
Murine	
  Delayed-­‐type	
  Hypersensi2vity	
  (DTH)	
  Model	
  with	
  DNFB	
  Sensi2zer:	
  	
  
Intraperitoneal	
  Administra0on	
  of	
  IL-­‐17A	
  Inhibitors	
  Suppresses	
  Disease	
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IL-­‐17:IL-­‐17Receptor	
  Complexes	
  Involve	
  	
  
Substan2al	
  Protein-­‐Protein	
  Surfaces	
  

Synthe2cally	
  Accessible	
  Macrocyclic	
  Chemical	
  MaQer:	
  	
  
Unique	
  Design	
  Elements	
  for	
  Inhibi0ng	
  Protein-­‐Protein	
  Complexes	
  

IL-­‐17A	
  	
  Macrocycle	
  Leads	
  Iden2fied:	
  Good	
  Enrichments	
  and	
  	
  
Confirmed	
  Binding	
  to	
  a	
  Func0onal	
  Site	
  of	
  Human	
  IL-­‐17A	
  

Conclusions	
  and	
  Outlook	
  

IL-­‐17A	
  Inhibitors	
  Suppress	
  IL-­‐17A-­‐	
  induced	
  Cytokine	
  and	
  
Chemokine	
  Produc2on	
  in	
  Human	
  RASF	
  and	
  HT29	
  Cells	
  

Compounds	
  Exhibit	
  Dose-­‐Response	
  Inhibi2on	
  in	
  	
  
a	
  Murine	
  DTH	
  Inflamma2on	
  Model	
  

Cytokine	
   Cell	
  Type	
   Endpoint	
   EC50	
  (µM)	
  
Human	
  IL-­‐17A	
   Human	
  HT29	
   Groα	

 0.045	
  
Human	
  IL-­‐17A	
   Human	
  RASF	
   IL-­‐6	
  	
   1.8	
  	
  
Murine	
  IL-­‐17A	
   Mouse	
  3T3	
   IL-­‐6	
   6	
  
Human	
  IL-­‐1β	

 Human	
  RASFs	
   IL-­‐6	
   >>25	
  
Human	
  IL-­‐2	
   Mouse	
  HT2	
   Cell	
  proliferaFon	
   >>25	
  
Human	
  IL-­‐6	
   Human	
  HeLa	
   STAT3	
  phosphorylaFon	
   >>25	
  
Human	
  IL-­‐15	
   Mouse	
  HT2	
   Cell	
  proliferaFon	
   >>25	
  
Murine	
  IL-­‐15	
   Mouse	
  HT2	
   Cell	
  proliferaFon	
   >25	
  
Human	
  IL-­‐22	
   Human	
  HT29	
   CXCL-­‐1	
  (Groα)	
   >>	
  30	
  	
  
Human	
  TNFα	

 	
  Human	
  HT29	
  or	
  RASFs	
   IL-­‐6	
   >>25	
  

E-­‐34935	
  IL-­‐17A	
  Inhibitor	
  Specifically	
  Blocks	
  	
  
IL-­‐17A-­‐dependent	
  Induc2on	
  of	
  Cytokines	
  and	
  Chemokines	
  

•  Ensemble	
  has	
  idenFfied	
  and	
  opFmized	
  inhibitors	
  of	
  human	
  and	
  murine	
  IL-­‐17A	
  using	
  its	
  proprietary	
  
integrated	
  macrocycle	
  drug	
  discovery	
  plaVorm.	
  

•  These	
  inhibitors	
  bind	
  IL-­‐17A	
  with	
  nM	
  affinity,	
  compete	
  with	
  IL-­‐17A	
  binding	
  to	
  its	
  cellular	
  receptor,	
  
inhibit	
  specifically	
  IL-­‐17A	
  inducFon	
  of	
  cytokines	
  and	
  chemokines	
  in	
  cell	
  assays	
  ,	
  and	
  are	
  selecFve	
  for	
  
IL-­‐17	
  induced	
  cellular	
  responses	
  vs.	
  responses	
  induced	
  by	
  other	
  pro-­‐inflammatory	
  cytokines.	
  

•  The	
  IL-­‐17A	
  inhibitors	
  are	
  acFve	
  in	
  vivo	
  in	
  murine	
  models	
  of	
  acute	
  inflammaFon	
  when	
  dosed	
  
intraperitoneally	
  or	
  by	
  oral	
  gavage	
  in	
  self-­‐emulsifying	
  soluFon	
  vehicles.	
  

•  One	
  inhibitor	
  described	
  	
  (E-­‐36041)	
  	
  is	
  orally	
  acFve	
  in	
  a	
  murine	
  CIA	
  model.	
  This	
  compound	
  displays	
  
similar	
  acFvity	
  as	
  an	
  anF-­‐IL-­‐17A	
  anFbody.	
  	
  The	
  compound	
  suppresses	
  in	
  paw	
  inflammaFon,	
  pannus	
  
formaFon,	
  and	
  bone	
  resorpFon.	
  

•  Efforts	
  are	
  underway	
  to	
  further	
  improve	
  the	
  compounds	
  to	
  oral	
  potency	
  and	
  bioavailability	
  and	
  to	
  
examine	
  the	
  compounds	
  in	
  other	
  chronic	
  models	
  of	
  human	
  autoimmune/inflammatory	
  disease.	
  

Human	
  Rheumatoid	
  Arthri0s	
  Synovial	
  Fibroblasts	
  (RASF)	
  in	
  1%	
  Serum;	
  
IL-­‐6	
  levels	
  measured	
  by	
  ELISA	
  20	
  hrs.	
  post-­‐induc0on	
  with	
  IL17A.	
  	
  
	
  EC50s	
  determined	
  were	
  1.8,	
  2.6,	
  0.37	
  and	
  1.4	
  µM	
  for	
  E-­‐34935,	
  
E-­‐35018,	
  E-­‐35762	
  and	
  E036041,	
  respec0vely.	
  	
  

Abstract	
  

Background/Purpose:	
  	
  IL-­‐17A	
  has	
  been	
  demonstrated	
  to	
  be	
  a	
  key	
  pro-­‐inflammatory	
  cytokine	
  in	
  
human	
  rheumatoid	
  arthriFs	
  and	
  in	
  several	
  rodent	
  models	
  of	
  arthriFs.	
  	
  SyntheFc	
  macrocycles	
  are	
  
more	
  amenable	
  to	
  opFmizaFon	
  for	
  metabolic	
  stability	
  and	
  oral	
  absorpFon	
  than	
  biotherapeuFcs.	
  	
  
The	
  aim	
  of	
  this	
  invesFgaFon	
  was	
  to	
  idenFfy	
  high-­‐affinity	
  macrocycle	
  binders	
  of	
  human	
  IL-­‐17A,	
  to	
  
quanFfy	
  their	
  inhibitory	
  potency	
  against	
  cytokine	
  producFon	
  in	
  human	
  cells,	
  and	
  to	
  determine	
  if	
  
acFve	
  compounds	
  could	
  inhibit	
  a	
  delayed-­‐type	
  hypersensiFvity	
  response	
  in	
  mice.	
  	
  

Methods:	
  DNA	
  programmed	
  chemistry	
  (DPC)	
  libraries	
  were	
  generated	
  to	
  synthesize	
  in	
  vitro	
  
libraries	
  of	
  non-­‐pepFdic	
  syntheFc	
  macrocycles	
  of	
  molecular	
  weight	
  600–	
  1000	
  kDa.	
  	
  Compounds	
  
binding	
  to	
  immobilized	
  IL-­‐17A	
  were	
  idenFfied	
  by	
  PCR	
  and	
  DNA	
  sequencing.	
  	
  Two	
  compounds	
  
were	
  resynthesized	
  and	
  characterized	
  by	
  1)	
  compeFFve	
  ELISA	
  to	
  determine	
  affinity	
  for	
  human	
  
IL-­‐17A,	
  2)	
  inhibiFon	
  of	
  IL-­‐17A-­‐driven	
  IL-­‐6	
  producFon	
  in	
  human	
  rheumatoid	
  arthriFs	
  synovial	
  
fibroblasts	
  (RASF)	
  and	
  human	
  HT-­‐29	
  adenocarcinoma	
  cells,	
  3)	
  inhibiFon	
  of	
  other	
  pro-­‐
inflammatory	
  human	
  cytokine	
  acFviFes,	
  such	
  as	
  IL-­‐1β,	
  IL-­‐6,	
  IL-­‐22,	
  and	
  TNFα,	
  and	
  4)	
  efficacy	
  in	
  a	
  
delayed-­‐type	
  hypersensiFvity	
  (DTH)	
  mouse	
  model.	
  	
  The	
  DTH	
  model	
  used	
  a	
  1-­‐fluoro-­‐2,4-­‐
dinitrobenzene	
  (DNFB)	
  sensiFzer,	
  which	
  was	
  applied	
  to	
  the	
  animals	
  at	
  day	
  0.	
  	
  On	
  day	
  7,	
  
compounds	
  dissolved	
  in	
  DMSO	
  were	
  dosed	
  by	
  intraperitoneal	
  (i.p.)	
  injecFon	
  at	
  a	
  dose	
  of	
  10	
  mg/
kg.	
  	
  A	
  second	
  applicaFon	
  of	
  DNFB	
  was	
  performed	
  on	
  the	
  lei	
  ear	
  30	
  min	
  aier	
  compound	
  dosing.	
  	
  
Aier	
  24	
  hours,	
  lei	
  ear	
  edema	
  was	
  measured	
  by	
  change	
  in	
  ear	
  weight	
  compared	
  to	
  the	
  right	
  ear,	
  
and	
  levels	
  of	
  INF-­‐γ	
  in	
  ear	
  Fssue	
  homogenates	
  were	
  quanFfied	
  by	
  ELISA.	
  	
  

Results:	
  Two	
  syntheFc	
  macrocycles	
  idenFfied	
  in	
  this	
  invesFgaFon,	
  E-­‐34935	
  and	
  E-­‐35018,	
  were	
  
characterized	
  by	
  a	
  compeFFon	
  ELISA	
  with	
  human	
  IL-­‐17A,	
  and	
  determined	
  to	
  have	
  a	
  dissociaFon	
  
constant	
  (Kd)	
  =	
  2	
  nM.	
  	
  	
  E-­‐34935	
  and	
  E-­‐35018	
  were	
  found	
  to	
  inhibit	
  IL-­‐17A	
  with	
  EC50	
  of	
  2.0	
  and	
  2.1	
  
μM	
  in	
  RASF,	
  and	
  45	
  and	
  20	
  nM	
  in	
  HT29	
  cells,	
  respecFvely.	
  	
  Both	
  compounds	
  were	
  inacFve	
  	
  (EC50	
  >	
  
25	
  μM)	
  in	
  a	
  banery	
  of	
  cellular	
  assays	
  for	
  the	
  human	
  cytokines	
  IL-­‐1β,	
  IL-­‐6,	
  IL22,	
  and	
  TNFα.	
  	
  A	
  
single	
  i.p.	
  dose	
  of	
  10	
  mg/kg	
  of	
  E-­‐34935	
  or	
  E-­‐35018	
  in	
  the	
  murine	
  DTH	
  model	
  suppressed	
  edema	
  
vs.	
  vehicle	
  control	
  by	
  50	
  or	
  54%	
  respecFvely	
  (p	
  <	
  0.05	
  vs.	
  vehicle	
  control).	
  	
  	
  In	
  comparison,	
  a	
  rat	
  
anF-­‐mouse	
  IL-­‐17A	
  IgG1	
  (5	
  mg/kg,	
  i.p.)	
  resulted	
  in	
  76%	
  inhibiFon	
  of	
  edema.	
  	
  	
  INF-­‐γ	
  levels	
  in	
  Fssue	
  
homogenates	
  were	
  also	
  suppressed	
  by	
  E-­‐34935,	
  E-­‐35018,	
  or	
  anF-­‐IL-­‐17A	
  Ab	
  vs.	
  vehicle	
  control	
  by	
  
72%,	
  62%	
  or	
  75%,	
  respecFvely	
  (p	
  <	
  0.05	
  for	
  all	
  groups	
  vs.	
  vehicle	
  control	
  group).	
  	
  

Conclusion:	
  Our	
  data	
  provide	
  evidence	
  that	
  syntheFc	
  macrocycles	
  can	
  be	
  idenFfied	
  that	
  bind	
  
potently	
  and	
  specifically	
  to	
  human	
  IL-­‐17A,	
  and	
  act	
  as	
  inhibitors	
  of	
  IL-­‐17A-­‐sFmulated	
  IL-­‐6	
  
producFon	
  in	
  RASF	
  and	
  HT29	
  cells.	
  	
  These	
  compounds	
  are	
  also	
  anF-­‐inflammatory	
  in	
  an	
  IL-­‐17-­‐
directed	
  murine	
  DTH	
  model.	
  	
  	
  Prior	
  to	
  this	
  invesFgaFon,	
  such	
  specific	
  inhibitors	
  of	
  the	
  IL-­‐17A-­‐
IL17receptor	
  interacFon	
  were	
  limited	
  to	
  polypepFdes.	
  

Produc2ve	
  Medicinal	
  Chemistry	
  Campaign	
  Produced	
  High-­‐affinity	
  
IL17A	
  binders	
  

Conclusions	
  

Produc2ve	
  Medicinal	
  Chemistry	
  Campaign	
  
	
  Produced	
  High-­‐affinity	
  Human	
  IL-­‐17A	
  Binders	
  

Orally	
  Administered	
  IL-­‐17A	
  Inhibitor	
  E-­‐36041	
  
Is	
  An2-­‐inflammatory	
  and	
  Disease-­‐modifying	
  in	
  Murine	
  CIA	
  Model	
  

IL-­‐17A	
  Inhibitors	
  Administered	
  by	
  Oral	
  Gavage	
  Suppress	
  	
  
Edema	
  and	
  Cytokine	
  Produc2on	
  in	
  Murine	
  DTH	
  Model	
  

Biochemical	
  Characteriza2on	
  of	
  IL-­‐17A	
  Binders	
  
Demonstrates	
  Compe00on	
  with	
  IL-­‐17RA	
  and	
  Slow	
  Off-­‐Rates	
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A	
  compeFFve	
  ELISA	
  binding	
  assay	
  in	
  which	
  selected	
  anF-­‐IL-­‐17A	
  
macrocycles	
  disrupt	
  the	
  interacFon	
  of	
  human	
  IL-­‐17A	
  to	
  
IL-­‐17RA.	
  	
  

The	
  binding	
  of	
  anF-­‐IL-­‐17A	
  macrocycles	
  to	
  human	
  IL-­‐17A	
  was	
  invesFgated	
  
using	
  Biacore®	
  SPR	
  techniques.	
  	
  The	
  inhibitors	
  displayed	
  rapid	
  ON-­‐rates	
  
of	
  binding	
  and	
  slow	
  OFF-­‐rates	
  of	
  dissociaFon	
  from	
  the	
  cytokine	
  target.	
  	
  	
  

E	
  

E-34935 

E-35018 

E-35762 

E-36041

Inhibi0on	
  of	
  IL17A	
  Induced	
  Groα	
  	
  secre0on	
  in	
  	
  HT29	
  adenocarcinoma	
  cells	
  in	
  
serum-­‐free	
  medium;	
  IL-­‐6	
  levels	
  measured	
  at	
  48	
  hrs.	
  post-­‐induc0on	
  with	
  	
  IL-­‐17A.	
  	
  
EC50s	
  determined	
  were	
  0.045,	
  0.011,	
  0..33	
  and	
  1.0	
  µM	
  for	
  E-­‐34935,	
  E-­‐35018,	
  
E-­‐35762	
  and	
  E-­‐36041,	
  respec0vely.	
  	
  

Male Balb/c mice were administered a 0.5% 1-fluoro-2,4-dinitrobenzene (DNFB) solution  to the shaved abdomen on Day 0 and 
Day 1.  On Day 7, the mice were dosed i.p. with inhibitor, and 30 minutes later a 0.2% DNFB solution was applied to the shaved 
left ear, and an inactive solution applied to the right ear.  24 hours later, the mice were euthanized and ear edema (left – right ear 
weight) was determined.  Cytokine/chemokine levels were determined by ELISA in ear tissue homogenates.    
CRO = Washington Biotechnology Inc., Baltimore, MD  USA.  

DTH protocol as described in prior panel, except that in these experiments the inhibitors were dosed by oral gavage.  
Inhibitors were formulated in self-emulsifying solutions of Cremophor/Water (20:80) or TPGS/PEG-400/Water (20:60:20). 
Anti-IL17-A antibody (affinity purified rat anti-mouse IgG1 κ isotype, BioLegend) was dosed i.p. in PBS. 

Methods 

IL-17A inhibitors were evaluated in a 
murine CIA model. In this study (CRO = 
Bolder BioPATH, Inc., Bolder, CO USA).  
DBA-1 mice (10/group) were injected 
intradermally with 150 µL of Freund’s 
Complete Adjuvant containing bovine type 
II collagen (2 mg/ml) at the base of the tail 
on day 0 and again on day 21. On study 
days 24–25, onset of arthritis occurred and 
mice were randomized into treatment 
groups. Randomization into each group 
was done after swelling was obviously 
established in at least one paw (score of 
1), and attempts were made to ensure 
approximately equal mean arthritis scores 
of 0.25 across the groups at the time of 
enrollment. Treatment was initiated after 
enrollment and continued as indicated 
(see below) through arthritis day 10. Mice 
were terminated on day 11. Clinical scores 
were given for each of the paws (right 
front, left front, right rear, left rear) on 
arthritis days 1–11. 

Oral delivery of anti-IL-17A inhibitors inhibits chronic inflammation in the murine CIA model.  A) Summed clinical arthritis scores – All 
Paws (scored 0-5), B) Clinical arthritis score with AUC calculation – All Paws, C) Individual histopathology parameters (All Joints), D) 
Histopathology sum (All Joints), E) Photomicrographs of forepaws (left to right) naïve, vehicle treated, 5 mg/kg IP anti-IL-17A antibody, 
30 mg/kg E-36041, p.o.  


