Evaluating the Immuno-modulatory
Effects of a Natural Adjuvant as a Novel

Vaccine Strategy

Tamsin Jade Garrod
The Virology Laboratory
Basil Hetzel Institute for Medical Research

Ry THE UNIVERSITY

JADELAIDE

Discipline of Surgery
Faculty of Health Sciences
University of Adelaide
December 2013



Contents

CONTENTS ... I
T =TSP Xiv
TADIES ... XXi
ADSEFACT ... s Xxii
DECIATATION ... XXIV
ACKNOWIEAGEMENTS. ... s XXV
ADDIEVIALIONS. ...t XXVi
V= U 10 Tox ] o | SR TOUUSURSN XXViii
Chapter 1 : Literature REVIEW .........cccvieiii e 1
1.1 INEFOAUCTION ..ottt 1
1.1 HIV OVEIVIBW ..ottt bbb 1
1.2 HIV ClaSSITICALION ... 1
1.2.1 HIV=2 OFIQINS. ...ttt ettt 2
1.2.2 HIV-1 origins and epidemiology .........c.ccoueiiirieiininenieisieneese e 2
1.3 HIV genome and STFUCLUIE ...........oovviiiiiecie e 3
1.3.1 HIV gENOMIC FEUIONS ....vviviiiiieite sttt ettt 3
1.3.2 Te MaJOT GENES: GAG: -+ vveueerrerrerterterterteaseetetestestesbesbesseeseeseeseesbesbesbesbeeseaneenens 4
1.3.3 The Major geNeS: POl .......cviiiiiiiie e 5
1.3.4 The MaJOr gBNES: BNV....uiiiiiieiie e eciee et steeste st este et e e e sbe e s be e sreeabeesneeanee e 5
1.3.5 Regulatory and aCCeSSOY gENES ........civieiieeiieeitie st esteesbeestee e sree et 6
1.3.6 Virus assembly and budding ..........cccoooiiiiiiiiiii e 7
1A HIV CEI TFOPISI ot 7
1.5 HIV transmission and iNFECTION ..........cooeiiiiieiiiiiineeeee e 9
1.5.1 Methods to reduce HIV tranSmiSSiON ..........cocoverereneninieenese e 9
1.5.2 Primary INFECHION .......oouiiiiiii et 9
1.5.3 CHINICAI TAtEBNCY .....veiiiieeie e e s 10



1.5.4 CD4" T cell counts and AIDS Progression...........ceeeeeeevceersrereressesessennen. 11

1.5.5 HIV dual-INfECLIONS .......oviiiiiciiiiiee s 11
1.6 Improving CliniCal PrognoSIS.........cccuiieieieiiieiisese e 11
1.6.1 ANti-retroViral tREIrapY .......cccviiiiiicee e 12
1.6.2 Combination therapy and side effects ...........cooooeiiieiinise, 12
1.6.3 Initiating treatment Earlier ...........ccvevvieie e e 15
1.7 Immune correlates of Protection.........ccccocevveii i 16
1.7.1 Mucosal antiDOGIES...........coeiiiiiieiee e 16
1.7.2 Natural Killer CelIS .........ooviiiiecee e 17
1.7.2.1 NK cells and genotypic correlates of protection.............c.ccocevvrvrvennnnen. 17
1.7.2.2 NK cells and antibody dependent cell-mediated cytotoxicity ................. 18
1.7.3 T Cell FESPONSES ..ottt 18
1.7.3.1 CTL FESPONSES ....vvveiuieieiiiieeiiiieesitee s sitee e sibe e e sibe e ssb e e s ssb e e b e e s e e neeesnseeennes 19
1.7.3.2 T Cll FUNCHION ..ot 20
1.7.4 Broadly neutralising antibodies.............ccccveviiieiecii i 20
1.7.5 Intracellular and secretory factors ..........ccccoovvieieeie s 21
L1751 APOBEC 3. o 21

1.8 ANIMAl MOAEIS ... s 22
1.8.1 MOUSE MOUEIS. ..ottt 22
1.8.1.1 Humanised mouse MOUEIS ..........coouerieriieiisesiee e, 22

1.8. 1.2 BLT MICE c.eititiitieieeieee ettt bbb 23
1.8.1.3 ECOHIV o 23
1.8.2 Non-human primate MOUEIS ..........ccviiiiiiieiie e 24
1.8.2.1 Chimpanzee MOUEl .........cooiiiiiiciic e 24
1.8.2.2 SIV macaque MOdel...........coviiiiiiiiii e 24
1.8.2.2.1 Macaque model in HIV vaccine development............ccccoocvvieiiennenn. 25

L9 HIV CliNICAl TFIAIS ... 25



1.9.2 Phase H ClINICAl TrIalS ......eeeeeeeeee e 26

1.9.2 Phase H1 chinical trialS .........ccooviiieiiiiiciicce e 27
1.10 VACCINE BVOIULION ... 27
1.10.1 Vaccines: currently licensed or in clinical trials............ccocoooiiniiniiiiicienn, 28
1.10.1.1 Live attenuated VACCINES ..........ccureeieieriesiesie st 28
1.10.1.2 Inactivated VIrUS VACCINES .........eeeereierienieniesiesieeieeie e 28
1.10.1.3 SUDUNIE VACCINES ....eouveviiiieiieiisie et 28
1.10.1.4 Virus-like partiCles.........ccocoviiioiiiieieece e 29
1.10.2 NOVEl VACCINE SLrAtEUIES .....cveevveireeiesie ittt 29
1.10.2.1 Delivery modes and tissue targeting .........ccocevvevveieesecieeseeseecee e, 29
1.10.2.2 Recombinant Viral VECIOIS .........ccoouiiiieriiiieicise e 30
1.10.2.2.1 Replication-competent viral VECIOIS .........ccoveiirenininisicieee, 30
1.10.2.2.2 Replication-defective viral VECTOrS ..........cccceveiineniiiieiiccee, 31
1.10.2.3 DNA VACCINES .....oveuiinieiiiieste sttt sttt 32
1.10.2.4 DNA vaccine prime and viral vector DOOSt ...........ccccooeiiiiniiiinicieen, 34
L.1T AQJUVANTS ...ttt bbbt 34
1.11.1 LicenSed AQJUVANTS .......ccueriiiiieiieieieie ettt 34
1.11.2 Particulate adjUVanTS...........cccveveieeiiiieii e 35
1.11.3. DINA VACCINES.....cvitiitiitiaiieiieitet ettt 35
1.11.3.1 DNA vaccine-based adjuvantS...........cccceovveiieiiieiie e 36
1.11.3.1.1 DNA-encoded CYtOKINES .........ccceieriiriiiiieieieie e, 36
1.11.3.1.2 Co-administration of DNA-encoded CytoKines...........cc.ccoovevenennnn. 37

1.12 VacCiNg IMMUNOIOQY .....coiveiiiiiiiiiiiiieieie ettt 38
1.12.1 PRRS, PAMPS @and DAMPS.......ccoviiiiieiiere et enes 38
1.12.2 DCs and adaptive IMMUNILY ........ccooiiiiiieieiie e 40
1.13 Heat shock proteins (HSP) ......c.ooiiiiiiie e 40
1.13.1 The HSPA TamMilY ....ccoooiiiiiee e s 40



1.13.2 HSP70 structure and fUNCHION ... .....eeeeeeeeee oo 41

1.13.3 Bacterial HSP70 in vacCing Strategi€S.........couevverieeeeiieriesieseesie e sieeeeens 41
1.13.4 Mammalian HSP70 as an adjuvant.............ccoceeeeienenenenenesescseeeeeees 42
1.13. 4.1 HSP70 @S @ DAMP ...t 42
1.13.4.2 HSP70 as an adjuvant in vaccing Strategies..........cccccererererererenieenen, 42
1.13.5 Comparing bacterial and mammalian HSP70 as a vaccine adjuvant ........... 44
1,14 THRESIS @IMS ...ttt nb e 44
Chapter 2 : Materials and Methods ..........ccccoovviiiiiiievin i, 45
2.1 Bacterial strains, supplements and StOrage ..........c.cccocveveieeieeieseeseese e, 45
2.1.1 BaCterial StraiNS .........cccoviiiiiiicieee s 45
2.1.2 Supplements for bacterial Media ..........ccccoveiiriiiiinee 45
2.1.3 Glycerol Stocks Of DACLENIA ........cceeeiiieieriee e 45
2.2 DNA constructs, primers and synthetic oligonucleotides............c..cccccceevvnnen. 46
2.2.1 DNA CONSIIUCTS ...ttt 46
2.2.2 PrIMEE GESION .evviitiecie ettt ettt et be et e e esreeste e s e reene e 46
2.3 Polymerase chain reaction (PCR) and DNA preparation .............cc.ccocevvenene. 47
2.3 L PCR bbbt nae e 47
2.3.2 Gel electrophoresis and DNA purifiCation ...........ccccooererenenenenisisieiees 48
2.3.3 Plasmid DNA amplification and purification..............ccccoceevviveiieieeieiieneen, 48

F O O [o] 1] Lo [PPSR 49
2.4.1 Cloning using restriction NZYME SItES........cccvevieiiieeiie e see et 49
2.4.1.1 Restriction enzyme dIgESt.......ccerueriereririsesieeeee e, 49
2.4.1.2 Vector dephosphorylation ..o, 49

2.4, 1.3 LEIGATION ...ttt bbb 49
2.4.2 INFUSION CIONING ...ttt s 50
2.4.3 Heat shock transformation of bacterial cells ..o 50
2.4.3.1 Preparation of heat competent E. COli........cooiveiiiiiiiiiieeeeec 50



2.4.3.2 Bacteria transformation by heat SNOCK............cccccveveiiieiiiiecese e 51

2.4.4 Positive Colony SEIECHION .......cc.ccviiieice e 51
2.4.4.1 COlONY PCR ..ottt nne s 51
2.4.4.2 Restriction enzyme digestion of cloning products.............c.ccoovvveveienen. 52
2.4.4.3 Big dye DNA SEQUENCING ....cuveuveiiieiesieriesie st 52

2.4.4.3.1 Big dYE rEACLION ......ovieiiiiieiiieieieee et 52
2.4.4.3.2 Big dye Sequencing Clean UP.......ccooerererenininieiene e 52
2.5 Cell culture and transfeCtioNS ...........cocviieiiiiiei e 53

2.5. 1 Cell CUITUIE ... e 53

2.5.2 Cell STOTAQE ... .ecii ettt 53

2.5.3 Transient Cell transfeCtions..........coiirveiiiieiee e 53

2.6 Protein over-expression and purifiCation............ccocvvvveienenesc s 54

2.6.1 Bacterial heat shock transformation ............c.coocvveiirieieiene e 54

2.6.2 Bacterial growth and protein inducCtion ............ccocevveeienene s 54

2.6.3 Recombinant protein purification............ccccccvvveiiiiiccc s, 54

2.7 Protein deteCTION. .....cc.eiiiiiiiiieieiete e 55

2.7.1 Protein quantitation ...........ccccceiieiiiii e 55

2.7.2 SDS gel electrophoresis and western blotting ...........ccccovveveeceiicie e, 55
2.7.2.1 Sample COEBCTION.......coiiiiieieeee e, 55
2.7.2.2 SDS polyacrylamide gel electrophoresis (SDS-PAGE) .........cccccooveveneee. 56
2.7.2.3 Protein tranSTer........oiiiiiiiiceeee e 56
2.7.2.4 WESEEIN DIOTHING......coviiiiiiiiciieieiee e 56

2.7.3 IMMUNOTIUOIESCENCE ...ttt 57
2.7.3.1 FIUOreSCeNCE MICIOSCOPY ...eeiuveerieiieeiee sttt esieesteesteeeteesiee e e sree e e sree s 57

2.7.4 Visualising GFP protein expression by fluorescence microscopy ................. 57

2.7.5 Flow cytometry for protein detection .........ccccoeiveiinienienesie e 57

2.8 Mice and DNA VACCINALIONS .........coveiiiriiieesiisreeee e 58

Vi



2.8. 1 IMHCE ...t 58

2.8.2 DNA vaccinge adminiStration ............cooeovvinereinineeeesesreese e 58
2.8.3 TISSUE CONECLION ... e 58
2.8.3.1 Spleen and lymph node colleCtion ..............cccoviiiiiiiiieneeeeee, 58
2.8.3.2 Bl00d SAMPIES......oeiiiiiiiecieeeee e 59

2.9 IMMUNOIOGICAI BSSAYS ......eevvenreiiiiiiesiesiiee e 60
2.9.1 Enzyme-linked immunosorbent assay (ELISA)........cccccoveveiveiicvecce e, 60
2.9.2 IFN-y ElISPOt @SSAY ....cviiiiiiiiiiiiii it 61
2.9.3 FIOW CYLOMELIY ..o 61
2.9.3.1 Intracellular cytokine staining (ICS)........ccoouvviriiieieieiee e, 61
2.9.3.2 CFSE STAINING ...ttt 62
2.9.3.3DC and early T cell StainiNg .........cccooeiiriiiiieieee e, 62
2.9.3.4 Measuring the expansion of antigen-experienced CD8" T cells.............. 62
2.10 ECOHIV Challenge........coviiiiieee s 63
2.10.1 ECOHIV ProduCLION ......cccivieiiiieiii ettt 63
2.10.2 Sample CONECLION ....c.veceeeiece e 64
2.10.3 In vitro ECOHIV INfECHION........ccooiiiiiiiiicc e 65
2.10.4 Purification of RNA from PECs and splenocytes .........cccccevevievieeiicireennenn, 65
2.10.4.1. Converting RNA 10 CDNA ..., 65
2.00.4.2 QRT-PCR ..o eeeee e eeneons 66
2.10.4.2.1 Analysing data for QRT-PCR ........ccccooiiiiiiiiiieee e 66

2.11 StatistiCal ANAIYSIS .......coviieiiiee s 66
Chapter 3 : DNA Vaccine ConsStruCtion ...........ccoceveveniieiesieenesee e, 67
L INEFOAUCTION ... 67
BL2 AIMIS et b e 68
BB RESUILS . 68
3.3.1 Production of @ DICIStroNIC VECION...........coviiiiciieceseseee e 68



KT 22 O [0 1[0 USROS PSSR 71

3.3.2.1 Cloning a reporter gene to allow comparison between the levels of

protein expression driven by the SV40 and CMV promoters in pJ..........cccce...... 71
3.3.2.2 Production of the DNA vaccine CONSLIUCES.........ccerveierererinenieeeiee, 71
3.3.2.2.1 CIoNINg PI-CMVQAG -....cviiveiiieiieieieiie e 73
3.3.2.2.2 CloNING PI-SVA0QAG -....cveveiiieiienreienie sttt 73
3.3.2.2.3 Cloning pJ-CMVgag+SV40-HSP70 ........cccoeieiieie e 74
3.3.2.2.4 Cloning pJ-CMVgag+SV40-V5-HSPT70.........c.covvrerrereesreeserieersssens 76
3.3.2.2.5 Cloning pJ-CMVgag+SV40seCrHSPT70 ........ccccvvevveieiieir e, 76
3.3.2.2.6 Cloning pJ-CMVgag+SV40memHSP70 ..........ccccooveviiieirec e, 79
3.3.2.2.7 Cloning pJ-SV40gag-HSP70 .......ccccceoiiieiieie e 79
3.3.2.2.8 Cloning pJ-SV40-HSP70-0aQ ......cccoveiiiieireie e 81
3.3.2.2.9 Cloning pJ-SV40gag+CMVSeCrHSPT70 ........ccccvveveeieiic e, 82
3.3.2.2.10 Cloning pJ-SV40gag+CMVmMemMHSPT70 .........ccccovevevievreeciiee, 82
3.3.3 DNA plasmid-derived protein eXpression in VItro .........cccccceeerenencneenenen, 86
3.3.3. 1 EGFP EXPIESSION .....euveviieiieieeiieieie ettt bbbt 86
3.3.3.2 DNA vaccine-derived protein eXpreSSiOn........oocveeeeervereeseeseesearensens 86
3.3.3.2.1 GAY EXPIESSION ..vuvtititisiesiee ettt sttt bbbt 86
3.3.3.2.2 Vaccine-derived HSP70 eXPreSSioNn.........coveieierierenenenieseseeeenes 88
3.3.3.2.2.1 Detection of cytoplasmic HSP70...........ccccovvvivieiiiiiic e 88
3.3.3.2.2.2 Detection of the secreted form of HSP70............cccoovviviienn. 90
3.3.3.2.2.3 Detection of the membrane-bound form of HSP70.................... 91
3.3.3.2.2.4 Detection of the fusion forms of HSP70 ............ccccooniiiicnn. 93

3.3.4 Purification of recombinant matrix protein...........ccccovvevieiie s 9
314 DIHSCUSSION ...tttk bt bbbt b bbbt 95
3.4.1 Designing the DNA vaCcCiNe CONSIIUCES........cccverueiieiiieriesieseesesee s eie e 95
3.4.2 Producing the DICIStrONIiC VECION ........ccciveiieir e 95



3.4.3 Vaccine-derived protein deteCtion..........cccccvevveieiiieiieeie e 96

3.4.3.1 GaQ EXPIESSION....eeeveieieitieieeieeseesteeaeseesteesee s e e steaaesseesraenesreesreeeeaneenreas 96
3.4.3.2 HSP70 €XPIeSSION ....ecvvevieieiiiesieesieeeestee e esaesieesteeaesseesteeaeansesseesseansesnens 97
3.4.3.2.1 Membrane-bound or secreted HSP70 interaction with DCs............. 98
344 CONCIUSTON ...ttt 98

Chapter 4 : Vaccination of Mice with DNA Encoding Gag and

Different FOrms of HSP70 ..o 100
A1 INEFOAUCTION ...t bbbt 100
A2 AIMIS ..ot b bbbttt bbbttt 101
A3 RESUILS ...ttt 101

4.3.1 DNA VACCINALIONS .....cviiiiiiiiieieiisiesie sttt 101
4.3.1.1 DNA VaCCINe TILFatiON ........coveiiiiieieiisieieese e 101
4.3.1.2 Vaccination of mice with DNA encoding cytoplasmic HSP70............. 102

4.3.1.3 Vaccination of mice with DNA encoding the gag/HSP70 and HSP70/gag
FUSION TOMMIS ..o aree s 105

4.3.1.4 Vaccination with DNA encoding membrane-bound or secreted forms of

HSPT0 et 105
4.3.2 Detection of capsid- and matrix-specific antibodies ............cc.coovevriieinnnn 107
4.3.3 Detection of HSP70-specific antibodies after vaccination with pJ-
CMVQag+SVA0SECIHSPT0 ..ot e 109

4.4 DIHSCUSSION ...ttt sttt sttt et b bbbt b b e st et et e b e b et e b e bt et e ene e e e e 109
4.4.1 Vaccine administration iN MICE .........cccereiiiirininieeee s 111
4.4.2 DNA TIFALION ..ot 112
4.4.3 CytoplasmiC HSPT70........ccooiiiiiie ittt 112
4.4.4 Fusion gag/HSP70 and HSP70/gag ........cocereririeninieieieie s 113
4.4.5 Secretion and membrane-bound HSP70............cooviiiineiincc e 113
4.4.6 Controlling for DNA VACCINE SIZE........cccvevueiieieeie e e 114
4.4.7 Gag-specific antibody LItreS. .......ccoiiiiiiieice s 114



4.4.8 HSP70-specific antiDOdies..........ccevviiiieiiecie e 115
e O] T [1 5] o] 1SS 115

................................................................................................................... 116
5.1 INEFOAUCTION ...ttt bbb 116
ST N 11 SRR 117
5.3 RESUITS ...ttt aeenes 117

5.3.1 Short term IMMUNE FESPONSES ......cuveeereierierieniesieeieeeeee sttt 117
5.3.1.1 Intracellular cytokine staining to determine T cell functionality........... 118

5.3.1.1.1 The inclusion of HSP70 fused to gag does not increase the
functionality Of T CellS ......oovviiiiiee e, 118

5.3.1.1.2 Mice vaccinated with DNA encoding gag plus secreted or
membrane-bound HSP70 show increased multifunctionality of T cells........ 121

5.3.1.2 The inclusion of secreted or membrane-bound HSP70 significantly

increased T cell proliferation in vaccinated mMiCe ..........cccceevvevveiiiesiece e, 122
5.3.2 Long term T Cell FESPONSES........cieeiiiieiieeie et 124
5.3.2.1 Long term gag-specific IFN-y secreting T cells ......coccovvvvrviivniiniinnnn 126
5.3.2.2 Long term intracellular cytokine production ............cccccceevveveiievvennenne 126
5.3.2.3 Long term T cell proliferation ...........cccooevieiiicie e 130
5.3.3 The mechanism of improved T cell functionality ............cccccocvvininiiinnenn, 131
5.3.3.1 In vivo DC activation in vaccinated MiCe .........cccoevererererisinsieieiens 131
5.3.3.2 T cell influx and activation in the lymph nodes of vaccinated mice .....134

5.3.4 The effect of increasing the level of expression of membrane-bound or the
secreted FOrm Of HSPT70.......coui i 134

5.3.4.1 Frequency of IFN-y secreting T cells ......coovviiiiinencneniseeeee 137

5.3.4.2 Increasing the level of expression of secreted or membrane-bound HSP70

failed to improve cytokine production in vaccinated mice..........c.ccevververeennenn 137



5.3.4.3 T cell proliferation in mice vaccinated with DNA encoding membrane-

bound or secreted HSP70 downstream of the CMV promoter .............cc.cccveuee. 141

5.4 DISCUSSION ...tttk b bbbt e bbb bttt e e e 141
5.4.1 Flow cytometry to evaluate the frequency of T cell subsets ..............c........ 143
5.4.2 FUSION CONSEIUCTS ..ottt 143
5.4.3 Secreted and Membrane-bound HSP70..........cc.cooeiiiiineininecc e 143
5.4.4 Comparing ElSpot and ICS ..o 144
5.4.5 T Cell Proliferation ...........cccoviieieeie e 145
5.4.6 Long term T Cell FESPONSES. ......viuieiieieieiteiie sttt 145
5.4.7 In VIVO DC @CHIVALION........ocviiiiiiiiiieiieieieite s 146
5.4.8 T cell influx and aCtivation............ccooeiiieriiiiieeee e 147

5.4.9 Increasing the level of expression of membrane-bound or secreted HSP70 147

5.4.10 CONCIUSIONS ...ttt 148
Chapter 6 : Short and Long Term EcoHIV Challenge ....................... 149
6.1 INTrOTUCTION ... bbb 149
8.2 AAIMIS ..ottt bbbttt bbbt 149
B.3 RESUILS ...ttt 149
6.3.1 EcoHIV production and validation in VItro............cccceeveveiieie e 149
6.3.2 T cell responses and viral loads after short term EcoHIV challenge ........... 151

6.3.2.1 Expansion of antigen-experienced CD8" T cells after short term EcoHIV

CRAIIENGE ... e 151
6.3.2.2 IFN-y EliSpot after short term EcoHIV challenge.............ccccccoervrnnnnne. 152

6.3.2.3 Viral loads in vaccinated mice following short term EcoHIV challenge

6.3.3 Analysis of T cell responses and viral loads in vaccinated mice after long
term ECOHIV Challenge ........c.ooiiiiiee s 156

6.3.3.1 The frequency of antigen-experienced T cells in vaccinated mice after

long term ECOHIV challenge ..o 157

Xi



6.3.3.2 The frequency of IFN-y secreting T cells in vaccinated mice after long

term ECOHIV Challenge ........oovveecee e 157
6.3.3.3 Viral loads in vaccinated mice after long term EcoHIV challenge ....... 160

8.4 DISCUSSION .....cvititiste stttk b ekt b ettt ettt b et 161
6.4.1 The production and infectivity of ECOHIV ..........ccoooiiiiiiiieee, 161
6.4.2 T cell responses after challenge with ECOHIV ..o, 162
6.4.3 ECOHIV Viral 108dS .........cooiiiiiiiiiieccce s 163
6.4.4 CONCIUSIONS ...ttt 164

Chapter 7 : Evaluating Protection in Mice Vaccinated with DNA

Encoding Gag or a Gag-Pol FUSION..........cccceeviiiieiiece e 165
7.1 INEFOTUCTION ...t 165
7.2 AAIMIS L.ttt bbb bbb bbbt bttt 166
T3 RESUILS ... 166

7.3.1 Short term IMMUNE FESPONSES ......cuveeereierteriesiesieeieeee ettt 166
7.3.1.1 The frequency of IFN-y secreting T cells in vaccinated mice ............... 167
7.3.1.2 T cell cytokine production in vaccinated mice...........cccceevveveiecveenenne. 167
7.3.1.3 T cell proliferation in vaccinated mMicCe ...........cccccevveveiieieere e 171

7.3.1.4 The levels of capsid- or matrix-specific antibodies in vaccinated mice 172

7.3.2 Short term ECOHIV challenge .......ccovoiiiiiiiee e 173

7.3.2.1 Expansion of antigen-experienced T cells in vaccinated mice after short
term ECOHIV Challenge .......c.ooviiiii e 173

7.3.2.2 Frequency of IFN-y secreting T cells in vaccinated mice after short term
ECOHIV Challenge.......ccueiiieece s 174

7.3.2.3 EcoHIV viral loads in vaccinated mice after short term EcoHIV

ChAlIENGE ... 175

7.3.3 Long term T cell cytokine production in vaccinated mice............c.ccceeueeee. 175

7.3.3.1 T cell populations and the frequency of cytokine producing T cells in the

spleens of VacCiNated MICE ........cecveiveieiiece e 177



7.3.4 Long term ECOHIV challenge.........cooveiviieiiecece e 180

7.3.4.1 Expansion of T cells in vaccinated mice after long term EcoHIV

CRAIIBNGE ... e 180

7.3.4.2 Frequency of IFN-y secreting T cells in vaccinated mice after long term

ECOHIV ChallENGE ... 181
7.3.4.3 Viral loads in vaccinated mice after long term EcoHIV challenge ....... 182

7.4 DISCUSSION ...ttt bttt n et n e 182
7.4.1 Immune responses and protection against ECoHIV challenge...................... 185
7.4.2 CONCIUSIONS ..ottt 186
Chapter 8 : General DiSCUSSION ..........cccccveiiiieiieiie e 187
8.1 DNA vaccines and protein eXPreSSION .........coeoeieririreerreneesenesiesieseseseeees 187
8.2 Increased vaccine efficacy resulting from HSP70 expression.............c......... 188
8.3 Improving DNA VaCCINe POLENCY ......cccciieiiiiieiieeiie ettt 188
8.4 DNA vaccines as part of an HIV vaccine strategy .........ccccccoveveiveiieivennene, 189
8.5 HIV vaccines in a clinical CONTEXT..........cceviiiriiiiiiiiieeee e 191
8.6 FULUIE STUIES ...ttt 192
APPENAICES ...ttt 194
F N o] 0 1=T o |G USSR 194
APPENAIX Tl .o 196
APPENIX TTL oo e 199
APPENIX TV ottt 201
APPENIX V ottt bbb 203
APPENAIX Vit b e b bbbt 204
APPENAIX VI .ottt 205
BIDHOGraphy ... 208

Xiil



Figures

Figure 1.1. Global prevalence of HIV INnfection. ............cccooviieieeiiiie e 2
Figure 1.2. The structure of an HIV VIFION ..o 4
Figure 1.3. A diagram of the HIV life CYCle.........ccocoviiiiiee e 6
Figure 1.4. Mechanisms of DNA vaccine immunogeniCity .........cccccovverreereereseesennnenn. 33
Figure 1.5. How PAMPs and DAMPS activate DCS ..........ccoouviriiieieneneseseseeeeeees 39
Figure 1.6. HSP70 release from cells can bind TLR2/4 on the surface of DCs. ............ 43
Figure 2.1. Plasmid maps of the DNA construct backbones. ...........cccccoiniiiiiiiienn, 47
Figure 2.2. Photographs showing intradermal DNA vaccinations in mice. ................... 59
Figure 2.3. The schematic design of ECOHIV..........cccoviiiiiiiiiiice e 64
Figure 3.1. Production of the bicistronic VECtor, pJ..........ccccoveveiiieiieie e, 69
Figure 3.2. The production OF PJ........cceeie e 70
Figure 3.3. The production of pJ-SVA40-eGFP..........cccccoviiiieiececee e, 72

Figure 3.4. The approach used to subclone the gag gene from pVAX1-CMVgag into pJ,
downstream of the CMV promoter to produce pJ-CMV(gag. .......ccccovevveveiieieeniesiennn, 73

Figure 3.5. The strategy used to insert the gag gene downstream of the SV40 promoter

Figure 3.6. Cloning HSP70 downstream of the SV40 promoter and gag downstream of
the CMV promoter to produce pJ-CMVgag+SV40-HSP70. .........ccccocvvivevivnieiieieeiene 75

Figure 3.7. Cloning HSP70 and the V5 tag downstream of the SV40 promoter and gag
downstream of the CMV promoter to produce pJ-CMVgag+SV40-V5-HSP70............ 77

Figure 3.8. Cloning the t-PA gene downstream of the SV40 promoter and gag gene
downstream of the CMV promoter to produce pJ-CMVgag+SV40secrHSP70.............. 78

Xiv



Figure 3.9. Cloning the hTfR gene downstream of the SV40 promoter and the gag gene
downstream of the CMV promoter to produce pJ-CMVgag+SV40memHSP70. .......... 80

Figure 3.10. Cloning gag and HSP70 downstream of the SV40 promoter to produce pJ-
SVADGAG-HSPT0. ... 81

Figure 3.11. Cloning gag and HSP70 downstream of the SV40 promoter to produce pJ-
SVAD-HSPT70-08G. ... e eueeieetiiireitiesie e 83

Figure 3.12. Cloning t-PA and HSP70 genes downstream of the CMV promoter to
produce pJ-SV40gag+CMVSECIHSPTO. .......oiiiieieieiesie e 84

Figure 3.13. Cloning hTfR and HSP70 downstream of the CMV promoter to produce
PJ-SV40gag+CMVMEMHSPTO0. ....c.oouiiiiiiieee e 84

Figure 3.14. Plasmid maps of all the DNA constructs used in the thesis. ...................... 85

Figure 3.15. A comparison of eGFP expression driven by the SV40 or CMV promoters.

........................................................................................................................................ 87
Figure 3.16. Gag expression from the DNA VaCCINES. ........cccoeeieieeiieiie e, 89
Figure 3.17. Western blots showing intracellular HSP70 protein expression. ............... 90

Figure 3.18. The secreted form of HSP70 is detected in the supernatant of transfected
(01 | 1TSS 91

Figure 3.19. Membrane-bound expression of HSP70 detected by immunofluorescence

AN FIOW CYLOMBIIY. ... e e e e aree s 92

Figure 3.20. Western blot analysis of HSP70/gag and gag/HSP70 fusion protein
expression from HEK 293T cells transfected with pJ-SV40-HSP70-gag or pJ-SV40gag-
HSP70, reSPECTIVEIY. ...t 93

Figure 3.21. Expression and purification of the pl7 matrix protein determined by

Coomassie Blue staining and western blot analysis. ...........ccccooeviiiiiiiin e, 94

Figure 3.22. Processing of the gag-pol fusion by viral protease.............ccceevevvevveieennnnn, 97

XV



Figure 3.23. A schematic of membrane-bound and secreted HSP70 and the proposed

mechanism of adjUVANTICITY. .......ccveiieii e e 99
Figure 4.1. The DNA vaccination regimen in 6 — 8 week old female C57BI/6 mice...101

Figure 4.2. The frequency of IFN-y secreting T cells in mice vaccinated with different
doses of gag DNA, as determined by IFN-y ELISPOt. .....cccooveviiieiiniiiie e, 103

Figure 4.3. The frequency of IFN-y secreting T cells in mice vaccinated with DNA
encoding gag * a cytoplasmic form of HSP70, as determined by IFN-y EliSpot. ....... 104

Figure 4.4. Frequency of IFN-y secreting T cells in mice vaccinated with DNA
encoding HSP70/gag or gag/HSP70, determined by IFN-y ELliSpot. .......cccccvevvvrvenene. 106

Figure 4.5. The frequency of IFN-y secreting T cells is increased in mice vaccinated
with DNA encoding membrane-bound or secreted HSP70, as determined by IFN-y
[ 1] 0L RSOSSN 108

Figure 4.6. Detection of anti-matrix and anti-capsid antibodies in vaccinated mice....110
Figure 4.7. The detection of anti HSP70-specific antibodies. ............ccccceovveiveieiienen, 111

Figure 5.1. The vaccination and sample collection strategy for short term immune

R IST: YA TR 118

Figure 5.2. The frequency of T cell subsets in mice vaccinated with DNA encoding
fused HSP70/gag or gag/HSP70, as determined by flow cytometry. ...........c.cccceuvenee.n. 119

Figure 5.3. The frequency of cytokine producing T cells in mice vaccinated with DNA

encoding HSP70/gag or gag/HSP70, determined by flow cytometry. .........ccceevveneee. 120

Figure 5.4. The frequency of T cells in mice vaccinated with DNA encoding gag plus

secreted or membrane-bound HSP70, determined by flow cytometry............cccceeeee. 121

Figure 5.5. The frequency of cytokine producing T cells in mice vaccinated with DNA

encoding gag plus membrane-bound or secreted HSP70, determined by flow cytometry.

XVi



Figure 5.6. Ex vivo proliferation of T cells from mice vaccinated with DNA encoding

gag plus secreted or membrane-bound HSP70, determined by flow cytometry. ......... 125

Figure 5.7. The vaccination and sample collection regimen for long term systemic T

CeII TESPONSES. ...ttt 126

Figure 5.8. The long term frequency of IFN-y secreting T cells in the spleen of
vaccinated mice, determined by IFN-y ELISPOL. ......ccccoooiiiiiiiiiiicceeeee 127

Figure 5.9. The frequency of long term T cell subsets in vaccinated mice, as determined
DY FIOW CYEOMEIIY. ... 128

Figure 5.10. Long term functionality of T cells in vaccinated mice as determined by
FIOW CYLOMELIY. ..ottt e e sae e aeennesreenne e 129

Figure 5.11. Long term T cell proliferation in vaccinated mice, determined by CFSE

] L] 1o RSSO 130
Figure 5.12. Vaccination and lymph node collection strategy. ..........cccocvevvevvereiiiennnn, 131

Figure 5.13. The frequency of DC subsets in the draining lymph node of vaccinated

mice, determined by fIOW CYLOMELIY. ......oooviiiiiec e 132

Figure 5.14. DC activation in the draining lymph node of vaccinated mice determined

DY FIOW CYLOMELIY. ..o ettt ere s 133

Figure 5.15. The frequency of T cell subsets in mice following a single vaccination with

DNA encoding gag plus secreted or membrane-bound HSP70............cccccoovniiiinnn. 135

Figure 5.16. The in vivo activation of T cells in vaccinated mice, determined by flow
(0371000111 £ T ST P PR 136

Figure 5.17. Vaccination and spleen collection strategy. ........ccccceverenerenieniesieeiennnn, 136

Figure 5.18. The frequency of IFN-y secreting T cells in mice vaccinated with DNA
encoding gag downstream of the SV40 promoter and membrane-bound or secreted
HSP70 downstream of the CMV PromMOter.........ccccoiieiiiiiiieienie e 138

XVii



Figure 5.19. Frequency of T cell subsets in mice vaccinated with DNA encoding gag
downstream of the SV40 promoter and membrane-bound or secreted HSP70

downstream Of the CMV PrOMOLET. ........ccoiiiiiiiieicce e 138

Figure 5.20. The frequency of cytokine producing T cells in mice vaccinated with DNA
encoding gag expressed from the SV40 promoter and membrane-bound or secreted
HSP70 expressed from the CMV Promoter. .........cccovevieieiieesese e 140

Figure 5.21. T cell proliferation ex vivo in mice vaccinated with DNA encoding gag
expressed from the SV40 promoter and secreted or membrane-bound HSP70 expressed

from the CMV promoter, determined by flow cytometry. ........ccccooceiiiiiiiiiiicnenn, 142
Figure 6.1. The validation of ECOHIV production.............cccccvveviiiiciicie e 150

Figure 6.2. Vaccination regimen, challenge with EcoHIV or mock virus and collection
(o] il o] [oTo o I ] =l @A Vg [0 1T [T o USSR 151

Figure 6.3. The frequency of antigen-experienced CD8" T cells in vaccinated mice as

determined DY FIOW CYTOMELIY. .....ooviiiiiiie s 153

Figure 6.4. The frequency of IFN-y secreting T cells after short term EcoHIV challenge,
as determined DY IFN-y ELISPOL.......coiiiiiiiiiiiccie e 154

Figure 6.5. EcoHIV protection in vaccinated mice, as determined by gqRT-PCR. ....... 156

Figure 6.6. The vaccination regimen, challenge with EcoHIV or mock virus, and blood,
PEC and spleen COBCTION. ......cviiiieiee e 156

Figure 6.7. The frequency of antigen-experienced CD8" T cells after long term EcoHIV

challenge, as determined by flow cytometry. ........ccccooieii i, 158

Figure 6.8. The frequency of IFN-y secreting T cells after long term challenge with
EcoHIV, determined by IFN-y ELISPOL.......cccoiviiiiiiiiiiiiieee e, 159

Figure 6.9. Viral loads in vaccinated mice after long term EcoHIV challenge,
determined DY QRT-PCR. ... et 160

Figure 7.1. The vaccination and sample collection strategy for the evaluation of the

short term immune response, in vaccinated MICE. ........ccevvereeeieeneere e 166
Xviii



Figure 7.2. The frequency of gag-specific IFN-y secreting T cells in vaccinated mice,
determined DY IFN-y ELISPOL. ...ccoiiiiieiieiieie e 168

Figure 7.3. The frequency of pol-specific IFN-y secreting T cells in vaccinated mice,
determined DY IFN-y ELISPOL. ....ccvoiiiiiiiiiiiieceee s 169

Figure 7.4. Frequency of gag-specific cytokine-producing T cells in mice vaccinated
with DNA encoding gag or gag-pol fusion, determined by flow cytometry. ............... 170

Figure 7.5. T cell proliferation in vaccinated mice determined by CFSE staining and

measured DY FIOW CYLOMELIY........ccooiiiiiiiiiee s 171

Figure 7.6. Detection of matrix- or capsid-specific antibodies in vaccinated mice,
determined DY ELISA. ... ..ot 172

Figure 7.7. The vaccination strategy, sample collection and EcoHIV challenge in

VACCINALEA MNCE. ... eeeeee e ettt e e e e e et e e e e e e e e e et eeeee e e e e eae e eeeeeeeeeeaaanens 173

Figure 7.8. T cell expansion after short term EcoHIV challenge in vaccinated mice,

determined by FlOW CYLOMELIY. ....ccvooiiiie e 174

Figure 7.9. The frequency of IFN-y secreting T cells in vaccinated mice, challenged
with EcoHIV, determined by IFN-y ELISPOL. .....cccoviiiiiiiiiicie e 176

Figure 7.10. The viral loads in mice vaccinated and challenged with EcoHIV, as
determined DY gQRT-PCR. ..o 177

Figure 7.11. The vaccination and spleen collection strategy to examine long term
cytokine production from T CellS. ........ouviieiiiiiieee e 177

Figure 7.12. The frequency of CD4" or CD8" T cells in vaccinated mice, determined by
FIOW CYLOMELIY. .. et e e et re e 178

Figure 7.13. Cytokine production in T cells of vaccinated mice, determined by flow
(08 (0] 1 0 1=] 1 TR PSR 179

Figure 7.14. The vaccination, sample collection and challenge strategy with EcoHIV or

TMOCK VETUS. ..ttt ettt nnan 180

Xix



Figure 7.15. The expansion of T cells after long term EcoHIV challenge, determined by

FIOW CYLOMELIY. ..ottt e e esaa e aeeneesneenneans 181

Figure 7.16. Frequency of IFN-y secreting T cells in splenocytes from vaccinated and

challenged mice, determined by IFN-y ELISPOt. .......cccoooiiiiiiiiiiiec e 183

Figure 7.17. The viral loads in mice vaccinated and challenged with EcoHIV,
determined BY QRT-PCR. ..o 184

Figure 8.1. Signalling of cytokines and TLR agonists. ..........cccceoererinereninisneieen, 190

XX



Tables

Table 1.1. Summary of the HIV accessory and regulatory proteins............ccccceeevevvenenne. 8
Table 1.2. Summary of antiretroviral therapy.........cccoccevieieieiini e 13
Table 1.3. DNA vaccines licensed for VEterinary USE.........ccocevverereeieeneesieseeniesenneens 32
Table 1.4. Pattern recognition FECEPLONS. ......c.veuveieiieiieieite e 38
Table 2.1. Immunodominant gag EPItOPES. ......cueverrerieririrerieie e 60

XXI



Abstract

Introduction: Traditional vaccine strategies are inefficient at protecting against more
complex pathogens including HIV, therefore novel vaccine technologies are required.
DNA vaccines are attractive as they are relatively cheap and easy to manufacture, but
reduced immunogenicity in humans is a limitation. The key to improving DNA vaccine
immunogenicity is enhanced DNA uptake and localised inflammatory responses, which
may be achieved with the use of an appropriate adjuvant. HSP70 is a damage associated
molecular pattern (DAMP) that binds to and activates dendritic cells, making HSP70 a
potential natural adjuvant. The immunogenicity of a DNA vaccine encoding HIV gag
and HSP70 was examined in which the latter was genetically modified to encode
cytoplasmic, fusion, secreted or membrane-bound forms of HSP70, controlled by a
separate promoter within the same construct, ensuring delivery of the antigen and
adjuvant to the same cell. Furthermore, immune responses induced by DNA vaccines

encoding multiple antigens compared with a single antigen were measured.

Methodology: C57BI/6 mice were vaccinated three times at two weekly intervals with
10 pug doses of DNA via the intradermal route. Gag-specific T cell responses were
determined by EliSpot, intracellular cytokine staining (ICS) and proliferation assays.
Short term and long term protection was evaluated by challenge with EcoHIV, a

chimeric HIV that can infect mouse, but not human, leukocytes.

Results: A bicistronic vector containing the CMV and SV40 promoters was produced.
The CMV promoter was shown to be approximately 10-fold stronger than the SV40
promoter using the eGFP reporter gene. Therefore, initially, the HIVV gag antigen was
cloned downstream of the CMV promoter and the wild type and modified HSP70 genes
were inserted downstream of the SV40 promoter, to ensure that the adjuvant properties
of HSP70 targeted antigen-positive cells. Membrane-bound or secreted HSP70
significantly enhanced gag-specific T cell responses in vaccinated mice and increased
the breadth of T cell responses as determined by the recognition of otherwise
subdominant gag epitopes. The adjuvant effect of membrane-bound or secreted HSP70
also significantly improved the ability of HIV-specific T cells to secrete multiple
cytokines, a characteristic thought to be important for vaccine efficacy. Finally,

inclusion of genes encoding membrane-bound HSP70 resulted in increased protection as
XXii



shown by a significant reduction in the titre of EcoHIV in peritoneal exudate cells after

virus challenge, compared with mice vaccinated with the gag-only DNA.

To increase the expression of membrane-bound or secreted HSP70, these genes were
also inserted downstream of the CMV promoter, while expression of gag was controlled
by the SV40 promoter. However, this significantly decreased gag-specific T cell
responses as shown by EliSpot and ICS analysis. Furthermore, DNA vaccines which
included the HIV pol gene with gag compared with gag alone reduced the gag-specific
T cell responses in vaccinated mice and reduced the protection in mice challenged with
EcoHIV.

Conclusion: This study demonstrated that expression of membrane-bound or the
secreted form of HSP70 from a DNA vaccine encoding HIV gag significantly improved
gag-specific T cell function, multifunctionality and proliferation. Most importantly, the
adjuvant effect of membrane-bound HSP70 increased protection in mice challenged
with EcoHIV.
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