4 At} (Fig 5. B, O).
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[11, 19, 32, 33]. wetA 2 AFAE 7] AFERT A2 59 AX 12 x
10'2 olg3te] 24 9 dFTdol 4T gt AV AxHAH F AF

2% AMseAct vrd 2]

dEluy 2Ad e TMS gA4slal ol oA dusEdd AR e
O~

2719 MBE (0A1Zh, initiation) AlZbo] Adel we} 7pdAE] 7t FAH o=
mol| A Ehpe]l HEE ol FTh (12417}, margination). ©]% MBES A&
ZetAl AH&stel TMe &H7E Hs oS
PR 7 vieE o R R Y Ho R Etvle ddo] wEEH AT (484]7F, lifting).

F VA moz wobqwWA shgd M FHE FAstel AR Fujo

Q3L (24A1%F,  condensation),
A

)

=
N
N
%0
id
=
©
o,
k)
rob
)
&
s

st TM A2 Al s FAIES 72413 o] o g dto] E3tirt dasivs A
Alstal vk, TM HeE| P4 Al A8¥ shape factor circularity 2
roundnesst= 5783 e FHel WE AFAE=E BEAS] S AxE=
Sa3}h [23, 34]. TMeo] dAE= FAAA group 3 (3+3)F group 4 (7+3)<]
A ZFE circularity 2 roundnessE A3t 2 A3 group 4 (7+3)0l A
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Abstract

Human chondrocyte—derived scaffold

free tissue module generation

Lee song yi

Dental Regenerative Biotechnology Major
The Graduate school, Seoul National University
(Directed by Prof. Cho, Jaejin)

There are limitation of therapies for osteoarthritis and temporomandibular
disorder. Recently, autologous chondrocyte implantation and stem cell therapy are
used for patients, but the effect is limited. To overcome this problem, many
researchers are trying to develop three—-dimentional cartilage-mimic structures. In
this study, we developed millimeter-scale cartilage-mimic tissue module, artificial
material-free based on primary chondrocyte. Firstly, micrometers scaled
microblock was produced using chondrocytes. Secondly, tissue module was
generated using microblocks. Isolated human primary chondrocytes were
characterized by FACS and growth curve, population doubling time. I designed
the experimental groups to optimize the best conditions for TM culture as
following (Control group, human primary chondrocytes; groupl, 3 days MB;
group2, MB 3 days TM 1 day; group3, MB 3 days TM 3 days; group4, MB 7
days TM 3 days;, groupb, MB 14 days TM 3 days). Human primary
chondrocytes at passage 6 were used for this study and significant differences
were not represented between passage 2 and 6 in population doubling time and

growth curve. Circularity and roundness were measured to analyze shape
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properties of TM. The variation of circularity and roundness was lower in group
4 (7+3) than group 3 (3+3). In GAG analysis, 3 days MB culture group
represents higher GAG contents than control group. I demonstrated that MB and
TM have chondrogenic characteristic as much as human primary chondrocytes.
Additionally I provide the platform for 3D scaffold-free culture system that can

apply to the limitation of conventional TMD or OA therapy.

Keyword: human primary chondrocyte, three dimensional fabrication,
scaffold—free, microblock, tissue module, cartilage, tissue engineering
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