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Story	  of	  the	  CD38	  gene	  family	  before	  therapeuMc	  anMbodies	  

Malavasi F et al., Physiol Rev, 88:841-886, 2008 



Monoclonal	  anMbody	  therapy	  	  	  
and	  tumor	  escape:	  

the	  Daratumumab	  model	  



Ectoenzymes	  and	  protein	  structure	  

E.	  Ferrero,	  A.C.	  Faini	  &	  F.	  Malavasi	  (2018,	  submiRed)	  



ENZYMATIC	  FUNCTIONS	  EXERTED	  BY	  CD38/CD157	  
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Malavasi F et al. Physiol Rev. 2008 Jul;88(3):841-86 



Choice	  of	  the	  disease:	  the	  human	  myeloma	  model	  



Memo: pathways of adenosine production 

Chillemi A, et al. Front Biosci. (2014) 



Interplay among ectoenzymes, their substrates and products in the BM niche 

A.L.	  Horenstein	  ………..Malavasi	  F,	  Front.	  Immunol.,	  2017	  



Proof-of-principle: BM plasma from MM patients contains ADO 

Horenstein A.L. et al. Mol Med. (2016) 



Human Osteoclasts express ADO receptors  
TRAP ADORA1 

ADORA2a ADORA2b 

V. Quarona, (unpublished) 



Gillis C. et al, Frontiers Immunol. (2014) 

Human IgG receptor expression pattern 



In vivo events elicited by a mAb reaching its myeloma target  

F. Malavasi ASH 2016, San Diego, Ca.  

Signals, 
phenocopying  
and events 



Confocal microscopy analysis of CD38/DARA interaction  
(4°C) on a relapsed myeloma 

Malavasi	  F	  et	  al.	  (in	  preparaMon,	  2018)	  



Confocal microscopy analysis of CD38/DARA interaction 
(37 °C, 2 h) on a myeloma at diagnosis 

Malavasi	  F.	  et	  al.	  (in	  preparaMon,	  2018)	  



Up-‐regulated	  genes	  in	  human	  myeloma	  upon	  Dara	  ligaMon	  



Down-‐regulated	  genes	  in	  human	  myeloma	  upon	  Dara	  ligaMon	  



Confocal microscopy analysis of CD38/DARA interaction  
(37 °C, 1 h) on a relapsed myeloma 

F.	  Malavasi	  	  et	  al.	  (in	  preparaMon,	  2018)	  



A.C. Faini, B. Castella, F Morandi and  
F. Malavasi, in preparation 2018 

SchemaMc	  view	  of	  events	  following	  DARA	  treatment	  in	  vivo	  



Heatmap	  of	  miRNA	  in	  Dara-‐treated	  	  
myeloma	  vs	  irrelevant	  IgG	  vs	  non	  

treated	  



DistribuMon	  of	  miRNA	  from	  Dara-‐treated	  vs	  IgG-‐treated	  or	  vs	  non-‐treated	  



EnzymaMc	  halo	  and	  MV	  define	  a	  pericellular	  space	  

pericellular	  	  
space	  

pericellular	  	  
space	  



33.3 % 65.1 % 98.4 % 

Whither MV from multiple myeloma: 
accumulation on monocytes (CD14+) 

A.	  C.	  Faini	  and	  F.	  Malavasi	  (in	  preparaMon,	  2018)	  
	  



22.4 % 35.8 % 20.4 % 

3 h 24 h 30 min 

Whither MV from multiple myeloma: 
accumulation on NK cells (CD16+) 

A.	  C.	  Faini,	  B.	  Castella	  	  and	  F.	  Malavasi	  (in	  preparaMon,	  2018	  



Green = anti-CD14 mAb plus anti-mouse IgG-Alexa 488 
Red = MV labeled with1,1'-Dioctadecyl-3,3,3',3'-tetramethylindodicarbocyanine  
4-chlorobenzenesulfonate (DiD) 
Blue = 4',6-Diamidino-2-Phenylindole (DAPI) 

Whither MV from multiple myeloma: 
Entering monocytes (CD14+) 

	  B.	  Castella	  	  and	  F.	  Malavasi	  	  (in	  preparaMon,	  2018)	  
	  



Whither MV from multiple myeloma: 
Entering MDSC (CD15+/CD33+/CD11b+) 

Green = anti-CD14 mAb plus anti-mouse IgG-Alexa 488 
Red = MV labeled with1,1'-Dioctadecyl-3,3,3',3'-tetramethylindodicarbocyanine  
4-chlorobenzenesulfonate (DiD) 
Blue = 4',6-Diamidino-2-Phenylindole (DAPI) 

	  B.	  Castella	  	  and	  F.	  Malavasi	  	  (in	  preparaMon,	  2018)	  
	  



Green = anti-CD16 mAb plus anti-mouse IgG-Alexa 488 
Red = MV labeled with1,1'-Dioctadecyl-3,3,3',3'-tetramethylindodicarbocyanine  
4-chlorobenzenesulfonate (DiD) 
Blue = 4',6-Diamidino-2-Phenylindole (DAPI) 

Whither MV from multiple myeloma: 
Entering NK cells (CD16+) 

F.	  Malavasi	  	  et	  al.	  (in	  preparaMon,	  2018)	  



Whither MV from multiple myeloma: 
Molecular effects observed on NK cells (CD16+/CD56+) 



Comparative analysis of up modulated genes (RNA polyA) after exposure of 
NK cells to MV-DARA (control: MV from untreated myeloma)  



Comparative analysis of up modulated genes (RNA polyA) after exposure of NK 
cells to MV-DARA (control: MV from untreated myeloma)	  



Comparative analysis of down modulated genes (RNA polyA) after exposure of 
NK cells to MV-DARA (control: MV from untreated myeloma)  

)	  
	  



CD38 in the time of therapeutic mAbs          Proposals 

Myeloma niche: 
Adenosine levels 
 
 
 
 
 
 
 
 
 
Biological fluids: 
Quality of circulating MV 
 
 
 
 
 
 
 

 
 

 
 

Biological fluids: 
Vaccinal effects 
 



Internalization of MV from human multiple 
myeloma membranes into dendritic cells 

RED=CD80-Alexa546 
GREEN=DiO-labelled MV 

Faini A.C, Castella, Y. Yakymiv, et al.,.and Malavasi f., 2018, in preparation 



Soluble	  and	  parMculate	  communicaMons	  between	  myeloma	  and	  cells	  in	  situ	  and	  afar:	  	  
a	  hypothesis	  

F. Malavasi, B. Castella, A.C. Faini. Y. Yakimiv et al., 2018, in preparation 



Questions to be answered 

Can anti-CD38 mAbs be active in 
various phases of treatment (induction, 
consolidation, maintenance)? 

May anti-CD38 mAbs influence escape 
strategies of myeloma cells? 

Can anti-CD38 mAb resistance be 
predicted? 

Adapted from Raje & Longo. N Engl J Med 2015 Aug 26 



Department of Medical Sciences 
University of Torino, Italy 

 
 Lab of Immunogenetics 

Angelo C. Faini 
Yuliya Yakymiv 
Valentina Mariani   
Alberto Horenstein 
Cristiano Bracci 
 
Gaslini Institute,  
Genova, Italy 
Fabio Morandi 
Danilo Marinpietri 
Vito Pistoia 
 
Hugef 
Danny Incarnato 
Salvatore Oliviero 
 
 
 

Hematology 
Barbara Castella 
Massimo Massaia 
Stefania Oliva 
Alessandra Larocca 
 
University of Parma, Italy 
Marina Bolzoni 
Denise Toscani 
Federica Costa 
Nicola Giuliani 
 
Harvard Medical School,  
Boston, MA 
Paul G Richardson 
Cox Terhorst 
 
 

The University of Amsterdam, 
The Netherlansds 
Niels van de Donk 
 
University of Turku, Finland 
Gennady Yegutkin 
 
ISS and University of Roma 1 
Roma, Italy 
Ilaria Schiavoni 
Giorgio Fedele 
Clara Ausiello 
Maria Teresa Petrucci 
 
 
 
 





In vivo events when a mAb reaches its myeloma target  

A. Chillemi et al. Cells. 2015 Sep 17;4(3):520-37.  

Signals, 
phenocopying  
and events 



MV	  phenotypes	  from	  paMents	  and	  myeloma	  line,	  ader	  Daratumumab	  treatment	  

MM	  paMents	  

BF01	  myeloma	  line	  
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(B.	  Castella,	  2018,	  in	  preparaMon)	  

NT	  =	  Non	  Treated	  
MV	  =	  MicroVesicles	  



NK DEGRANULATION (PB CTRL + MV MM) 
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B	  Castella	  (2018,	  in	  preparaMon)	  



NK CYTOTOXICITY (PB CTRL + MV MM) 

0 

10 

20 

30 

40 

%
 C

Y
TO

TO
X

IC
IT

Y 
(C

FS
E

+ 
P

I+
) 

BF01	  TARGET	   FALK	  TARGET	  

B	  Castella	  (2018,	  in	  preparaMon)	  
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B.	  Castella	  (2108,	  in	  preparaMon)	  



Morandi F, Marimpietri D, et al. (in preparation, 2016) 
 

MV phenotype from MM after treatment with anti-CD38 mAbs 



Morandi F, Marimpietri D, et al. (in preparation, 2017) 
 

MV phenotype from MM after treatment with anti-CD38 mAbs 



Immunomodulatory properties of antibodies 

1) Tumors shield themselves from the immune system 

through immunosuppressive mechanisms in the tumor 

microenvironment. One instance is shedding of surface 

molecules. 

2) Antibodies that target not only the tumor, but also 

immunoregulatory pathways mediated by cells of tumor 

environment or of the immune system, provided 

therapeutic successes. 

3) CD38 is both a target molecule in myeloma and at the 

same time an immunomodulatory receptor in immunity 
 



N.	  van	  de	  Donk,	  P.G.	  Richardson	  and	  F.	  Malavasi,	  Blood	  2017	  (in	  press)	  



DIRA-‐protein	  negative

SP SP G G

DIRA-‐protein	  positive

SP SP G G G G G G κ κ κ κ G G G G κ κ κ κ

No	  M-‐proteinM-‐protein	  remains

A

N.	  van	  de	  Donk,	  P.G.	  Richardson	  and	  F.	  Malavasi,	  Blood	  2017	  (in	  press)	  



Isatuximab (anti-CD38) induces direct apoptosis and suppresses 
Tregs to mitigate immune impairment in multiple myeloma	  

X. Feng and K.C. Anderson, Clin Cancer Res, 2017 

Canonical	  and	  lysosome-‐dependent	  
	  cell	  death*	  



Quarona V et al., Ann N Y Acad Sci., 1335:10-22, 2016 

 
Metabolic balance between ATP and NAD+ in the BM niche 



Extracellular	  NAD+	  can	  be	  metabolized	  by	  CD38-‐NADase	  generaMng	  Nic,	  cADPR	  and	  ADPR.	  The	  laRer	  compound	  is	  
transformed	  to	  AMP	  by	  the	  CD203a-‐NPP	  .	  
 
 (A.L.	  Horenstein	  et	  al.,	  OncoImmunology,	  2013)	  

SchemaMc	  representaMon	  of	  the	  disconMnuous	  ectoenzymaMc	  
CD38/CD203a/CD73	  network	  

Resting T lymphocyte Activated T lymphocyte 





I. Schiavoni et al., 2017, in preparation 

Vaccinal effects after DARA-microvesicles (MV) 



Cytokines production  (intracellular staining): 

Cytokines production (Immuno-enzymatic assay):  

Polarization: T cell response polarized by DC treated with DARA-MV 
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I. Schiavoni, et al. 2017, in preparation 



Anti-CD38 antibody-mediated therapy in myeloma: 
some unbeaten paths of potential application 

 
 
 

1) BM contains a panel of growth-permissive and restrictive 
signals from the tumor microenvironment. These signals 
likely co-evolve with the tumor. Can the enzymatic activities 
exerted by CD38 play a role in these events? 

2) Does the enzymatic activities of CD38 collaborate with other 
ectoenzymes in the bone marrow niche? 

 
3) Do therapeutic anti-CD38 antibodies interfere with the 

enzymatic activities ruled by CD38? 
 
4) Do the products derived from the ectoenzymes operate 

outside the niche? 



Immunomodulatory properties of antibodies 

1) Tumors shield themselves from the immune system 

through immunosuppressive mechanisms in the tumor 

microenvironment, for example, shedding of surface 

molecules 

2) Antibodies that target not only the tumor, but 

immunoregulatory pathways mediated by cells of the 

immune system, provided therapeutic successes 

3) CD38 is both a target molecule in myeloma and at the 

same time an immunomodulatory receptor in immunity 
 



Rationale for targeting CD38 

Functions: 
1)  Receptor-mediated adhesion and signaling functions 

2)  Enzymatic activities 
Contributes to intracellular calcium mobilization 
Involved in production of adenosine: important for induction of local 
immunological tolerance à implicated in local survival strategy of the 
neoplastic plasma cell in the bone marrow milieu 

 

Expression levels: 
1)  Low expression of CD38 on lymphoid and myeloid cells under normal 

conditions 

2)  High expression of CD38 on multiple myeloma cells 

References: Malavasi et al., Physiol Rev 2008; de Weers et al. J Immunol 2011;186: 1840-1848; Chillemi  et al Mol Med 
2013;19:99-108; Quarona  et al Ann N Y Acad Sci 2015;1335:10-22, Van De Donk et al., Blòood, 2015; Horenstein et. al., Mol Med, 
2016 





Confocal microscopy analysis of CD38/DARA interaction  
(4°C) on a relapsed myeloma 

A.	  Chillemi	  et	  al.	  (in	  preparaMon,	  2017)	  



Confocal microscopy analysis of CD38/DARA interaction  
(37 °C, 3 h) on a myeloma at diagnosis 

A.	  Chillemi	  et	  al.	  (in	  preparaMon,	  2017)	  
	  



Confocal microscopy analysis of CD38/DARA interaction 
(37 °C, 2 h) on a myeloma at diagnosis 

A.	  Chillemi	  et	  al.	  (in	  preparaMon,	  2017)	  



Whither MV from multiple myeloma: 
2) Entering MDSC (CD15+/CD33+/CD11b+) 

Green = anti-CD14 mAb plus anti-mouse IgG-Alexa 488 
Red = MV labeled with1,1'-Dioctadecyl-3,3,3',3'-tetramethylindodicarbocyanine 4-chlorobenzenesulfonate (DiD) 
Blue = 4',6-Diamidino-2-Phenylindole (DAPI) 

A.	  Chillemi,	  B.	  Castella	  et	  al.	  (in	  preparaMon,	  2017)	  
	  



Green = anti-CD16 mAb plus anti-mouse IgG-Alexa 488 
Red = MV labeled with1,1'-Dioctadecyl-3,3,3',3'-tetramethylindodicarbocyanine 4-chlorobenzenesulfonate (DiD) 
Blue = 4',6-Diamidino-2-Phenylindole (DAPI) 

Whither MV from multiple myeloma: 
3) Entering NK cells (CD16+) 

A.	  Chillemi,	  B.	  Castella	  et	  al.	  (in	  preparaMon,	  2017)	  
	  



Whither MV from multiple myeloma: 
4) Molecular effects observed on NK cells (CD16+/CD56+) 



Soluble	  and	  parMculate	  communicaMons	  between	  myeloma	  and	  cells	  in	  situ	  and	  ader	  
anMbody	  treatment:	  a	  hypothesis	  

A. Chillemi et al., 2017, in preparation 



CD38 in the time of therapeutic mAbs          Proposals 

Myeloma niche: 
Adenosine levels 
 
 
 
 
 
 
 
 
 
Biological fluids: 
Quality of circulating MV 
 
 
 
 
 
 
 

 
 

 
 

Biological fluids: 
Vaccinal effects 
 



	  M	  anM-‐H	  CD14	  (white)	   	  R	  anM-‐H	  FcRn	  (red)	  

Dapi	  (blue)	  +	  
R	  anM-‐H	  CD14	  (white)	  +	  M	  anM-‐H	  FcRn	  (red)	   TransmiRed	  light	  

Osteomedullary	  biopsy	  from	  MM	  paMent:	  confocal	  analysis	  of	  CD14+/FcRn+cells	  	  

V.	  Quarona,	  2017,	  in	  preparaMon	  (sample	  from	  Dr.	  N.	  Giuliani)	  



MV released after therapeutic anti-CD38 mAb treatment 

A.	  Chillemi	  et	  al.	  (in	  preparaMon,	  2017)	  
	  



Historical	  steps	  in	  anMbody-‐mediated	  myeloma	  therapy	  

N.	  van	  de	  Donk,	  P.	  G.	  Richardson	  and	  F.	  Malavasi	  (Blood	  131:	  13-‐29,	  2018)	  



NAD+ 

Nam 

 all the NAD+-consuming reactions release 

CD38/CD157 
(ADP-ribosyl cyclase) 

 
 

cyclic ADP ribose (cADPR) 
ADP ribose (ADPR) 

nicotinic acid adenine dinucleotide 
phosphate (NAADP) 

PARP 
(poly ADP-ribose polymerases) 

Family of 18 members 
 
 

Transfer of branched polymers of 
ADP ribose to intracellular substrates 

(including nuclear proteins) 

SIRTUINS 
(NAD+-dependent deacetylases) 

 
 

Deacetylate histone and 
nonhistone proteins, 

generating O-acetyl-ADP ribose 
 

ART 
(mono ADP-ribose transferase) 

Family of 5 members, GPI linkage 
 
 

Addition to extracellular substrates 
of an ADP ribose to a specific residue 
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Malavasi	  F.	  et	  al.	  J.	  Mol.	  Endocrinol,	  2010,	  modified	  



Confocal microscopy analysis of CD38/DARA interaction  
(37 °C, 3 h) on a myeloma at diagnosis 

Malavasi	  F.	  	  et	  al.	  (in	  preparaMon,	  2018)	  
	  



Comparative analysis of down modulated genes (RNA polyA) after exposure 
of NK cells to MV-DARA (control: MV from untreated myeloma)  

D.	  Incarnato	  and	  F.	  Malavasi	  (in	  preparaMon,	  2018)	  
	  



Rationale for targeting CD38 
Functions: 
1)  Receptor-mediated adhesion and signaling functions 

2)  Enzymatic activities 
Contributes to intracellular calcium mobilization 
Involved in production of adenosine: important for induction of local 
immunological tolerance à implicated in local survival strategy of the neoplastic 
plasma cell in the bone marrow milieu 

 

Expression levels: 
 
1)  Low expression of CD38 by lymphoid and myeloid cells under normal conditions 

2)  High expression of CD38 by multiple myeloma cells 

References: Malavasi et al., Physiol Rev 2008; de Weers et al. J Immunol 2011;186: 1840-1848; Chillemi  et al Mol Med 
2013;19:99-108; Quarona  et al Ann N Y Acad Sci 2015;1335:10-22, Van De Donk et al., Blòood, 2015; Horenstein et. al., Mol Med, 
2016 



Osteomedullary	  biopsy	  from	  MM	  paMent:	  confocal	  analysis	  of	  CD16+/FcRn+cells	  	  

	  M	  anM-‐H	  CD16	  (white)	   	  R	  anM-‐H	  FcRn	  (red)	  

Dapi	  (blue)	  +	  R	  anM-‐H	  CD16	  (white)	  +	  M	  anM-‐H	  FcRn	  (red)	   TransmiRed	  light	  

V.	  Quarona,	  2017,	  in	  preparaMon	  (sample	  from	  Dr.	  N.	  Giuliani)	  



Schematic representation of the CD38/CD157 gene family and products  

Quarona V. et al  and Malavasi F., Cytometry 84(4):207-17, 2013 



Schematic representation of the Plasma Cell-1/CD203a/ENPP-1 
(ectonucleotide pyrophosphatase/phosphodiesterase-1) molecule 

V. Quarona et al. (2015, unpublished) 


