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Angelo Vacca
The tumor microenvironment in 

MM: hurdles or opportunities for 
immunotherapy?



Bone marrow microenvironment in multiple myeloma

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

NON-CELLULAR (ECM fibers, soluble factors) AND CELLULAR COMPARTMENT (hematopoie8c and non-hematopoie8c cells)
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Vacca et al,  Br J Haematol 1994

Bone marrow angiogenesis in patients with active multiple myeloma

Megafield Single or clustered endothelial cells

MGUS: no vesselsVessel arborizations



Time-course of angiogenesis induc8on by myeloma plasma cells in the in vivo CAM-sponge assay
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Vasculogenesis in patients with MM: differentiation of mobilized CD34+CD133+ hematopoietic
precursors into mature endothelial cells

VEGF + FGF-2 + IGF 
on fibronectin
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MGUS

Incorporation of CD133+ hematopoietic precursors into the neovessel walls of myeloma patients



Tumor associated macrophages in multiple myeloma mimic endothelial cells

Scavelli et al., Oncogene 2008
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Myeloma macrophages cooperate with endothelial cells in building the neovessel wall in myeloma

ACTIVE MYELOMA MGUS

FVIII-RA
CD68

28% 7% EC-LIKE MACROPHAGES 

AND MACROPHAGES  

FORM ‘MOSAIC’ VESSELS 

IN BONE MARROW OF 

PATIENTS WITH ACTIVE 

MYELOMA BUT NOT IN 

THOSE WITH MGUS 



Ria et al, Clin. Cancer Res. 2009

Searching genes specifically dis8nguishing
MM vs MGUS endothelial cells

22 genes

Unsupervised analysis
MMECs vs MGECs

Supervised analysis
MMECs vs MGECs
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Genes expressed by myeloma endothelial cells support homing and survival of plasma cells and microenvironment cells

Vacca et al, Blood 2003
Vacca et al, JCO 2005
Coluccia et al, Blood 2008
Ria et al, Clin. Cancer Res 2009
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Interac<ons between endothelial cells and 
T cells in myeloma microenvironment

Leone et al. Oncoimmunology 2018
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Phenotype of bone marrow endothelial cells in ac<ve myeloma
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Ability of bone marrow endothelial cells to stimulate autologous (myeloma-restricted) 
CD8+ T cells (from bone marrow) (1)
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Ability of bone marrow endothelial cells to stimulate autologous (myeloma-restricted)
CD8+ T cells (from bone marrow) (2)
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Antigen-specific suppressor capacity of endothelial cell-reactive CCR7+CD8+ T cells (4 experiments)
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CONCLUSIONS

Tumor-specific effector memory CD8+ T cells in the bone marrow of patients with
multiple myeloma are inefficient because of the concomitant presence of endothelial
cell-reactive tumor-specific central memory CD8+ T cells producing considerable
amounts of IL-10 and TGF-b.

ANGIOGENESIS IS IMMUNOSUPPRESSIVE IN PATIENTS

WITH MULTIPLE MYELOMA



Fig. 2
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CD28+ plasma cells and their T cell evasion

D Delta LMP2

Plasma cells incubated with Myeloid DC and a CD28 blocking mAb

CD28+ plasma cells incubated with Myeloid DC (cell-to-cell contact)
Plasma cells alone

Plasma cells incubated with Myeloid DC  in a transwell system
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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 dendri8c cells (DCs) that impairs
T-cell recogni8on and killing
of myeloma cells.

DCs protect tumor plasma cells from
CD8+ T cell killingLeone et al., Blood. 2015 Epub 2015 Jul 16.



Fibroblasts increase in bone marrow of myeloma patients and 
mice; and are always in close contact with plasma cells

Drs. M.A. Frassanito, V. Desantis, L. Di Marzo, I. Saltarella, 
A. Lamanuzzi, my lab 
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Are FB-derived EXOs
(FB EXOs) involved in 

BM angiogenesis?

Exosomes (EXOs)

Cytokines 
Chemokines

Growth factors
miRNA

MM FIBROBLASTS (FBs)

MM ENDOTHELIAL CELLS
(MMECs)

FBs EXOs ON 
TRANSMISSION ELECTRON MICROSCOPY

Saltarella et al. 2023 submitted



Uptake of Bodipy TR ceramide-labelled EXOs
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FB-derived exosomes (FB EXOs) contain angiogenic cytokines and activate MMECs
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AKT MAPK SRC STAT p53 Others

Phospho-kinase array of MMECs co-cultured with FB EXOs

Saltarella et al. 2023, submi?ed

Modulation of intracellular pathways at 1 and 24 hours of FB EXOs : MMECs coculture



Different miRNAs expression profile in fibroblasts from Myeloma vs. MGUS patients

Twenty-six differentially expressed miRNAs were identified,
9 were up-regulated and 17 down-regulated:

miRNAs
in fibroblasts activation

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

qRT-PCR

Frassanito et al. J. Pathol. 2019

miR-27/FAP

miR-214/FAP

MGUS 1st diagnosed MM

Fibroblasts co-expression of FAP (brown)
and the miRNA (blue) gives dark-brown dots

Upregulation of miR-27 and miR-214 in fibroblasts
of patients with myeloma vs. MGUS

In situ hybridization



Effect of miRNA-27 and miRNA-214 inhibiZon on proliferaZon and apoptosis
of myeloma fibroblasts

Ce
ll 

co
un

t

CFSE

Anti-miRNA-27NC

70% 42%

Anti-miRNA-214NC

Ce
ll 

co
un

t

CFSE

70% 27%

Cell proliferation

0

1

2

3

4

5

Legend
Legend

m
iR

s e
xp

re
ss

io
n 

(2
-D
DC

t )

Fibrobls

miRNA-27

miRNA-214

Fibrobls plus 
bortezomib

Bortezomib induces miRNA-27 and miRNA-214 expression

0

5

10

15

20

25

Anti-m
iR-27NC

Plus Bortezomib

Anti-m
iR-214

Anti-m
iR-27NC

Anb-m
iR-214Ap

op
to

tic
 ce

lls
(%

) Spontaneous

Apoptosis



Fibroblasts-derived exosomes (FB EXOs) are fully uptaken by myeloma cells

100%1%

BODIPY TR

RPMI8226 cells cocultured with

Unlabeled exosomes Labeled exosomes

FLOW CYTOMETRY 
ANALYSIS OF EXOSOMES 

UPTAKE BY RPMI8226 
PLASMA CELLS 

RPMI8226 cells cocultured with labeled FB EXOs

SYTO RNASelect BODIPY TR MERGE
DUAL IMMUNOFLUORESCENCE 
CONFOCAL LASER SCANNING 
MICROSCOPY IMAGES OF FB 
EXOs UPTAKE BY RPMI8226 

PLASMA CELLS 

FBs EXOs ON 
TRANSMISSION ELECTRON MICROSCOPY

Frassanito et al. J. Pathol. 2019



Frassanito et al. J. Pathol. 2019

miRNA-27 and miRNA-214 gene targets
(by MIRANDA and TargetScan)

FBxW7 PTEN

FBxW7 is a component of SCF complex: it binds
specific protein substrates, i.e. Notch, Cyclin E,
Mcl-1, for ubiquitylaTon and degradaTon

PTEN is the main negaTve regulator of 
PI3K/AKT pathway

FBxW7 and PTEN pathways are involved in cell proliferation and apoptosis



Are myeloma FB EXOs involved in myeloma cells
proliferation and anti-apoptosis?

…….Yes! They are!

MM cells

MM FBs

EXOs

Cytokines 
Chemokines

Growth factors
miRNA

Do myeloma FB EXOs express the same
up-regulated miRNAs of myeloma FBs?

…….Yes! They do!



The overexpressed miRNAs in FB EXOs overlap the aberrant
miRNA profile of fibroblasts in MM pa<ents

qRT-PCR studies reveal higher expression of miR-23, -27, -
125, -214 and -5100 in MM FB EXOs than MGUS FB EXOs.
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The top miRNAs UP REGULATED are:
• hsa-miR-23b-3p – fold change: 0.351
• hsa-miR-27 – fold change: 0.366
• hsa-miR-125 - fold change: 0.431
• hsa-miR-214 – fold change: 0.342
• hsa-miR-5100 – fold change: 0.33

qRT-PCR

Frassanito et al. J. Pathol. 2019

Myeloma fibroblasts Myeloma FB EXOs



MM cells do uptake FB EXOs but selectively overexpress only miR-214 and miR-5100
(but not miR-23, miR-27, nor miR-125) 
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FB EXOs modulate intracellular pathways
via miRNA-214 and miRNA-5100

by Diana Tools software 



miRNA-214 and miRNA-5100 target genes indicate that FB EXOs enhance MM cell proliferation…
(DIANA Tools analysis) 

Saltarella et al., J. Pathol. 2022

Enhancement of MM cell proliferaYon

Target genes of miR-214 and 
miR-5100 enhance cell 

proliferation….
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U266 cell line Fresh CD138+ plasma cells……and inhibit apoptosis

0

1 0

2 0

3 0

4 0

C
el

l a
p

o
p

to
si

s 
(%

)

U 2 6 6  c e lls
U 2 6 6  c e lls p lu s E X O s

** ***

0

2 0

4 0

6 0

8 0

C
el

l a
p

o
p

to
si

s 
(%

)

C D 1 3 8 + c e lls
C D 1 3 8 +  c e lls p lu s  E X O s

*
*

Bort 
(nM) 

0 1.5Bort 
(nM) 

0 1.5

Bort-induced apoptosis of MM cells

Pro-apoptotic Pro-apoptotic



m
iR
2 3
b

m
iR
2 7

m
iR
1 2
5

m
iR
2 1
4

m
iR
5 1
0 0

-4

-2

0

2

4

6

8

2-
D
C
t

miRNA content in MM FB EXOs

m
iR

-2
3 b -3

p

m
iR

-2
7 b -3

p

m
iR

-1
2 5 b -5

p

m
iR

-2
1 4 -3

p

m
iR

-5
1 0 0

0

1

2

3

m
iR

NA
s 

fo
ld

 e
xp

re
ss

io
n

U 2 6 6  ce lls
U 2 6 6  ce lls p lu s  E X O s

**

***

miRNAs transfered in MM cells

Why do MM cells selectively uptake 
only miR-214 and miR-5100?
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miRNA levels in MGUS and MM FB EXOs



Putative role of 
lncRNA

lncRNA miRNA target Ref

HOTAIR miRNA-23 T Yang et al., Gene. 2018

TOB1-AS1 miRNA-23 and miRNA-27 WJ Shangguan et al., Exp Ther Med. 2019

MALAT1 miRNA-125 H Xie et al., J Cancer. 2017

Expression of long non-coding RNAs in MM cells
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MM cells express lncRNAs HOTAIR, TOB1-AS1, MALAT1

Saltarella et al., Cancers 2022



CONCLUSIONS

Ø Myeloma FBs create a supporKve niche for plasma cell
proliferaKon, anK-apoptosis and drug resistance;

Ø FBs express an aberrant miRNA profile in myeloma paKents;

Ø FBs-derived EXOs selecKvely transfer miR-214 and miR-5100
into MM cells modulaKng the MAPK, β-catenin/Wnt, mTOR, p53
pathways that enhance cell proliferaKon and reduce spontaneous
and bortezomib-induced apoptosis;

Ø The selecKve miRNAs transfer into plasma cells is due to
expression of specific lncRNAs by these cells.



AnZ-angiogenic acZvity of anZ-myeloma drugs
The BM angiogenic
niche

(Modified from Lahooti et al., Front Oncol 2021) 

Saltarella et al., Cancers 2023 
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Angiogenesis array of MMECs co-cultured with FBEVs for 24 hours

(Lamanuzzi A et al. Biomedicines, submitted)

FB extracellular vescicles induce the secretion of angiogenic factors that sustain angiogenic loops in MM 


