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1. Background and Significance

1.1 Composition and function of articular cartilage
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" 5'6 Lo )
"opmoom 1 20Q ! 5'6 54 + 011C6
4 Lo L4 ' e
+ ! " ) !
R 21011 "
Lot 5 + 01226+ ! !



" ' 5( + 011CO)
" " 25.26 "o
5" "+ 2>>76" ! .
5( + 01100) + 2>G>6+
| " | " " [
4" 4 !
+ 011A6+
" " ! 8
I / | '+ 8
Wopog
4 8 !
011G6+ L "4
! ! "5( + 01170,
4 "
" I ] ]
" 5% ; 011A6 5 + 01126

+ 011<0O 4 4 + 011<6 " 5H

+

011<6+ !

25 H( 26 !

I 5(

011>0(

- + 01176
5I

+ 01106+ 8



" " 5- + 2>><O0M" " +6 P

5 + 2>>G0) 8 + 011>6+ ;4 !
80 9 ! ! !
" 5M" + 011AOM™ + 011A 6 + "
4 n- L " " m
[ " 4 +

1.6 Regeneration in MRL/MpJ “superhealer” mice
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1.7 Inflammation in MRL/MpJ “superhealer” mice
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1.8 The isolation of murine mesenchymal stem cells
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1.10 Chondrogenesis of pluripotent stem cells
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2. Chondrogenesis of adult stem cells from adipose
tissue and bone marrow: Induction by growth factors
and cartilage-derived matrix
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2.2.2 Chondrogenic differentiation

'8 4 2+0Q  5=921
210 8" " " 4 2
C " 95 86 "!
R 12 6+ 8
" "o " |
4 1 o< "
011>6+
! 8" "4 " 12< 0G +.4
0<4 5 .l""64 4 2 1"
+ " o8#g "
" 5)"6 7A+=RB . " "" 0
5 ' "6 2Q @ 95
" L4 5
9  5#65 ' "621 B )(K753T
B 8C53T 6+ ! "
8" "+ 2<" " 4 4
53 0G" " 4 Lo

" B 6

I 5=11111"

1+2 4 4 B

5

5) "62Q "
' "6 <1RB
"6

2 76% 211 8

621 =11

71



2.2.3 RNA isolation and real-time quantitative RT-P  CR (qPCR)
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2.2.4 Biochemical analysis
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2.2.5 Immunohistochemistry and histology
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2.2.6 Statistical analysis
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2.3 Results
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2.3.5 Cell shape of ASCs and MSCs in CDM scaffolds
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3. Characterization of a prospectively isolated
mesenchymal stem cell population from C57BL/6 and
MRL/MpJ “superhealer” mice

3.1 Introduction

83.B8 D 583.6 E F ! 14
| + | I
4 5 + 2>>G6 83. " 4
=A .BC5C6 M
1" 5 4" + 011AO ( : +
011GO.! " + 01120 % + 011=0 - + 011G6+ !
I I
83. "+
8 " " 58 6 !
5 4: + 011=6 !
"5 " + 011C6 I 4 4 8 P
! “I"" 5 011A0 + 2>>>0
2>>A6+ ; 4 S A
I I !
E "Fu" | 41 ! 5
011CO 3 011GO " 011A0 " 011A6+
18 I Lo

<C



" 4 4 83.
" c " " I 4 83 "
Fl 5. + 01126
9 4! P
! o "
" 4 4 " " 11
25.26 4 " P
5( 011>0.4 01210- + 011G6+
! 83. "+ 4
! " el 4
|
"o 45
2>>>0, "  + 2>>>6+ # 8
4"" 58 4 + 011>6+ " 9
4 8 ! 83 " 4 "
! |
5'! + 011G6+ 4
"o 05(306+ !
v 9 02

<A

I + '
5) " + 01176+
83. "
" !
4 C 83. "
4ll
+ 011<0;
"
!
! mn
I -
4



4 o

5 + 2>>>6+

+ 01176 ! "
+ 011G6

011GO

011>0 + 011GO M

+ 01170 + 011<6

14"
9 4

' n n

25" 2658 4

+ 01170

011GO
4 5)
+ 01216

409

25 )

+ 011>6+

I H 4
5 + 01216+
) 4
" 9
01170 + 011<0O
011>0
5
+ 011<6 Cowom
+ 011CO +
vt 4 1" 5
9 5 + 011>6+
18
| " "
(3? 4 2<16
8 4
" !
4 8

<G



I C 83 "4 " 4

3.2 Materials and Methods

3.2.1 MSC isolation
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3.2.2 MSC expansion
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3.2.3 Colony-forming unit (CFU-F) assay
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3.2.6 Adipogenic differentiation
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3.2.7 Osteogenic differentiation
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3.2.8 Chondrogenic differentiation
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3.2.9 Chemotaxis assay
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3.2.10 Inhibition of splenocyte proliferation assay
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3.2.11 Statistical analysis
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3.3 Results
3.3.1 Expansion of B6 and MRL MSCs
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3.3.2 Cell surface marker expression by flow cytome  try
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3.3.3 Multilineage differentiation of B6 and MRL MS  Cs
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3.3.5 Inhibition of splenocyte proliferation
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3.3.6 Effect of oxygen tension on the proliferation
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3.4 Discussion
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4. Mesenchymal stem cell therapy for the prevention of
post-traumatic arthritis after intra-articular frac ture in
mice

4.1 Introduction
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4.2 Materials and Methods

4.2.1 Intra-articular fracture
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4.2.2 Stem cell injection
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4.2.3 Serum and synovial fluid analysis
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4.2.4 Gene expression in joint capsule

‘ L"it5 2 7 AL
" 4 ! "
+ 2>>A6+ ! "4 !
ool ! 4 1 3H
! " 4 " :+ 3H'4
.5 6 3H " 5N 6+3H4
T T
" 1 4 5 I 4
2K5 26 2?5 26 "
5216 ! 516" I
! 05"06 " | 1 2159
205" 206 2 " 5 6
>1 5;>12 6+ I "
He 4 " 0 _

AC

5 8

5N 6+

" 6%

516 21

59"=6 "

216 " I

C5 C6 "

01126+



4.2.5 Analysis of mouse joints
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4.2.6 Statistical analysis
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4.3 Results

4.3.1 Prevention of post-traumatic arthritis by ste m cell therapy
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4.3.2 Serum and synovial fluid analysis
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4.3.3 Synovial inflammation and macrophage immunohi stochemistry
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4.3.4 Morphologic bone changes
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4.4 Discussion
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5. Chondrogenic differentiation of murine induced
pluripotent stem cells

5.1 Introduction
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5.2 Materials and Methods

5.2.1 Induced pluripotent stem cell derivation and culture
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5.2.2 Three-dimensional culture of undifferentiated
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5.2.3 Chondrogenic induction in monolayer culture
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5.2.4 Chondrogenic induction in micromass culture
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5.2.7 Monolayer expansion and pellet culture of sor  ted cells
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5.2.8 Immunocytochemistry, RT-PCR, histology, and
immunohistochemistry
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5.2.9 Statistical analysis
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5.3 Results

5.3.1 Undifferentiated iPSCs in 3D culture

5.3.1.1: Cartilage-derived matrix scaffolds
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5.3.1.2: Pellet culture
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5.3.1.3: Agarose hydrogels
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5.3.1.4: PEG-RGD hydrogels
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5.3.2 Monolayer and micromass differentiation using growth factors
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5.3.3 Growth factor screen for serum-free micromass culture
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5.3.4 Effect of serum and timing of growth factord  elivery in
micromass culture
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5.3.5 Clone selection
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5.3.6 Effect of culture duration and BMP-4 timing i

5.3.6.1: Effect of BMP-4 timing on gene expression
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5.3.6.2: Effect of BMP-4 timing on yield of GFP+ ¢
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5.3.6.3: Effect of additional culture factorsony ield of GFP+ cells
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5.3.7 Embryoid body formation for chondrogenic indu
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5.3.8 Monolayer expansion of sorted cells
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5.3.9 Growth factor induction in pellet culture
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5.4 Discussion
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6. Cartilage tissue engineering using differentiate d and
purified induced pluripotent stem cells

6.1 Introduction
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6.2 Materials and Methods
6.2.1 Analysis of pluripotency and karyotype
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6.2.2 Micromass culture for initial chondrogenic di fferentiation
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6.2.4 Cell expansion and pellet culture
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6.2.5 Self-assembled constructs in agarose wells an  d transwells
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6.2.6 Biochemical analysis
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6.2.7 Cartilage defect repair assay
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6.2.8 Statistical analysis
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6.3 Results
6.3.1 Analysis of pluripotency and karyotype
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6.3.2 Cell sorting based on Col2-GFP expression
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6.3.3 Gene expression during monolayer expansion
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6.3.4 Glycosaminoglycan content of pellets
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6.3.5 Immunohistochemistry for collagen
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6.3.6 ELISA for collagen quantification
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6.3.7 Self-assembled construct formation
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6.3.8 Methods for treating in vitro cartilage defec  ts
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6.3.9 Integrative strength of defect repair
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6.4 Discussion
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6.5 Summary
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7. Summary and Conclusions
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