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1. Specific Aims

1.1 Significance
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2. Background

2.1 Cardiovascular Disease and Surgical Treatment
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2.3 Strategies to Minimize Vascular Graft Failure

#

12

1/cz"

2.3.1 Endothelial Cell Attachment and Coverage

)]

$



$ 6
( ( 1/92" + $
(
1<9; 1/;2" - 4 v (
R $ $
44 ")
0 1/<$-2" 5
( 0$( 9.8
( ?74B. 1-/2" 0
")
$
1--2" A ( 0
P 4 Q 1-7$ -B2
1--2"
) D &
(4 $( O 6
-42 ( 6

% 1-72" ) &



)5 (0
1-92" 5 $ %5
1-:$ -<2"
$
1?.2" 5 (
778 978
$ B/8
I_)_!_I
0
&
5 $

12/2

1-c2"

</8
$
5
0
0

(

?B2

1?-2"

1972" )



1*02"
# & &
(
*0 1 ( 4
1?7722"
I *0
) &
0 ( "0
( 4+ 4 1#+2%
1L HslLebsL H L H2$ 0
- (
1?C2" 6 0 ?B$
6 ( *0 (
" # 40 ?B
)5 ( ( 40 ?B
& ? 1<78 0 40 ?B2 78
1792" =( $ ( A 6 0 ?BM
6 1 4 $)4 $



$ $ $ 21 ( O " 1?;22" 07BM

$ I8
/"78 " A $ 0 ?BM
10 $ ( (
1?272" $ 4
0 17<2") ( (
*0$ ( (
( *0 12<2"
) 0 ?BM
& "0
1+40 52 ( & ( (
& " +405
& C.8 1B.2" :
$ 4 ( 0 6 +405
&

1B/2

I



2.3.2 Immobilization of Bioactive Molecules on Vascu
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2.3.3 Effect of Graft Compliance
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2.4 Use of Clinically Relevant ECs
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2.5 Genetic Modification of ECs
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Chapter 3. Comparison of Endothelial Cell Phenotypi ¢
Markers of Late Outgrowth EPCs Isolated from Corona  ry
Artery Disease Patients and Healthy Volunteers.
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3.3 Methods and Materials

3.3.1 Donor Subjects
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3.3.2 Cell Isolation and Culture
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3.3.3 Doubling Time
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3.3.4 Flow Cytometry
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3.3.6 Cell Spreading
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3.3.9 In Vitro Vasculogenesis Assay
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3.3.10 Effect of Shear Stress on Cell Morphology an  d Nitric Oxide
Expression
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3.3.11 Quantitative real-time RT-PCR
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3.3.12 Nitric Oxide Assay
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3.3.13 Statistical Analysis
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3.4 Results

3.4.1 Characteristics of Study Subjects and EPC Pro liferation
Potential
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*% - & &

& & 1 2-
Healthy Donors| Patients P-
(n=13) with CAD | Value

Male, n (%) 9 (69) 9 (69)
Race, n (%)

White 12 (92) 10 (77)

Other (2 black, 2 Asian) 1(8) 3 (23)
Age, mean+SD 26+3 62+11 |<0.001
(range) (23-31) (44-75)
Body mass index, mean+ SD 24.3+2.6 29.0+4.1 0/01
Smoking history, n (%) 0 5 (39) 0.04
Diabetes, n (%) 0 (0) 7 (54) 0.005
Hypertension, n (%) 2 (15) 10 (77) 0.005
Hyperlipidemia, n (%) 1(8) 11 (85) <0.001
Number of vessels with significant — 21+1.0
CAD, mean+SD
Percutaneous transluminal coronary 0 (0) 9 (69) <0.001
angioplasty, n (%)
Coronary artery bypass graft, n (%) 0 (0) 7 (54 0.005
Medication use, n (%)

Beta blockers 0 (0) 13 (100)] <0.001

Statins 0 (0) 10 (77) <0.001

Angiotensin-converting enzyme 1(8) 9 (69) 0.004
inhibitors

3.4.2 Frequency of Isolation
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*0% - $ & & -
Late-Outgrowth  EPC
Colonies Obtained
Characteristic All  Subjects| Yes No P-
with CAD Value

Subjects, n 13 7 6
Male, n (%) 9 (69) 5 4
Female, n (%) 4 (31) 2 2
Race, n (%)

White 10 (77) 5 5

Other (2 Black, 1 Asian) 3 (23) 2 1
Age, mean+SD 62+11 61+11 62+10 0.80
(range) (44-75) (44-75) (45-75)
Body mass index, mean+ SD 29.0+4.1 27.9+48 30.243.0 0.25
Smoking history, n (%) 5 (39) 2 3 0.59
Diabetes 7 (54) 3 4 0.59
Plasma glucose, mg/dL 127+45 126+41 128+ 52 0/94
Hypertension 10 (77) 4 6 0.1¢
Hyperlipidemia 11 (85) 5 6 0.46
Familial hypercholesterolemia, n 4 (31) 2 2 >0.99
(%)
Number of vessels with significanf 2.1+1.0 1.7£1.1 2.5+0.8 0.18
CAD, mean+SD
Percutaneous transluminal coronary 9 (69) 5 4 >0.99
angioplasty, n (%)
Coronary artery bypass graft, n (%) 7 (54) 3 4 0.69
Medication use, n (%)

Beta-blockers 13 (100) 7 6 —

Statins 10 (77) 4 6 0.19

Angiotensin-converting enzyme 9 (69) 4 5 0.56
inhibitors
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Young Healthy  Patients with Coronary
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3.4.4 Cell Attachment to Teflon-AF ™
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3.4.5 Integrin Expression
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3.4.7 Effect of Shear Stress on Cell Morphology and Nitric Oxide
Expression
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Chapter 4. In Vitro Functional Testing of Endothelial
Progenitor Cells that Overexpress Thrombomodulin
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4.3 Methods and Materials

4.3.1 EPC Isolation and Cell Culture
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4.3.2 Virus Production
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4.3.3 Adenoviral Transfection Optimization
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4.3.6 Assessment of TM Function
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4.4 Results

4.4.1 EPC Isolation and Transfection Optimization
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4.4.4 Orientation of EPCs Subject to Flow
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4.4.5 APC Activity
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4.4.7 Platelet Adhesion
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4.4.7 Clotting times
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Chapter 5. In Vivo Testing of Small Diameter Vascular
Grafts Lined with Endothelial Progenitor Cells that

Overexpress Thrombomodulin
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5.3.2 Adenovirus Virus and Transfection Conditions
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5.3.6 APC Production
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5.3.8 Histology
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5.3.10 Statistics
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5.4.3 APC Production

*0 4
5 < ( *0 (
0 *0 ( 0@ *0
1 G."72" ) *0 (

0@ *0 ( $ (

*0 " ( *0 6 )

*0 B4 *0 1 G.".72"
, @ 33 H 3 H™*
1= >6-6< % 37? >6-6< $

H 211;2-

1.?



5.4.4 In Vivo Testing
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Cross section at distal
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Appendix B

F!

Gene Primern Sequence (5-3’) 4 (CC)
2 fwd GGC TAT CCAGCG TAC TCC AAAG 57.5
microglobulin* | rev CAA CTT CAATGT CGG ATG GAT 52.9
COS-liI fwd TGA GCATGT ACG GTT TGC TG 55.7
(PTGS2) rev TGC TTG TCT GGA ACA ACT GC 55.9
eNOS (NOS3) | fwd ACC CTC ACC GCT ACAACATC 57.1
rev GCT CAT TCT CCA GGT GCT TC 55.9
VEGF-R2 fwd GTG ACC AAC ATG GAG TCG TG 55.9
(KDR) rev TGC TTC ACA GAA GAC CAT GC 55.5
KLF2 fwd CCT CCC AAACTG TGACTG GT 57.1
rev ACT CGT CAA GGA GGATCG TG 56.4
™ fwd TAC GGG AGA CAA CAA CAC CA 56.1
rev AAG TGG AAC TCG CAG AGG AA 56.2
Collagen | fwd CTG CAA GAA CAG CAT TGC AT 54.3
(COL1A2) rev GGC GTGATGGCTTATTTIGTT 53.8
Collagen IV fwd AAG GAATCATGG GCTTTC CT 54.2
(COL4A2) rev CTC TGG CACCTT TTG CTA GG 55.9
Fibronectin-1 | fwd ACC AAC CTA CGG ATG ACT CG 56.5
(FN1) rev GCT CAT CAT CTG GCCATTTT 53.4
Laminin 5 fwd TGACCTTTT CTG GCT CGT CT 56.2
(LAMADS) rev GTT CAG CAC AAAGGG CTC TC 56.3
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F& &0 $ + &
& $ 1 # %& 2
Gene Gene EPC: Flow / Static CAD: Flow / Static Static: CAD / EPC Flow: CAD / EPC
1D Name
Fold t-testp Fold t-testp Fold t-test p Fold t-test p
change value change value change value change value
integrin 2.58467 9.30E-
ITGAV alpha V 5 05
integrin 2.22524 5.94E-
ITGB4 beta 4 8 05
neuronal
cell
adhesion 1.81313 | 0.00058
NRCAM | molecule 6 9
0.00013 | 0.48681 | 0.00012
ICAM2 ICAM-2 0.38871 4 2 2
claudin-5
transcript 0.30309 | 0.00041 | 0.31509 5.42E-
CLDN5 variant 2 2 7 6 05
CLDN1 0.30008 | 0.00053 0.03539 1.00E- | 0.15513 1.50E-
1 claudin 11 9 6 1 07 7 06
Adhesion-related
ras-related
C3
botulinum
toxin
substrate 0.26746 1.06E- 3.80985 4.14E-
RAC2 2 1 05 2 05
1.84849 | 0.00067
KDR KDR 6 3
poliovirus
receptor 1.75743 | 0.00077
PVRL2 related 2 8 6
3.09491 1.68E- [ 1.77479 | 0.00060
CD44 CD44 6 05 6 9
vascular
endothelial
growth
factor B
(VEGFB), 0.58995 | 0.00317
VEGFB | mRNA. 8 5
Matrix molecules
fibronectin 1.96585 | 0.00073
FN1 1 1 8
COL1A | collagen | 2.58316 | 0.00061
2 alpha 2 1 5
COL5A collagen V 2.37522 | 0.00038
1 alpha 1 6 6
collagen
COL8A | VIl alpha 2.38679 | 0.00321
1 1 4 5
collagen
COL13 Xl alpha 3.91374 | 0.00014
Al 1 1 7
COL15 collagen 6.45311 | 0.00074
Al XV 5 2

I7;




Gene ID

Gene Name

EPC: Flow / Static

CAD: Flow / Static

Static: CAD / EPC

Flow: CAD / EPC

Fold
change

t-test p
value

Fold
change

t-test p
value

Fold
change

t-test p
value

Fold
change

t-test p
value

Oxidative S
Response

tress

ALDH3A2

aldehyde
dehydrogen
ase 3 family,
member A2
(ALDH3A2),
transcript
variant 2,
mMRNA.

1.9440
47

0.0007

4
5

GMFB

glia
maturation
factor, beta
(GMFB),
mRNA.

0.21181
7

1.60E-

0.1870

8.00E-

HMOX1

heme
oxygenase
(decycling) 1
(HMOX1),
mRNA.

2.7965
71

0.00041

8

MAPT

microtubule-
associated
protein tau
(MAPT),
transcript
variant 4,
mRNA.

1.5793
74

0.0041

9
8

MTI1E

metallothion
ein 1E
(MT1E),
mRNA.

0.2474
12

9.00E-
06

MYC

v-myc
myelocytom
atosis viral
oncogene
homolog
(avian)
(MYC),
mRNA.

0.36301
6

0.00010
4

0.4378
28

0.0005

1
3

NQO1

NAD(P)H
dehydrogen
ase, quinone
1 (NQO1),
transcript
variant 3,
MRNA.

3.59576

9.81E-
05

3.3646
83

2.20E-

0

6

PON2

paraoxonase
2 (PON2),
transcript
variant 2,
mMRNA.

0.5866
24

0.0030

1
6

peroxiredoxi
nl
(PRDX1),

PRDX1

transcript

2.05157
5

2.56E-

1.8801

0.0003

1
1

[7<




variant 3

Damage of

cells

ERCC2

excision
repair cross-
complementi
ng rodent
repair
deficiency,
complement
ation group
2 (ERCC2),
transcript
variant 1,
mRNA.

0.5750

0.00404
9

HMOX1

heme
oxygenase
(decycling) 1
(HMOX1),
mRNA.

2.7965
71

0.00041
8

MTI1E

metallothion
ein 1E
(MT1E),
mRNA.

0.2474
12

9.00E-
06

SOD2

superoxide
dismutase 2,
mitochondria
|1 (SOD2)

0.21366
4

< le-07

0.3980

0.00160
8

0.54436
4

0.0046

STATS3

signal
transducer
and activator
of
transcription
3 (acute-
phase
response
factor)
(STATB),
transcript
variant 3,
MRNA.

0.5348

0.00239
7

TNFSF10

tumor
necrosis
factor
(ligand)
superfamily,
member 10
(TNFSF10),
mRNA.

0.48909
3

0.00256
2

0.4837

8.73E-

Fragmentation of

nucleus

BCAR1

breast
cancer anti-
estrogen
resistance 1
(BCAR1),
mRNA.

0.27373
6

8.00E-

0.5249

0.00092
6

IC.




CLU

clusterin
(CLL),
transcript
variant 1,
mRNA.

0.49638
9

0.00325
8

0.2797
48

9.30E-
06

FST

follistatin
(FST),
transcript
variant
FST317,
mRNA.

INHBA

inhibin, beta
A (INHBA),
mRNA.

2.8163
51

0.00050
3

MYC

v-myc
myelocytom
atosis viral
oncogene
homolog
(avian)
(MYC),
mRNA.

0.36301
6

0.00010
4

0.4378

0.00051

3

ICI




Gene EPC: Flow / Static CAD: Flow / S tatic Static: CAD / EPC Flow: CAD / EPC
1D Gene Name
Fold t-test p Fold t-testp Fold t-test p Fold t-test p
change value change value change value change value
1.96585 | 0.00073
FN1 fibronectin 1 05 84
1.84849 | 0.00067
KDR KDR 61 25
adrenomedul
lin (ADM), 0.30891 2.77E-
ADM MRNA. 66 05
matrix Gla
protein
(MGP), 2.87238 | 0.00052 3.00232
MGP MRNA. 94 67 4 | 0.00027
vascular
endothelial
growth factor
B (VEGFB), 0.58995 | 0.00317
VEGFB MRNA. 77 46
caveolin 1,
caveolae
protein,
22kDa
(CAV1), 0.34367 | 0.00018 1.94E-
CAV1 MRNA. 5 91 0.26996 05
angiopoietin
2 (ANGPT2),
transcript
ANGPT | variant 3, 0.17096 | 0.00085 | 0.20635 1.68E- | 0.24217 | 0.00471
2 mMRNA. 31 75 6 05 8 9
forkhead box
O1 (FOX01), | 0.46023 | 0.00107 | 0.58422 | 0.00350
FOXO1 MRNA. 23 24 8 8
3.09491 1.68E- | 1.77479 | 0.00060
CD44 CD44 59 05 6 9
endoglin
(Osler-
Rendu-
Weber
syndrome 1)
(ENG),
transcript
variant 2, 1.94778 | 0.00279 | 1.77818
ENG mMRNA. 82 33 7 | 0.00147
ADAM
metallopeptid
ase with
thrombospon
din type 1
motif, 1
ADAMT | (ADAMTSL), 2.32752 | 0.00055 9.52E-
S1 mRNA. 49 26 | 2.38446 05

/IC-




TNFSF
10

tumor
necrosis
factor
(ligand)
superfamily,
member 10
(TNFSF10),
mRNA.

0.48909
25

0.00256
19

0.48376
8

8.73E-
05

ANGPT

angiopoietin-
like 4
(ANGPTL4),
transcript
variant 3,
mMRNA.

0.00012
8

CEACA

carcinoembr
yonic
antigen-
related cell
adhesion
molecule 1
(biliary
glycoprotein)
(CEACAMY),
transcript
variant 2,
mRNA.

0.60251
6

0.00159
3

ERAP1

endoplasmic
reticulum
aminopeptid
ase 1l
(ERAP1),
transcript
variant 1,
mMRNA.

0.59310
3

0.00299
1

F11R

F11 receptor
(F11R),
mMRNA.

0.54825
1

0.00318
9

GBP1

guanylate
binding
protein 1,
interferon-
inducible,
67kDa
(GBP1),
mRNA.

0.48270
2

0.00012
6

HMOX1

heme
oxygenase
(decycling) 1
(HMOX1),
MRNA.

2.79657
07

0.00041
84

INHBA

inhibin, beta
A (INHBA),
MRNA.

2.81635
1

0.00050
3

IC?




©

Gene ID

Gene Name

EPC: Flow / Static

CAD: Flow / Static

Static: CAD / EPC

Flow: CAD/EPC

Fold
change

t-test p
value

Fold
change

t-test p
value

Fold
change

t-test p
value

Fold
change

t-test p
value

CYP1B1

cytochrome
P450, family 1,
subfamily B,
polypeptide 1
(CYP1B1),
mRNA.

17.4221
7

0.00014
4

24.1548
5

1.90E-
06

CYP1A1

cytochrome
P450, family 1,
subfamily A,
polypeptide 1
(CYP1A1),
mRNA.

9.58039
95

2.50E-

11.8356
2

8.00E-
07

HMOX1

heme
oxygenase
(decycling) 1
(HMOX1),
mRNA.

2.79657
07

0.00041
8

PTGR1

prostaglandin
reductase 1
(PTGRY),
mRNA.

1.94218
12

0.00284

SOD2

superoxide
dismutase 2,
mitochondrial
(SOD2)

0.21366
43

< le-07

0.39806

0.00160
8

0.54436
4

0.0046

NOX4

NADPH
oxidase 4
(NOX4), mRNA.

3.17326
6

0.00166
3

NQO1

NAD(P)H
dehydrogenase,
quinone 1
(NQO1),
transcript
variant 3,
mRNA.

3.59575
98

0.03125

1.79768
5

0.00369
4

NQO2

NAD(P)H
dehydrogenase,
quinone 2
(NQO2),
mRNA.

1.77793
88

0.00013
2

1.72530
6

0.00488
5

GSR

glutathione
reductase
(GSR), mRNA.

1.95721
77

0.00096
2

2.51883
1

2.49E-
05

1.77941
4

0.00256
5
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