Summary

Zusammenfassung
1. HISTORY OF SINGLE CHAIN FRAGMENT VARIABLE (SCFVS) ANTIBODIES
DEVELOPMENT ...t e e e 21
1L ADSEIACE ettt e e e 22
12, INTrOAUCHION .....eiiiiiiiiieiiii et e 22
1.3. Recombinant antibody technology ............ccccooeeriiiiiiiiiiininiiiiinienns 23
1,37, SCFV ANUBOTIES e veiiee et et e 24
1.3.2. Expression of SCFV antiDOGIES ...ovvvvvrininreniisisiiiiei e e 25
1.3.3. Phage display using recombinant fibraries ..........coo.oviiiiiiiniiininnnn. 25
1.3.4. Ribosomal display technoIOgY ... ovvunvveneiiiiiiiie e 27
1.3.5. Affinity maturation of scFvs selected from phage display libraries............... 27
1.3.6. Antigen exposure for the SCFvS Selection process........covivvvvnieriiiuninnnns 27
1.3.7. Advantages of scFv antibodies over full-size monoclonal..........c...cvevenneee. 28
antibodies
1.4, ApPlication Of SCFVS.......uiiiiii et 28
1.4.1. Medical application ......c..oveeiiiiiiii i 28
1.4.1.1. ScFvs in tumor therapy ..... TP PSSP PPUPPPPPON 28
Schvs as neutralizing antibodies .........covviiiiiiiiiiin 29
ScFvs as recombinant iMMUNOLOXING «uvvueeereiirireneineiniiiieciaiianes 29
SCFVS @S CANCET VACCINE vvvnirnereniieeanetnetnernieieeeenerneeneinstneenaianenaenes 29
ScFys as anticancer iINtrabodies .......c.veeeeiiiviviiiiiiiii e 29
1.4.1.2. Application of scFvs in neurodegenerative diseases ....................... 31
AlZheimer's diSEASE (AD) tviviriririiiee it ireeeteer i eraere et naearaaanans 31
1.4.1.3. ScFvs against HIVINfection ........coeeviiiiiiiiiiiiiiii s 31
142,10 VIVO IMABINE  ++eeeetnneernn ettt eet e et e eeteeen e et e rer s aattereaneeaiene 32
1.4.3. DIagnostic appliCAtiONS .....vvueveeriiseierieenei v ri et e rieaereeaes 32
1.5, DISCUSSION ...ttt e et e et e e e e et ee e 33
AIM Of the ThESIS .....uuiiiie i e e 34

Avramovi?, Dragana 1984- (DE-588)1138239283 Verfasser ...digitalisiert durch
Targeting angiogenesis with small antibody fragments ... IDS Basel/Bern, im Auftrag der
Schweizerischen Nationalbibliothek



2. DEVELOPMENT AND IN VITRO APPLICATION OF NOVEL VEGFR-2

INHIBITORY SINGLE CHAIN FRAGMENT VARIABLE ANTIBODIES ................. 35
N Y 1 (- Lot PR TPPR 36
2.2, INtrOAUCLION ...t et e ea e aes 36
2.3. Materials and methods .............coooriiiiiiiiii 39

230, Cell CUITUME ettt e e e e e et ee s e e aes 39
2.3.2. Transient transfection «.oovuvrre i e e 39
2.3.3. VEGFR-2 KiNaSe aCtiVity @558Y .e.vnvieeriiiivninninirinrereieretoneanerentnecinenns 39
2.3.4. ImmunofluoresCcence MICrOSCOPY .cuuuiurtetueieererenrnierneesrieneieraenanins 40
2.3.5. ETH-2 GOIA IBrary «.euceniiniii i et e 40
2.3.6. SCFVS SEIBCLION .tiviriteitiiiiniiii i it r et ee s et et e enrearraaans 40
2.3 SR AT e et 47
2.3.8. Enzyme-linked immunosorbent assay (ELISA) ....coveieiiiiiiiiiiiiaien 41
2.3.9. Expression and purification 0f SCFVS «..uiuiiiiii i 42
2.3.10. Size-exclusion chromatography (SEC) «.vovviiiriiiiiiiiie e, 42
2.3.11. Fluorescence size-exclusion chromatography (FSEC) ..vvviveviiiiiiiniininnnns 43
2.3.12. Binding affinity determination by ITC ....cviiirii e 43
2.3.13. HUVEC tube formation @SSay «..ocoviriiiiiiiiii e eaneieeeeee e eaens 43
2.3.14. HUVEC MIGration @SS3Y «..vevesrrererirnienemneininicneinereerestnsmienresesennne 44
2.3.15. Squassh analysis of VEGFR-2 internalization ......c.coceeiiviiiiiiniiinininianans 44
2.3.16. Trypsin digestion of cell surface exposed receptor .......c.oevveevviiniicenanen 44
2.3.17. StatistiCal @NAIYSIS evninririiriii i e e 44
28, RESUILS .ottt et e e 45
2.4.1. Selection, production, and purification of scFvs antibodies ......c.....ocoeoe.e. 45
2.4.2. Binding of scFvs to recombinant and endogenous VEGFR-2 .........c.coooiuens 50
2.4.3. Functional inhibition of VEGFR-2 phosphorylation with scFvs ........o.cociiiis 51
2.4.4. Effect of antibodies on HUVEC tube formation and migration ..............oues 52
2.4.5. VEGF and scFvs induce internalization of VEGFR-2 .....c.ooiiiiiiiiiiiiinn 55

R T 0 1Y o(8 131 (o] o OO 57



3. REFORMATTING SCFV ANTIBODIES TO FRAGMENT ANTIGEN BINDING

(FAB) ANTIBODY FRAGMENTS ..ottt e 59
3L INErOAUCHION L.eeniiiiiiie e e 60
3.2. Materials and methods .............cccciiiiiiini e 60

3.2.1. Cloning strategy for reformatting SCFVS t0 Fabs .....ovovvvnviiiiiiiiinininnennne, 60
3.2.2. Expression and purification of soluble Fabs ........ccocoviiiiiin 61
3.2.3. Receptor kinase activity assay and HUVEC tube formation assay ................ 61
33 RESUILS i 62
3.3.1. Construction of Fab format ........cocevviveiiiiiiiiiiiiiii 62
3.3.2. Expression and purification of Fabs «.......ocvvveriiiiiiinici 62
3.3.3. Affinity determination with ITC ......veiiiiiiiiii e, 62
3.3.4. Receptor kinase activity assay and HUVEC tube formation assay --.-.«..eeevne. 65
3.4, DISCUSSION . eevueiiiieeteti et ee et et e c e ee e 67

4. OBTAINING FULL-LENGTH IGGS FROM PREVIQUSLY CHARACTERIZED

VEGFR-2 INHIBITORY SCFVS ....oiiiiiiiiiiieieee ittt et 69
41 INErOAUCHION evviniiiiii e e e 70
4.2, Material and methods .......ccoirriiiiiiii 70
4.2.1. Cloning, production, and purification ...........cccoviiiiiniiiiiinin 70
4.2.1.7. CloniNg PCONAB VECIOIS L..iiuiiieeiateen e emi it ianeeneiae s, 70
4.2.1.2. Reformatting with MultiPrime expression System ...........ccceeeenveenee. 71
4.2.1.3.18GS PUICALION «uivviniieeniiieniiieiie e 71

4.2.2. Fluorescence size-exclusion chromatography (FSEC), receptor kinase
- activity assay, tuDe fOrmation @SSAY «.....vevveersrsmnnerrreirerin et e 71
T UABURESUIS o e 72
- 4.3.1.18G cloning and PUIfICAtION ..v.uveeercrnreeiiieeiiee e 72
4.3.2. CIoNiNg iNtO PCONAS VECLOTS «vvvieeieiineneieieietiienetreeeianeas i ineeaaens 72
4.3.3. Cloning With MUILIPIIME ...iuuieiiieer e e et vt e e e aeenas 73
4.3.4. Determination of IgGs binding to VEGFR-2 by FSEC ......cevvivviriiiienanienns 76
4.3.5. Functional inhibition of VEGFR-2 phosphorylationwith IgGs .........c........... 77
4.3.6. HUVEC tube fOrmation @SSaY ..........covierriniiemiieeineernieeirerinesnnaeeineeenns 78

8. DISCUSSION ..ovveie e e 79




5. SELECTION AND CHARACTERIZATION OF SCFVS SPECIFIC FOR THE

MOUSE VEGFR-2 ECD ...coniiiiiitieii et v 81
5.4 INtrodUCHIoN «.ooovveiiii e 82
5.2. Materials and methods ...........ccccoiiiiiiiiiiiiiiiiic e 83

5.2.1. Production of recombinant mouse VEGR-2 ECD ....cvvmmrrriniiininniieneenenn. 83
5.2.2. Selection of mouse specific $cFvs against VEGFR-2 .....covvvvvevneireinannennnns 83
5.2.2.1. Selection of mouse specific scFvs from ETH-2 Gold library ................ 83
5.2.2.2. Selection of species cross-reactive scFv antibodies against mouse and
Ruman VEGFR-2 ECD ot et e, 83
5.2.2.3. Selection of mouse specific scFvs from R3 EPFL library ....ovvvvveevnnnen.. 84
5.2.3. Sequencing of Selected MOUSE SCFVS ...veiuiiieiier e eeeieeiieeeerreeeenianas 84
5.2 4. Testing protein expression to select optimal bacterial strain .................... 85
5.2.5. Expression and purification of scFvs against mouse VEGFR-2 ............cc..... 85
5.2.5.1. Expression and purification of soluble scFvs from ETH-2 Gold library ... 85
5.2.5.2. Expression and purification of scFvs from R3 EPFL library .....c.oeeevei. 85
5.2.6. ELISA for DINAer SPECIfICLY +.vnvvervrieeireiriiaeeiee e ernrern e eriasrreenannanns 86
5.2.7. COllCUITUNE - ovetiiuineii et ettt e et et e e e et et e et s e e aeaaeeeanes 86
5.2.8. Receptor KiNASe aCtIVILY 3SS@Y «vvunverruerirnerereieeerneerinerierenenertineeennens 86
5.2.9. HUVEC tube fOrmation @SSAY vuue.vveserviuerrreesirireesneeerinestenesrienssnnenens 86
5.3 RESUILS Lot e 87
5.3.1. Selection, production, and purification of scFvs antibodies ...................... 87
5.3.1.1. ETH-2 GOIA TIDrary .ouvieiieniiiviieireii et eer e e e e e e eaa 87
53.1.2. RIEPFLIDIANy vt 87
5.3.2. Functional inhibition of VEGFR-2 phosphorylation with mouse specific scFvs .. 90
5.3.3. Effect of antibodies on endothelial cell tube formation ..........coeviiiinn, 92

o B B T 13 1o ] o T TP 93



6. TUMOR TARGETING WITH RADIOLABELED DARPINS ............ccceeeeinninen. 95

6.1, INEFOAUCTION ettt et e e et e e e e e e e een 96
6.2. Materials and Methods ....ooevveiiniiiieii e 96
6.2.1. Cell lines used iNthe StUAY v.vveeviriiiiiiiiii e %6

6.2, 2. DARPINS ittt iiiti et ettt et e et e ee e e e e 96

6.2.3. Fluorescence activated cell SOrting (FACS) «.vvivivenrenenereieiie et eeieneinnanes 97

6.2.4. IMMUNONISIOCHEMISIIY . evvveiieiieeerieereeteeirin e e e e eerieenre e eeaeanans 97

6.2.5. Labeling of DARPINs with 99mTc(CO)3 ..u.eiinitirier e eieiee v ieee e eaeaians 97

6.2.6. INVIVO IMABEGING . ev.iriieeta et iie ettt et et e e ae e sen e eanaees 97
6.2.6.1. ANIMAIS <. etnitirit et e et e re et et ie e r e en et et e e reeeneneraaaaas 97

6.2.6.2. Cancer Cll INJECTIONS .ivuerrueen ittt et cea et e 97

6.2.6.3. Tumor targeting with radiolabeled DARPINS .........ccooviviiienininiinnn, 97

6.2.6.4. SPECT/CTIMAGING +.vvnireniieiinii e e 97

6.2.7. BIOQIStIIDULION +.vtitiirirert et ee et et e re e ere et e e e enenane entneraananes 99

6.3, ROSUIS L.uuiiiiii i e et e 99
6.4, DISCUSSION .vuivniiniiiiiiiiie ettt e e e e e et et e e e e ern e e aaaanas 104
7. CONCLUSIONS AND QUTLOOK ....oviiiiiiieeeei i ee el 105
8. ACKNOWLEDGEMENTS ....oiivniiiiiiiien et e e e e et e e e e e vt e e e et e en e 107

9 REFERENCES ......oeiiiiiiiierieiie e ieiitie e ieee e e ae st eeeeee e e eiinee s eeeen e naain)] 109



	vtls001903973 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3
	Seite 4
	Seite 5



