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AMR  Therapies
• Extracellular  protein  targets
– Complement  inhibitors
• Distal
• Proximal

– Immunoglobulin
• Enzymatic  cleavage
• Physical  removal

• Plasma  Cells
– Proteasome  inhibitors
• Reversible
• Irreversible



Anti-HLA  Antibody  Function:    Transplant  Injury



Proximal	  v	  Distal	  Complement	  Inhibition



Distal  Complement  Inhibition
• Eculizumab (Soliris)    Alexion
– Binds  C5  and  inhibits  conversion  to  C5a
– Prevents  MAC  generation

– Approved  2007  for  PNH
– Approved  2011  of  aHUS

– “Most  expensive  drug”  yearly  cost  $400k/yr



Distal  Complement  Inhibition
• Eculizumab (Soliris)    Alexion

Single  arm  study
Historical  controls
Reduction  of  AMR  in  high  risk  pts

AMR  occurred  in  8%  of  pts
Despite  terminal  C  inhibition

Outcomes  beyond  1  year  
showed  TG  still  occurs



Distal  Complement  Inhibition
• Eculizumab (Soliris)    Alexion
• Safety  and  Efficacy  of  Eculizumab to  Prevent  AMR  in  
Living  Donor  Kidney  Transplant  Recipients  Requiring  
Desensitization
– NCT01399593
– Randomized  open  label
– Primary  EP  tx failure  (AMR,GL,  death,  loss  to  F/U
– 102  pts  (39  sites)
– Study  terminated  “did  not  achieve  significance  for  primary  
endpoint”

– Estimated  rejection  rate  in  study  was  lower  than  assumed  in  
power  calculation  for  study  design

– Lower  risk  patients  were  allowed  in  study  at  midpoint  due  to  
low  enrollment

– Primary  completion  date  March  2015,  final  data  not  in  
clinicaltrials.gov



Distal  Complement  Inhibition

• Eculizumab (Soliris)    Alexion
– Safety  and  Efficacy  of  Eculizumab in  the  Prevention  of  AMR  in  
Sensitized  Recipients  of  a  Kidney  Transplant  From  a  Deceased  
Donor

– NCT01567085
– Interventional,  single  limb  open  label
– Posttransplant tx failure  (AMR,GL,  death,  loss  to  F/U
– 80  pts  15  sites
– Last  updated  clinicaltrials.gov Oct  2016,  estimated  study  
completion  June  2017



Distal  Complement  Inhibition

• Eculizumab (Soliris)    Alexion

• Eculizumab Therapy  for  Chronic  Antibody-
Mediated  Injury  in  Kidney  Transplant  
Recipients:  A  Pilot  Randomized  Controlled  
Trial

• Kulkarni  S,  Pober J  et  al

• First  published:  AJT  16  September  2016



C1q	  Ab	  Binding	  is	  Complex	  and	  Restrained

Proximal	  Complement	  Inhibition



C1	  Inhibitor



Proximal  Complement  Inhibition

Berinert CSL Behring C1 esterase inhibitor plasma derived

Cinryze Shire (Viropharma) C1 esterase inhibitor plasma derived

Ruconest Pharming C1esterase inhibitor recombinant



Proximal  Complement  Inhibition

• CSL  Behring
• Phase  1-2  randomized  placebo  controlled  
pilot  study

• 20  patients



Proximal  Complement  Inhibition

• Shire/Viropharma
• Phase  2b  randomized  double  blind  
placebo  controlled  pilot  study

• 18  patients



Proximal  Complement  Inhibition

• CSL  Behring
• 6  patient  pilot  study



Immunoglobulin



IdeS

• Bacterial  enzyme- cysteine  protease
• Specifically  cleaves  human  IgG
• Cleaves  IgG  into  F(ab)’2  and  Fc  fragments
• Humans  commonly  produce  neutralizing  activity  during  clinical  
streptococcal  infection

• Anti-IdeS neutralizing  antibodies  commonly  found  in  humans



IdeS



CONFIDENTIAL

IdeS Clinical  Trials  
• Phase  1-2  Trial  to  Evaluate  Safety  and  
Tolerability  of  IdeS (IgG  endopeptidase)  To  
Eliminate  Donor-Specific  HLA  Antibodies  
and  Prevent  AMR  in  Highly  HLA  Sensitized  
Patients  

• Interventional  single  limb  pilot
• 20  pts,  single  center
– Jordan  and  Hansa Medical  AB



Plasma  Cell  Targeting
• Proteasome  inhibitors

– Distal
• Inhibition  of  protease  activity

– Constitutive  proteasome  inhibitors
– Immunoproteasome  inhibitors

– Proximal  
• Non-protease  inhibitors

– Ubiquitin  binding  inhibitors
– Deubiquitinases (DUBs)

• ER  Stress  and  autophagy  modulation
– Proximal  UPR  inhibitors
– Autophagy  inhibitors

• Plasma  cell  niche  and  survival  factors
– CXCR4  antagonists
– BAFF  antagonists
– IL-6  antagonists

• Combinatorial  approaches



Proteasome  Inhibition  



ER	  Stress



Proteasome	  Structure
Proteolysis	  is
conducted	  by	  three	  
beta	  subunits,	  beta1,	  
beta2,	  and	  beta5,	  of	  
the	  20S	  proteasome.	  

Enzymatic	  v	  nonenzymatic
inhibitors



Bortezomib	  AMR	  Papers
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New  Proteosome Inhibitors

AGENT TARGET CLASS PHARMA AREA OF 
DEVELOPMENT PHASE

Carfilzomib
(PR-171)

NF-kB
2nd Generation 

Proteasome 
Inhibitor (IV)

Onyx

Relapsed/Refractory MM Phase II
Relapsed Solid Tumors Phase Ib/II

Carfilzomib + Lenalidomide + 
Dexamethasone in Relapsed 

MM
Phase Ib

Relapsed MM Phase II

MLN9708
ixazomib NF-kB

2nd Generation 
Proteasome 
Inhibitor (IV)

Millennium Relapsed/Refractory MM Pre-Clinical



Carfilzomib	  and	  Lung	  Transplant	  Rejection



U  of  Cincinnati  Carfilzomib Trial

• FDA  IND  and  UC  IRB  approval
• Enrollment  initiation  Nov  2014
• Desensitization  trial
• Proof  of  concept
• Iterative  design
• Adaptive  enrollment  based  on  precision  
estimates  of  treatment  effect

• Biologic  assessment  of  resistant  BMNR  
LLPCs
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b1i
b2i
b5i

Constitutive  Proteasome  Conversion  
to  Immunoproteasome  



Immunoproteasome



Proteasome  Degradation:    Events  
Proximal  To  Protein  Degradation

• Ubiquitin  recognition  and  binding
• Protein  unfolding  and  chamber  entry
• Deubiquitination



19S  regulatory  
cap  consists  of:

6  ATPases
3  DUBs
2  Ub  receptors



Plasma  Cell  Niches

• PC  niches  exist  in    bone  marrow,  spleen  and  LN
• Bone  marrow  niche  is  the  most  characterized
• Consists  of  multiple  cell  types

– Bone  marrow  stromal  cells,  osteoclasts,  macrophages,  
eosinophils

– Multiple  cytokine,  chemokines  and  cell  surface  protein  
sinteractions  are  thought  to  be  important  in  promoting  long  term  
PC  survival

• Spleen  and  LN  niches  are  less  well  characterized



BMNR  LLPC  Niche:  Druggable Targets



CXCR4:CXCL12  Blockade
• Plerixafor (Mozobil,  Sanofi)
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IL-6  Blockade

• Tocilizumab  (Actemra,  Genentech)  IL6R
• Siltuximab (Sylvant,  Janssen)  IL6

BAFF  Inhibition

• Belimumab (Actemra,  Glaxo  Smith  Kline)
• Tabalumab (Lilly)



New  Druggable Targets  for  AMR:    
Conclusions

• A  significant  number  of  innovative  approaches  
have  emerged  over  the  past  several  years  
that

– Ig  degradation

– Target  early  stages  of  classical  complement  
cascade



New  Druggable Targets  for  AMR:    
Conclusions

• Plasma  cell  targeted  therapeutic  approaches  
include

– Newer  proteasome  inhibitors
• Irreversible  inhibitors

– Selective  IP  inhibitors

– Proximal  proteasome  inhibitors

– Plasma  cell  niche  components



New  Druggable Targets  for  AMR:    
Combinatorial  Regimens

• Antihumoral therapeutic  regimens,  similar  to  those  
that  target  T  cell  responses  are  likely  to  be  
combinatorial  regimens

• Requisite  properties  for  AMR  regimens
– Mechanism  for  dealing  with  preexisting  Ab
– Mechanisms  for  dealing  with  preexisting  cell  populations
– Mechanisms  for  dealing  with  newly  produced  cellular  populations

• Combinatorial  regimens  provide  the  opportunity  to  
achieve  synergy


