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BENITEC	
  FEATURED	
  AT	
  CHI’S	
  “DISCOVERY	
  ON	
  TARGET”	
  CONFERENCE	
  
	
  

Dr.	
  Peter	
  French	
  Leads	
  Discussion	
  on	
  Gene	
  Silencing/Gene	
  Therapy	
  Approaches	
  

Sydney,	
  Australia:	
  Benitec	
  Biopharma	
  (ASX:	
  BLT;	
  NASDAQ:	
  BNTC;	
  NASDAQ:	
  BNTCW),	
  a	
  clinical-­‐
stage	
  biotechnology	
   company	
  developing	
   innovative	
   therapeutics	
   based	
  on	
   its	
   gene	
   silencing	
  
technology,	
   DNA-­‐directed	
   RNA	
   interference	
   (ddRNAi),	
   today	
   announced	
   that	
   Peter	
   French,	
  
Ph.D.,	
   the	
   Company’s	
   CEO	
   and	
   Managing	
   Director,	
   was	
   invited	
   to	
   discuss	
   Benitec’s	
   ddRNAi	
  
technology	
   at	
   The	
   Cambridge	
   Healthtech	
   Institute’s	
   (CHI)	
   13th	
   Annual	
   Discovery	
   on	
   Target	
  
Conference	
  in	
  Boston,	
  MA.	
  	
  	
  

Dr.	
   French	
   chaired	
   part	
   of	
   the	
  Gene	
   Therapy	
   Breakthroughs	
   session	
   titled,	
   “Combining	
   Gene	
  
Silencing/Editing	
   and	
   Gene	
   Therapy”,	
   where	
   he	
   discussed	
   Benitec’s	
   core	
   ddRNAi	
   approach,	
  
which	
  combines	
  the	
  specificity	
  of	
  gene	
  therapy	
  vectors	
  with	
  the	
  power	
  of	
  RNA	
  interference	
  to	
  
produce	
  novel	
  ‘single	
  shot’	
  therapies	
  for	
  serious	
  life	
  threatening	
  diseases.	
  The	
  other	
  speakers	
  in	
  
this	
  session	
  included	
  professionals	
  from	
  leading	
  medical	
  and	
  academic	
  institutions.	
  

Benitec	
  was	
  also	
  featured	
  during	
  the	
  Conference’s	
  symposium	
  on	
  Strategies	
  for	
  Rare	
  Diseases;	
  
Update	
   on	
   Scientific	
   Breakthroughs	
   and	
   Novel	
   Approaches,	
   where	
   Dr.	
   French	
   provided	
   an	
  
overview	
   of	
   the	
   Company’s	
   novel	
   gene	
   silencing	
   and	
   replacement	
   program	
   for	
   treating	
  
Oculopharyngeal	
   Muscular	
   Dystrophy	
   (OPMD).	
   OPMD	
   is	
   a	
   late-­‐onset	
   degenerative	
   muscle	
  
disorder	
  caused	
  by	
  a	
  mutation	
  in	
  the	
  PABPN1	
  gene.	
  It	
   is	
  an	
  orphan	
  disease	
  with	
  an	
  estimated	
  
prevalence	
   of	
   one	
   in	
   100,000	
   people	
   (Europe).	
   	
   Dr.	
   French	
   described	
   Benitec’s	
   approach	
   to	
  
treating	
  OPMD,	
  which	
  uses	
  ddRNAi	
   technology	
   to	
  simultaneously	
  silence	
   the	
  mutant	
  PABPN1	
  
gene	
  and	
  insert	
  a	
  normal	
  copy	
  of	
  the	
  gene.	
  	
  Benitec	
  has	
  achieved	
  in	
  vivo	
  proof	
  of	
  concept	
  and	
  is	
  
planning	
  to	
  advance	
  this	
  program	
  to	
  human	
  clinical	
  studies.	
  	
  

Dr.	
  French	
  stated,	
  “We	
  appreciate	
  the	
  opportunity	
  to	
  highlight	
  our	
  achievements	
   in	
  this	
  field,	
  
and	
  thank	
  CHI	
  and	
  the	
  organizers	
  of	
  this	
  conference	
  for	
  inviting	
  us	
  to	
  participate	
  and	
  lead	
  this	
  
important	
  discussion.	
  As	
  we	
  continue	
   to	
  validate	
  our	
  approach	
  by	
  advancing	
  our	
   lead	
  clinical	
  
program,	
   TT-­‐034	
   for	
   treating	
   hepatitis	
   C,	
   we	
   are	
   proud	
   to	
   be	
   part	
   of	
   the	
   ongoing	
   scientific	
  
dialogue	
  that	
  will	
  help	
  drive	
  further	
  innovation	
  in	
  gene	
  therapy.”	
  

More	
  information	
  on	
  CHI’s	
  Discovery	
  conference	
  can	
  be	
  found	
  at	
  www.discoveryontarget.com.	
  
	
  

	
  

	
  

	
  

	
  



	
  

Benitec Biopharma Limited   | F6/ 1-15 Barr Street  | Balmain NSW 2041 Australia 
ABN: 64068943662                  | t:  +61 (2) 9555 6986  | e:   info@benitec.com     www.benitec.com	
  
	
  

	
  

For	
  further	
  information	
  regarding	
  Benitec	
  and	
  its	
  activities,	
  please	
  contact	
  the	
  persons	
  below,	
  
or	
  visit	
  the	
  Benitec	
  website	
  at	
  www.benitec.com.	
  	
  

	
  

Company Investor relations United States 
Carl	
  Stubbings	
  
Chief	
  Business	
  Officer	
  
Tel:	
  +61	
  (2)	
  9555	
  6986	
  
Email:	
  cstubbings@benitec.com	
  

Kyahn	
  Williamson	
  	
  
Buchan	
  Consulting	
  
Tel:	
  +61	
  (2)	
  9237	
  2807	
  
Email:	
  	
  
kwilliamson@buchanwe.com.au	
  

Tiberend	
  Strategic	
  Advisors,	
  Inc.	
  
Joshua	
  Drumm,	
  Ph.D.	
  (Investors)	
  
Tel:	
  +1	
  212	
  375	
  2664	
  
Email:	
  	
  
jdrumm@tiberend.com	
  
	
  
Andrew	
  Mielach	
  (Media)	
  
Tel:	
  +1	
  212	
  375	
  2694	
  
Email:	
  
amielach@tiberend.com	
  

	
  
About	
  Benitec	
  Biopharma	
  Limited:	
  
Benitec	
  Biopharma	
  Limited	
  (ASX:	
  BLT;	
  NASDAQ:	
  BNTC;	
  NASDAQ:	
  BNTCW)	
  is	
  a	
  clinical-­‐stage	
  biotechnology	
  company	
  
developing	
   innovative	
   therapeutics	
  based	
  on	
   its	
  patented	
  gene-­‐silencing	
   technology	
  called	
  ddRNAi	
  or	
   'expressed	
  
RNAi'.	
  Based	
  in	
  Sydney,	
  Australia	
  with	
  labs	
  in	
  Hayward,	
  CA	
  (USA)	
  and	
  collaborators	
  and	
  licensees	
  around	
  the	
  world,	
  
the	
  company	
  is	
  developing	
  ddRNAi-­‐based	
  therapeutics	
  for	
  chronic	
  and	
  life-­‐threatening	
  human	
  conditions	
  including	
  
hepatitis	
   C	
   and	
  B,	
  wet	
   age-­‐related	
  macular	
   degeneration	
   and	
  OPMD.	
  Benitec	
  has	
   also	
   licensed	
  ddRNAi	
   to	
  other	
  
biopharmaceutical	
  companies	
  for	
  applications	
  including	
  HIV/AIDS,	
  Huntington's	
  Disease,	
  chronic	
  neuropathic	
  pain	
  
and	
  retinitis	
  pigmentosa.	
  	
  



Copyright © Benitec  Biopharma Ltd 
www.benitec.com 

ddRNAi	
  and	
  Gene	
  Replacement	
  
for	
  Oculopharyngeal	
  Muscular	
  

Dystrophy	
  (OPMD)	
  
	
  

Dr.	
  Peter	
  French,	
  CEO	
  
Benitec	
  Biopharma	
  

	
  
Prof	
  George	
  Dickson,	
  

Royal	
  Holloway	
  University	
  of	
  London	
  
Dr	
  Capucine	
  Trollet,	
  

Ins@tut	
  de	
  Myologie,	
  Paris	
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Today’s	
  presenta@on	
  includes	
  forward-­‐looking	
  statements	
  intended	
  to	
  qualify	
  for	
  the	
  Safe	
  Harbor	
  from	
  liability	
  established	
  
by	
  the	
  Private	
  Securi@es	
  Li@ga@on	
  Reform	
  Act	
  of	
  1995.	
  These	
  forward-­‐looking	
  statements,	
  including	
  statements	
  regarding	
  
our	
  planned	
  pre-­‐clinical	
  studies	
  and	
  clinical	
  trials,	
  regulatory	
  approval	
  process	
  and	
  demand	
  for	
  our	
  product	
  candidates,	
  are	
  
subject	
  to	
  risks,	
  uncertain@es	
  and	
  other	
  factors	
  that	
  could	
  cause	
  actual	
  results	
  to	
  differ	
  materially	
  from	
  those	
  suggested	
  by	
  
our	
  forward-­‐looking	
  statements.	
  	
  

These	
  factors	
  include,	
  but	
  are	
  not	
  limited	
  to,	
  the	
  following:	
  we	
  have	
  incurred	
  significant	
  net	
  losses	
  and	
  an@cipate	
  that	
  we	
  
will	
  con@nue	
  to	
  incur	
  significant	
  net	
  losses	
  for	
  the	
  foreseeable	
  future;	
  we	
  have	
  never	
  generated	
  any	
  revenue	
  from	
  product	
  
sales	
  and	
  may	
  never	
  be	
  profitable;	
  we	
  will	
  need	
  to	
  raise	
  addi@onal	
  funding	
  in	
  the	
  future,	
  which	
  may	
  not	
  be	
  available	
  on	
  
acceptable	
  terms,	
  or	
  at	
  all;	
  no	
  product	
  candidates	
  u@lizing	
  ddRNAi	
  technology	
  have	
  been	
  approved	
  for	
  commercial	
  sale	
  in	
  
the	
   United	
   States,	
   and	
   our	
   approach	
   to	
   the	
   development	
   of	
   ddRNAi	
   technology	
   may	
   not	
   result	
   in	
   safe,	
   effec@ve	
   or	
  
marketable	
  products;	
  we	
  are	
  early	
  in	
  our	
  product	
  development	
  efforts	
  and	
  may	
  not	
  be	
  able	
  to	
  obtain	
  regulatory	
  approvals	
  
for	
  the	
  commercializa@on	
  of	
  some	
  or	
  all	
  of	
  our	
  product	
  candidates;	
  our	
  ability	
  to	
  develop	
  and	
  successfully	
  commercialize	
  
product	
  candidates	
  may	
  be	
  compromised	
  by	
  other	
  companies	
  developing	
  their	
  technologies	
  or	
  product	
  candidates	
  for	
  our	
  
target	
   indica@ons	
  more	
   rapidly	
   than	
  we	
  do	
  or	
   if	
   their	
   technologies	
   are	
  more	
   effec@ve;	
  we	
  may	
  not	
   be	
   able	
   to	
   obtain	
  
exclusivity	
  or	
  intellectual	
  property	
  rights	
  for	
  our	
  product	
  candidates	
  or	
  prevent	
  others	
  from	
  developing	
  similar	
  compe@@ve	
  
products;	
   issues	
  may	
  arise	
  that	
   impact	
  ddRNAi	
  delivery	
  into	
  the	
  cells	
  and	
  limit	
  our	
  ability	
  to	
  develop	
  and	
  commercialize	
  
product	
  candidates.	
  	
  

This	
  presenta@on	
  is	
  for	
  informa@on	
  purposes	
  only	
  and	
  does	
  not	
  cons@tute	
  an	
  offer	
  to	
  sell,	
  or	
  a	
  solicita@on	
  of	
  an	
  offer	
  to	
  
buy,	
   any	
   securi@es	
   in	
   any	
   jurisdic@on.	
   The	
   distribu@on	
   of	
   this	
   presenta@on	
   in	
   jurisdic@ons	
   outside	
   Australia	
   may	
   be	
  
restricted	
  by	
  law	
  and	
  any	
  such	
  restric@ons	
  should	
  be	
  observed.	
  Any	
  failure	
  to	
  comply	
  with	
  such	
  restric@ons	
  may	
  violate	
  
applica@on	
  securi@es	
  laws.	
  

 
 

Forward	
  Looking	
  Statements	
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About	
  Benitec	
  Biopharma	
  

Public	
  company	
  (Dual	
  listed):	
  
•  ASX:	
  BLT	
  
•  NASDAQ:	
  BNTC	
  
	
  

Technology:	
  DNA-­‐directed	
  RNAi	
  
•  Developed	
  at	
  CSIRO	
  (Australia)	
  
•  RNAi	
  delivered	
  with	
  gene	
  therapy	
  vectors	
  
•  Long	
  term	
  gene	
  silencing	
  from	
  a	
  single	
  administra@on	
  
•  Global	
  patents	
  on	
  pla\orm	
  and	
  specific	
  applica@ons	
  

Pipeline	
  programs:	
  
•  Clinical:	
  hepa@@s	
  C	
  (US	
  trial	
  sites)	
  
•  Preclinical:	
  hepa@@s	
  B,	
  wet	
  and	
  dry	
  AMD,	
  oculopharyngeal	
  muscular	
  dystrophy	
  
•  Mul@ple	
  sublicenses:	
  AIDS,	
  Hun@ngton’s,	
  re@ni@s	
  pigmentosa,	
  neuropathic	
  pain,	
  cancer	
  
	
  

Corporate	
  office:	
  Sydney,	
  Australia	
  
Research	
  facility:	
  San	
  Francisco,	
  USA	
  	
  
Staff:	
  24	
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Clinical	
  features	
  of	
  OPMD	
  

Rare	
  autosomal	
  dominant	
  inheritance	
  
•  1:100,000	
  (Europe)	
  	
  
•  As	
  high	
  as	
  1:600	
  in	
  specific	
  popula@ons	
  
•  Founder	
  effect	
  in	
  Quebec,	
  Canada	
  

Typically	
  onset	
  occurs	
  in	
  the	
  fich	
  to	
  early	
  sixth	
  decade	
  of	
  life	
  
	
  

Characterised	
  by:	
  	
  
•  eyelid	
  drooping	
  (ptosis)	
  
•  swallowing	
  difficulty	
  (dysphagia)	
  	
  
•  proximal	
  limb	
  weakness	
  	
  
•  death	
  due	
  to	
  aspira@on	
  pneumonia	
  &	
  malnutri@on	
  

Histopathology	
  
•  Decrease	
  of	
  muscle	
  fibre	
  number	
  

•  Varia@on	
  in	
  the	
  size	
  of	
  	
  muscle	
  fibres	
  
•  Infiltra@on	
  (inflammatory	
  cells)	
  
•  Fibrosis	
  (connec@ve	
  @ssue)	
  

	
  
	
  
	
  	
  	
  	
  	
  

FLAG epitope and is stably expressed in fused immortalized
skeletal muscle myotube cultures at levels similar to en-
dogenous Pabpn1 [14]. Also, in this cell model we verified a
decrease in Pcolce protein accumulation (Figure 3Cii). Full
length Pcolce (48 kDa) is post-transnationally cleaved gener-
ating a 36 kDa polypeptide, corresponding to a secreted
form of this protein [20]. Extracellular Pcolce enhances pro-
cessing of fibrilar procollagen [12,20,21]. Both the full length
and the cleaved polypeptides were detected in the control
muscle cell culture, but the cleaved polypeptide was differ-
entially expressed between myoblasts and fused myotube
cultures (Figure 3Cii). In cultures expressing the Ala17
expPABPN1 transgene the accumulation of soluble full-
length Pcolce protein decreased and the cleaved polypeptide
was below the level of detection (Figure 3Bii). This suggests
that expPABPN1affects PCOLCE protein accumulation in
muscle cells.

Nuclear Pcolce co-localises in nuclear aggregates and co-
immunoprecipitates with expPABPN1
The presence and location of Pcolce was then deter-
mined in muscle cell cultures using immunolabelling. In
parental un-fused skeletal myoblast cells (IM2) Pcolce

was predominantly present within the nucleus, whereas
in fused myotube cultures a substantial amount was also
detected within the cytoplasm (Figure 4A). This suggests
that Pcolce sub-cellular localisation changes between
upon myoblast differentiation to fused myotubes. In
contrast with control cultures, myotubes expressing hu-
man expPABPN1 (Ala17), Pcolce was predominantly lo-
cated within the nucleus (Figure 4A). Pcolce sub-cellular
localisation in myotube cultures that stably express wild
type PABPN1 (Ala10) was similar to that in parental
IM2 cultures (Figure 4Ai). Taken together, these data in-
dicate that overexpression of mutant expPABPN1 but
not PABPN1 alters PCOLCE sub-cellular localisation.
Furthermore, these observations suggest that expPABPN1
causes accumulation of nuclear PCOLCE.
Formation of expPABPN1 nuclear aggregates is the

hallmark of OPMD. Therefore, we next investigated
whether PCOLCE co-localises with PABPN1 within nu-
clear aggregates. Aggregated PABPN1 forms distinct
fluorescent foci and co-localization with candidate pro-
teins could be determined using intensity distribution
plots [22]. We identified that Pcolce co-localises with
PABPN1 in fluorescent foci in the skeletal myoblast cell
model system (Figure 4Aii). Co-localization was more
pronounced in fluorescent foci formed by expPABPN1
compared with those consisting of wild type PABPN1
(Figure 4Aii). This suggests that PCOLCE binds to nu-
clear PABPN1 and with a preference for expPABPN1
compared to the wild type protein. Analysis by immuno-
precipitation of soluble protein extracts from myotube
cultures with an anti-FLAG antibody that recognises
transgene-derived Ala10- or Ala17- PABPN1-FLAG, re-
vealed that Pcolce co-immunoprecipites with PABPN1
(Figure 4B). Full-length (48 kDa) Pcolce protein co-
immunoprecipitated with both Ala10- and Ala17-
PABPN1-FLAG, but there was a clear enrichment in
binding between Pcolce and mutant Ala17-PABPN1 com-
pared to that with wild type Ala10 PABPN1 (Figure 4B).
These results show that Pcolce binds to soluble PABPN1
but with a higher affinity to expPABPN1.

Pcolce localisation is reduced at the ECM and is retained
in the nucleus in the OPMD mouse model and in OPMD
VL muscles
In order to demonstrate a pathological relevance of the
change in PCOLCE sub-cellular localisation and nuclear
enrichment observed in the skeletal myoblast model sys-
tem of OPMD (Figure 4), we next investigated PCOLCE
localization in cryosections of the Tibialis anterior (TA)
muscle from the A17.1 OPMD mouse model, and in VL
muscles from an OPMD patient. In the mouse model,
the human Ala17 expPABPN1 is overexpressed in skel-
etal muscles with muscle weakness detected in 5–
6 month old animals [10,11]. Aggregated expPABPN1

Figure 2 Transverse cryosections of VL muscle biopsies from an
OPMD patient over a 6 year interval. A) Biopsy taken at the time
of first presentation in the clinic. B) Biopsy of the same muscle as in
(A) taken 6 years later. Sections were stained with haematoxylin-eosin.
Muscle fibrosis is evidenced by fat infiltration (F), vacuole with
basophilic rim (arrowhead) and thickening of the ECM (arrows). Scale
bar equals 100 μm.

Raz et al. BMC Neurology 2013, 13:70 Page 5 of 13
http://www.biomedcentral.com/1471-2377/13/70

Raz et al., BMC Neurology 2013, 13:70 
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Current	
  treatment	
  

Cricopharyngeal	
  myotomy	
  -­‐	
  a	
  surgical	
  
interven@on	
  to	
  improve	
  swallowing	
  
but	
  does	
  not	
  correct	
  the	
  progression	
  
of	
  the	
  disease	
  since	
  it	
  has	
  a	
  gene@c	
  
basis.	
  

a:	
  Incision	
  of	
  cricopharyngeus	
  muscle.	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
b:	
  Posterior	
  view	
  of	
  pharynx,	
  esophagus,	
  and	
  
trachea.	
  Length	
  of	
  myotomy	
  is	
  indicated	
  by	
  
dohed	
  line.	
   Chu	
  &	
  Kelly	
  GI	
  Mo&lity	
  online	
  (2006)	
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GeneNc	
  basis	
  of	
  OPMD:	
  expansion	
  of	
  the	
  
poly-­‐alanine	
  tract	
  within	
  PABPN1	
  	
  

PABPN1:  
•  a ubiquitous factor that promotes interaction 

between the poly(A) polymerase and CPSF 
(cleavage and polyadenylation specificity factor) 
and thus controls the length of mRNA poly(A) tails, 
mRNA export from the nucleus, and alternative 
poly(A) site usage.  

 

 
In OPMD:  

•  a genetic mutation results in trinucleotide repeat 
expansion within exon 1 of PABPN1 and results in  
an  expanded  poly-alanine  tract at the N-terminal 
end of PABPN1.   

 

 

 

 

 

 

 

 

WT	
  	
  	
  	
  ATG	
  (GCG)6	
  -­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐(GCA)3	
  GCG	
  GGG	
  GCT	
  GCG..	
  
MUT	
  	
  ATG	
  (GCG)6	
  	
  (GCG)1-­‐7	
  	
  (GCA)3	
  GCG	
  GGG	
  GCT	
  GCG…-­‐-­‐	
  

Non-­‐affected	
  

Affected	
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INIs,	
  the	
  hallmark	
  of	
  OPMD	
  

 The mutated protein has 11-17 alanines in the N-Terminal 
domain instead of 10 

Protein aggregation forms intranuclear inclusions (INIs) 

Ø     Tubular filaments 

Ø   Resistant to degradation 

Ø     INIs found in the nuclei of skeletal muscle fibres 
 (both affected and non-affected) 

Tomé & Fardeau, 1980 

Expansion of the short (GCG) trinucleotide repeat  
in the coding sequence of PABPN1 
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A	
  disease	
  that	
  is	
  more	
  than	
  nuclear	
  aggregaNon:	
  
PABPN1	
  is	
  required	
  to	
  maintain	
  muscle	
  funcNon	
  

•  PABPN1	
  is	
  required	
  for	
  normal	
  myoblast	
  prolifera@on	
  and	
  differen@a@on	
  
•  PABPN1	
  is	
  required	
  for	
  proper	
  polyadenyla@on	
  in	
  muscle	
  cells	
  
•  PABPN1	
  is	
  required	
  for	
  proper	
  poly(A)	
  RNA	
  export	
  from	
  the	
  nucleus	
  
	
  
Thus,	
  an	
  effecNve	
  treatment	
  likely	
  requires	
  maintaining	
  endogenous	
  funcNon	
  in	
  
addiNon	
  to	
  eliminaNng	
  mutant	
  protein	
  aggregates	
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Development	
  of	
  a	
  ddRNAi	
  	
  
therapeu@c	
  for	
  OPMD	
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Combines	
  RNA	
  interference	
  with	
  gene	
  therapy	
  

•  Specific	
  delivery	
  to	
  target	
  organs	
  
•  Las@ng	
  benefits	
  from	
  a	
  single	
  treatment	
  
•  Poten@al	
  for	
  mul@ple	
  hairpins	
  from	
  a	
  single	
  

construct	
   –	
   to	
   target	
   mul@ple	
   sites	
   on	
   a	
  
single	
   gene	
   or	
   simultaneously	
   silence	
  
mul@ple	
  genes	
  	
  

	
  

Protected	
   by	
   an	
   internaNonal	
   patent	
   estate	
  
covering	
   ddRNAi,	
   specific	
   disease	
   targets	
   and	
  
product	
  candidates	
  

ddRNAi:	
  Gene	
  Silencing	
  Delivered	
  with	
  Gene	
  
Therapy	
  Vectors	
  

	
  
	
  

siRNA	
  
(small	
  interfering	
  RNA)	
  

Benitec’s	
  ddRNAi	
  
(DNA	
  directed	
  RNAi)	
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Therapeutic advantages of ddRNAi 

MulN-­‐targeNng:	
  
•  Ability	
  to	
  target	
  mul@ple	
  genes	
  or	
  mul@ple	
  sites	
  on	
  the	
  same	
  gene	
  with	
  one	
  therapeu@c	
  construct	
  
•  Accepted	
  by	
  regulators	
  as	
  a	
  single	
  en@ty	
  despite	
  mul@-­‐targe@ng	
  

Delivery	
  via	
  gene	
  therapy	
  vectors:	
  
•  Flexible:	
  can	
  use	
  plasmids,	
  minicircles,	
  and	
  poten@ally	
  other	
  approaches	
  (stem	
  cells,	
  nanopar@cles)	
  
•  Well	
  established,	
  clinically-­‐validated	
  systems	
  
•  Tissue	
  specificity	
  established	
  by	
  using	
  viral	
  vectors	
  and	
  pol	
  II	
  promoters	
  
•  Can	
  control	
  expression	
  using	
  tunable	
  promoters	
  

Durability	
  of	
  effect:	
  
•  A	
  single	
  treatment	
  can	
  produce	
  months	
  or	
  years	
  of	
  therapeu@c	
  benefit	
  	
  -­‐	
  elimina@ng	
  pa@ent	
  
compliance	
  issues	
  

	
  

Enhanced	
  safety	
  profile:	
  
•  Well	
  understood	
  tox	
  profile	
  
•  Ability	
  to	
  use	
  @ssue-­‐specific	
  or	
  cell-­‐specific	
  promoters	
  
•  Ability	
  to	
  control	
  level	
  of	
  shRNA	
  expression	
  
•  Avoids	
  interferon	
  ac@va@on	
  through	
  Toll-­‐Like	
  Receptors	
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•  Three independently transcribed RNAi elements target three separate, well-conserved 
regions of the HCV genome; helps prevent the generation of viral escape mutants 

•  Delivered with AAV8 intravenously 

TT-­‐034:	
  MulNple	
  therapeuNc	
  agents	
  from	
  a	
  
single	
  vector	
  

p7 

NS2 

5’ UTR 3’ UTR 
Structural Proteins Non-Structural Proteins 

C NS3 E2 E1 NS4B NS5A 

NS4A 

NS5B 

ITR	
  ITR	
   A	
   shRNA-­‐22	
   B	
   shRNA-­‐19	
   C	
   shRNA-­‐6	
  

Wildtype AAV8 
(4.7 Kb packaging capacity) 

TT-034 

HCV 
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  Controls	
   	
  shRNA	
  single	
   Tri-­‐shRNA	
  

  

	
  *	
  
	
  ***	
  
	
  ***	
  

Use	
  of	
  mulN-­‐targeNng	
  properNes	
  of	
  ddRNAi	
  
knockdown	
  of	
  PABPN1	
  in	
  a	
  293T	
  cell	
  line	
  

A	
   PABPN1	
  
	
  shRNA-­‐1	
   B	
  

PABPN1	
  
	
  shRNA-­‐2	
   C	
   PABPN1	
  

	
  shRNA-­‐3	
  ITR	
  

~	
  90%	
  knockdown	
  
of	
  mutant	
  PABPN1	
  	
  G.	
  Dickson,	
  	
  

personal	
  communica@on	
  



Copyright © Benitec Biopharma Ltd 
www.benitec.com 

14 

A	
  disease	
  that	
  is	
  more	
  than	
  nuclear	
  aggregaNon:	
  
PABPN1	
  is	
  required	
  to	
  maintain	
  muscle	
  funcNon	
  

•  PABPN1	
  is	
  required	
  for	
  normal	
  myoblast	
  prolifera@on	
  and	
  differen@a@on	
  
•  PABPN1	
  is	
  required	
  for	
  proper	
  polyadenyla@on	
  in	
  muscle	
  cells	
  
•  PABPN1	
  is	
  required	
  for	
  proper	
  poly(A)	
  RNA	
  export	
  from	
  the	
  nucleus	
  
	
  
Thus,	
  an	
  effecNve	
  treatment	
  likely	
  requires	
  maintaining	
  endogenous	
  funcNon	
  in	
  
addiNon	
  to	
  eliminaNng	
  mutant	
  protein	
  aggregates	
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ITR	
  A	
   PABPN1	
  
	
  shRNA-­‐1	
   B	
  

PABPN1	
  
	
  shRNA-­‐2	
   C	
   PABPN1	
  

	
  shRNA-­‐3	
  Pabparna™ 

REP/CAP removed and 
 replaced with expression cassette 

Wildtype AAV 
(4.7 Kb packaging capacity) 

Recombinant AAV 

• 	
  	
  Non-­‐integra@ng,	
  non-­‐pathogenic	
  viral	
  delivery	
  system	
  

• 	
  	
  To	
  date,	
  AAV	
  has	
  been	
  used	
  in	
  117	
  clinical	
  trials	
  with	
  excellent	
  safety	
  record	
  

• 	
  	
  Sustained	
  expression	
  (years)	
  following	
  single	
  injec@on	
  

*	
  hhp://www.abedia.com/wiley/vectors.php	
  

D	
  
Codon	
  opNmized	
  wildtype	
  PABPN1	
  

	
  (insensiNve	
  to	
  PABPN1	
  shRNA	
  cleavage)	
  ITR	
  

“Suppress”	
   “Replace”	
  

Pabparna™:	
  A	
  ‘Suppress	
  and	
  Replace’	
  
approach	
  delivered	
  by	
  a	
  viral	
  vector	
  	
  

	
  

~	
  450	
  bp	
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Expression	
  of	
  “codon	
  opNmized”	
  wildtype	
  
PABPN1	
  in	
  vitro	
  

-  c-MYC (49kDa) 

-  GAPDH (33kDa) 



Copyright © Benitec Biopharma Ltd 
www.benitec.com 

17 

RNAi	
  mechanism	
  of	
  acNon	
  for	
  Pabparna™:	
  Our	
  
Treatment	
  for	
  Oculopharyngeal	
  Muscular	
  Dystrophy	
  

	
  

•  ‘Silence	
  and	
  Replace’	
  expression	
  	
  
designed	
  to	
  be	
  delivered	
  via	
  a	
  
single	
  viral	
  vector	
  

•  Designed	
  to	
  knock	
  down	
  or	
  
inhibit	
  mutant	
  form	
  of	
  PABPN1	
  
that	
  causes	
  protein	
  aggrega@on	
  

•  Designed	
  to	
  co-­‐express	
  a	
  ‘codon	
  
op@mized’	
  version	
  of	
  wildtype	
  
PABPN1	
  that	
  is	
  insensi@ve	
  to	
  the	
  	
  
an@-­‐PABPN1	
  shRNA	
  and	
  restores	
  
endogenous	
  PABPN1	
  func@on	
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An	
  animal	
  model	
  of	
  OPMD:	
  	
  
The	
  ‘A17’	
  mouse	
  	
  

Knock-­‐in	
  mouse	
  created	
  with	
  inser@on	
  of	
  a	
  mutated	
  
bovine	
  PABPN1	
  driven	
  by	
  the	
  human	
  skeletal	
  ac@n	
  
promoter	
  
	
  
Recapitulates	
  severe	
  muscle	
  atrophy	
  
	
  
Mimics	
  many	
  of	
  the	
  disease	
  pathologies:	
  

	
  -­‐	
  Progressive	
  muscle	
  weakness/	
  Atrophy	
  
	
  -­‐	
  Infiltra@on/	
  Chronic	
  Inflamma@on/	
  Fibrosis	
  
	
  -­‐	
  Mitochondrial	
  /	
  Ubiqui@n-­‐Proteasome	
  defects	
  
	
  -­‐	
  Affected	
  and	
  non-­‐affected	
  muscles	
  contain	
  
	
  	
  	
  	
  intranuclear	
  inclusions	
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Pathological	
  phenotype	
  of	
  the	
  A17	
  
mouse	
  model	
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In	
  vivo	
  delivery:	
  AAV-­‐GFP	
  administered	
  	
  
via	
  local	
  IM	
  injecNons	
  

Detectable	
  by	
  GFP	
  expression	
  microscopically	
  as	
  early	
  as	
  9	
  days	
  acer	
  injec@on	
  and	
  
macroscopically	
  by	
  2	
  weeks	
  acer	
  injec@on.	
  This	
  high	
  level	
  of	
  GFP	
  expression	
  was	
  maintained	
  
throughout	
  the	
  56	
  weeks	
  of	
  the	
  experiment,	
  indica@ve	
  of	
  the	
  presence	
  of	
  func@onal	
  
expression	
  cassehes	
  in	
  myofibres.	
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In	
  vivo	
  knockdown	
  of	
  mutant	
  PABPN1	
  +	
  expression	
  
of	
  a	
  “codon	
  opNmized”	
  wildtype	
  PABPN1	
  in	
  A17	
  
mouse	
  	
  
	
  

“Suppress”	
   “Replace”	
  

NEXT	
  STEPS:	
  Examining	
  the	
  effects	
  
of	
  Pabparna	
  on	
  the	
  phenotypes	
  in	
  
the	
  A17	
  Model	
  system	
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Preliminary	
  data	
  to	
  date	
  

IN VITRO:  
•  Triple shRNA AAV construct targets mutant PABPN1. 
•  Efficiently ddRNAi  (up to 90% KD) in vitro & in vivo. 
•  Codon-optimised PABPN1 resistant  to ddRNAi / shRNA. 
•  Restoration of expression of normal PABPN1. 
 
IN VIVO - Mutant PABPN1 knock-down ± replacement in A17 mouse. 
•  Triple shRNA AAV construct abolishes INIs but induces muscle 

degeneration. This can be rescued by expressing human codon-optimised 
PABPN1. 

•  Muscle mass is not restored over 4 months treatment. 
•  Overall muscle  strength is greatly improved. 
•  Specific muscle strength is normalised. 
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Other	
  therapies	
  under	
  development	
  
	
  

•  Trehalose.	
  BioBlast	
  is	
  in	
  late	
  stage	
  clinical	
  tes@ng	
  of	
  
Cabaleha,	
  a	
  chemical	
  chaperone	
  that	
  prevents	
  	
  
pathological	
  aggrega@on	
  of	
  proteins	
  within	
  cells.	
  	
  The	
  
ac@ve	
  ingredient	
  Trehalose,	
  a	
  disaccharide	
  of	
  glucose,	
  
is	
  thought	
  to	
  induce	
  autophagy	
  and	
  s@mulate	
  
intracellular	
  clearance	
  of	
  the	
  protein	
  aggregates.	
  	
  The	
  
drug	
  is	
  administered	
  weekly	
  by	
  intravenous	
  infusion.	
  

	
  
•  Stem	
  cell	
  transplants.	
  Autologous	
  stem	
  cells	
  are	
  

transplanted	
  into	
  the	
  esophagus	
  of	
  the	
  pa@ent.	
  Some	
  
short	
  term	
  efficacy	
  but	
  they	
  s@ll	
  carry	
  the	
  gene@c	
  
defect.	
  

Trehalose	
  

Pabparna™	
  is	
  poten@ally	
  a	
  unique	
  one-­‐shot	
  treatment	
  for	
  
OPMD	
  –	
  simultaneously	
  silencing	
  the	
  defec@ve	
  PABPN1	
  gene	
  
and	
  replacing	
  it	
  with	
  the	
  wild	
  type	
  gene	
  in	
  the	
  same	
  cell.	
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