
University	  of	  Bari	  Aldo	  Moro	  
Department	  of	  Biomedical	  Sciences	  and	  Human	  Oncology	  

Sec8on	  of	  Internal	  Medicine	  and	  Clinical	  Oncology	  
	  University	  of	  Bari	  Medical	  School,	  Bari,	  Italy	  

Myeloma Microenvironment: 
 New perspectives to overcome drug resistance 

Prof.	  Angelo	  Vacca	  

1st CCITC – Immunotherapy in Hematological Malignancies 2018 
Cuneo 17-19 May, 2018 



Bone	  marrow	  microenvironment	  in	  mul0ple	  myeloma	  

THE	  MICROENVIRONMENT	  IN	  MYELOMA	  FAVORS	  TUMOR	  CELL	  SURVIVAL,	  
PROLIFERATION,	  IMMUNOSURVEILLANCE	  ESCAPE	  AND	  DRUG	  RESISTANCE	  	  

NON-‐CELLULAR	  (ECM	  fibers,	  soluble	  factors)	  	  	  
	  	  AND	  	  	  	  

CELLULAR	  COMPARTMENT	  (hematopoie0c	  and	  non-‐hematopoie0c	  cells)	  
	  

Di	  Marzo	  et	  al,	  Oncotarget	  2016	  
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MGUS:	  no	  vessels	  

Bone	  marrow	  angiogenesis	  in	  pa0ents	  with	  ac0ve	  mul0ple	  myeloma	  
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Time-‐course	  of	  angiogenesis	  induc0on	  by	  myeloma	  
plasma	  cells	  in	  the	  in	  vivo	  CAM-‐sponge	  assay	  
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Vasculogenesis	  in	  paGents	  with	  mulGple	  myeloma:	  differenGaGon	  of	  mobilized	  
CD34+CD133+	  hematopoieGc	  precursors	  into	  mature	  endothelial	  cells	  
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MGUS 

IncorporaGon	  of	  CD133+	  hematopoieGc	  precursors	  into	  
the	  neovessel	  walls	  of	  myeloma	  paGents	  



Tumor	  associated	  macrophages	  in	  mul0ple	  myeloma	  	  
mimic	  endothelial	  cells	  

FVIII-‐RA/	  CD68	  	  or	  	  CD34/	  CD68	  	  
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	  Myeloma	  macrophages	  cooperate	  with	  endothelial	  cells	  in	  building	  
the	  neovessel	  wall	  in	  myeloma	  
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EC-‐LIKE	  MACROPHAGES	  AND	  MACROPHAGES	  	  FORM	  ‘MOSAIC’	  VESSELS	  IN	  BONE	  MARROW	  OF	  
PATIENTS	  WITH	  ACTIVE	  MYELOMA	  BUT	  NOT	  IN	  THOSE	  WITH	  MGUS	  	  
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Genes	  expressed	  by	  myeloma	  endothelial	  cells	  support	  homing	  and	  
survival	  of	  plasma	  cells	  and	  microenvironmental	  cells	  
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Phenotype	  of	  bone	  marrow	  endothelial	  cells	  in	  ac0ve	  myeloma	  
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An0gen	  uptake	  by	  myeloma	  endothelial	  cells	  
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Capacity	  of	  bone	  marrow	  endothelial	  cells	  to	  s0mulate	  
autologous	  CD8+	  T	  cells	  (from	  bone	  marrow)	  (1)	  
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Capacity	  of	  bone	  marrow	  endothelial	  cells	  to	  s0mulate	  
autologous	  CD8+	  T	  cells	  (from	  bone	  marrow)	  (2)	  
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An0gen-‐specific	  suppressor	  capacity	  of	  endothelial	  cell-‐reac0ve	  
CCR7+CD8+	  T	  cells	  (4	  experiments) 
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CONCLUSIONS	  

Tumor-‐specific	  effector	  memory	  CD8+	  T	  cells	  in	  the	  bone	  marrow	  
of	  pa0ents	  with	  mul0ple	  myeloma	  are	  inefficient	  because	  of	  the	  
concomitant	  presence	  of	  endothelial	  cell-‐reac0ve	  tumor-‐specific	  
central	  memory	  CD8+	  T	  cells	  producing	  considerable	  amounts	  of	  
IL-‐10	  and	  TGF-‐β.	  	  

ANGIOGENESIS	  IS	  IMMUNOSUPPRESSIVE	  IN	  PATIENTS	  

WITH	  MULTIPLE	  MYELOMA	  
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and a CD28 blocking mAb 
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Comment on Leone et al, page 1443 

Myeloma escape from 
immunity: an “inside” job 
------------------------------------------------------------ 
Aaron P. Rapoport UNIVERSITY OF MARYLAND SCHOOL OF MEDICINE 

 
In this issue of Blood, Leone et al describe a 
novel mechanism mediated by 
bone marrow dendritic cells (DCs) that 
impairs T-cell recognition and killing 
of myeloma cells. 
 

DCs protect tumor plasma cells from 
CD8+ T cell killing 

Leone et al., Blood. 2015 Sep 17; 126(12):1443-51. 
Epub 2015 Jul 16. 
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Ria et al., Clin. Cancer Res. 2014 



Control + Lenalidomide + Thalidomide + Bortezomib 

Restoring sensitivity to antiangiogenic drugs by HIF-1α inhibition 

Panobinostat 20nM Panobinostat 50nM Panobinostat 100nM 

Panobinostat + Bortezomib 

PATIENT AT 3rd RELAPSE 

Panobinostat is a Histone Deacetylase 
Inhibitor (HDACi) 



Macrophage	  polariza0on	  in	  myeloma	  microenvironment	  

Monocyte	  

TAM/M2	  or	  alternaGve	  acGvaGon	  

M1	  or	  classic	  acGvaGon	  

IL-‐10	  
IL-‐4	  
IL-‐13	  
	  

INF-‐γ	  
LPS	  

M1	   M2	  

Cytokines	  

Chemokines	  

Subtypes	  

IL-‐1ra	  

IL-‐13	  
TGF-‐β	  

IL-‐1	  
IL-‐6	  
IL-‐12	  
TNF-‐α	  

CCL-‐10	  
CCL-‐11	  
CCL-‐5	  
CCL-‐8	  
CCL-‐9	  
CCL-‐2	  
CCL-‐3	  
CCL-‐4	  

CCL-‐17	  
CCL-‐22	  
CCL-‐24	  
CCL-‐16	  
CCR-‐2	  
CCL-‐18	  

Expression	  marker	   CD-‐80	  
CD-‐86	  
iNOS	  
TLR-‐2	  
TLR-‐4	  

CD-‐163	  
CD-‐14	  

MR	  
Scavenger	  ReceptorA/B	  

CD-‐23	  

POLARIZED	  M2	  CELLS	  REGULATE	  TUMOR	  
GROWTH	  AND	  PROGRESSION,	  ADAPTIVE	  
IMMUNITY,	  STROMA	  FORMATION	  AND	  

ANGIOGENESIS	  

Mantovani	  et	  al,	  TRENDS	  in	  Imm	  2002	  

Di Marzo et al., Oncotarget 2016 

IL-‐10	  



New	  players	  in	  macrophage	  polariza0on	  and	  func0on	  
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miR-‐21	  

miR-‐33	  

New	  players	  in	  macrophage	  polariza0on	  and	  func0on	  



Fibroblasts increase in 
marrow microenvironment 
of myeloma patients and 
mice; and are always in close 
contact with tumor plasma 
cell 
Frassanito et al. Leukemia 2014  

Drs. M.A. Frassanito, V. Desantis, L. Di Marzo, I. Saltarella, A. Lamanuzzi, my lab 	  
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…..and	  bortezomib-‐resistance	  
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patients prevent bort-induced 
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Frassanito	  et	  al.	  Leukemia	  2016	  
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Bortezomib	  induces	  	  cellular	  stress	  	  and	  ac0vates	  pro-‐survival	  autophagy	  	  	  
in	  bort-‐resistant	  CAFs	  

Frassanito	  et	  al.	  Leukemia	  2016	  



Bort-‐	  treatment	  of	  
5T33	  myeloma	  mice	  
ac0vates	  fibroblast	  

autophagy	  



Role of TGFβ in bortezomib resistance of myeloma CAFs 
TGF-β 
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CONCLUSIONS	  

Bone	  marrow	  fibroblasts	  of	  pa0ents	  with	  myeloma	  resistant	  
to	  bortezomib	  form	  a	  protec0ve	  niche	  for	  plasma	  cells	  and	  
confer	  them	  resistance	  to	  bortezomib	  

BY	  INHIBITING	  TGF-‐β	  PATHWAY	  OF	  THESE	  RESISTANT	  
FIBROBLASTS	  THE	  SENSITIVITY	  TO	  BORTEZOMIB	  OF	  PLASMA	  

CELLS	  CAN	  BE	  RESTORED	  



miRNAs	  and	  Exosomes:	  new	  players	  in	  tumor	  microenvironment	  

miRNAs	  in	  tumor	  microenvironment	  

apoptosis cell cycle  

angiogenesis drug resistance 

stress signaling 



Differen0al	  miRNAs	  expression	  profile	  in	  CAFs	  of	  myeloma	  vs.	  MGUS	  

Twenty-‐six	  differenGally	  expressed	  miRNAs	  were	  idenGfied,	  9	  were	  up-‐regulated	  and	  17	  down-‐regulated:	  

Frassanito	  et	  al.,	  submi[ed	  

The	  top	  miRNAs	  UP	  REGULATED	  are:	  
•	  hsa-‐miR-‐23b-‐3p	  –	  fold	  change:	  0.351	  
•	  hsa-‐miR-‐27b-‐3p	  –	  fold	  change:	  0.366	  
•	  hsa-‐miR-‐125b-‐5p	  -‐	  fold	  change:	  0.431	  
•	  hsa-‐miR-‐214-‐3p	  –	  fold	  change:	  0.342	  
•	  hsa-‐miR-‐199a-‐5p	  –	  fold	  change:	  0.33	  

The	  top	  miRNAs	  DOWN	  REGULATED	  are:	  
•	  hsa-‐miR-‐3960	  –	  fold	  change:	  -‐	  0.277	  
•	  hsa-‐miR-‐6087	  –	  fold	  change:	  -‐	  0.401	  
•	  hsa-‐miR-‐6068	  –	  fold	  change:	  -‐	  0.287	  
•	  hsa-‐miR-‐2861	  –	  fold	  change:	  -‐	  0.312	  
•	  hsa-‐miR-‐642a-‐3p	  –	  fold	  change:	  -‐	  0.285	  

qRT-‐PCR	  



Upregula0on	  of	  miR-‐27	  and	  miR-‐214	  in	  fibroblasts	  of	  pa0ents	  
with	  myeloma	  vs.	  MGUS	  

miR-‐27/FAP	  

miR-‐214/FAP	  

MGUS	   1st	  diagnosed	  myeloma	  

CAFs	  co-‐expression	  of	  FAP	  (brown)	  and	  miR	  (blue)	  gives	  dark-‐brown	  dots	  

In	  situ	  hybridiza0on	  

Frassanito	  et	  al.	  submi[ed	  



miR-‐27	  and	  miR-‐214	  induce	  prolifera0on	  and	  prevent	  
apoptosis	  in	  myeloma	  CAFs	  
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derived	  EXOs	  

miR-‐27	  
miR-‐214	  

Myeloma	  cells	  and	  their	  exosomes	  (EXOs)	  induce	  miR-‐27	  and	  
miR-‐214	  expression	  in	  MGUS	  CAFs	  and	  cell	  ac0va0on	  

Uptake	  of	  myeloma-‐
derived	  EXOs	  by	  
MGUS-‐CAFs	  

α-‐SMA	  Bodipy-‐Exo	   Merge	  

MGUS-‐CAFs	  +	  RPMI8226	  cocultures	   MGUS-‐CAFs	  +	  RPMI8226-‐derived	  EXOs	  

w/o	  transwell	  
with	  transwell	  



RPMI8226	  cells	  cocultured	  with	  CAFs-‐derived	  labeled	  exosomes	  
SYTO RNASelect BODIPY TR MERGE 

100% 1% 

BODIPY TR 

RPMI8226 cells cocultured with 

Unlabeled exosomes Labeled exosomes 

CAFs-‐derived	  exosomes	  and	  their	  uptake	  by	  myeloma	  cells	  	  
TRANSMISSION	  ELECTRON	  MICROSCOPY	  IMAGE	   FLOW	  CYTOMETRY	  ANALYSIS	  OF	  EXOSOMES	  

UPTAKE	  BY	  RPMI8226	  PLASMA	  CELLS	  	  

DUAL	  IMMUNOFLUORESCENCE	  CONFOCAL	  LASER	  SCANNING	  MICROSCOPY	  IMAGES	  OF	  
CAFS-‐DERIVED	  EXOSOMES	  UPTAKE	  BY	  RPMI8226	  PLASMA	  CELLS	  	  



CONCLUSIONS 

 
Ø Myeloma CAFs phenotype and functional activity is regulated 
by a specific miRNAs profile, including miR-27 and miR-214, 
induced by myeloma cells, through exosomes release, and 
bortezomib; 

Ø In turn, CAFs release exosomes swallowed by myeloma cells 
(and others BMSCs ?) activating several functional cell pathways 

 
Exosome-mediated cross-talk between myeloma cells and 

CAFs results in a protective niche favouring tumor 
progression and drug resistance. 
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Phase II/ III clinical trials in Multiple Myeloma 
Prof. Roberto Ria, Drs. Assunta Melaccio, 
Rossella Acquaviva, my lab/ clinic 

Dipartimento di Scienze Biomediche e 
Oncologia Umana 
U.O.C. Medicina Interna ‘‘G. Baccelli’’  

Direttore Prof. Angelo Vacca 

Year	   Study	   Enrolled	  
paGents	  

2013	   Denosumab-‐	  AMG162:	  Treatment	  of	  Bone	  Disease	  in	  Subjects	  with	  
Newly	  Diagnosed	  Mul0ple	  Myeloma	  

5	  

CA204006:	  Len/Dex	  +/-‐Elotuzumab	  in	  Previously	  Untreated	  MM	   2	  

CC-‐4047-‐MM-‐010:	  Pomalidomide	  with	  low	  dose	  dexamethasone	  in	  
refractory	  or	  relapsed	  and	  refractory	  MM	  

16	  

2014	   MMY2084:	  prolonged	  therapy	  with	  bortezomib	  in	  relapsed	  and	  
refractory	  MM	  

3	  

2015	   IST-‐CAR-‐601:	  Carfilzomib,	  Cyclophosphamide	  and	  Dexamethasone	  
in	  Newly	  MM	  

2	  

2016	   MMY3010:	  Early	  Access	  Treatment	  for	  Daratumumab	   3	  

CC-‐4047-‐MM015:	  post	  authorisa0on	  registry	  of	  pa0ents	  treated	  
with	  pomalidomide	  for	  relapsed	  and	  refractory	  MM	  

6	  

2018	   MP0250-‐CP201:	  MP0250	  +	  Bortezomib/Dexamethasone	  in	  pa0ents	  
with	  relapsed	  and	  refractory	  MM	  	  

2018	  -‐	  
ongoing	  
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bort-treated CAFS from bort-resistant (   ) and 1st diagnosed (   ) patients 

CAFs from bort-resistant and 1st diagnosed patients show a different proteomic 
profile which is differentially modulated by bortezomib  

Proteomic analysis of CAFs from bort-resistant and 1st diagnosed patients 

CAFs proteins from: 

  1st diagnosed patient  bort-resistant patient 

 bort-resistant vs 1st diagnosed CAFs 
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Bort-resistant vs 1st diagnosed CAFs 


