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Chondrocyte Cell Sheets for the Treatment of Articular

Cartilage Defects
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Abstract

Cell sheet technology is applied to human articular chondrocytes to construct a
tissue-like structure as an alternative treatment for cartilage defect. The effect of a gelatin
manipulator, as a cell sheet transfer system, on the quality of the chondrocyte sheets was
investigated. The changes of important chondrogenic markers and stress fibers, resulting
from the cell sheet manipulation, were also studied. The chondrocyte cell sheets were
constructed with patient-derived chondrocytes using a temperature-responsive polymer,
and a gelatin manipulator as a transfer carrier. The properties of the cell sheets including
sizes, expression levels of collagen type Il and I, and the localization of the stress fibers
were assessed and compared with those of the cell sheets harvested without the gelatin
manipulator. Using the gelatin manipulator, the original size of the chondrocyte cell sheets
was retained with abundant stress fibers and a decrease in the expression of collagen type II.
Without the gelatin manipulator, although the cell shrinkage occurred, the cell sheet with
suppressed stress fiber formation showed significantly high levels of collagen type Il. These
results supported that the changes of the stress fiber formation in the chondrocyte cell
sheets affected the production of the chondrogenic markers. The densely packed tissue-like
structure possessed a good chondrogenic activity, indicating its potential use in autologous
chondrocyte implantation to treat cartilage defects.

One of the challenges in cartilage tissue engineering is the maintenance of the
chondrogenic activities during long-term culture. To overcome this problem, we proposed a
new culture surface using the fifth generation dendrimer-immobilized surface (G5).
Chondrocytes cultured on this surface formed various aggregates, providing desirable three-
dimensional structure that closely mimicked the native environment of chondrocytes. As a
result, higher chondrogenic markers (collagen type Il and aggrecan) with lower de-
differentiation marker (collagen type ) were observed in the cells on G5 surfaces as
compared to those cultured on traditional polystyrene surfaces. This new surface would be

beneficial for chondrocyte cell sheet engineering in our future study.
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stamp (5Uft 2.2), pipetting (g‘dﬁ 2.3) wag PVDF membrane
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Plate 1
layersheet | 20 . i
1-layer-sheet o > W Mainain the Vel
shape of lati
cell sheet gelarmn
Plate 1 Plate 2 l 200 370C
2-layer-sheet  * 20C_ # 20°C » BN 60min —> 60min I—I_
30min 30min
Plate 1 Plate 2 Plate 3
® 2000w 200C @ 200C l
3-layer-sheet 30min 30min 30min I -
Incubate at 37°C

JUT 2.2 dumpunisinseuuiuaansegnasulagmailn stamp method

Plate 1
O 200C
30min

1-layer-sheet

.\
A J

30min [ 30min ‘

37°C 30min

Plate 1 Plate 2 Plate 3 ) /
. 200C / s 200C w2 .
‘

3-layer-sheet 30min

370C 30min 37¢C 30min

Plate 1 ) / Plate 2 ]
2-layer-sheet * 20C s 20°C / =| — I

30min 30min [
Incubate at 37°C
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WHULEAENSEANBRUMHIUNTAEIRgIUUNTUEIRgITaa lgndawdinnuiidingen  vos

waane LIVE/DEAD® Viability / Cytotoxicity Kit wieiiasigidnaninnisiasyiulaees waa
nsgnesululassaiveagadiuukiuignaiulagliisnaeiulagldndes microscope

(Olympus BX 60)
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nsuanseanvesBuluwluwadnsEAngauaLIATIEN (Gene Expression) 7878 Real-Time
Polymerase Chain Reaction (real-time PCR) g total RNA gnugnsenainadlagly gnain uas
Qmﬂﬁamﬁu single stand cDNA Tagld iScriptTM Select cDNA Synthesis Kit fiusznause total
RNA, 5X iScript select reaction mix, oligo(dT)20 primer, iScript reverse transcriptase Lag
nuclease free water TnevhUfAsenitgamgil 42°C Wunan 60 Wil waz 85°C unan 5 wil
nFrnuiafinsududmngluufiseilugemegey SYBR® Green Real-time PCR Master
Mix Taeldia3es Stratagene Mx3005P figamnil 95°C (unan 15 3uniiuas 60 °C 1Wunan 15
NI 45 Seu YA Primers A9 glyceraldehyde-3- phosphate dehydrogenase (GAPDH;
NM_002046), sense: 5-GCA CCG TCA AGG CTG AGA AC-3, antisense: 5-ATG GTG GTG AAG
ACG CCA GT-3T14]; type Il collagen (COL2A1; NM_033150), sense: 5-AAG ATG GTC CCA AAG
GTG CTC G-3/, antisense: 5-AGC TTC TCC TCT GTC TCC TTG C-3[15]; type | collagen (COL1A1;
NM_000088), sense: 5- AGG GCT CCA ACG AGA TCG AGA-3, antisense: 5-TAC AGG AAG CAG
ACA GGG CCA-3T16]. mamuﬁmﬁmmmﬁuﬁ]mwaaﬂmmﬁﬁmmlé‘lugml,wmm relative
MRNA expression lag 2784¢[17] way normalized a28735 trypsinization Uﬁﬁ%mﬁwum:ﬁgﬂ

1% (%
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graeensalagly total RNA fugninannnsegneeuvestheuasa
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39 Stainingwisealy Tissue-Tek OCT compound iy edoundaeldindes cryostat (Leica
CM30505) vidamntiudsnFegusnrsvoneadiilu 4% paraformaldehyde lasunszuiuninaios
alasuddouded hematoxylin wag Eosin ud3s decolorized @8 95% ethanol &situfinalas
e xylene @oindudr  mounted #8  mounting  medium  duSuduneunsin
immunohistochemistry alaﬁﬂzgﬂﬁmﬁumsazma mouse monoclonal aggrecan antibody #38
mouse monoclonal collagen type | antibody Hunan 1 %l”ﬂmﬁqmmﬁﬁaa LAN9A19BONMY
tris buffer saline (TBS) WayuUusie horseradish peroxidase (HRP)-conjugated secondary

antibody Jutaan 1 e wihJsdesdldndes phase contrast microscope (Olympus BX 60).

.2.6n5a¥19NuRALAgLYaduy dendrimer-immobilized surface

BansaFeuiil  dendrimenthAsfifaudasnnannguideves Professor Masahiro

a o

oka-Kinoa1n  Osaka UniversityLwaaswawuwamuﬁlﬂiﬁ’fLﬁENwaémmnéauﬁﬁamwﬁlﬁ ERIAREIEEY

Aa o

Pmhnsusdsarasneadlaiu (PS surface) Middnvamdusquare 8-well plates, T75 flasks Ly
T225 flasks QﬂﬁﬂmLﬂ?ilau%;mamﬁﬁ%d‘ﬁuﬂﬂmﬂu fifth generation of dendrimer (G5 surface) &4
feailiiveutannnin PS surface (18] Inedumaunisdunsiei G5 surface sdiunsmeldane
Uaoale Buamihnwusuy PS surface Yuifuansazane potassium tert-butoxide 1 waiie

%19 hydroxyl groups natanasdetaasade fuRanwue é’mdnmﬂwiaé’wmiazma
gLutaraLdehyde 1 ﬁuuLLavmaaaﬂmamLUmUaam% ) Ugﬂimmsaiw dendrimer mmumam
i awuzUndeasavans tris (2-aminoethyl) amine 1 szﬂﬁmszjfﬂumumamfﬁwwummEJ

a3 azaneglutaraldehydeuavansazang tris (2-aminoethyl) amine 1Huguiu 5 s agldituin
AVULLEBUTAGLUU G5 surface ﬁuﬁaﬁgﬂﬁm ligands MEnsUNMIBENTATa18 D-glucose 2 U .
LazLTsEansarane sodium borohydride 24 wu. Tnglidosenansazaneifseen vdntusEns

s nUaUaenenauinnvusites wadlUldGeaead sui 2.4



Materials'J Betings Polystyrene (PS) surfacel]
. . Step 1.01To display a hydroxyl . Add 50 mM
[Breparation of G5 surfacel] group on the PS surface.[] l potassium zerz-butoxide (rert-BUOK)

Potassium t-Butoxide; (CHs)s COKL
25% Glutaraldehyde; CsHsOzn | | |

- Incubate 1h.
- Wash with sterilized water 1time.

Tris(2-aminoethyl)anmine -
(FINCHCH)ND Step 2. : . Add 0.36 M Glutaraldehyde
"""" - Incubate 1h.
D-(+)-Glucosel] -« Wash with sterilized water 3times.
Sodium borohydride (NaBH, )OI T T T T T

Step 3.0 To produce a dendron
structure.

Step 4.1 To increase a number ........
of generation’

S S

a square 8-well plate (10.5cm?)

S S

- Add 0.36 M a tris(2-aminoethyl) amine
- Incubate 1h.
« Wash with sterilized water twice.

Repeat step 2-3, [
4 times. [

GS surface(’

Step 5..To create a terminal ligand. [

T one-generation unit of dendrimer

« Add 0.5 umol/ml D-glucose solution
« Incubate 2h.
- Add 0.5 umol/ml Sodium borohydride (NaBHa)

Incubate overnight

® ligand
GS surface
laying D-glucose 81

g‘i.lﬁ 2.4: JuRBUNSASIINURILUU Dendrimer-immbolized Surface G5

10
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3.1 lwadnszangau

£
P=1

UMl 3.1 uanssUawadnszgnoouiignuenlaeldds enzymatic digestion MInAaBAl
Uszaunaduislumsueniwadnszgneeusenannsygneeuiinde  laslsuinaead 136 x 10°
wadsionszgnoou 1 n3u JUsawadfignueneenuilmisziidnuaznauuazinedudungy wad
Lﬁ]‘%iy,lﬁuimmwuuﬁuﬁam‘uumﬁamaé wdndeanldifunm 5 - 6 Yu sUTevBLad I3
LU%EJULLUaW’méJﬂUm&ﬂaML“ﬂ‘L!LLUU;JUﬂi%ﬂ')EJ (fibroblast-like structure) iiomeieaiu Passage 1

wadiNauI waggusaddlngUdeudu fibroblast

Human articular cartilage  Freshly isolated chondrocytes PO chondrocytes P1 chondrocytes

s
"ﬁ”{.,./

60 -year-old female patient

U 3.1 nsrAneauiiteangUiey warsuseseadnsegnasu Scale bar = 100 pm

3.2 [WAANIZANSRULUULHULATAMNITINToAVRILAE

lunsinuadeierlditnsaeneasd  33aRewnila gelatin stamp, pipette waz PVDF
supporting membrane Fansl933 gelatin stamp wag pipette AUszansnm Tunisadisunuieag
ns¥Qngau Tneduiidunninnisléis pipette Tunisasnwadasi Iaaduauasfntuniuniely

IAssaswaanuuLEY diunisasnwadlagld gelatin stamp Aza@wNTaSAVIVUINTDILAALNULA

widgaddinsnasthudntes  WewSeuflsudiunsld PVDF  wuinwadasvignoenainiiuiad

I

novauaieaul  wiwanuHudIulngjfinsEnegiu PVYDF membrane illilgeunsaiuivintud

ausainEAnfuNuRInwuziisLgadlvl JUN 3.2 LannuNMYTaiUEaaNIEANgau 1 Ju Mign

Aaa

n3aeulagld live/dead staining tegIui LasTiaaNaoniiuUsENoUMEadNiiTin N3

|d

mamﬂsﬂuwmﬂLLmuL%aaﬂiu@ﬂaauwaaﬂ 1ngld gelatin stamp waz pipetting d@iulngiidingon
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Tnguaniangusenanveneadiindlley uwheliwadmeuisdiutinumnsnarwonsaduiuiiing
uns iwaddnlvguinaveuwaduiy axdindinsendsindileuazuanssuiadunszats dmsu
nsasskuwadnseanseulagld PVDF membrane wudnwaadulveg Sdidinsenuazinizus
nhafufiud wikhieadflldasnn desinuduwessiueadsinoguy  PYDF membrane

R = A .:4' 1§ Yo & = &
WQUULT]QQLa@ﬂﬂ‘ﬂglﬂisﬁ']ﬁumaii‘lﬂ'ﬁ ﬂﬂ‘lﬁ']mum@lﬂ

Calcein AM EthD-1 Merge
-]
1]
£l &
Q [
gl S
£ o~
it
w| =
c| 2
s
sl 2
& &
1l
3|2
£|8
7}
E e
00
£l
£l
gls
5|5
e
- 2
=
ol o
clo
-
1]
€
w2
>|2
als
=
&

JUN 3.2 WwadnseneoukuuLuigndeaudie live/dead staining

3.3 uiuwadnIzansauLUURANE YU

nsAnwAse LLNUL%aéﬂiz@ﬂé@ugﬂﬁ%}’lﬂ‘%{uéj’lEJ"AJ%‘ﬂ’ﬁEL%ILLaSIﬂ% gelatin  manipulator
3o gelatin stamp @3 pipettingazldiSoninduisilild celatin stampunu g‘d‘ﬁ 3.3 LAY
sUsNTRMUHIITadnIEgnEau TansiBannsnaiusueadnazanseuldfe 3 du Snuae Yoy
wadiidvtunnedionssgneeu wadanunsavaneenuduuiuiosniufinnsusd aovaues
rogamgfignivdsulviinnureuth Tuanavesihazunsnidnlulassadomediuosds agviliingn
wadeanuwdeniulusiuveswad (extracellular matrix) Megjsousisad (3] nMsnaia Vo
wadnszgnoouneaiuledn Weasnlnglafld Fawsiu gelatin manipulatoriwadiimsnad Uszaa
50% WiewfiouiuruaEuiu Tuvagiinisaiusiuwadnszgneeu Tngld Sing gelatin manipulator

sUTalad danulndifgatiuvunmisusiu
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Il with a gelatin manipulator

E [ without a gelatin manipulator
wv
o 150
]
=
wv
E *k *
] [ 1
g 100
2
©
c
]
S
o 50
=
=
e
o
o
N
o e F— — —
ES 1 layer 3 layers

U7 3.3 uiuwadnsvgneey 19unay 39 fai1slaeld (D-Cgelatin manipulator uazlslld (8-A)

YUIAYDIHULAANTEANSOY (E)Scale bars=10 [m

nsvafmveaakuusuignaialaglild  dauvnunainnisiwieu gelatin manipulator
wUaslaseasnauns cytoskeleton aeludwaalual [10]  AsasuHugaanedsn1sly gelatin
W gaasnYIFULUUNITSE9RIYes manipulator cytoskeleton &wanansauAlavinisnada

YDILHULAR A [19]

3.4 N15uENIRRNVBITULAZIUSAU

\wadnsEAngeugnIeneeninaNNsznseuvethelsnteiibey gndAADUNNT

'
a =

uanseenvestureaatauylndl 2 FuduBuiidumzenzasiunszgneou  (cartilage-specific
marker) uazAaaLaurng fvsuenfamsdsuntaseseadluify 1fibroblast [20] WoUsuiiu
Aunmmeswadieuinaaduiuwad  9Inmsmeasmuineadildumnangiieiinisuans
oonuesiusassiaduandy U 3.4 Weduauniluntsdiodensad (passage number) Ly
Usinavasneaniauviad 2 fuwdltuanas Tususdertureaaiaueiing 1 Suwldudisnnty
Tnevhlunuanfveswadnsegneeuesautnd  fnnuuandnsannwadnsegneeulugiie
Tsadownden [21] fewidereunhisemuinendnaoaaiaueiadl 1 wusnnlugadnsegn
souvesffielsatoiinden  Fanmsuanseendananiusuenisseiumuaunsaveawadiunisaiig
TUsiufionseonueuiaosidden [22] fnfunsuansesnves collagen type | luadnszgneeu
nsfnwedsenadeannan  2auvmRenmitwadinnnnszgnseuindenestaslsndedon
LarMAiNU3YeUTAFLUY two-dimensional culture  agnslsfimueadnszgnaeuissaaiu
Tuwadid anunseldlunisveassiionsiinwnavesnisld FMOANINUDIHY gelatin manipulator

WwaansEaAnsauls

Y
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= A B
= -
[}
g *k % *
| =
S 0.008] % < I * ¥ 1
& 04 : ERY A
: 2 &F
0'5 0.004} Y
[s]
5 * 5
@ 0.002) $
o —
5 02 g 02
g |EET — <
= PO P1 P2 z
= £
> @
=] 2
5 =
& - _ e == - -
Freshly PO P1 P2 Freshly PO P1 P2
isolated isolated
cells cells

JUN 3.4 nsuanseenvasduneaaiiauviiai 2 (Auavviian 1 (B) luwadnsygneeu

wadnsynaounnIunIsadesuun sz sianedalasugnmirluasaduikiugadnszgneeu
IINUUUNULTAINTEANTOUYNINUINTIABUANINAIENTEUIUNTT real-time PCR Tuiuil 7 wan1s
naapsnuiawugangnasislagly gelatin manipulator U3anau relative mRNA 489 ADAA1LAY
a o IS J d‘ d [ 1 [ ! gj [ a dy 2
yiadl  2dunninflefiguiuuiueadnsegneey 19U daandlugun 3.5A wenanil Usuia
relative mRNA vesneaaauyilafl | 2uisugadnszgnesuia luag 39u Ngnasislay meadail
19 gelatin manipulatorilinnniegaiitudfey amsuiuuriugadngnasalaenisly gelatin
, . a a = & o a1 = . .
d1un13uanIeaNYed manipulatoraeaanauyie?l  Fuluguiivaveniianis 1dedifferentiate a1
wadnszgneeuluilu fibroblast-like cell wu3U3u relative mRNA Aeaanauylind wiadu 1lu
wHulwadnsEgnasy 19U WewSsuieuiuuduead  3tunignaine mewmailanisly gelatin
ATWAEITL  HaNITNAaRTlAiNINlATEST manipulatoripiuiuead  3TUENNISanNISHER
AoaaNauYin? fewdarliansaiiudunn laeaanauviiai 210 (U7 3.5B)

A B
0.006

]

[ with a gelatin manipulator
O without a gelatin manipulator

* ¥k
[ |

[1 with a gelatin manipulator
O without a gelatin manipulator]

* k
0.004 —

0.002
0.5¢

| | 7

1 layer 3 layers 1 layer 3 layers

Relative mRNA expression of collagen type Il
Relative mRNA expression of collagen type |

JUN 3.5 nsuanseenvesduneaaliauviiai 2 (Auazviian 1 (B) luuduwadnszgneauign a3

Tnenslanaglally gelatin manipulator
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nsAnwAsallalinisnsiaaeumMsiandeanvesduneaanauelinf  luwadnszansey 2
FENINMIIALT Y FanuUSunamesduneaaausini anas 2lagon9agilanmnunanniseng
Bewanensy uadladigadmatiuuluiusuulunisadagaduuuuiy nsaseguesduneaaiiau

a Ql' I 7 a ¥ I3 1 1 = :.JJ dy = I~ [
yipdl anansavsvenlaininalianisaiiagadnszgndouwuuikulunsAnwasall daudululd 2
Parasunugadiion sinyuNansegnesuiinte  egslsinunisuanioentesBuneaaauyiini

= = . L. s = | ¢ ! W a

Favanefanis 1de-differentiationvaawad In1sasianuluwiuwadnszgnaauduiu n1sifin de-
differentiation  veuwannszgndeuaunsanulamlvluwadnszgndounuiunszuIuNSLENTAE
nnseansauvesrthelsatalndon [23] nsudsulUaiguhuunsuansuaduuaz U190

& a é{ d' & 1 1 LY d‘ a a d! o 4 a a L2
wanlinTullowaaiinsinzuNkazkUsien STy Aulagsilvnsuanlusiuueniwadanasly
wswadgadenuautinnudugadnszandeunuiunisusianay [24]

NNANNTANTIVFUUT LU U Mins1uInnsas1wiuadlaglgmalaNaneiudinase
ANYUENINEALAEAMANYBUAMYSE  AeuTdinsfnwianuduiusveinmsiudsundad
sUTludvaINvnvauHugadnTEangan N13WesusUIIeVeY stress fiber wagnsuandaan
YDIABARLIUNIFDITUN LAYAILAUIIDY WATADARILAU Stress ﬁbergﬂma%aaUIuLLcJuL%aéﬁqu
NSLAUIUUNURY polystyrene 1UA7 7 U A8nTEUIUNTS immunofluorescence staining NG

nsvAReINUTUHUIAdNsEnseu 3 dufignadlneldinafia gelatin manipulator fiAa M7
Usyan 50 tm In3i3eaiives stress fiber vunugmluivguinveuvadnszgneeuluy lasain
WiuwAd HaN1MTIIERUNSLARteanTesAsaalaudnil 2 wuindineaatauriadl 2 luuduwad
nszgneou 3 du wiluwiuwed 1 dussdiroaanausiadl 2vesnd (UA 3.6) dawuns uanseen
vosnoaanauydadl 1 eswuldvicluiumadnizgnoeu 1 wer 3 du nmamIRTIIEeU
tomograms dnilvigjasaanauninil 2 grwusuluvesiruwadnszgneey MinsAndtdonves F-
actin tioy Tumansatuimnsuanisenvesneaaiouniinil 1 agnszaelusiausiumad nsgn
gou lnslawzegnadausnumsindvesneaaausial 1 drlvajazegsumiafiotu Factin wa

AINAADINTIATAUINNITARANTALAUYDY F-actin 1AMNLAEIT9RUNITaS9ADaaUTEA 1 1 NS

a ad . ° | o a A
FRFNLUIUNNYDY F-actin uqlﬂQﬂﬁiaiﬂﬂﬂaaaﬂLﬁ]uﬂiUW n2
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A Nuclei ~ COL2A1 F-actin Merge

-~

“
\
3
=

B Nuclei COL1A1 F-actin Merge
Nuclei Nuclei
C

COL2A1 F-actin COL1A1 F-actin

1 layer

3 layers

C1

C2

c3

JUT 3.6 nsuanseanvadlusiuneaa1auyiladl 2 (A), Asaalauvilai 1 (B) , nwsinvine (AL, A2,
B1, B2), Mmenuuugn (C1), AMmuinafmas (C2), wazn s (C3) lunsuwadnszangeuiign

a513lnensld  gelatin manipulator

1 '
(% =

druuiugadnszangeu 3 du Ngnasidlaelidly  gelatin manipulatorfimuvunysyann

Y

100 Um wan sdeudnudn dnsindvesneaanauvilan 2 way vilah 1 Tuwsluwadnszgnseau v
WU 1 uay 3 4u leenunsindves F-actin oy nsuwandeanvedneaalausiiai 2 gnny 1

lassaievadusugadnszgnasukuy 3 Tu Tuvaed Aeaaauelai 1 ganuliiesunsdi (UN 3.7)
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A Nuclei COL2A1 F-actin Merge

Cc Nuclei COL2AL F-actin Nuclel COLIAL F-actin

JUN 3.7nsuanseeanvedlusiuneaanausiingi 2 (A), Aoaaauyiladl 1 (B) , nwdinvdne (AL,

A2, B1, B2), mwé’muuqﬂ (C1), MNUSLIEUNINag (C2), wazn1nsiy (C3) IuLLm'uLsziaéﬂszaﬂ

dou Ngnaselaglalld  gelatin manipulator

Msaie stress fiber Mtoeiinalunsuasvossiuwadnszgnesudiaiidlaglaly celatin
manipulator uaﬂmﬂﬁ?ul,wiwnaémsQﬂéaué’ma'nﬁmimﬁmaamLﬁ]umﬁmﬁ 2 UINNTILHY
wadiaensie gelatin manipulator ANEaN1INAaeY wandlifududuiusues stress ficer
funisadremeaanauiai 2

PMnudnAsTeunalulagnisasaudueagd (cell sheet technology) ﬁﬁaﬂiﬁl,wiumaéﬁgﬂ
a¥rstudinminivensadlily wswillusiuszuinamad (cell-cell junction) uavlusiiuuen

waa (extracellular matrix) UanaNTUlUsAURINANTI AR UMY TIvinsdaunay 89
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inzveHuadluwsaziuly waruiueadtuitufiawue 3] nisAnwieds Uszauaudse
Tunsafausumadnszgnsounansdy seiemediamsluarlalld gelatin manipulator usin
wihnsnaasslnglfivadnszgneeudiunaingtelsadeididonfnm msdanzvosusumadlu
uriazty wazmsasuiueadlngliliiouleiinliuuadsne fibronectin waglsiuiivaglu
msBameineglild 7] Sudetanldtfusumadifiovaunse Bainefuiedonssgnooud
devne (host tissue) I viTlinsugnanediannudululsdunnndt nsldansazareveswadnszan
gou  Llesnwadnsvgneeuiieglumsazatsazliflusiu  fioronectin 130  extracellular
matrix fid1dnylunisBangmaslusiundailfgniaeluneu fwadgndosdaeeules Juh
Tinsdnwad iAsgUssauaudsauntn
Sofinsanfeguinvesusiuleadndsnszuiunmsasnikuad  (detachment  process)
wuhuaresseadnszgndeu 1 du way 3 du fadlensld gelatin manipulator fuunn
Tngniunueadiiasawuulilld celatin manipulator egnslsAnuaumNveLHLad ﬁgﬂ
a519lnen1sld gelatin manipulator  fAuvATINTIzlATIEs19EUlNgvee  cytoskeleton
é’qm@méﬁ&Jﬁ’umauﬁLLsiuLszjaéLmza@juum%uzl,?:mLézjaé 19119851890 TAT LR ULTAE
Im&Jhﬂ%ﬁ’a@ﬁﬁaamgﬂiwwammmaé (supporting material) AVlALHUAdRALALIIUR
FEWINNTTUIUNITAONIAS T2 cytoskeleton fnsidsuntadlaseadna [25] Tnevialunns
WasuuUadlassasawes  cytoskeleton  luszdugadiauiendesiunisdeansvesdoynyin
neusniazneluwad %ﬁLﬁuﬁ%mU@mwﬁﬁﬁ%ﬂL%ﬁ Wy proliferation, migration, W@y
differentiation [26, 27] wilsludiuusynaudfyues cytoskeleton Ao stress fiber 19wy
winifusnidousassuinasaduariusiuuenmad [28] lunull msld celatin manipulator
ansaasgUsvessiueadliliingzi  gelatin manipulatoriinnisiudsuudaslassaiig
109 cytoskeleton lngnsiadeunuankanIsdoudaes stress fiver finlasvadtednnseniely
wad wilsutumadiinigiumeusidisusadsssum (Ul 3.5) WeSeuisufuuiumadiign
a$1alaglifin1sld gelatin manipulator wWuingadiAanswafisIfuNMsasuwUadassaiig
489 stress fiber Wl stress fiber fdnvamduamedunliunnsraemilouwiuradfiaonde
gelatin manipulator miLU?ﬁJuLLangULLUU%m stress fiber uanaNIzdinuAedesiuns
vavanTadLdy Sillnadenisuanteanvasreaaauyiingl 2 war 1 ndde 9nHaNIIVIAdEY
sERUMILanIeanveIduluwugaaNIzANgauNUI1 (MRNA expression) FEAUYDIABAAINIY
viadl 2 luwduwadnszgnoouiignaiidlaglild gelatin manipulator fisziuiigeninusiulead
nsvgnoeufignailnenisly gelatin manipulator uiHireaaiausindl 1 asgnuulusiowsiy
AR nan1eapsiannsaeiuneliimsmafivewiugadsuiounainms
\WasuuUadlnsad1awes cytoskeleton iinansznusienisudnmoaaausin? 2 way adafl 1

aglsimutiagtuiinalnnisiianszuaunisaenanddlidaay naarnnsdnedaunsaaus 16
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Iurdygnanneadduduiinuaunisadie  stress  fiber  waziUasuuladlasiadiaved
cytoskeleton 91aidufgItaslunHanguLalUsAUNTLINZIRIEATUwadnTEANE oY
nn3as1 stress fiber gnasumulag RhoA signal adunildluaun@nues Rho GTPase

family n151AA RhoA signal MunniiulUagyiliwasnszangeudsusiswuueinate fibroblast

Y Y
[

winnanvaznauinuluilelonseanseu waanilsuswuuenilagdl stress fiber aganeluy
< o awv PG ! o a § 1 A A

Wudwaunn [29] snddenrusnuandiiiuinmsaidusivuenwadiuneaaniausiai 2
Way aggrecan zdlUinaanaslusadings stress fiber Loy [30] tain1sdudadeygias RhoA
wadiidnwuzuuuen@uly dedifferentiated chondrocytes avausaiUasugusenduly

< | v A [ YY) 3 ' N Y I
LUUL%aﬁWNiUﬁWQﬂaﬂiﬂ [31] LVTS‘J@Uﬂ‘Uaﬂ‘HiL!%VHQﬂ']EJﬂ’]WGUENL%aﬁﬂiﬁ@ﬂ@aumﬂﬁ@n@qstu nIsAn

Y

[
aac

gou smnlassaianiidadunidutedvddyivieviliwadnszgnooudsuanim ndusn
Hunsegnaeuiifidnuuslndifensadnszgnaoulusunme (1] msAnwiluadatuandy
Imaa%ﬁqamﬁﬁmmLLNuL%aéﬂiz@ﬂéaummmLﬂﬁamwmé’mﬁgm RhoA e?faﬁﬂﬂgjmiam n1g
a$1 stress fiber uaznsifiunsaiIsAeaaLauLiing 2

suAnIDDNvoIARAANILTTAT 2 gnAUANLAYATIRN transcription factor Sox9 [15]
FeflamATeiunsesruinionisaing stress fiver luwadnsegneeusyudanas gl
USuawes transcription factor Sox9 s [32) %amiumaa‘ﬂiz@ﬂéau 3 duaediiana 9Sox
fannndusuead 1 94 wazsnndsedures 9soxlumadnszgneeuignifulasldievle [33)

[y

wenndmudunietesiuadnszangeudrensaanausin?l 2 uay aggrecan isudiu

WLAudnNey TurusRUSUIUNITLENIDBNYDIADAAMAUINAN 1 anad [14] TumsAnen A9l

3

¥

wuhsgAuNIsuanseanvesreaaausin 2 luukuwadnszandeu 3 wu Ngnadalegly 14

] v
v a &Y

gelatin  manipulator ﬁim‘quaﬂiwLLsJumaéﬁgﬂa%fNImstﬂ%’ gelatin manipulator #4911

AnudulUlananunsnaSuiensinTLYeIARaaAUTRAT 2 Aan1san stress fiber Tulwadnil

'
1 =

1 I Ly ] I3
Eﬂi’]ﬂﬂall LUU@?@UUQNHW?LLH@Q@@WU@Q Sox9 [34] LL@%ELULLNHL%aaﬂig@Jﬂ@E)‘U YILAAINTITAN AN
999 RhoA o1aLdufiimununisuanioanvaneaanauyidafl 2 w1un1snsedu transcription
factor Sox9

Nan1sMeasdluNIsAnEIASIl Lansliliign wlugannszaneaugnasadu ddngninly

mathlUldneediin wiiwaddinanezluwadnsegneswresielsadowndon Fnmunn

Y

YouaaAeut 1R winuldetiuandiiuinausnvasiuanseenitanuluwadnizgneeu
anunsaindulddeaduueglulassasvauifveiuead  egnlshnunisluanuvimely
Nuiliensan de-differentiation veuwadnsygneeu Fanulaemiluillednsideavadluszey
a A4 a0 o & vy a o Y 9 v I3 I3
nafignuuiaiinig - neeenidanuduldldfenisiindwiulaenseduliiaadnesy
] < ¥ =t av 1 v & ! 3 ! o & < 1% = 1%
sUaduieu  Fwnddeneumhinenuitwadnszgndeunifesduieuasinigade  aeaan

wuvtiad 2 wndula [26] wenwilleannisan de-differentiation vedwaRNsEANaew Bnwils
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14 o W = gj Q’ljd 1 6 | d‘ o w ¥ d’l (3
Todnnveansanyituasiifevuinverugainszanseuigndinlaen1sldnivue  Beawad
WU 24-well temperature-responsive plate vililaunugaanivuinAoud1an uiuwaanla
N Y ¢ 1l 44' o I saa 1
widuiiaudnantegilszana 1.5 cm  Weaiauiuwadnivunlig@u avue ves
temperature-responsive surface dndudosivunlnglu Jeavanansatunldainaey waa
alugiiiesesfumssnensegnesuitendemeduuinuniin Tudmvetanumu  ved
WHULAEN T2 N0 UTLTUDY FUTUIUTUVDIHLLAT NINABINITINYINTEYNDOUNTWNAAN WL
¢ 1% ] % | ¢ ' g 24 & [y | s
angliugnanemsaTUsEnaumeLHuLEaa NN T 30U FIVUADUNTAT LA ULTAAT
o X aw & o T vyd = [ saa X vy
WauTuunansidedanusaieilaies e lilauduradndvuanunvula
IngagudnnuwadnszandeuniuensanunNnszanseuveUistonidey aunsaily
asaluwiuwadnszgnaeusmemaiianisldwaglild celatin manipulator N1s@n¥IASIT wans
Ttudnnnsada stress fiber lunduwadnszgneeuliuiinanon1swdnduninmesomsad nsegn
dou fuihanunsanuaveuiuainszansaulilalagn1sly gelatin manipulator uii5n13
asnwaanuUdazlauNuadnil stress fiber wnugluniugad FelinanaUSunans @3
a o & a o o A X o v v & ! s ! Ay v
ADAALILYIAN 2 uenantireaa1auvliad 1 SufuduBnme Aedulsuwadnszgneey ke
oz Wldudugaaivnzallunisfinwiseludniveasiuazn1s@nwmieedin @uuny wadi
aslawlalld gelatin manipulator WUIMNWLEAANNIINAFT  LALNULEAAN Wzl stress
fiber WepBidmalvUSununsHanAeaaauYlaf 2 aanduRuwaafiaendiy  gelatin
manipulator nsneaedvatutuenldiuiugadinszangeuvloTulAsIas UL AA LY
WiouuN1sanN15ase stress fiber analidnenimadlunisaieifedlieiowannsegnaauiiie

SnweINsideNYRINTEYNERURITE

3.5 WeAnssuvaYAnNIZANdauNYEduY G5 surface
Mnmsnasesfeunthinuieadnszgndewianszuaums  de-differentiation  Tu
stmimsiius s UL PS surface siefuRivesnwusAsaTadigll Swild
AautRANuduadnIzgnseuanal NnHaNINAARTuT LIy lims Ui
mnzanlunndoneadnszgnseuiiolindnrosanauwund  2lfeesfeanimwindomuuy 3
5 Fdluthgsulunafsneadnizgneeuiiguduarliisfiusmaueedlusuy  monolayer
cell culturevidaidpasaduuy 2fifideu aunseislddnueadfinnme uiisadilfanduwad
fduanmlufu  fibroblastyiliAndu  cartilage-fibroilerdumsnsedunnandivessad
nszaneaulinduun like chondrocyte-fibroblast wad (differentiation-re)aztiluasadudou
wepaideuendy  2Bmrehuwadnizgneeuiiisadu fouanydvlng vhlildead
Srundldifivemedenisinm dunsdsseiitadldng lunadssnnt  s@ai Sl

wnzauiunmsiuldlunisugnanewadvieasraluilode nszgnesy
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2 fiuluduiivedasamsided nquinitefenusvasdfiasiauitnadiu Swau
wadnszgnseuluUTinaiinn  warlflwadnszgneuiifinuaminigludunewden  Taesiam
WNIINNGUI  oka-Professor Masahiro Kinoa1n Osaka University@sl433uU3u AnTmiuR
Aeawaddenisiafou dendrimer nsiadeu (dendrimer immobilized surface) dendfrimerdd
wrlsufadaralldvevtanniy  wasiuifanulfaplussdvuiluaes  dhlfeadld
asnsimeidusiiieseentd Fansedulfwadingtueadufouruadnuuiiui Tnssmiade
Hlxdonfufouuu  (5G)ffith generation dendrimer immobilized surface wld 1iesann
aAtefiusnmuinslifiuiauuy 65 surface liwadnazgnsouvamnszsing aunsnsiud
Huroueadliluszriunades venandufouwaddinaniinisaduaoaanau siafl 2 143
Slawsufuiadnssgnooufiiiesuuiiuia PS surface [26]
mnaaesildimsfinusuiuasnumRvensadnssgndeued  fignaneldssuy
AU WUU G5 surface uag PS surface {usau 2 ady JUTMUaEINIUTDLYAE NTEANaa
Tyl (PO chondrocyte) iwadnszgnepufiiunistieidss 1 ads (P1) uaz 2 ads  (P2) gn
nsrvdey dewadimeiuiuaslnduilutudl 7 duanduzu 384 wadnszgnaeu PO wans
sUTnauuaziinisaianouead (cell aggregate) Enquuituiin G5 egslsimuiviagad 7l
gﬂi"mwmamﬁlam (polygonal shape) assiutufuAnvurIUTINvRLTadNTEANSaUUY  PS
surface JUS1TDNTAGNTEANSOU PO WansgUvanemAsy Tunawaduiiuiitsusnenay e
\wadnszgnsauruMImELABULiuAY G5 wutuwadnizgnoou P1 laifiesusiuansgusng nau
LazgUvanemasLLd Smufuwadidngdnie Aeuwadsinainlasugusisuty enaiu
gy degndeidsadu P2 edndlsfinny dimsmmanumadnizgneou P2 g vans
WBENWUUET dURUAILUY PS surface Hatadnazgnseunuy P1 ey P2 figuien ade
Tnssaduonsaduuufibroblastuaslautmity  fufidossaduuuniliulagliinmesy feu
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B
[x10%]
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Cell numbers (cells)

PO P1 P2



22

Y

JUN 3.8 JUT9(A) Uazdwiu veuwadnsegneeu (B)PO - P2 VUGS surface uag PS surface lu
Tui 7 (A)Scale bars = 100 UmdayagnitAsIeinieadia deds student’s t-testhasianson

ST .

AN ABdAYN *p< 0.01

= & 3 a s A A o s Y o o
IUBIINNNTNAADLAYNTAAUU G5 surface N‘q@ﬂﬁ%aﬂﬂLW@LWNQWU?UL%aaLLaQUWIUﬁti

(3 1

Jusiuwadnszgndeulaefiwadiinandmamauifveseadnsegneeulild  Aulupaauds

Y 9

o w

nsasiulavenead  (cell proliferation)3udunaautfndrdny cell proliferation Usuani

o

s al

ANUANAATENINNITHUIT LT NTEL AT a11n509lNSRTINTSITINTEULaaN 1IaR1eY
Mnuan1snaaedtugul Ba.swudtluiuil  7Twiuwadnseangey (1P wag OP) Mdesuu PS
surfaceazddUIUNINNITIIUEAANTZANERUMALIUY  surface 5GoESlsNMUTILIUYDT

s ' - i & & & a ao P o Y} 1 I3
wadnsEAngey P2 fignaneidgsuuriaasituindduiulnaldesiy dnuazn1sinzusveas
AouduanauaTIwILgadIndABaiy a1allamnuinangas Snuuunwesusududau

Iganguwmileuiduiuwaduy surface 5GHUTINMTRENI

3.6 AuANwTYRLTAaNTEANgauNYYIuY G5 surface

'
| a

AANURAYDUYAINTEANTOUNALIUUNYULYIARIY AL TAINNITUEAIDDNVBIETY
chondrogenic (collagen type Il tag aggrecan) wag dedifferentiation (collagen type 1) lnein
PAwaarunsasnLdndungl 7 #an1TNaINUINTEAUNTLEAIDDNTDY ADARLIU
a r-:ll (3 1 Q{' 1 ‘;’ Z.Jl a U d‘ [ 1 le/
yia?l 2 Tuwadnszgndeungnaeifssuy MvusNsaeuuiseAuNanamaaInge Hesly 2
o [ < a | [y a a cal 1 le/
A3 Aauanslusy 3.9 WuihauladiszAunisuanieenvesneaanausiiai 2 Tu wadiaiedes
UU G5 surface HUsHNaLINATT WolSyulisuiuadaneiaesuu PS surface uananil sgau
Y94 aggrecan faptagluseiulndifeaiuly wadnseangeu PO - P2 vu G5 surfacelunisd
J¥AUVBY aggrecan anad TulwadnseaAnsau P2 vl PS surface wanani wuwildunisiiadunes
Aoaaauvtin? 1 gnwuluwadnizandouiiiesuy vEesiiui  uwisedunaaueilen 1
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Dear Editor:

Enclosed, please find our manuscript entitled “Effect of Cell Sheet Manipulation
Techniques on the Expression of Collagen Type Il and Stress Fiber Formation in Human
Chondrocyte Sheets”, which we are submitting for publication consideration as an
original article in Tissue Engineering Part A. Authors are Sopita Wong-in, Saranatra
Waikakul, Pojchong Chotiyarnwong, Wanwipa Siriwatwechakul and Kwanchanok
Viravaidya-Pasuwat.

In this manuscript, we describe a process to construct multi-layered chondrocyte
cell sheets using a temperature-responsive culture surface for the treatment of articular
cartilage defects. To overcome a problem with cell sheet shrinkage, a gelatin manipulator
was used as a cell sheet transfer system. Our result showed that the gelatin manipulator
could help preserved the stretched morphology of the cells, similar to that of the attached
cells, as indicated by the abundant the cellular stress fibers. As a result, the shrinkage of
the cell sheets was not observed. As expected, without using a gelatin manipulator, the
cells were allowed to spontaneously rearrange their cytoskeletons and a lower production
of stress fibers was observed, leading to cell sheet shrinkage. Interestingly, the
chondrocyte cell sheets constructed without the use of the gelatin stamp possessed a
higher level of collagen type Il, an important marker for articular chondrocytes, when
compared with those constructed with the gelatin stamp. Therefore, we believed that there
was a relationship between the stress fibers and collagen type Il which was explained
through the known pathway in this manuscript.

We believe that this manuscript is appropriate for the publication by Tissue
Engineering Part A, as the journal provides a forum for researchers, scientists and
physicians who are interested in tissue growth and regeneration to exchange ideas and
report new findings. Although chondrocyte cell sheet engineering has been previously
developed, this is the first time that the effect of the cell sheet manipulation techniques on
the outcome of the chondrocyte cell sheets has been investigated.

This manuscript has not been published and is not under consideration for
publication elsewhere. We have no conflict of interest to disclose.

Thank you for your consideration of this manuscript.

Sincerely,
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Kwanchanok Viravaidya-Pasuwat
Associate Professor



