Tissue Engineering of Cartilage
from Human Adipose Tissue

Wan Kee Min

The Graduate School
Yonsei University
Department of Medicine



Tissue Engineering of Cartilage
from Human Adipose Tissue

A thesis
Submitted to the Department of Medicine
and the Graduate School of Yonsei University
in partial fulfillment of the
requirements for the degree of
Doctor of Medicine

Wan Kee Min

June 2005



This certifies that the thesis of
Wan Kee Min is approved

Thesis Supervisor: Yoon Kyu Chung

Joo Young Park: Thesis Committee Member #1

Won Soo Lee : Thesis Committee Member #2

Dong Joon Park : Thesis Committee Member #3

Kyoung Ho Lee : Thesis Committee Member #4

The Graduate School
Yonsei University
June 2005



Aol 2

o 7] of Aol @7 74A o 2] el A mefFAlaL o

Ad, A

Al

3}
=

Hozw o ojrtol

<l

Az

g

i
TR

N

ol

%

o

3 A

k|

=
=

o

Wr

o)
],6,_1‘

A H 2] A

Kok
=

o] Jlehe} 49

H =
il =

o &

o

lo 2% o]#

oo
2L

Az

=

TH
ofy

rou

p—

ml

iv -



Contents

ADSIraCt -« v v e ———— s mmmmmmmmmmmen e ]

INtrOAUCTION =+ v v v v v rera et e s et s s s s s e a s s s s s s st s s mmmm e es ]

Materials and Methods -« - rrrrrrrrmiiiimae e i it a sttt e e s s s 3
Extractoin of stem CellS «+-- -  rrersmmmmmmmmm s G e

Chondrogenesis ....................................................................... 4.
Ana|ysis to confirm Chondrogenesis .....................................................

REfEIrENCE +- - v rrrrrr et i e edcdeeem s st e —————— 11

ADStract iN KOFQAMN -+ +rrrrrrrrrrratatiiataasiiia s iiaiasi st statas e mmnmn—— 14



Contents

Figure and Table

Table 1.

Primer sequences of gene products for RT-PGR: ==« ovvereviiiiiiinnn. 6
Fig-1.

Processed human fat tissue into putative stelin 2-D (x100) --------- 16
Fig-2.

Plated PLA transforming into chondrocytes inomtirogenesis medium.

(x100) after 1 day (left) and 6 days. 2-D (right)---«-evovveveerenennnnen, 16
Fig-3.

Photographs showingn vitro chondrogenic induction of fat cells

resulting in chondrocyte formation. 3-D A: H&E O B: H&E x400



Fig-4.
Chondrogenic induction of fat cells confirmeg¢ Blcian Blue at pH
1.0. 3-D A: X40, B: X100 «:ermrmrrmmmmmmurnnaetiatatiianeeaeaae s R 1

Fig-5.
PLA derived chondrocytes shown at 6 weeks. Nate vitro

chondrogenic induction of PLA cells resulting in #&ansitory

fibrohyaline cartilage. 3-D (H&E, X200(A), X400(B))-:-----xerververerennen 19
Fig-6.

Alcian Blue staining at 6 weeks. 3-D (X100(AB00 (B)) ««-:xxvereeesee 20
Fig-7.

RT-PCR analysis of cartilage at 6 Weeks. -=-=-=xrererrmmn. 21

- Vii -



Abstract

The fact that cartilage has little self-healingtgmtial reflects the reason for
vast research in this field. Recent evidence indgathat processed
lipoaspirates (PLA) in adipose tissue may be aowf chondrocytes which
produce matrix proteins of cartilage. The presemtdys was to confirm the
above observation and to investigate the feasibdft fibrin glues as a scaffold
for cartilage tissue engineering approach. The lteesshowed that the cells
differentiated from PLA in fibrin glue were posi&vfor proteoglycan, cartilage
matrix protein, using Alcian Blue staining techregquMoreover, these cells also
expressed type Il and X collagen, aggrecan, andahqifpees of chondrocytes
by reverse transcriptase-polymerase chain readgohnique. The findings of
this study indicate that fibrin glue may be a ssgst@ carrier of chondrocytes

in well-defined nodules from PLA.
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Introduction

Cartilage, a combination with chondrocytes andraeellular matrix, is
widely distributed in the human body. Unfortunajetile remodeling rate of
cartilage is so slow that the damaged cartilage tbesn shown to have a
limited potential of repair. Eventually, the exteddinjury area of cartilage to
the subchondrol bone is substituted by fibrocagéilawhich has inferior quality
to the original cartilage. Thus, it is necessaryeiplore a promising method
for the repair of cartilaginous defects.

Within decade, cartilage tissue engineering isstnlike to benefit from a

source of autologous multipotent stem cells suchbase marrow stroma.



Among the many cells in the bone marrow, mesenchystaan cells (MSCs)
are capable of differentiating into chondrogenitisceHowever, the clinical use
of mesenchymal stem cells (MSCs) has several dbstaincluding pain and
incontinence in aspiration of bone marrow from spand low cell yield upon
harvest. Recently, the human adipose tissue ha# Ibeported to have
multi-lineage cells (processed lipoaspirate, PEAYhe adipose tissue can be
significant as a source for mesenchymal stem adlis to its volume and
accessibility.

Furthermore, if the tissue-engineered cartilagen de produced in an
injectable form, minimal invasive chondrocyte impgkion would be possible.
The ideal, injectable, tissue-engineering polyméroutd be non-reactive,
maintain a three-dimensional configuration, andrdeg at the appropriate rate.
Fibrin glue, a non-reactive and rapidly degradingldgic polymer, offers
several advantages over various polymers. By usitigrombin glue, which has
decreased concentration of the thrombin componentthe fibrin glue, the
fibrin substrate remains liquid enough to allow qu#aneous injection of the
polymer. As the glue polymerizes, it should moldoimny form regarding its
surrounding structure. It has been shown that rfibesed polymers produce
high quality neocartilage when seeded with chonges¢ This would be ideal
for the neocartilage to be delivered in a minimaasive fashion.

This paper examined the chondrogenic potentianoftipotential cells from
human adipose tissue and to develop a tissue-esrguohecartilage using fibrin

glue.



Materials and Methods

Fat harvest:

After informed consent and approval, fat was bsted from transverse

rectus abdominis flap, abdomen liposuction, or afidoplasty procedures.

Extraction of stem cells:

The raw fat was washed extensively with steritogphate buffered saline
(PBS) to remove blood cells, saline, and local #ratEes. The extracellular
matrix was digested with 0.07% collagenase (SigBta.Louis, MO, USA) at
37°C for 30 minutes to release the cellular fractibnd then collagenase was
inactivated with an equal volume of Dulbecco Maelifi Eagle Medium
(DMEM: GibCo, Carlsbad, CA, USA) containing 10% detbovine serum
(FBS: GibCo, Carlsbad, CA, USA). The infranatantsweentrifuged at 250 g
for 10 minutes to obtain a high density PLA. Thédlgtewas resuspended in
DMEM and 10% FBS and then mixed with an erythrogyesis buffer (0.16M
NH4CI) for 10 minutes to lyse contaminating erytyies. After an additional
centrifugation step, PLA was resuspended in DMEM 40% FBS and plated
in 100mm tissue culture dishes at a density of 1xcHls per plate. PLA was
maintained in control medium (control medium wasnposed of Dulbecco

Modified Eagle Medium, 10% fatal bovine serum, l1®iil@otic/antimycotic).
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The culture medium was changed twice weeRlgnfluent PLA (approximately
80% confluence) was passaged at a ratio of 1:8ypsin/ethylenediaminetetra
-acetic acid (GibCo, Carlsbad, CA, USA).

Chondrogenesis:

1x10 PLA was plated into the center of each well (a éllvplate) and
allowed to attach at 37°C for 2 hours. PLA was rsaned in chondrogenic
medium (CM) consisting of DMEM, 10% FBS, 100 ng/ofl insulin (Sigma,
St. Louis, USA), 50 ug/ml of ascorbic acid-2-Phaseh (Sigma, St. Louis,
USA ), and 5 ng/ml transforming growth factgrl(Biosource, Carmarilo, CA,
USA) for a week. After one week, cells differergitfrom PLA was harvested
with collagenase and collected by centrifugatior?® g for 10 minutes. The
supernatant was removed and the cell pellet wagdaedth 10 ml of CM to
make a concentration of 1>°l@ells/ml. The cells in 10 ml of CM were
overlaid on prepared fibrin glue (80 mg/cc, a migtwf 0.25 cc of thrombin
and 0.25 cc of fibrinogen, Baxter, Deerfield, ILSA) in 50 ml of tube and
then were centrifuged to allow the cells to enibrid glue. Entrapped cells
were centrifuged everyday and incubated with CMB&IC with 5% C( for

2 or 6 weeks for the analyses.

Analysis to confirm chondrogenesis:
-Saining
At 2 and 6 weeks of incubation period, fibrin glaentaining cells were
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fixed with 4% paraformaldehyde for 15 minutes abmotemperature, washed
with several changes of PBS, embedded in parafiim cut with the size of
6um. Sliced paraffin were mounted on slides and ethiusing standard
hematoxylin and eosin (H&E) according to the instian of protocol or
incubated with 1% (wt./vol.) Alcian Blue (Sigma,.Stouis, MO, USA) in
01.N HCI (pH 1.0) for 30 minutes. Digital images reebtained using a Zeiss

Axioskop Il microscopeand Spot software.

-Extraction of RNA/gene expression by

reverse transcriptase-polymerase chain reaction (RT-PCR)

At 6 weeks of incubation period, total RNA wasl&ed from PLA and
differentiated chondrocytes from PLA in fibrin glueusing Trizol
(Invitrogen, St. Louis, USA). Isolated total RNA svalenatured at 70°C for
5 minutes and cooled on ice. And then incubatedh WNITP and MMLV-RT
(Timesaver cDNA synthesis kit, Amersham biosciences, Piscataway,U$A)
for a minimum of 2 hours a2°C. For PCR amplification of the cDNA, used
primer pairs designed tathe following genes were presented in Table 1
(F=forward oligo, R=reverse oligo). cDNAs using PCR were amplified by
95°C for 1 minute, 53°C for 1 minute, 72°C for inote with 35 cycles and
then the PCR products were extended at 72°C fminbtes for the end of
reaction. PCR using primers to [3-actin was used as a positivdrol. PCR

products were resolved using convectional agar@seelgctrophoresis.



Table 1. Primer sequences of gene products for RT-PCR

Gene Sequence Size(bp)

3-actin F 5-TGTGATGGRGGGAATGGGTCAG-3' 360 bp
R 5-TTTGATGTCACGCACGATTT-3'

Type Il collagen a1 F  5-CCAAGTACTTTCCAATCTCAGTCAC-3' 328 bp
R  5-ACAGAAAGCACCATTGTGTAGGAC-3'

Aggrecan F 5-GCGATATCATGACCACTTTACTC-3' 500 bp
R 5-CCTGTCAAAGTCGAGGGTGT-3'

Type X collagen F  5-TGGAGTGGGAAAAAGAGGTG-3' 600 bp
R 5-GTCCTCCAACTCCAGGATCA-3'




Results

This study examined the chondrocyte lineage piaileaf mesenchymal stem
cell population obtained from human fat tissue. Rawnan fat tissues were
used to obtain stem cell fraction, PLA (Fig-1). TReA was cultured in CM
at 1 day and 6 days (Fig-2) The nodules stainech VM&E contained
chondrogenic cells within lacunae surrounded byndaat gel-like extracellular
matrix at 2 weeks (Fig-3). At 2 weeks, nodules gssitively responded with
the staining of Alcian Blue, an indicator of progiaan which is a cartilage
matrix protein (Fig-4). At 6 weeks, a enhanced rdagfin of PLA derived
cartilages are shown using H&E and Alcian Bluerstey (Fig-5 and 6). The
RT-PCR analysis confirmed the presence of phenotfpehondrocytes, e.g.,
type Il collagen and aggrecan in all nodules (Bigd4pe X collagen, which
is an indicator of progression change into hypetiio chondrocytes was also
present (Fig-7). On the other hand, PLA did notregp any phenotype of
chondrocytes (Fig-7).



Discussion

The results in this paper confirm chondrocytenfation from adult stem
cells in fat tissue. Also this study shows the pwlty of successfully
producing a tissue engineered cartilage withinidigoolymers. The healing of
articular cartilage defects with bone marrow dativetem cells has been
successfully demonstrated in small animal motfelsdowever, the use of bone
marrow may have several disadvantages comparddhatoof fat tissue for stem
cells. Harvesting stem cells from fat tissue redupain and morbidity of the
donor site associated with harvesting of autogenclisndrocytes or bone
marrow. The abundant number of cells in fat tiseliminates a second stage
procedure for reimplantation of the induced cdfeevious studies have shown
that a bone marrow aspirate of 30ml produces ajpmaiely 1x10 cells,
while a liposuction aspirate yields approximatelxdd cells/mm3 of fat?
Furthermore, the fat cells have high differentiatic¢apacity, leading to
relatively easily transferred to chondrocytes. Nbakess, further laboratory and
clinical work would be needed to evaluate the affic and density of the
actual cartilage formed.

Cartilage is composed of a mixture of collageorils and proteoglycans,
which has the high tensile strengtf?l*Alcian Blue staining confirmed the
presence of proteoglycan within the processed $ipwates in the first two
weeks. The expression of type Il collagen in RT-P@Ralysis is highly

suggestive of cartilage produced in a nonchondrcgeall type origin. The
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expression of type Il collagen in processed lipoasp cells is consistent with
its detection in embryonic tissue and precartilagesenchymal precursors
before chondrogenic differentiation. Aggrecan, a&sws in the analysis, has
been also demonstrated to accumulate at the orfisetest chondrogenesis,

coincident with cellular condensation. Taken togettvith these expression, it
is well indicative of chondrogenic capacity of pessed lipoaspirate.

The initial studies on the formation of neocagié have been reported that
the possible use of solid polymers such as polydigcacid polymer with
chondrocytes was necessary to surgically placesthie polymer/chondrocyte
into the nude mouse in the purpose of neocartitagestruction. With a recent
tissue application, this would reveal additionabrscfrom surgical incisions.
Recent advanced tissue-engineering techniques leavéo the use of liquid
form of biodegradable polymer, fibrin glue in therrhation of neocartilage. By
using polymers in liquid form, it will become pdsl& to inject the mixture of
chondrocytes and fibrin glue into various partstieé body and then to mold
the preexisting anatomical form. Previous study alesirated that
subcutaneously implanted fibrin glue with articulaor non-articular
chondrocytes into nude mice resulted in the foromatof cartilages. The
finding of the present study for the first time wiso that differentiated
chondrocytes from PLA in adipose tissue are alde &b form neocartilage in
liquid form of fibrin glue. Further studies in an vivo model will solidify its
efficacy.

In conclusion, chondrogenic capacity of the adait cells was confirmed
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using a liquid based polymer. Further study wilveal its clinical efficacy.
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Figure-1.

Processed human fat tissue into putative stem 2dD. (x100)

Figure-2.
Plated PLA transforming into chondrocytes in chaggnesis medium (x100)
after 1 day (left) and 6 days. 2-D (Right)
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Figure-3.
Photographs showing vitro chondrogenic induction of fat cells resulting in
chondrocyte formation. 3-D

A: H&E %200

B: H&E x400
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Figure-4.

Chondrogenic induction of fat cells confirmed bycé&h Blue at pH 1.0. 3-D
A: x40

B: x100

- 18 -



Figure-5.
PLA derived chondrocytes shown at 6 weeks. Ntevitro chondrogenic

induction of PLA cells resulting in a transitorybfohyaline cartilage. 3-D

(H&E, x200(A), x400(B))
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Figure-6.

Alcian Blue staining at 6 weeks. 3-D (x100(A),
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Figure-7.

RT-PCR analysis of cartilage at 6 weeks.
1. B-actin

2. Human typell collagena 1

3. Aggercan

4. Human type X collagen

Chondrogenic cells differentiated from PLA

1 2 3 4
- ]
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