From the Department of Surgery of
the Medical Faculty of Mannheim
(Director: Prof. Dr. med. Post)

A novel nuclear phenotype-based high-throughput screen to identify
essential genes involved in proliferation and migration of human aortic
smooth muscle cells

Inaugural dissertation
for obtaining the medical doctor degree

Medical Faculty Mannheim
Ruprecht-Karls-University

Heidelberg

Presented by
Lei Zhang

From
Qinhuangdao
2014

Bibliografische Informationen o HE
http://d-nb.info/110217632X G ERII iR durt BII h,ll_ II.E



http://d-nb.info/110217632X

CONTENTS

page
ABBREVIATIONS ... e 1
1 INTRODUCTION ... 2
1.1 The use of high-throughput screening technologies to investigate
vascular smoothmuscle cells...................oooo 2
1.1.1 BaCKGIrOUNG...........uiiiiiiiiiiiiiiiiiii ettt ettt e e e e e e e e e e e e e e e e 2

1.1.2 Interventional treatment of atherosclerosis and restenosis................. 3

1.1.3 Modulation of vascular smooth muscle cell phenotypes .................... 3

1.1.4 Growth factor/cytokine signaling involved in regulation of the VSMC

[0 411 4 o3 4 V7 o 1N S RPURRRR 4

1.1.5 High-throughput screening applications...................cccccccc i, 6

1.1.6 RNA interference applications....................c...iiiiiiiii e, 7

1.1.7 Statementof the problem................ccoiii 7

1.2 Single nucleotide polymorphisms of genes for EGF, TGF-B and TNF-a in
patients with pancreatic carcinoma...............c.....ccco 8
1.2.1 BaCKGrOUNG....... ..ottt e b rebeeeeeeeeeeeeeeeens 8

1.2.2 Single nucleotide polymorphisms of EGF, TGF-f and TNF-a.............. 9

1.2.3 Statementofthe problem........................... 10

2 MATERIALS AND METHODS ... 11
21 The use of high-throughput screening technologies to investigate
vascular smoothmuscle cells.................coooii i, 11
211 CellCUIUre ........ ...t e e 11

2.1.2 Library construction................c.ccccc 11

2.1.3 Transfection of SiRNA ..., 11

2.1.4 Imaging optimization................cccoo 12

2.1.5 Cell proliferation and apoptosis assays ..............cccccceveveiiiiiiiiieeennnn. 12

216 Wound healing @assay ...........cccccciiiiiiiiiiiiiii 13

2.1.7 High-throughput screening.............ccccoocoiiiiiiiiiiiiiii e 13

218 Image analysis ..........cccuiiiiiiiiiiii 14



2.1.9 Network analysis ...........cccooiiiiiiiiiiiiiiiii e 14

2.1.10 Statistical analysis.............cccuuiiiiiiiiiii e 15
2.2 Single nucleotide polymorphisms of genes for EGF, TGF-f and TNF-a in
patients with pancreatic carcinoma....................... 15

2.2.1 Sample collection for clinical experiments ......................ccccoeeenn.e. 15

222 GeNOtYPING......coooiiiiiiiiii 16

2.2.3 Statistical analysis...............ooooi i 17

3 RESULTS . ... e eeeas 19
3.1 The use of high-throughput screening technologies to investigate
vascular smooth muscle cells.................. e, 19

3.1.1 High-throughput RNAi screening.............ccccccooiriiiiiiiiiiiiniiiieeee e 19

3.1.2 Primary screening of HaoSMCs in 384 well plates ........................... 21

3.1.3 Validation screen to identify genes involved in cell proliferation and

apoptosis .................... e 24

3.1.4 Classification of cellular nuclear phenotypes..................ccooiiiiei. 29

3.1.5 Signaling pathways and gene function .......................ccocciiiii . 37

3.1.6 Identification of genes involved in cell migration............................... 39
3.2 Single nucleotide polymorphisms of genes for EGF, TGF-B and TNF-a in
patients with pancreatic carcinoma................... 48

3.2.1 Correlation of genotypes with postoperative survival time of

PALIENES ... e 48

3.2.2 Associations between complications and postoperative survival time

Of PAtIENES ... 50

3.2.3 The distribution of the genotypes in the patients with or without

COMPlICALIONS ... 51

4 DISCUSSION ... 55
41 The use of high-throughput screening technologies to investigate
vascular smoothmuscle cells....................oooiieeeee e 55

4.1.1 Optimized high-throughput screening process.................ccccceevuneeen. 55

4.1.2 Novel genes involved in the proliferation of HaoSMCs..................... 56

4.1.3 Novel genes involved in mitotic processes ......................... AUUUTR 57

4.1.4 Novel genes involved in migration...........................l 57

4.1.5 Interactions between candidategenes ..........................l 58

416 CONCIUSION ... e e 63



4.2 Single nucleotide polymorphisms of genes for EGF, TGF-8 and TNF-a in

patients with pancreatic carcinoma.....................cccco 64
421 Survival and genotYPe ............ooiiiiiiiiiiiiiiii e 64

4.2.2 Survival and complications .......................... 65
4.2.3 Genotype and complications..................ccccooiiiiiiiiiii 66

B SUMMARY ... 68
5.1 The use of high-throughput screening technologies to investigate
vascular smoothmuscle cells.....................coooiiiiiiii e, 68
5.2 Single nucleotide polymorphisms of genes for EGF, TGF-B and TNF-a in
patients with pancreatic carcinoma..................... 68

6 LITERATURE ... e 70
7 TABULAR STATEMENTS ... 83
8 RESUME ... e 86

9 ACKNOWLEDGEMENTS



