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BACKGROUND.	
  BNC105	
  is	
  a	
  Vascular	
  Disrup2ng	
  Agent	
  (VDA)	
  that	
  exerts	
  an2-­‐cancer	
  ac2vity	
  through	
  the	
  selec2ve	
  shut-­‐down	
  of	
  tumor	
  blood	
  vessels.	
  It	
  selec2vely	
  disrupts	
  the	
  rela2vely	
  chao2c	
  and	
  fast	
  growing	
  vasculature	
  within	
  a	
  tumor	
  resul2ng	
  in	
  cessa2on	
  of	
  oxygen	
  and	
  nutrients	
  delivered	
  to	
  the	
  tumor.	
  A	
  single	
  dose	
  of	
  BNC105	
  causes	
  a	
  high	
  degree	
  of	
  hypoxia	
  
and	
  necrosis	
  within	
  24hrs	
  post	
  treatment	
  in	
  rodent	
  tumor	
  models.	
  Disrup2on	
  of	
  tumor	
  vasculature	
  following	
  treatment	
  with	
  BNC105	
  was	
  also	
  observed	
  in	
  cancer	
  pa2ents	
  (Rischin	
  et	
  al.	
  2011).	
  The	
  degree	
  of	
  hypoxia	
  within	
  the	
  tumor	
  varies	
  as	
  the	
  cells	
  proximal	
  to	
  the	
  tumor	
  periphery	
  draw	
  on	
  normal	
  vasculature	
  which	
  is	
  not	
  disrupted	
  by	
  BNC105	
  ac2vity.	
  	
  Tumor	
  
recovery	
  from	
  the	
  hypoxic	
  stress	
  occurs	
  by	
  day	
  2	
  post-­‐treatment	
  as	
  the	
  remaining	
  cells	
  within	
  the	
  tumor	
  microenvironment	
  adapt	
  to	
  the	
  altered	
  condi2ons.	
  We	
  have	
  conducted	
  immunohistochemical	
  analysis	
  to	
  iden2fy	
  the	
  molecular	
  basis	
  driving	
  this	
  tumor	
  recovery.	
  Using	
  the	
  mouse	
  renal	
  cancer	
  orthotopic	
  tumor	
  model	
  RENCA,	
  BNC105	
  causes	
  significant	
  vascular	
  
shutdown	
  within	
  the	
  tumor	
  followed	
  by	
  ac2va2on	
  of	
  proteins	
  involved	
  in	
  tumor	
  adap2ve	
  responses	
  to	
  hypoxia.	
  Similar	
  observa2ons	
  were	
  recorded	
  from	
  BNC105	
  treated	
  mice	
  bearing	
  tumors	
  of	
  the	
  human	
  renal	
  cancer	
  cell	
  lines	
  Caki-­‐1	
  (VHL	
  wild	
  type)	
  and	
  A-­‐498	
  (VHL	
  mutant).	
  These	
  observa2ons	
  led	
  us	
  to	
  inves2gate	
  the	
  poten2al	
  therapeu2c	
  benefit	
  of	
  combining	
  
BNC105	
  with	
  agents	
  inhibi2ng	
  the	
  func2on	
  of	
  proteins	
  being	
  upregulated	
  as	
  a	
  result	
  of	
  BNC105	
  induced	
  tumor	
  hypoxia.	
  The	
  increase	
  in	
  intra-­‐tumor	
  hypoxia	
  caused	
  by	
  BNC105	
  treatment	
  	
  can	
  be	
  leveraged	
  to	
  gain	
  greater	
  therapeu2c	
  benefit	
  by	
  targe2ng	
  tumor	
  adap2ve	
  responses.	
  

Figure	
   1:	
   	
  A	
   single	
   iv	
   dose	
  of	
   BNC105	
   (32	
  mg/kg)	
  
causes	
   disrup2on	
   of	
   vasculature	
   in	
   RENCA	
   cell	
  
orthotopic	
   tumors	
   with	
   no	
   effect	
   on	
   the	
  
vasculature	
   of	
   the	
   kidney.	
   Vascular	
   func2on	
   is	
  
visualised	
   through	
   iv	
   injec2on	
   of	
   H33342,	
   1	
   min	
  
prior	
   to	
   animal	
   euthanasia.	
   Slides	
   were	
   post-­‐
stained	
   with	
   Hematoxylin	
   to	
   differen2ate	
   normal	
  
kidney	
   and	
   tumour.	
   Maximum	
   tumor	
   vascular	
  
disrup2on	
  was	
  seen	
  as	
  early	
  as	
  1hr	
  post	
  treatment,	
  
with	
  necrosis	
  reaching	
  maximum	
  levels	
  24hrs	
  post	
  
treatment.	
   Tumor	
   recovery	
   from	
   the	
   effects	
   of	
  
BNC105	
   is	
   evident	
   by	
   2	
   days	
   post	
   treatment.	
  
RENCA	
   cells	
   -­‐	
   (mouse renal adenocarcinoma; ATCC 
CRL-2947,  VHL wildtype).	
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Figure	
   5:	
   	
   	
   	
   	
   	
   	
   Formalin	
   fixed	
  paraffin	
  
embedded	
   	
   RENCA	
   orthotopic	
   tumor	
  
sec2ons	
  from	
  	
  Balb/c	
  mice	
  	
  collected	
  24	
  
hrs	
   a]er	
   a	
   single	
   dose	
   iv	
   32mg/kg	
  
BNC105	
   demonstrates	
   upregula2on	
   of	
  
unfolded	
   protein	
   response	
   markers	
  
PERK	
   (Cell	
   signalling	
   #5683)	
   and	
  
phosphory la2on	
   of	
   e IF2α	
   (Ce l l	
  
Signalling	
   #5324).	
   (Fast	
   Red	
   detec2on	
  
on	
  Hematoxylin)	
  

Figure	
  6:	
   	
   	
   	
   	
   RENCA	
  orthotopic	
  
tumour	
   bearing	
   kidneys	
   from	
  	
  
Balb/c	
  mice	
  were	
  photographed	
  
4	
  hours	
  a]er	
  dosing	
  BNC105	
  on	
  
Day	
  9	
  of	
   treatment	
   (Bortezomib	
  
0.5mg/kg	
   iv	
   Days	
   1,	
   5	
   &	
   8,	
  
BNC105	
   32mg/kg	
   iv	
   Days	
   2	
   and	
  
9).	
   Formalin	
   fixed	
   and	
   paraffin	
  
embedded	
   sec2ons	
   were	
  
stained	
   using	
   a	
   TUNEL	
   assay	
  
(Roche) .	
   BNC105	
   induced	
  
hypoxia	
   leads	
   to	
   detectable	
  
tumor	
   necrosis	
   24hrs	
   a]er	
  
BNC105	
   monotherapy	
   but	
   not	
  
earlier.	
   Concurrent	
   treatment	
  
w i th	
   Bor tezomib	
   induces	
  
necrosis	
  at	
  the	
  4	
  hr	
  2mepoint.	
  

Table	
   1:	
   A498	
   (human renal carcinoma; ATCC 
HTB-44, VHL mutant)	
   xenogra]s	
   were	
   treated	
  
with	
   Rapamycin	
   1mg/kg	
   ip	
   (Day 1, 4, 8 & 11) 
and	
   BNC105	
   32mg/kg	
   iv	
   (Day 4 & 11).	
   The	
  
Rapamycin	
   +	
   BNC105	
   combina2on	
   treatment	
  
resulted	
   in	
   sta2s2cally	
   significant	
   (p<0.05)	
  	
  
tumor	
   growth	
   inhibi2on	
   	
   compared	
   to	
   the	
  
monotherapies	
   showing	
   that	
   the	
   two	
  
compounds	
  have	
  a	
  complimentary	
  mechanism	
  
of	
  ac2on.	
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Figure	
   4:	
   BNC105	
   induces	
   increase	
  
in	
  4EBP1	
  phosphoryla2on.	
  Formalin	
  
fixed	
   paraffin	
   embedded	
   	
   RENCA	
  
tumor	
   sec2ons	
   from	
   	
   Balb/c	
   mice	
  	
  
collected	
   24	
   hrs	
   a]er	
   a	
   single	
   iv	
  
dose	
   BNC105	
   (32mg/kg)	
   were	
  
stained	
   for	
   expression	
   of	
   4EBP1	
  
phosphoryla2on	
   (Cell	
   signalling	
  
#2855).	
   (Fast	
   Red	
   detec2on	
   on	
  
Hematoxylin)	
  

Figure	
   3:	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   Increased	
  mTOR	
  
phosphoryla2on	
   occurs	
   in	
   tumor	
  
zones	
  surviving	
  the	
  necro2c	
  effects	
  of	
  
BNC105.	
   Frozen	
   sec2ons	
   from	
   Caki-­‐1	
  
(human renal clear cell  carcinoma; ATCC 
HTB-46, VHL wildtype)	
   xenogra]s	
   in	
  
Balb/c	
   nude	
   mice	
   collected	
   24	
   hrs	
  
a]er	
  a	
  single	
   iv	
  dose	
  BNC105	
  (32mg/
kg)	
   demonstrates	
   necro2c	
   and	
   viable	
  
tumor	
   regions.	
   Phosphoryla2on	
   of	
  
mTOR	
   (Cell	
   signalling	
   #2855)	
   (DAB	
  
detec2on	
  on	
  Hematoxylin)	
  was	
  clearly	
  
seen	
   in	
   the	
   viable	
   tumor	
   region.	
   This	
  
may	
   drive	
   tumor	
   recovery	
   from	
   the	
  
effects	
  of	
  BNC105.	
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Figure	
  2:	
  Tumor	
  vascular	
  disrup2on	
  induced	
  by	
  BNC105	
  
leads	
   in	
   the	
   upregula2on	
   of	
   markers	
   associated	
   with	
  
tumor	
   response	
   to	
   hypoxia.	
   Formalin	
   fixed	
   paraffin	
  
embedded	
   	
  RENCA	
   	
  tumor	
  sec2ons	
  from	
   	
  Balb/c	
  mice	
  	
  
collected	
   24	
   hours	
   a]er	
   a	
   single	
   dose	
   of	
   32mg/kg	
  
BNC105	
   were	
   examined	
   for	
   expression	
   of	
   markers	
  
previously	
   shown	
   to	
   be	
   involved	
   in	
   tumor	
   adap2ve	
  
responses	
   to	
   hypoxia.	
  Our	
   data	
   show	
  up-­‐regula2on	
   of	
  
the	
  hypoxia	
  markers	
  Glut-­‐1	
  (Acris	
  	
  AP06144PU-­‐N),	
  Hif1α	
  
(Santa	
  Cruz	
  sc10790)	
  and	
  VEGF	
  (Abcam	
  ab46154).	
  (Fast	
  
Red	
   detec2on	
   on	
   Hematoxylin).	
   These	
   markers	
   have	
  
been	
   shown	
   to	
   drive	
   tumor	
   survival	
   and	
   induc2on	
   of	
  
angiogenesis.	
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Hypothesis:	
  Renal	
  tumors	
  recover	
  from	
  the	
  hypoxic	
  stress	
  caused	
  by	
  the	
  vascular	
  disrup2on	
  
effect	
  of	
  BNC105	
   through	
  upregula2on	
  of	
  mTOR	
  signaling.	
  Concurrent	
  blockade	
  of	
  mTOR	
  
signaling	
  reduces	
  ability	
  of	
  renal	
  tumors	
  to	
  recover	
  from	
  hypoxic	
  stress.	
  

Hypothesis:	
  BNC105	
  induced	
  hypoxia	
  induces	
  accumula2on	
  of	
  misfolded	
  proteins	
  and	
  ER	
  
stress.	
   Tumor	
   cells	
   recover	
   from	
   these	
   effects	
   through	
   upregula2on	
   of	
   PERK,	
  
phosphoryla2on	
   of	
   eIF2a	
   and	
   ac2va2on	
   of	
   the	
   Unfolded	
   Protein	
   Response	
   (UPR).	
  
BNC105	
   treatment	
   and	
   concurrent	
   inhibi2on	
   of	
   the	
   proteasome	
   with	
   Bortezomib	
   will	
  
disrupt	
   UPR,	
   increase	
   ER	
   stress	
   and	
   result	
   in	
   increased	
   and	
   more	
   sustained	
   tumor	
  
necrosis.	
  	
  

•  BNC105	
  induced	
  hypoxia	
  upregulates	
  the	
  mTOR	
  survival	
  pathway	
  	
  
•  Concurrent	
   treatment	
   with	
   rapamycin	
   (mTOR	
   inhibitor)	
   sensiGzes	
   the	
   A498	
   cell	
   line	
   to	
   the	
   effects	
   of	
   BNC105,	
   with	
   the	
  
BNC105+rapamycin	
  treatment	
  group	
  showing	
  greater	
  tumor	
  growth	
  inhibiGon	
  

•  Regions	
  of	
  tumours	
  adapt	
  to	
  the	
  hypoxic	
  shock	
  caused	
  by	
  BNC105	
  treatment	
  through	
  adap1ve	
  survival	
  pathways	
  
such	
  as	
  the	
  mTOR	
  pathway	
  and	
  the	
  Unfolded	
  Protein	
  Response	
  

•  Targe1ng	
  these	
  hypoxic	
  adap1ve	
  survival	
  pathways	
  has	
  the	
  poten1al	
  to	
  increase	
  the	
  therapeu1c	
  benefit	
  offered	
  
by	
  BNC105.	
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•  Treatment	
  of	
  RENCA	
  tumors	
  with	
  BNC105	
  +	
  Bortezomib	
  resulted	
  in	
  increased	
  tumor	
  necrosis	
  compared	
  to	
  
animals	
   treated	
  with	
  Bortezomib	
  or	
  BNC105	
  alone.	
  This	
  suggests	
   that	
  the	
  tumor	
   is	
  more	
  suscepGble	
  to	
  
BNC105	
  induced	
  hypoxia	
  when	
  in	
  combinaGon	
  with	
  Bortezomib	
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♦  ↑	
  Glut-­‐1,	
   increases	
   glucose	
   transport	
   across	
   cell	
  
membrane	
  (Warburg	
  effect)	
  	
  

♦  ↑	
   HIF1α,	
   gateway	
   to	
   a	
   cascade	
   of	
   hypoxic	
  
molecular	
  responses	
  	
  

♦  ↑	
  VEGF,	
  recruits	
  vasculature	
  to	
  microenvironment	
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