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Abstract

The failure of traditional protein-based vaccines to prevent HIV infection highlights the
need for novel vaccine strategies. An effective HIV-1 vaccine will need to induce cell-
mediated and humoral immune responses at both systemic and mucosal sites.

DNA based vaccines are appealing candidates for novel vaccines because they are
inexpensive, stable and simple to manufacture. They also mimic a viral infection, by
using cellular machinery to produce vaccine antigens in the same way that viruses hijack
the host cell to produce viral proteins and nucleic acids, but are not infectious
themselves. DNA vaccines effectively induce both humoral and cell mediated immune
responses to viral antigens, however despite being licensed for veterinary use they have
so far been insufficiently immunogenic in human trials.

To realise the potential of DNA vaccines, the technology must first be optimised
to improve both delivery and immunogenicity. In this thesis I have proposed two novel
approaches to optimise DNA vaccines. Firstly, to improve delivery, I have proposed the
use of influenza virosomes as a delivery vehicle for the intranasal administration of DNA
vaccines. Intranasal vaccination is known to induce pan-mucosal immune responses at
distant sites such as the genital mucosa. This concept is particularly important for HIV
vaccines, as it is believed that an early immune response at the genital mucosa offers the
best chance to control HIV infection before it becomes systemic. In this thesis I have
used live imaging of the reporter molecule, luciferase, to confirm efficient intranasal
delivery of DNA vaccines by influenza virosomes, and this is the first time that
visualisation of this process has been reported. I have also demonstrated that intranasal
delivery of virosome-encapsulated DNA can enhance the mucosal immune response.

Secondly, to improve immunogenicity, I have proposed the use of suicide genes
to induce cell necrosis and provide an adjuvant effect for DNA vaccines. Necrotic,
antigen-positive cells release a range of intracellular factors that signal via receptors on
dendritic cells, including Toll-like receptors and Clec9A, and lead to dendritic cell
activation and enhanced cross-presentation of antigen. In this thesis I have tested the
novel application of the suicide genes NSP4, perforin (PRF) and DTa, which induce cell
death by different mechanisms. I have provided evidence that suicide gene-induced
necrosis in DNA vaccine-targeted cells provides an adjuvant effect. In this thesis I report
that a DNA vaccine that induces cytolytic, rather than apoptotic, cell death enhances

CD11c+ CD8a+ dendritic cell activation, broad and multifunctional CD8 T cell responses
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and increases protection in mice from challenge with a chimeric virus, EcoHIV. This
enhancement was also dependent on the timing of cell death after antigen expression.
Thus, cytolytic gene-induced necrosis resulting from co-expression of perforin and an

immunogenic protein can significantly improve the immunogenicity of DNA vaccines.
The work in this thesis therefore describes the development of a novel intranasal

delivery system and a novel adjuvant system that advance DNA vaccine technology, and

improve the potential for DNA to be used as an effective vaccine for HIV-1.

v



Declaration

[ certify that this work contains no material which has been accepted for the award of
any other degree or diploma in any university or other tertiary institution and, to the
best of my knowledge and belief, contains no material previously published or written
by another person, except where due reference has been made in the text. In addition, I
certify that no part of this work will, in the future, be used in a submission for any other
degree or diploma in any university or other tertiary institution without the prior
approval of the University of Adelaide and where applicable, any partner institution

responsible for the joint-award of this degree.

[ give consent to this copy of my thesis, when deposited in the University Library, being
made available for loan and photocopying, subject to the provisions of the Copyright Act
1968.

[ also give permission for the digital version of my thesis to be made available on the
web, via the University’s digital research repository, the Library catalogue and also
through web search engines, unless permission has been granted by the University to

restrict access for a period of time.

Tessa Gargett.



Acknowledgments

I would first like to acknowledge and thank my principal supervisor Professor Eric
Gowans for his assistance in designing the experiments and analysing the data
presented in this thesis, and for his extensive help with editing manuscripts and this
thesis. I would also like to thank my co-supervisors Dr. Branka Grubor, Dr. Darren
Miller and Professor Chris Burrell for all their help in designing the experiments and
analysing the data presented in this thesis. [ would particularly like to thank Dr. Darren
Miller for the extensive technical training he provided at the beginning of this project in
terms of cloning, virosome preparation, animal handling, live imaging, and
immunological assays. Dr. Darren Miller also performed the initial experiments that
established the formulation of the influenza virosomes in our laboratory.

[ would next like to thank all other past and present members of the Virology Lab.
In particular, I would like to thank Stanley Yu for his assistance with data analysis and
with my lab work, including the isolation of mucosal draining lymph nodes, and Tamsin
Garrod for her ongoing practical and moral support during my PhD, including assistance
with mouse handling, protein purification, peptide pool preparation and EcoHIV
production. Some of the work described in this thesis is based on her initial
observations (of the cytotoxicity of perforin) during her Masters. In addition, the
perforin and DTa genes were sub-cloned from DNA constructs originally generated by
Hugh Trahair during his Masters.

I would like to thank Don Anson, Ilia Voskoboinik, Barbara Coulson, Ehud
Hauben, Steve Wesselingh, Joe Toressi, Bruce Loveland, Phillipe LaTour, Andreas
Suhrbier, Guy Madden, Shaun McColl and Simon Barry for contributing reagents and/or
advice on this project, and on my PhD candidature in general.

[ would like to thank Lee Major for technical assistance with the EcoHIV model,
Trish Cmielewski and Ruth Williams for technical assistance with the live imaging, Lynn
Marsden for technical assistance at the Women’s and Children’s Hospital animal house,
and Jing Ou for statistical analysis.

Finally, [ would like to thank my partner Tim Lucas, and my family and friends,

for their continual love, support and friendship throughout my PhD.

Vi



(r)Ad5
ADCC
ADCVI
AIDS

CFSE
CD
DAMPs
DC
DMEM
DTa
EcoHIV

ELISA
ELISPOT

env

env/ENV

FCS

g9ag
gag/GAG

GCV
GFP
HBS
HIV
HSV-TK
ID

i.d.

IFN-

IM

Abbreviations

(recombinant) Human adenovirus type 5

antibody-dependent cell-mediated cytoxicity

antibody-dependent cell-mediated viral inhibition

Acquired Immunodeficiency Syndrome

base pairs

Carboxyfluorescein diacetate succinimidyl ester

Cluster of Differentiation

Damage-associated molecular patterns

Dendritic Cell

Dulbecco’s Modified Eagle Media

Diphtheria toxin subunit A

Ecotropic Human Immunodeficiency Virus (HIV envelope replaced with
envelope from murine leukemia virus)

Enzyme linked Immuno-sorbent Assay

Enzyme linked Immuno-sorbent Spot Assay

HIV-1 env gene encoding DNA sequence for expression of the envelope
glycoprotein

HIV-1 envelope gp160 protein that is cleaved into: gp120 surface unit and
gp41 transmembrane domain

Fetal Calf Serum

HIV-1 gag gene encoding DNA sequence for expression of gag protein
HIV-1 p55 gag polyprotein that is cleaved into: p24 capsid, p17 matrix and
P7 nucleocapsid

gancyclovir

green fluorescent protein

Hanks buffered Saline

Human Immunodeficiency Virus

Herpes simplex virus thymidine kinase

Intradermal injection or vaccination

immuno-dominant

Interferon

Interleukin

Intramuscular injection or vaccination

vii



IN

P

IR

Iva

kb

kDa
LAV
LUC
MVA
NSP4
PAMPs
PBS
PEC

PI

pol
pol/POL

PRF
RBC
RES
RPMI
SC
SIV
SFU
TLR
TNF-

Intranasal vaccination

Intraperitoneal injection or vaccination
Intrarectal vaccination

Intravaginal vaccination

kilo base

kilo Dalton

live attenuated virus

firefly luciferase

Modified vaccinia Ankara
non-structural protein 4
Pathogen-associated molecular patterns
Phosphate buffered Saline

Peritoneal exudate cells

Propidium lodide

HIV-1 pol gene encoding DNA sequence for expression of pol protein
HIV-1 p110 pol polyprotein that is cleaved into: p11 protease, p66/51
reverse transcriptase and p35 integrase
Perforin

Red Blood Cells

Restriction enzyme site

Roswell Park Memorial Institute Media
Subcutaneous injection or vaccination
Simian Immunodeficiency Virus

Spot forming units

Toll-like receptor

Tumour Necrosis Factor

viil



Table of Contents

20 1 o iii
1D Tl B ) 2= U 0 ) T, \
ACKNOWIEAZGMENLS ....covrernrnssssmsmssssnsssssssssssssmssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssssasnsssassnses vi
D201 0 a4 B U0 0 1 vii
Table Of CONETENLS ..o e e ix
Chapter 1 - INtroduCtion ... s sssssssssssssssssassssssassnsasassns 1
1.1 An Overview of VacCiNatioN.....cccimmsmsssmssssssmsmssssssssssssssssssssssssss s sssssssssssssassssens 1
1.1.2 Vaccines to induce humoral vs. cell-mediated IMmmMunity ... 4
INNALE IMIMUNILY wotvrtrerereseeseesesssessssessss s ssssssss s sssssss s sssssses s st s sssss st s s s s st se st sasusssssssnsassanesns 5
Adaptive humoral IMMUNILY ... ssssssssssssssssssssssssssssssssssess 7
Adaptive Cellular IMIMUNILY ..o sssssss s sssssssssssssssssssssssssssssssssssssees 7

1.2 Human Immunodeficiency Virus (HIV) ... 9
1.2.1 Pathogenesis and epidemiology of HIV ........ccoiummmmmmmsmmsmsmsmsssmssmssmssssssssssssssssssssssss 9
1.2.2 Overview of the molecular biology of HIV ... 11
The HIV 2en0me and VIFION .. eenressssssssesssssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 11
1.2.3 The Course of HIV infeCtion........cocuicimimssmmmsmsssssssssssssssss s ssssssssssssssssassssens 13
EATTY N ECTION 1ttt bbb s R s 13
ACULE INFECTION ottt s b s b st 14
Persistent infection and AIDS ... sssssssssssssssssssssssssssans 16
1.2.4 The HIV-specific Inmune teSPONSE .......covrsmmmsmmmsmssmsmssssmmsmsmmsssmssssssssssssssssssssssssssssns 17
Long-term NON-PIrOGIreSSOTS ...t sessens 17
Exposed, HIV negative iNdiVIdUALS ..o sssssessssssssssssessssssssssssssssssssssssssssssssssssssssssssans 19

The Simian Immunodeficiency Virus Model ... nenesssesssssssssssssssssssssssssssssssss 20
1.2.5 Prevention and treatment of HIV ... 22
Antiretroviral therapy and therapeutic VaCCINeS. ... sssssssees 22
Preventative StIatEIES. ... e s 23

1.3 HIV Vaccine Clinical trials ......oommmnmsssssssssssssssssssssssssssssssssssssssssssssssssess 24
1.3.1 The AIDSVAX Trial....cisssssssssssssssss s s ssssssns 24
1.3.2 The Step Trial....cccimimmmmrimimsisssssssssssss s s s ssssesssseans 26
RATIONALE ottt s s b R R AR 26
Pre-CliNICAl LESTINE v ssssses s s s s s bbb b s s s s 27

The CHNICAL TFIALS .ot s bbb bRt 28
FOIIOW UP STUAIES c.urerrieereereisesseise s s sssssss s ssssss s st s sssssse s ssssssssssssssssssassssssssssssssssssans 29
1.3.3 The RV144 Trial s s ssssssssssssses 31
RATIONALE ottt s b s R AR R R 31
Pre-CliNICAl LESTINE vttt st s s s s s b s an s 32

The CHNICAL TFIALS .ot s s s R bbb 33
FOIIOW UP STUAIES c.vervreereereisesseeseissssessesssssssssssssssssss s st s sssssssse s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 34
1.3.4 Phase 1 and 2 clinical trialS......cconmmsssssss s 35
1.4 Novel Vaccine ReSearch ........mssmsssssssssssssssssssssssssssssssssssssssssssssssssssens 37
I D 0\ N Tl 1 L 37
[MNPIOVING EXPTESSION coucureuecererrerrerresesesese st st 40
Improving delivery - LipoSomes and VIFrOSOIMNES .....c.uerrnenenmsnssnsesesssssssssssssssssssssssssssssssssssssssssns 40
Improving delivery — Gene-gun, Electroporation and DNA tatto0ing.......ccuuemeneenmesesssensesesnns 41
IMpProving iMMUNOZENICILY ..t 42
1.4.2 Recombinant viral VacCines ... 44
AQENOVITUS VECLOT'S wuuvsrueeseisersesssesssssessssssssssssssssssssssssssssssssssessssssesssssssssssssssssassssssssssssssssessssssssssasssssssssssasssnnss 44
POXVITUS VECLOTS cuvuietreeeeereeeses st sesse st s 46



(010 a0 g7 =1 IR Z<Tot o) =3 T 47

1.4.3 Routes Of VACCINAtION ..o s s 49
INETAMUS CULAT TOULE c..cereeeeeeeereeeesees s sess s s s s ss s p s n s 49
Subcutaneous and iNtradermal TOULES ... sessesse s sees s sessssessesssssssssasesaes 49
MUCOSA] TOULES ...ovvvreeeeseeeeeseesserseeses s s ss s s s s s s s R R 51

1.4.4 AQJUVANTES coviuiinsnssnsnssmsnssnssssssssssissssssssssssssssssssssssssssssssssssssssnassseasssessssessssesas s sanss sansnssnsnssensssssnssnsnsans 54
Cytokines and other immune-stimulatory faCtors ... 55
Dendritic cell targeted adjUVants ... sssssssssssssssssssssssssssssassssess 57

1.4.5 Suicide genes as adjuvVantS........cmmmmmmmmss s ————————————————_ 58
APOPLOSIS ANA NECTOSIS vvivueurererseseerssssssesse s bbb s s s bbb e s 58
Suicide Zenes as CANCET tNEIAPY .ot s ssass s st s sssassssess 61
Suicide genes as adjuvants fOr VACCINES ... sssssssssssssssssssssssssssssssassssess 62

1.5 EXperimental AIMS.....ommmmmssmsssssssssssssssssssssssss s sssssssssssassssssssssssns 64
Chapter 2 - Materials and Methods........cummmmmmmssssssssssssssssssssss 65
2.1 DNA vaccine CONSErUCHION.....cciimmmmsmmsmsmsmsssssssssmssssssssssssssssssssss s sssssassssssassssssasss 65
PVAX comMMErcial PlASMid .c.cceeeereerrissressssssesesssssessessssssss s ssssssssssssssssssssssssssssssssssssssssssasssssssessssasesss 65
Bi-cistronic pVAX Plasmid.....ccrenmnsesesssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssness 65
PCR primer design for gene amplifiCation ... sssssssssssssssees 66
Digestion and IZAtION ... ssss s s st s s s s s s s anssess 67
DN A SEQUENICIMG e eueeerereererresressessesssssesessessessessssesss s s essssssssssessessessessssssssssessessessessssssssssessessessesssssssssssssessensenass 67
LUCIHEIASE ASSAYS vrururrermrsseusessssssessessssssessssssssssssssssssssessassssassssessssssesssssssasssssssssasssssssssusssssssesssasesssassassssssassasssness 68
IMIMUNO-DIOTEINE 1uvererireireesrissisesseessisessss s sssssss s s s st s s st 68
Trypan blue counts for suicide gene induced cell death......ccvnernennennnsnee e 69
Detection of necrosis by Propidium Iodide and Annexin V flow cytometry .......cooeennsenseenens 69
Preparation 0f DNA VACCINE STOCKS ..o sssssssss s ssssssssssssssssssssssssssssssssssssssssasssness 70
2.2 Virosome formulation and testing in Vitro ... 70
INflUENZA VIIUS PrOPAZATION cuuccerrerereeereeseisesseese e ssssssssessssss s ssssss st s sss st sesssssssssssssssssssssasssness 70
HA protein gel and WeSterN DIOTS. ... sssssss s ssssssssssssssssssssssssess 70
HemaglutiNation @SSAYS .rresreessssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssess 71
ViIroSOmMe fOrMUIAtION cocuueuee et s s s s e 71
BT a0 oI C o L] () ¢ 72
GFP flUOreSCENCE MICIOSCOPY courrerirneureersrsesessssssssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssessssssssssssssssasesness 72
GEP flOW CYTOMIBLIY couurtieeeerirersesseesssssesssesesssessssssssssssssessssssssesssssssssssssssssss st s st sesssssses s ssasssssssssasesnnss 72
2.3 Mouse vaccination and challenge ... ————— 72
o 72
E N T LT3 o o U (o TP 72
12 oo Te Qo] 1 1=t (o ' LOPU TP 73
LaVAZE COILOCTION ettt sttt s s s s b bt 73
Spleen and Iymph N0de COIIECHION ... s s nssees 73
Peritoneal macrophage COIIECHION ... sss s s s s s s sssssees 74
Intradermal VaCCINAtiON ... et sees s sees s ss s s s sn s 74
INEranasal VaCCiNatiON ... sseesse s s sess s s sss s s s sn s 75
Intramuscular and subcutaneous VacCiNAtiON ......occeeeeereemnereessesseesesssessess s sessssessesssssssessesnees 75
LIVE IMAGINE vt ssessst st st s s s s s s s b s s b b 75
ECOHIV Challenge MOAEl......ocirireriirsisessessisesee s ssssss s sssssss st ssssssssssesssassssssssssssssssssassssess 76
2.4 IMMUNOIOGICAl ASSAYS .evururucererersssssssssssssssssssssssssss s sssas s s e asas 77
Recombinant protein production and purifiCation ... 77
[gG ELISA and Uric acCid tESTINE ..urenenesressisessessssssssssesssssssssssssssssssssssssssssssssssssssessssssssssssasssssssssasssness 78
Peptide fOrmMUIAtIONS ...ttt s s s s s s s 78
ELISPOT ..oeteeeeeeueeesseesseesssesssseessssasssesssess et sesssses s s s s bR 8RS R R R R RS 79
Intracellular Cytokine Staining (ICS) and flow CYtOMELIY ..occrnnerernsrnseseessrsesessesssesesssssessessees 79
Dendritic Cell fIOW CYLOMELIY ..ot s st s st s ssassssssssassssess 80
CFSE proliferation flow CYTOMELIY ....cuieensisesssssssesesssssssssssssss st ssssssssssssssssssssssssssssssssassssess 80
Memory T cell population floW CYLOMELIY ... ssssss s sssssss s ssssssssssssssssees 81



HISTOLOZY couvueerrernrneusessisesseesssssssss s s bbb s s b R R bR bR 81

ECOHIV rePliCation QSSAY w.uieeerernseeesssssssssssssssssssessssssssessssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssans 81
STALISTICAL ANALYSIS crvrvrureureererrseserreisssses s s s s bbb a s s R bR an s 82
Chapter 3. Virosomes for the intranasal delivery of DNA vaccines ........c.ouemsssnsesans 83
B 00 00 01 0 L0 U ) 83
The Intranasal deliVEIY FOULE ... sssssssssssssssssssssssssss s sssssssssssssssssssssans 83
Luciferase as a model VacCine antigeN.....uienmninenesnssseessssssssssssssssssssssesssssssssssssssssssssssssssssssssssns 84
3.2 Virosome formulation ........imsmmmsssmssssmsssssssssssssssssssssssssssssssssssssssssssssssssassssssas 85
Virosomes contain membrane-bound influenza HA molecules ... 85
Virosomes contain encapsulated DNA ... ssssssssssssssssssssssssssssasssssss 88
3.3 Testing VIrOSOMES N VILF0....ccvcsersmssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssansas 90
Virosomes transfect HEK293T and A549 cell lines in VItro ... 90
ViIroSomes are Stable At 4°C ...t s ssssss s sssssssssssssssssssssassssess 92
Virosome extrusion reduces the cellular tOXICILY ..o sssessssssssesees 93
3.4 TesSting VIrOSOMES N VIVO ...cucvcsessmssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssansss 95
Virosomes and naked DNA transfect the ear dermis ... 96
Only virosomes transfect the nasal epithelia..... - 97
The duration of antigen expression varies for different vaccination routes ... 101
3.5 Immune responses following virosome vaccination ... 102
Virosomes cannot be used for booster vacCinations ......oneeninenennsesssnssssssessssssssssssssssens 102
Intranasal prime, intradermal boost induces systemic and mucosal antibody.........cccceecenurnae 105
Intranasal prime, intradermal boost induces systemic and mucosal T cell responses........ 106
3.6 SUIMIMIATY wourinsnsssssassarsassnsssmsssssssssssssssssssssssssssssssassasssssssssssssssssssssssssssssssssssssssssssssssssssssassassassn 107
Chapter 4. Optimisation of suicide genes as adjuvants for DNA vaccination. ....... 109
Z: 05 U001 0 7 11 ot () o 109
Previous studies into cell death and VacCiNation ... sssssssess 109
Intradermal delivery and dendritiC CELIS ... sssssssess 110
SUICIAE ZENE AUJUVANLES ..cvveeceeereresseesesseseisssssssesssssssssssse s sss st sssssssssssssssssssasssssssasssssssssasssnesans 111
4.2 Candidate suicide gene testing in VItro ... 112
Design of DNA vaccines to encode an antigen and suicide Sene ... 112
Suicide genes induce cell death iN VItI0 ... sssssssssssssssssssssssssss 113
Trypan blue staining for VIability ... sssssssees 115
Luciferase assays to track Cell dath ... ssssssssssns 116
Flow Cytometry to detect apoptosis and NECTOSIS . ssssssesns 118
4.3 Effects of suicide gene expression on luminescence in vivo ... 122
Tracking luminescence in vivo to identify luciferase-positive cell death.......ccorerrirnrecrernnes 122

4.4 Effects of suicide gene expression on the luciferase-specific immune response

.......................................................................................................................................................... 126
The humoral immune resSponse to IUCIHErase ... ssssseees 127
The cell-mediated immune response to IUCITEIrase ... 128
4.5 Evidence for suicide gene-induced necrosis and DC activation .......c..cuucusensnsnns 129
Histology to identify necrosis and inflammation in the ear dermis .......coeeennenneninsenncnenns 130
DC populations and activation in the draining lymph node......nn. 132
4.6 SUININIATY .ecurrursnrssmssssssssssssssssssssssssssssssssssasssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassassassassn 137
Chapter 5. Suicide gene adjuvants to enhance the immune response to HIV-1 viral
1 1 e 1 L 140
LS00 T 01 0 T L U 00 o P, 140
GAG as an HIV-1 vacCine antigemn ... sssssesesssssssssssssssseasens 140
Methods to examine cell-mediated iMMUNE FESPONSES...urrrrrnrerermsrnnesesssrsesesssrssssssssssssssssesns 140



5.2 Design and testing of gag DNA vacCines in VItro.......mssssmssssssssssssssssssssssssses 141

DNA vaccines encoding HIV-1 antigens and a suicide gene candidate......cc.cocmermeeseesrersreenes 141
5.3 Cell-mediated immune responses to GAG DNA VaCCINES ....c.ccormrumsmsmssssmsessssssassnses 145
GAG peptide pools fOr IMMUNO-ASSSAYS urrrrmreerrirsmesessissssssesssssssssssssssssssssssssssssssssssssssssssssssssssasssssess 145
ID DNA vaccination to induce GAG-specific ImMmMUNE IreSPONSES ...vuvererrrrrmenmerrersmessessesssessessessnens 146
The effect of suicide gene adjuvants on IFNy ELISPOT responses to GAG......ccuenreneeseeneens 147
5.4 Multi-functional cell-mediated immune responses to GAG DNA vaccines.......150
The effect of suicide gene adjuvants on multiple cytokine secretion.........uoeenserneeerserneens 151
The effect of suicide gene adjuvants on cell proliferation........oereneerneeneeseesneesseesseeeeseesneens 156
5.3 Humoral immune responses to GAG DNA VACCINES .....cccumsmsmsussmsmssssmssssssssessssssassnses 157
The effect of suicide gene adjuvants on capsid- (p24) and matrix- (p17) specific antibody
TESPOIISES cuuveureerirsressessessssssessassssssessessssssessessssssessessssssessessssssssesse s sssssse s ssneses s s s bR R R e R 158
LI 3 11011 1B ) o 2 159
Chapter 6. Vaccine-induced protection against EcoHIV challenge.........c.cocvcrnrenenes 163
LS 10 410 o710 U0 ) 163
The ECOHIV MOGEL ...t sess s sses s sess s sessssssssssse s sss e saeees 164
6.2 Optimisation of the EcoHIV challenge model in vitro and in vivo ... 165
Propagation and testing of ECOHIV iN VITI0 ..o ssssssssssssssssssssssssssssssssens 165
ECOHIV 1epliCation iN VIVO .crnicseississsssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 167
6.3 Protection against ECOHIV challenge............cccoonnnnmnnmsssnnsnmmssssmssssssssssssesssees 168
6.4 Suicide gene technology provides increased protection against EcoHIV
Lol 1B 11 0] 169
The effect of pVAX GAG PRF vaccination on ECOHIV challenge ......counnennensensensesssesssnesneens 170
Immune responses after ECOHIV ChalleNge ..o ssssssessssssssssssssssens 171
6.5 Long-term protection from EcoHIV challenge...........ccuusmmmmmsmsmmssmsmsssmsssssssssssssssnnas 174
The effect of pVAX GAG PRF vaccination on a long-term EcoHIV challenge ......ccccovunureneenen. 175
Immune responses after long-term ECOHIV challenge ..o 176
6.6 SUINIMATY .ooueiieriursumssmssssssssssssssssssssssssssssssssssasssssssssssssssssssssssssassassassssassssssssssssssssssssssnssassassassassn 180
Chapter 7. DISCUSSION. .o sssssssssssss s e 183
7% T 031 0 T L U 00 o 183
Novel vaccine strategies fOor HIV-1 ... sssssssssssssssssssssssssssssssssens 183
DNA VaCCINES fOI HIV-T ..o esees st sesssses s sssss s sses st sesssesssssssesssssssesasssanes 185
7.2 Virosomes for the intranasal delivery of DNA vacCines ........coovevmsmsmsessssssssesesesesns 189
Virosome delivery of DNA vaccines improved the mucosal immune response .........cccoueeen. 189
The potential of virosomes to be used for delivery of DNA vacCines .....coreoreenseenserneeesserneens 190
7.3 Suicide genes as adjuvants for DNA VacCCINES.......coummmsmmmssmsmssssssmssssssssssssssssssssasssses 192
The importance of the mechanism and timing of suicide gene-induced cell death................ 192
Limitations and future work for suicide-gene adjuvants ... 193
Suicide genes can either enhance or inhibit the immune response to GAG ......ccoorureereeererseens 195
The EcoHIV challenge model for testing HIV-1 vaccines in mice......onennensensesesssessesesnnens 197
The potential for suicide genes to be used as adjuvants for DNA vaccines ......cnenneennens 199
A 000 1 Lo 11T 0 200
2 0] 8 =3 1 L0 o 202
Appendix A. Table of primer SEqUENCES ........ccourmrmmsmmsmsssmsmsmssssssssssssssssssssssssssssssssssasass 202
Appendix B. Table of plasmid DNA constructs used in this thesis.........cummennn 203

xii



Appendix C. Examples of the mouse clinical record sheet and the mouse weight

IMEASUTECIMCIIES ..cueiiisiisisnssmssmssssssssssissss s a AR R A SRR R AR AR R AR AR R AR AR R AR AR R R AR AR R RS 204
Appendix D. GAG PePIAES ...cccurrrsmsmmsmsmsmsssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssasses 205
Appendix E. Purification of recombinant his-tagged p24 ........ccnmmmsmsmnssnsnssssnsesanns 206
Appendix F. QPCR primer amplification efficiencies, melt curves and

quantification curves for RPL13a and MLV.......ccummmmmsmssssmssssnssssssssssssns 207
BibliOoGraphy ... sssssssssssssssssssssssssssnssssssssssssssssssnssssssnssssssnsnsas 208

xiii



	TITLE: Optimising DNA vaccine technology to prevent HIV-­1 infection
	Abstract
	Declaration
	Acknowledgments
	Abbreviations
	Table of Contents




