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Chapter 1. Introduction.

1.1 Research Overview
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1.2 Role of Endothelium in Maintaining Tissue Homeo  stasis
1.2.1 Function of Endothelial Cells in Blood Vessel
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1.2.2 Influence of Vascular Geometry on Endothelial
and Atherogenesis
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1.2.3 Transport in the Endothelium
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1.2.4 EC Dysfunction Near Atherosclerotic Lesions
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1.2.5 Role of SIRT1 in Regulating EC Permeability
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1.3 Blood-Derived Endothelial Cells
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1.4 Response of Endothelium to Steady Unidirectiona | Flow

1.4.1 Unidirectional Shear Stress Causes Rearrangem ent of Cell
Cytoskeleton
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1.4.2 Unidirectional Flow and Shear Stress Promote an Anti-
Thrombotic and Anti-Inflammatory Phenotype
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1.4.3 Shear Stress Regulates Metabolic Activity
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1.6 Endothelial Glycocalyx

1.6.1 Composition
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1.6.3 Role of Glycocalyx in Mechanosensing
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1.6.4 Visualization of Glycocalyx
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1.7 Endothelial Cell Traction Forces
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Chapter 2. Effect of Cellular Senescence on Albumin
Permeability of Blood-Derived Endothelial Cells.

2.1 Introduction
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2.2 Methods and Materials
2.2.1 Cell Culture
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2.2.2 Flow Cytometry
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2.2.3 Permeability Experiments
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2.2.4 Proliferation Assays

6 5% .AA1 ' 21 34

$6 O 4 4
5 0 4 4 + 0
4 Z 0
) <<<+ 4 0 4



N@?00 $6

) <<<.+

2.2.5 Western Blotting
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2.2.8 Telomerase Activity
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2.2.9 Statistical Analysis
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2.3 Results

2.3.1 hCB-EC Characterization
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2.3.2 Low Passage hCB-ECs Have Lower Permeabilityt han HAECs
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2.3.3 Expression of Occludin and ZO-2 in Low Passag e hCB-ECs and
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2.3.4 Less Phosphorylated Occludin in Low Passage h  CB-ECs than
HAECs
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2.3.5 Low Passage hCB-ECs Proliferate More than HAE Cs
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2.3.6 Changes in hCB-EC Proliferation and Permeabil ity with Cell
Aging
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Chapter 3. SIRT1 Regulates Glycocalyx and VE-Cadher in
to Modulate Response of Senescent Endothelial Cells to
Shear Stress

3.1. Introduction
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3.2.4 Quantitative real-time RT-PCR
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3.2.6 Glycocalyx Thickness and Density Measurements
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3.2.7 Modulation of SIRT1 Activity
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3.2.12 Quantification of Cell Alignment
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3.2.13 Quantification of Trabecular VE-cadherin
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3.3.1 Less Alignment to Flow in Aged hCB-ECs than Y
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Stress

95#4 5 46
'‘8%-+# 6 6
# 9$# 6 5
'8%+0 % 6 2-A 83#'8%+ /9 -.6
= | +. 5
2% -, # K0,-30 1 # 6 2=A 8 35
= | +. 5 '8%+
2% -, 3# 6 0
# '8%+ /9 = 4 6
6 2% -, # K,0,=30 B

?>



5 #'8%+ 4 4 2R .. 83 2K
<- 83 6 4 2 K,0,=30
B 9%$/94 +6 6 5
2% -, # K,0,=3# 9:$ 4
4 4 2% -, # K,0,=30
% # 9% /9 6 4 7 4
# 9:$ 4
6 2% -, # K0,=30B
5 # 9:% 4 4 2R .. 8 3
2K<- 83 6 4 2K,0,=30 6-#
4 01
4 6
2% -, # K,0,-3# 4 0 # 6
5
8%+ 9:30

3.3.3 SIRT1 Levels Are Reduced in Aging hCB-ECs
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3.3.4 Modulation of SIRT1 Regulates hCB-EC Response to Shear
Stress
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3.3.6 SIRT1 Regulates Glycocalyx Thickness and Dens ity
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3.3.8 VE-cadherin Localization and Structure Under Shear Stress is
Primarily Age-Dependent
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3.3.9 SIRT1 Mediates Phosphorylation of VE-cadherin  at Tyr-658
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3.3.10 Glycocalyx Mediates Phosphorylation of VE-ca
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3.3.11 Modulation of Glycocalyx Affects EC Permeabi  lity Under Static
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3.3.12 Inhibition of NADPH Oxidase Increases Glycoc alyx Thickness
and Density in Aged ECs, but Is Not Sufficienttol  mprove Response
to Shear Stress
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Chapter 4. Endothelial Cell Senescence Increases
Traction Forces due to Age-Associated Changesinth e
Glycocalyx and SIRT1

4.1 Introduction

& & &
- 0
& (
!
+ b# (
o9+ " , $ /
% o
! $ F
2 & % &
9 $ 93 F
&
/
!
% & (

(/



& & & 6 # ,  -6B <0
' %
&
$ I
% $ = >DA#
$ I+ $ & &
$ $ A B &
939 6 $ (
B$ " $M
&
3 ( > $ &
# =B 9 /(3
456! $
& * 456! $" $
& % " 9 456!
# 939 9 5 "# ,
$" 456! 9 2 456!
& @ 9

3



" " "& % %
5 % " #
456! F &
;! " % & # -# 0
& % " " & %""
& 9 " & 9
19
" & 456! " 1
$ :
4.2 Methods
4.2.1 Cell Culture
A & & - # 0%
& " & &5 2 #
& & % & o, G+
D no % I > 7 A
4 56 % "
&@ & 1263 (9-09 26/3 (9-

26 9+-"0 D 6 & /263



& % N% A, 4

5 0" A "K (40
' % %
o " % P " -) 0 &
" E #9- & $0 ™ %
9,24" % &
0E

% + " % 5. >

! % " F 9

% % % !/, CE9&

% ") " E94 K < (2
" 0E %
% % " ON( %!/ "

&K " N(! & " &
&% " % @ & " I

-(0) -90R-)+0G + "

%

($
%

-2'40

% ,
nn # (

% "

-D>*0

-A'44

*+(

%

%



4.2.2 EC Characterization

# % % + " &
9( +
" #" >+ >+
>/ " 91"
'# $" 1 &
2 % $" /)
% % 9( $ "
6= " % <*2
9 & ! F
'# -A O
# % + % D>*
# b# %
'# % D>* %
# b# "
O P 9

4.2.3 Synthesis of Variably Compliant Polyacrylamid

"% " " & +

"-= 9909599 C160% %

%

" % % +# ""#

-D>*0

& $
[
> >/
F
C#
9 '#
9 =B4 #9$
%
O P 9
# .+ D> %

e Gels

(

( ==BA-4 0



-4 0%

4 0

--D'40 5

F %

D

9; )W+ & #

% @

$

-5 0%

0

F %

" OH&

%

?

"A3 (%

" F

%

& %

%

I((D

$

=A 4 0

(13

$ll

- #6 0

$ % "

C160 %

4.2.4 Traction Force Microscopy

' %

" %

H %

(C((

&

/(D

%

%

(5

"% % %

+(

%

+% (J)*
>5 %

% %



&

%

%

& %

(14 #

% %

V %

1

71 = [ (T3 + Thw))” dxdy

n

%

=% T

& ("=

%



%
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4.3 Results

4.3.1 Aged hCB-ECs from Multiple Isolations Exhibit
Traction Forces
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4.3.2 Traction Forces Increase with Increasing Cell
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Chapter 5. Elevated Traction Forces in Senescent
Endothelial Cell Clusters Due to SIRT1-Dependent
Changes in Junction Tension and Actin Localization
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5.2.7 Knockdown of SIRT1
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5.3 Results

5.3.1 Clusters Exhibit Higher Traction Forces Than

Isolated ECs and
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5.3.2 Increased RhoA Activity in Aged hCB-ECs

6

% $ 6 #o1

% # # -2 +90

% H

, G 0 " # -G
C G F.,6G F
0 F

C # G 0 P o !

THY+,-$ %&HE'

5.3.3 Effect of SIRT1 Treatments on Traction Forces
and Clusters

! %
2 ++ "((0 2 &
/9
'# 456! % 46! 9( &
-2 ++ ".((0 2

% 8#/9 & ((

for Isolated Cells

456! % 8#

2

938



2+ "((0 1 % 46! 9 '#

& ;"
' 8#/9 % &
, 8#9 & # @ !
% @ K 3 E L
% & & 456! % 8#/9
2+ "((0 % 2 ++ (/0 456! %
46! 9( @ 2 ++ (0! 456!
# @ % &
1y 4G, "! # -
" 4G; # F 4G; 0 *%
, 67- nB"H' /
#5 F"H' 0 0
Ll #" 4G; *89967- &#? B 4G; &
/
#;
#+& . #$ %&H&H -Q 0
4G;# 4G; "H' M %, 67 !
" # 4G; 4G; &

M P #



5.3.4 Knockdown of SIRT1 Elevates Traction Forces
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5.3.5 Knockdown of SIRT1 Alters Actin Localization
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Chapter 6. Dissertation Summary & Future Work

6.1 Dissertation Summary
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Appendix A: EC Media
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Appendix B: EC Passage and Seeding
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Appendix C: Generating Calibration Curve for Plate
Reader for Transwell Permeability Assay
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Appendix D: EC Permeability Plating and Experiment

Protocol
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Appendix E: EdU Assay for 8 wells of a Transwell PI
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Appendix F: Senescence —Galactosidase Staining for 6
wells of a 24 well plate
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Appendix G: gRT-PCR Protocol
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Appendix H: RNA Isolation

for use with Aurum Total RNA Mini Kit from Bio-Rad
created by C.Cheng 05.25.2011
modified by C.Cheng 06.15.2011
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Appendix |: Western Blot Protocol
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Appendix J: IMP Statistical Package for ANOVA and
post-hoc Tukey Test
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