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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+	
  CD8α+	
  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.	
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