
Background:	
  Because	
  the	
  HCV	
  viral	
  genome	
  is	
  comprised	
  of	
  a	
  single	
  strand	
  of	
  RNA	
  and	
  its	
  replication	
  
occurs	
  strictly	
  within	
  the	
  cytoplasm,	
  it	
  is	
  an	
  ideal	
  candidate	
  for	
  therapeutics	
  based	
  upon	
  RNA	
  interference	
  
(RNAi).	
  TT-­‐034	
  is	
  a	
  novel	
  anti-­‐viral	
  agent	
  based	
  on	
  RNAi.	
  It	
  is	
  currently	
   in	
  phase	
  I/IIa clinical	
  studies	
  for	
  the	
  
treatment	
  of	
  chronic	
  Hepatitis	
  C	
  Virus	
  infection.	
  TT-­‐034	
  uses	
  the	
  process	
  of	
  DNA	
  directed	
  RNAi	
  interference	
  
(ddRNAi)	
  which	
  triggers	
  the	
  cell’s	
  own	
  transcriptional	
  machinery	
  to	
  continuously	
  produce	
  steady	
  state	
  
levels	
  three	
  independent	
  short	
  hairpin	
  RNA	
  (shRNA)	
  to	
  target	
  3	
  independent	
   regions	
  of	
  the	
  HCV	
  genome.	
  
Designed	
  to	
  be	
  administered	
  as	
  a	
  single	
  treatment	
  delivered	
  intravenously,	
  TT-­‐034	
  uses	
  an	
  Adeno-­‐
Associated	
  Virus	
  type	
  8	
  (AAV8)	
  capsid	
  to	
  deliver	
  a	
  recombinant	
  genome	
  preferentially	
  into	
  hepatocytes.

Results:	
  	
  Biodistribution	
  analyses	
  presented	
  here	
  demonstrate	
  that	
  90%	
  of	
  the	
  vector	
  distributes	
  into	
  liver	
  
tissues,	
  with	
  close	
  to	
  100%	
  transduction	
  of	
  the	
  liver	
  hepatocytes,	
  as	
  assessed	
  by	
  in	
  situ	
  hybridization.	
  
Furthermore,	
  the	
  durability	
  to	
  expression	
  following	
  a	
  single	
  injection,	
  as	
  assessed	
  by	
  qPCR,	
  demonstrated	
  
that	
  shRNA	
  expression	
  persisted	
  for	
  the	
  duration	
  of	
  the	
  180	
  day	
  experiment.	
  Because	
  previous	
  reports	
  
have	
  suggested	
  that	
  high	
  expression	
  of	
  shRNA	
  may	
  cause	
  global	
  dysregulationof	
  endogenous	
  miRNA	
  
processes	
  within	
  cells,	
  the	
  impact	
  of	
  long	
  term	
  expression	
  of	
  TT-­‐034	
  on	
  endogenous	
  miRNA	
  levels	
  was	
  
interrogated.	
  Analyses	
  were	
  performed	
  using	
  RNA	
  isolated	
  from	
  liver	
  biopsies	
  at	
  Day	
  15,	
  and	
  from	
  liver	
  and	
  
heart	
  tissues	
  collected	
  60	
  or	
  180	
  days	
  post	
  TT-­‐034	
  administration.	
  This	
  miRNA	
  profiling	
  demonstrated	
  
reliable	
  detection	
  of	
  260	
  microRNAs	
  in	
  the	
  primate	
  heart	
  samples,	
  as	
  compared	
  to	
  266	
  in	
  liver	
  and	
  269	
  in	
  
the	
  liver	
  biopsy	
  samples.	
  The	
  analyses	
  of	
  heart	
  tissues	
  demonstrated	
  that	
  there	
  was	
  no	
  statistical	
  
difference	
  across	
  the	
  groups	
  treated	
  with	
  TT-­‐034	
  (ANOVA	
  Benjamini Hochberg	
  (BH)	
  pvalue <	
  0.05).	
  
Although	
  the	
  liver	
  biopsy	
  samples	
  showed	
  significant	
  effects	
  in	
  27	
  microRNA,	
  analyses	
  of	
  the	
  day	
  60	
  and	
  
day	
  180	
  liver	
  samples	
  showed	
  no	
  statistical	
  differences	
  from	
  the	
  control	
  group.

Conclusions:	
   	
  Collectively,	
   these	
  data	
  suggest	
  that	
  TT-­‐034	
  is	
  not	
  likely	
  to	
  have	
  any	
  adverse	
  effects	
  in	
  miRNA	
  
processes	
  in	
  primate	
  cells.

Toxicology	
  evaluation	
  of	
  TT-­‐034	
  demonstrates	
  durable	
  expression	
  in	
  hepatic	
  tissues	
  without	
  long	
  term	
  
adverse	
  effects	
  on	
  endogenous	
  miRNA	
  levels
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Summary

AAV	
  Permits	
  Efficient	
  Hepatocyte	
  Transduction	
  Following	
  IV	
  
Administration	
  of	
  a	
  Clinically	
  Relevant	
  Dose

Long	
  Term	
  Expression	
  Analysis	
  Expression	
  of	
  	
  shRNA-­‐22	
  Following	
  a	
  Single	
  Dose	
  

Day	
  30 Day	
  60 Day	
  180

Control	
   	
  	
  	
  	
   	
  1e11	
  vg/kg	
  	
  	
  	
  1e12	
  vg/kg	
  	
  	
  	
  1e13	
  vg/	
  kg Control	
   	
  	
  	
   	
  	
  	
  1e11	
  vg/kg	
  	
  	
  	
  1e12	
  vg/kg	
  	
  	
  	
  1e13	
  vg/	
  kgControl	
   	
  	
  	
  	
   	
  	
  1e11	
  vg/kg	
  	
  	
  	
  1e12	
  vg/kg	
  	
  	
  	
  1e13	
  vg/	
  kg

• Cynomolgus	
  monkeys	
  were	
  administered	
  1.25e12	
  vg/kg	
  of	
  the	
  shRNA	
  expressing	
  vector	
  by	
   intravenous	
  injection	
  
or	
  were	
  treated	
  with	
  saline.	
  Hepatic	
  tissues	
  were	
  harvested	
  30	
  days	
  later.	
  	
  

• Qualitative	
  In	
  situ	
  hybridization	
  (ISH)	
  analyses	
  reveals	
  near	
  complete	
  transduction	
  of	
  hepatocytes	
  .

• TT-­‐034	
  is	
  delivered	
  via	
  intravenous infusion	
  once,	
   representing	
  the	
  sole	
  treatment

• 3	
  independently	
   transcribed	
  short	
  hairpin	
  RNA	
  (shRNA)	
  elements	
  target	
  3	
  separate,	
  well-­‐conserved	
  regions	
  
of	
  the	
  HCV	
  genome;	
  helps	
  prevent	
  the	
  generation	
  of	
  viral	
  escape	
  mutants

• Delivery	
  uses	
  capsid	
  derived	
   from	
  adeno associated	
  virus	
  (AAV),	
  a	
  non-­‐integrating,	
  non-­‐pathogenic	
  virus	
  
used	
  in	
  over	
  117	
  clinical	
  trials	
  

• Sustained	
  expression	
  (potentially	
  years	
  based	
  on	
  other	
  clinical	
  studies	
  using	
  Factor	
  IX)	
  following	
  a	
  single	
  
injection

• Complete	
  transduction	
  of	
  liver	
  hepatocytes	
  with	
  serotype	
  8	
  (AAV8)

TT-­‐034	
  Mechanism	
  of	
  Action	
  – RNA	
  Interference

The	
  RISC	
  complex	
  loaded	
  with	
  anti-­‐HCV	
   shRNA	
  binds	
  to	
  the	
  HCV	
  
genome	
  and	
  cleaves	
  the	
  viral	
  RNA	
  at	
  three	
  independent,	
   well	
  
conserved	
  regions	
  rendering	
   the	
  RNA	
  genome	
  incapable	
  of	
  
being	
  packaged	
  into	
  nascent	
  virions or	
  serving	
  as	
  a	
  template	
   for	
  
the	
  translation	
   of	
  viral	
  proteins.

TT-­‐034	
  uses	
  the	
  cell’s	
  own	
  transcriptional	
  
machinery	
  to	
  produce	
   a	
  constantly	
  replenishing	
   	
  	
  	
  	
  
pool	
  of	
  anti-­‐HCV	
  shRNA	
  at	
  steady	
  state	
  levels.

The	
  anti-­‐HCV	
   shRNAs	
  are	
  
exported	
   into	
   cytoplasm,	
  the	
  
loop	
  sequences	
  cleaved	
  and	
  
the	
  resultant	
   siRNAs enter	
  
the	
  RNA	
  induced	
   silencing	
  
complex	
   (RISC)

2. 1. TT-­‐034	
  is	
  comprised	
   of	
  an	
  AAV8	
  capsid	
  that	
  delivers	
  
a	
  non-­‐integrating	
   recombinant	
   genome	
  to	
  
hepatocytes	
  following	
   intravenous	
  administration.

3.

4.

Because	
  the	
  shRNA	
  is	
  produced	
   continuously	
   for	
  months	
  or	
  
even	
  years	
  following	
   the	
  single	
  administration,	
   the	
  anti-­‐shRNA	
  
produced	
   from	
  TT-­‐034	
  may	
  be	
  able	
  to	
  protect	
   the	
  transduced	
  
hepatocytes	
  from	
  re-­‐establishment	
   of	
  HCV	
  infection	
   long	
  term.

5.

Expression	
  of	
  Three	
  anti-­‐HCV	
  shRNA	
  From	
  a	
  
Recombinant	
  AAV	
  Expression	
  Cassette

*Red	
  denotes	
  up	
  and	
  green	
  denotes	
  down	
   regulation.

• Shown	
  to	
  the	
  right,	
  a	
  comparative	
  analysis	
  (Benjamini-­‐Hochberg	
  FDR	
  value)	
  reveals	
  changes	
  in	
  27	
  microRNAs	
  that	
  
were	
  significantly	
  different	
  between	
  the	
  control	
  group,	
  mid	
  dose	
  (1e12	
  vg/kg),	
  and	
  high	
  dose	
  (1e13	
  vg/kg)	
  animals	
  in	
  
Day	
  15	
  biopsy	
  samples.	
  	
  The	
  q-­‐values	
  and	
  ANOVA	
  results	
  are	
  shown	
  in	
  the	
  above	
  table.

• Although	
  previous	
   reports	
  (Nature 441,	
  537-­‐541	
  )	
  suggest	
  that	
  overexpression	
  of	
  shRNA	
  may	
  cause	
  global	
  
dysregulation of	
  endogenous	
  miRNA	
  pathways	
  and	
  corresponding	
   	
  downregulation of	
  mature	
  miRNA	
  levels,	
  most	
  
changes	
  were	
  noted	
  to	
  occur	
   in	
  the	
  high	
  dose	
  group	
  as	
  a	
  result	
  of	
  up	
  regulation.

• It	
  has	
  not	
  been	
  determined	
  if	
  the	
  changes	
  noted	
   in	
  the	
  liver	
  biopsies	
  are	
  as	
  a	
  result	
  of	
  specific	
  shRNA	
  expression	
  or	
  are	
  
temporarily	
  altered	
  as	
  a	
  result	
  of	
  large	
  levels	
  of	
  liver	
  transduction	
  by	
  a	
  recombinant	
  viral	
  vector.

• Biodistribution	
  analysis	
  of	
  TT-­‐034	
  delivered	
  intravenously	
  reveals	
  that	
  >	
  90%	
  of	
  administered	
  vector	
  that	
  is	
  quantified	
  	
  
is	
  detected	
  in	
  hepatic	
  tissues

• Clinically	
  relevant	
  doses,	
  1.25e12	
  vg/kg,	
  can	
  result	
  in	
  complete	
  liver	
  transduction	
   in	
  non	
  human	
  primates

• Intravenous	
  administration	
  of	
  TT-­‐034	
  results	
  in	
  dose-­‐dependent	
  and	
  durable	
  expression	
  of	
  the	
  three	
  anti-­‐HCV	
  	
  shRNA	
  
in	
  the	
  liver	
  of	
  cynomolgus	
  monkeys.

• In	
  the	
  liver,	
  the	
  highest	
  dose	
  induced	
  measureable,	
  but	
  minima,	
  l	
  alterations	
  in	
  the	
  expression	
  level	
  of	
  endogenous	
  
miRNAs in	
  the	
  day	
  15	
  liver	
  biopsy	
  samples.	
  

• It	
  is	
  not	
  clear	
  if	
  the	
  changes	
  are	
  a	
  result	
  of	
  shRNA	
  expression	
  or	
   result	
  from	
  the	
  transduction	
  of	
  hepatocytes	
  with	
  AAV	
  
vectors.

• Post	
  vector	
  administration

• No	
  alterations	
  in	
  endogenous	
  miRNA	
  expression	
  were	
  detected	
  in	
  the	
  heart.	
  	
  

Minimal	
  Changes	
  in	
  endogenous	
  miRNA	
  Levels	
  Occur	
  in	
  Liver	
  Tissues	
  within	
  Two	
  Weeks	
  of	
  Dosing

Yet	
  There	
  is	
  No	
  Long	
  Term	
  Impact	
  of	
  TT-­‐034	
  on	
  Endogenous	
  miRNA	
  Levels	
  in	
  Cardiac	
  and	
  Liver	
  Tissues

• The	
  correlation	
  table	
  of	
  a	
  Principal	
  Component	
   shows	
  significant	
  differences	
  in	
  269	
  miRNA	
  quantified	
  in	
  TT-­‐034	
  treated	
  
liver	
  biopsy	
  (True	
  Cut,	
  TC)	
  samples	
  taken	
  at	
  day	
  15	
  versus	
  266	
  miRNA	
  detected	
  in	
  control	
  animals.	
  	
  Yet,	
  liver	
  samples	
  
analyzed	
  at	
  day	
  60	
  and	
  180	
  from	
  the	
  mid	
  or	
  high-­‐dose	
  groups	
  are	
  not	
  significantly	
  different	
  than	
  their	
  respective	
  controls.	
  

• Alterations	
  in	
  endogenous	
  microRNAs	
  following	
  the	
  administration	
  of	
  TT-­‐034	
  were	
  evaluated	
  in	
  60	
  and	
  180	
  days	
  post	
  injection	
  heart	
  and	
  liver	
  samples.	
  	
  Additionally,	
  liver	
  biopsies	
  taken	
  at	
  Day	
  15	
  from	
  these same	
  animals	
  were	
  also	
  
analyzed	
  for	
  microRNA	
  expression.	
  To	
  control	
  for	
  variability	
  in	
  RNA	
  loading,	
  the	
  expression	
  values	
  in	
  a	
  sample	
  were	
  normalized	
  to	
  the	
  geometric	
  mean	
  of	
  the	
  least	
  variable	
  endogenous	
  reference	
  microRNA	
  across	
  the	
  sample	
  set.	
  

• The	
  correlation	
  table	
  from	
  Principal	
  Component	
  Analysis	
  shows	
  no	
  significant	
  differences	
  in	
  260	
  miRNA	
  
quantified	
  in	
  TT-­‐34	
  treated	
  heart	
  samples	
  analyzed	
  at	
  different	
  time	
  points	
  relative	
  to	
  control.	
  Statistical	
  
differences	
  were	
  analyzed	
  by	
  ANOVA	
  Benjamini Hochberg	
  (BH)with	
  a	
  	
  p-­‐value	
  <	
  0.05.

Heart	
  
Analyses

Liver	
  
Analyses

• 4	
  different	
  cynomolgus	
  monkeys	
  were	
  administered	
  with	
  increasing	
  doses	
  of	
  vector.	
  	
  After	
  50	
  days,	
  the	
  animals	
  
were	
  sacrificed,	
  their	
  tissues	
  harvest	
  and	
  analyzed	
  for	
  the	
  presence	
  of	
  the	
  recombinant	
  DNA	
  construct	
  

• Cynomolgus	
  monkeys	
  were	
  administered	
  with	
  either	
  1e11,	
  1e12	
  or	
  1e13	
  vg/kg	
  TT-­‐034.	
  After	
  50	
  days,	
  the	
  animals	
  were	
  sacrificed,	
  their	
  tissues	
  harvest	
  and	
  analyzed	
  for	
  the	
  
presence	
  of	
  each	
  of	
  the	
  	
  anti-­‐HCV	
  shRNAs


