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Transforma)on	
  of	
  a	
  normal	
  plasma	
  cell	
  into	
  a	
  
neoplas)c	
  cell	
  is	
  a	
  mul)step	
  process	
  due	
  to	
  gene)c	
  
and	
  molecular	
  events	
  as	
  well	
  as	
  to	
  important	
  and	
  
irreversible	
  altera)ons	
  in	
  the	
  bone	
  marrow	
  micro-­‐	
  

environment.	
  	
  
	
  

The	
  myeloma	
  cell	
  is	
  immersed	
  in	
  the	
  bone	
  marrow	
  
micro-­‐environment	
  where	
  it	
  mutually	
  interacts	
  

with	
  stromal	
  cells	
  (BMSC),	
  osteoblasts,	
  	
  
osteoclasts,	
  lymphocytes	
  and	
  endothelial	
  cells.	
  

	
  



1.  The	
  cross-­‐talk	
  between	
  MM	
  cells	
  and	
  BM	
  stromal	
  cells	
   is	
  regulated	
  by	
  different	
  
mechanisms:	
  cell-­‐to-­‐cell	
  adhesion	
  between	
  MM	
  cells	
  and	
  ECM	
  components/BM	
  
stromal	
  cells;	
  

2.  soluble	
   factors	
   (cytokines,	
   chemokines,	
   growth	
   factors,	
   exosomes	
   and	
  miRNAs	
  
released	
   by	
   the	
   BM	
   stromal	
   cells	
   and	
  MM	
   cells,	
   with	
   autocrine	
   and	
   paracrine	
  
effects).	
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M M 	
   c e l l s	
   a r e	
  
s o r r o u n d e d	
   b y	
   a	
  
complex	
   bone	
   marrow	
  
m i c r o en v i r o nmen t	
  
composed	
   o f	
   ECM	
  
proteins	
   and	
   several	
  
cell	
  types,	
  including	
  BM	
  
stromal	
   ce l l s	
   (ECs ,	
  
mesenchymal	
   stromal	
  
cells,	
  CAFs).	
  



Both	
  mechanisms	
  ac)vate	
  several	
  signaling	
  pathways	
  in	
  BM	
  stromal	
  
cells	
  and	
  tumor	
  cells,	
  leading	
  to	
  MM	
  drug	
  resistance.	
  	
  
	
  



1.  The	
   protein	
   junc)onal	
   adhesion	
   molecule-­‐A	
  
(JAM-­‐A)	
   may	
   represent	
   a	
   novel	
   target	
   and	
   a	
  
clinical	
  biomarker	
  in	
  MM.	
  

2.  In	
   vivo	
   treatment	
   with	
   an	
   an)-­‐JAM-­‐A	
  
monoclonal	
   an)body	
   (αJAM-­‐A	
   moAb)	
   impaired	
  
tumor	
   progression	
   in	
   a	
   murine	
   xenograS	
   MM	
  
model.	
  



Agents	
  capable	
  of	
  shiSing	
  the	
  
tumor	
  microenvironment	
  toward	
  
immune	
  ac)va)on	
  while	
  inducing	
  

myeloma	
  cell	
  killing.	
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Subsequent	
   release	
   of	
   perforin	
   and	
  
granzymes	
   from	
   effector	
   cells	
   as	
   well	
   as	
  
interac)ons	
   with	
   FasL	
   and	
   TNF–related	
  
apoptosis-­‐inducing	
  ligand	
  

Phagocytosis	
   is	
   mediated	
   by	
   monocytes-­‐
macrophages-­‐neutrophils-­‐dendri)c	
   cells	
   following	
  
interac)on	
   of	
   the	
   Fc	
   tail	
   of	
   the	
   therapeu)c	
  
an)body	
  with	
  FcRs	
  on	
  these	
  effector	
  cells	
  

	
  
CDC	
   is	
   ini)ated	
   following	
   the	
  
interac)on	
   of	
   the	
   an)body	
   Fc	
  
doma in s	
   w i t h	
   t he	
   c l a s s i c	
  
complement-­‐ac)va)ng	
   protein	
  
C1q,	
   which	
   leads	
   to	
   ac)va)on	
   of	
  
d own s t r e am	
   c omp l emen t	
  
proteins,	
   resul)ng	
   in	
   assembly	
   of	
  
the	
   membrane	
   aZack	
   complex	
  
(MAC),	
   which	
   punches	
   holes	
   in	
  
MM	
  tumor	
  cells.	
  	
  
	
  
The	
   chemotac)c	
   complement	
  
molecules,	
   C3a	
   and	
   C5a,	
   are	
   also	
  
produced	
  during	
  this	
  process.	
  	
  
	
  
These	
   molecules	
   can	
   recruit	
   and	
  
ac)vate	
  immune-­‐effector	
  cells	
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CD38-­‐targe)ng	
   an)bodies	
   have	
  
pleiotropic	
   mechanisms	
   of	
   ac)on,	
  
which	
  consists	
  of	
  direct	
  effects:	
  
	
  
1.  induc)on	
  of	
  apoptosis;	
  
2.  inhibi)on	
   of	
   CD38	
   ectoenzyme	
  

func)on,	
   which	
   may	
   lead	
   to	
  
reduced	
   adenosine	
   levels	
   in	
   the	
  
BM	
  myeloma	
  niche.	
  	
  

	
  
Adenosine	
   is	
   an	
   immunosuppressor	
  
that	
   helps	
   the	
   tumor	
   to	
   evade	
   the	
  
host	
   immune	
   response	
   by	
   promo)ng	
  
regulatory	
  T	
  cells	
  (Tregs)	
  and	
  myeloid-­‐
derived	
  suppressor	
  cells	
  (MDSCs),	
  and	
  
depressing	
  NK-­‐	
  and	
  T-­‐cell	
  effectors.	
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CD38-­‐targe)ng	
   an)bodies	
   have	
   pleiotropic	
   mechanisms	
   of	
   ac)on,	
   which	
   consists	
   of	
  
indirect	
  immunomodulatory	
  effects	
  via	
  the	
  eradica)on	
  of	
  :	
  
1.  CD38+	
  Tregs,	
  	
  
2.  CD38+	
  regulatory	
  B	
  cells	
  (Bregs),	
  	
  
3.  CD38+	
  Myeloid	
  Derived	
  Suppressor	
  Cells	
  (MDSCs)	
  ,	
  	
  
which	
   result	
   in	
   CD4+	
   and	
   CD8+	
   T-­‐cell	
   expansion,	
   and	
   poten)ally	
   a	
   beZer	
   host-­‐
an)tumor	
  immune	
  response.	
  	
  



Pianko	
  et	
  al.,	
  	
  

Daratumumab	
   appears	
   not	
   only	
   to	
   deplete	
   subpopula)ons	
   of	
   Tregs	
   and	
   MDSCs	
   in	
   the	
  
myeloma	
   microenvironment	
   but	
   also	
   to	
   result	
   in	
   T-­‐cell	
   expansion	
   and	
   increased	
   T-­‐cell	
  
clonality	
  sugges)ve	
  of	
  an	
  immune	
  mechanism	
  of	
  	
  myeloma	
  disease	
  control.	
  	
  
These	
  observa)ons	
  have	
  provided	
  ra)onale	
  for	
  inves)ga)on	
  of	
  daratumumab	
  in	
  combina)on	
  
with	
   PD-­‐1/PD-­‐L1	
   blockade	
   with	
   or	
   without	
   IMiDs	
   (NCT01592370,	
   NCT03000452,	
   and	
  
NCT02431208).	
  	
  



SLAMF7	
  is	
  expressed	
  on	
  MM	
  cells,	
  NK	
  cells,	
  and	
  a	
  subgroup	
  of	
  other	
  immune	
  cells.	
  	
  
	
  
The	
  mechanisms	
  of	
  ac)on	
  by	
  which	
  elotuzumab	
  exerts	
   its	
  an)tumor	
  effects	
   include	
  
ADCC	
  and	
  inhibi)on	
  of	
  the	
  interac)ons	
  between	
  MM	
  cells	
  and	
  stromal	
  cells,	
  but	
  NOT	
  
CDC.	
  	
  
	
  
In	
  addi)on,	
  elotuzumab	
  directly	
  enhances	
  NK	
  cell	
  cytotoxicity	
  via	
  SLAMF7	
  liga)on.	
  	
  

Elotuzumab	
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CD38-­‐targe)ng	
   an)bodies	
   have	
  
pleiotropic	
   mechanisms	
   of	
   ac)on,	
  
which	
  consists	
  of	
  direct	
  effects:	
  
	
  
1.  induc)on	
  of	
  apoptosis;	
  
2.  inhibi)on	
   of	
   CD38	
   ectoenzyme	
  

func)on,	
   which	
   may	
   lead	
   to	
  
reduced	
  adenosine	
  levels	
  in	
  the	
  BM	
  
myeloma	
  niche.	
  	
  

	
  
Adenosine	
   is	
   an	
   immunosuppressor	
  
that	
  helps	
  the	
  tumor	
  to	
  evade	
  the	
  host	
  
immune	
  response	
  by.	
  
1.  promo)ng	
   regulatory	
   T	
   cells	
   and	
  

myeloid-­‐derived	
   suppressor	
   cells	
  
(MDSCs),	
  	
  

2.  depressing	
  NK-­‐	
  and	
  T-­‐cell	
  effectors.	
  



Adenosine-­‐mediated	
  effects	
  in	
  the	
  hypoxic	
  tumor	
  microenvironment	
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  al.,	
  Cancer	
  Discovery	
  2014	
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In	
   peripheral	
   lymphoid	
   organs,	
   immune	
  
suppression	
   by	
   MDSC	
   is	
   mainly	
   an)gen-­‐
specific,	
   contact-­‐dependent	
   and	
   u)lizes	
  
several	
  major	
  pathways,	
  including:	
  

1.  the	
   produc)on	
   of	
   reac)ve	
   nitrogen	
  
and	
  oxygen	
  species	
  (NO,	
  ROS)	
  	
  

2.  elimina)on	
  of	
  key	
  nutri)on	
  factors	
  for	
  
T	
  cells	
  from	
  the	
  microenvironment	
  (L-­‐
arginine,	
  L-­‐tryptophan	
  and	
  L-­‐cysteine)	
  

3.  disrup)on	
   of	
   homing	
   of	
   T	
   cells	
  
(through	
  the	
  expression	
  of	
  ADAM17)	
  	
  

4.  produc)on	
   of	
   immunosuppressive	
  
cytokines	
  (TGF-­‐β,	
  IL-­‐10)	
  	
  

5.  induc)on	
  of	
  Treg	
  cells.	
  	
  

MDSC	
  func2on	
  in	
  tumor	
  site	
  and	
  peripheral	
  lymphoid	
  organs	
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ASer	
   migra)on	
   to	
   the	
   tumor,	
   MDSCs	
   are	
   exposed	
   to	
  
inflammatory	
  and	
  hypoxic	
  tumor	
  microenvironment.	
  	
  
	
  
This	
  results	
  in	
  significant:	
  
1.  HIF-­‐1α-­‐mediated	
  eleva)on	
  of	
  Arg1	
  
2.  upregula)on	
  of	
  inhibitory	
  PD-­‐L1	
  on	
  MDSC	
  surface,	
  
3.  produc)on	
  of	
  CCL4	
  and	
  CCL5	
  chemokines	
  aZrac)ng	
  Tregs	
  

to	
  the	
  tumor.	
  	
  

Overall,	
   these	
   altera)ons	
   result	
   in	
   more	
   potent	
   non-­‐specific	
  
immunosuppressive	
  ac)vity	
  of	
  MDSCs	
  inside	
  the	
  tumor.	
  	
  



Br	
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  2014	
  
Hodgkin	
  disease	
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  2016	
  

PET	
  neg	
  









1.  Increased	
   neovasculariza)on	
   of	
  
the	
   bone	
   marrow	
   stroma	
   in	
  
pa)ents	
  affected	
  by	
  MM.	
  	
  

2.  T h e 	
   g r a d e 	
   o f 	
   t h i s	
  
neovasculariza)on	
   seems	
   to	
  
increase	
   during	
   the	
   evolu)on	
  
from	
  MGUS	
  to	
  MM	
  	
  



This	
  process	
   is	
  triggered	
  by	
  neoangiogene)c	
  factors,	
  which	
  are	
  produced	
  from	
  the	
  BMSC,	
  
[such	
  as	
  vascular	
  endothelial	
  growth	
  factor	
  (VEGF),	
  basic	
  fibroblast	
  growth	
  factor	
  (b-­‐FGF),	
  
and	
  TGF-­‐β,	
  and	
  from	
  the	
  myeloma	
  cells	
  themselves	
  (such	
  as	
  VEGF,	
  IL-­‐8,	
  hepatocyte	
  growth	
  
factor	
  (HGF)	
  and	
  TGF-­‐β).	
  	
  



Designed	
   ankyrin	
   repeat	
   proteins	
   (DARPin®)	
   are	
   among	
   the	
   promising	
   non-­‐
immunoglobulin	
  binding	
  proteins.	
  	
  
DARPin®	
  molecules	
  are	
  high-­‐affinity	
  binding	
  proteins	
  with	
  high	
   target	
  specificity	
  and	
  
high	
  biophysical	
  stability.	
  	
  
	
  
MP0250	
  is	
  a	
  mul)-­‐domain	
  DARPin®	
  drug	
  candidate	
  with	
  binding	
  specifici)es	
  for	
  VEGF-­‐
A	
  (the	
  main	
  isoform	
  of	
  VEGF),	
  HGF	
  and	
  human	
  serum	
  albumin	
  and	
  it	
  is	
  the	
  first	
  mul)-­‐
func)onal	
  DARPin®	
  protein	
  in	
  clinical	
  trials.	
  	
  

1.   MP0250	
  inhibits	
  in	
  vitro	
  MMEC	
  func2ons	
  involved	
  in	
  angiogenesis	
  

2.   MP0250	
  is	
  more	
  effec2ve	
  than	
  single	
  VEGF-­‐	
  and	
  HGF-­‐neutralizing	
  mAbs	
  

3.   MP0250	
  abrogates	
  in	
  vivo	
  angiogenesis	
  	
  

4.   MP0250	
  impacts	
  angiogenesis	
  in	
  syngeneic	
  5T33MM	
  model	
  	
  

5.   MP0250	
  improves	
  bortezomib	
  ac2vity	
  in	
  MM	
  	
  	
  



1.   MM	
   BMMSCs	
   release	
   exosomes	
   that	
   are	
   transferred	
   to	
   MM	
   cells,	
   thereby	
  
resul2ng	
  in	
  modula2on	
  of	
  tumor	
  growth	
  in	
  vivo.	
  	
  

2.   Exosomal	
  microRNA	
   (miR)	
   content	
  differed	
  between	
  MM	
  and	
  normal	
  BM-­‐MSCs,	
  
with	
  a	
  lower	
  content	
  of	
  the	
  tumor	
  suppressor	
  miR-­‐15a.	
  	
  

3.   MM	
   BM-­‐MSC–derived	
   exosomes	
   had	
   higher	
   levels	
   of	
   oncogenic	
   proteins,	
  
cytokines,	
   and	
   adhesion	
   molecules	
   compared	
   with	
   exosomes	
   from	
   the	
   cells	
   of	
  
origin.	
  	
  

4.   Importantly,	
   whereas	
   MM	
   BM-­‐MSC–derived	
   exosomes	
   promoted	
   MM	
   tumor	
  
growth,	
  normal	
  BM-­‐MSC	
  exosomes	
  inhibited	
  the	
  growth	
  of	
  MM	
  cells.	
  	
  



T.	
  Whiteside	
  



TEX	
  produced	
  and	
  released	
  by	
  tumor	
  cells,	
  induce:	
  	
  
(a)  inhibi)on	
  of	
  func)ons	
  necessary	
  for	
  an)tumor	
  responses;	
  	
  
(b)  apoptosis	
  of	
  ac)vated	
  Teffs;	
  	
  
(c)  expansion	
  and	
  upregula)on	
  of	
  suppressive	
  ac)vity	
  in	
  Tregs,	
  MDSCs,	
  and	
  regulatory	
  B	
  

cells	
  (Bregs);	
  
(d)  interference	
  with	
  cellular	
  differen)a)on;	
  

•  TEX	
   carrying	
   TAAs	
   can	
  
interfere	
   with	
   immuno-­‐
therapies.	
  

•  TEX	
   may	
   also	
   mediate	
  
autocrine	
   effects	
   and	
  
influence	
  the	
  func)ons	
  of	
  
normal	
   cells	
   present	
   in	
  
the	
  TME.	
  	
  



3D	
   dynamic	
   culture	
   of	
   reconstructed	
   human	
   mul)ple	
   myeloma	
   microenvironments	
   in	
  
bioreactor	
  may	
  represent	
  a	
  useful	
  plaqorm	
  for	
  drug	
  tes)ng	
  and	
  for	
  studying	
  tumor-­‐stroma	
  
molecular	
  interac)ons.	
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1.	
  Increasing	
  knowledge	
  on	
  BM	
  microenvironment	
  in	
  MM:	
  
	
  
•  Relevance	
  of	
  BM	
  stroma	
  (cell-­‐cell	
  adhesion)	
  
•  Relevance	
  of	
  BM	
  stroma	
  (soluble	
  factors):	
  

	
  Growth	
  factors	
  
	
  MDSC-­‐Arginasi	
  
	
  Exosomes	
  

•  New	
   immunotherapies	
   take	
   advantage	
   of	
   and	
   generate	
   such	
   knowledge	
  
(daratumumab-­‐elotuzumab-­‐darpins)	
  

	
  
2.	
  New	
  laboratory	
  technical	
  advances	
  (3D)	
  
	
  
3.	
  Need	
   to	
   translate	
   knowledge	
  and	
   therapies	
   to	
   smoldering	
  MM	
  
and	
  MGUS.	
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