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Abstract: Multiple myeloma (MM) is a hematological disease that is still not curable. The bone
marrow milieu with cellular and non-cellular elements, participate in the creation of a pro-tumoral
environment enhancing growth and survival of MM plasma cells. Exosomes are vesicles oscillating
in dimension between 50 nm and 100nm in size that can be released by various cells and contribute
to the pathogenesis and progression of MM. Exosomes enclose proteins, cytokines, lipids,
microRNAs, long noncoding RNAs, circular RNAs able to regulate interactions between MM
plasma cells and adjacent cells. Through exosomes, mesenchymal stem cells confer
chemoresistance to MM cells, while myeloma cells promote angiogenesis, influence immune
response, cause bone lesions, and have an impact on the outcome of MM patients In this review,
we analyze the role played by exosomes in the progression of monoclonal gammopathies, the

effects on the proliferation of neoplastic plasma cells and discuss on possible employ of exosomes

as potential targets for the treatment of MM patients.
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1. Introduction

1.1 Overview of exosomes

The intercellular interactions between hematological tumors and the bone marrow (BM)
milieu are due to soluble components and to cell-to-cell connections. The three-
dimensional positioning of multiple myeloma (MM) cells within the BM has an effect on
their comportment. Partially, this is owed to the sorts and amounts of substances the
neoplastic cells are subjected to, which are produced by their adjacent cells.

The element of the secretome that is acquiring raising interest are the extracellular vesicles
(EVs) and the exosomes. Exosomes are vesicles originated from cells oscillating in
dimension between 50 nm and 100nm in length and a denseness between 1.13 g/mL and
1.19 g/mL [1]. Corresponding to the content, dimensions, and mechanism by which they
are generated, they can be separated into diverse subcategories [2,3], comprising exosomes,
microvesicles and apoptotic bodies. The lengths of microvesicles (200-1000 nm) and
apoptotic bodies (800-5000 nm) are greater than those of exosomes (30-150 nm) [2].
Exosomes are produced by the cells via merging of the multivesicular body (MVB) with
the cell membrane. Other EVs, such as microvesicles, are generated by a direct blossoming
from the plasma membrane. However, as none of the currently obtainable EV separation
techniques can distinguish between true exosomes, originated from the endosomal
mechanism, or other small EVs, there is an agreement to just call them ‘small EVs'.

Small EVs or exosomes are constituted of proteins, DNA, and RNA and some which are
cell type specific.

Proteins of exosomes comprise  costimulatory molecules such as CD86, antigen
presenting proteins such as MHC-I and MHC-II, membrane fusion proteins such as
annexins, intercellular adhesion molecule 1, integrins, tetraspanins, multivesicular body
formation proteins such as Alix and Tsgl0, and transmembrane molecules. These
proteins are plentiful on the surfaces of exosomes, while other substances such as
cytoskeleton proteins, heat shock proteins, and several types of enzymes such as  glucose
6 and pyruvate kinase are present inside exosomes [3]. Lipids present in exosomes include
cholesterol, ceramide, and sphingolipids, which are usually on the surfaces of exosomes.
Among the most important molecules from the point of view of biological activity we
remember messenger RNAs (mRNAs), microRNAs (miRNAs) and other non-coding
RNAs such as long non-coding RNAs and circular RNAs [4]. Baglio ef al. have established
that BM mesenchymal stromal cell (MSC)-originated exosomes have a great content of
tRNAs, with more than 35% of total small RNAs, while mature miRNAs represent only
2-5% [5]. Contrarily from serum circulating microRNAs, exosomal miRNAs are rather
stable in the circulation owed to the protecting action of the exosome vesicles on
degradation by RNases [6, 7].

Once discharged from the MM cell, EVs can reach at several targets; they can liberate their
content in the neighboring interstitial space, or they can be taken by other cells at petite or

long distances. Cellular absorption is the securest method for EVs, as they seem to have a
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brief half-life in in circulating blood, where it does not surpass two minutes before being 79
reallocated into cells [8]. 80
The systems by which exosomes are taken by cells comprise phagocytosis, clathrin- or 81
caveolin-mediated endocytosis, micropinocytosis, and lipid raft-mediated endocytosis [9]. 82
The employ of proteinase K decreases exosomes uptake by cells, so suggesting that 83
proteins are essential for this procedure [10]. Tetraspanins have been reported to have a 84
crucial effect in exosomal absorption in several type of cells. Other central proteins for 85
exosomal absorption are lectins, integrins, and immunoglobulins. 86
All those different systems will allow to access of the EVs to the intracellular environment, 87
where they leave their bioactive loads [9]. RNA is placed in the endoplasmic reticulum in 88

which it exercises its effects, while vacant EVs combine with lysosomes for degradation 89

[11]. 90
91
2. Exosomes and multiple myeloma 92
93

Multiple myeloma (MM) is characterized by proliferation of clonal plasma cells into the 94
BM, which generate monoclonal immunoglobulin. Despite improvements in the treatment 95
of MM due to the discovering of novel drugs most of the patients relapse [12-16]. 9%
Exosomes can control biological communication and biological reactions [17, 18]. In the 97
context of MM, this guarantees unceasing interaction between MM cells and cells of the 98
BM milieu, sustaining MM tumorigenesis by supporting immunosuppressive actions, 99
angiogenesis, osteolysis and drug resistance. Furthermore, exosomes seem to have an 100
effect in the genesis of cardiac damage, in the onset of peripheral neuropathy, might have 101
a prognostic role. Finally, exosomes have clear possibilities to be used as markers for initial ~ 102
prognostication of gammopathy progression [19-21]. 103
Several experimentations have reported that various components enclosed in exosomes 104
can augment the growth of MM plasma cells [Fig. 1]. Principally non-coding genetic 105
material such as miRNAs can transfer material able of augmenting the growth of clonal 106
cells. 107
miRNAs are short non-coding RNA able to regulate protein expression via their targeting 108
and silencing of complimentary mRNA sequences. MiRNAs can operate as cancer 109
suppressor genes or as oncogenes, so influencing the survival of tumor subjects [22]. 110
MiRNome expression in altered in BM and in the peripheral compartment of MM subjects 111

[23, 24] (Table 1). 112
113
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Fig. 1 Effects of exosomes on MM cells.

As far the correlation between miRNAs enclosed in exosomes and MM, PIWI-interacting
RNA (piRNA) is a sort of non-coding single stranded RNA which has a crucial effect on
genome expression. A study demonstrated that PIWI-interacting RNA-004800 (piR-
004800) is augmented in both exosomes originated from MM subjects’ BM supernatant
and cultured MM cells [25]. The expression amount of piR-004800 is associated with the
stages of international staging system in MM patients. Moreover, in MM cell lines, a re-
duction of piR-004800 provoked programmed cell death and autophagy. This effect
was associated with in vitro and in vivo decrease of cell growth. As far the mechanism,
numerous data demonstrated that sphingosine-1-phosphate receptor (51PR) signaling
pathway has an essential role in MM cell growth. In this experimentation, authors estab-
lished that S1PR signaling pathway can control the PI3K/Akt/mTOR pathway via regu-
lation of piR-004800 expression. Moreover, in MM cells, they proved that decrease of
piR-004800 augmented cell death. This effect phenocopies the action of FTY720 (Fin-
golimod), a substance derived from fungal metabolite myriocin. Furthermore, they de-
termined the mutual action between sphingosine-1-phosphate and piR-004800. Block-
ade of sphingosine-1-phosphate receptor by FTY720 decreases the generation piR-
004800. These findings sustain an oncogenic effect for piR-004800 in MM [25].

Non-coding RNA Status in Effect Mechanism Type Ref.
MM of
study
piR-004800 Augmented Reduced PI3K/Akt/mTOR signaling In vitro | 25

apoptosis  and

autophagy
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miRNA-21 Augmented Effect on BM | IL-6 generation, CAF | Invitro | 27
milieu transformation
miRNA-146a Augmented IL-6, IL-8, IL-10, | NOTCH signaling In vitro | 27, 28
CXCL1, CCL-5,
MCP-1 delivery,
CAF
transformation
miRNA-135b Augmented Increased Effect on HIF-1 In vitro | 41
angiogenesis
miRNA-1305 Augmented Reduction of | Increased expression of IGF1, | In vitro | 42
cellular miRNA- | MDM?2 and FGF2 and in
1305. vivo
Induction of M2-
macrophage
phenotypes
miRNA-340 Originated by | Reduction of | Effect on hepatocyte growth 43
Bone Marrow | angiogenesis factor/c-MET signaling
Stromal Cells
miRNA-20a-5p, Augmented Effect on | Not known Invivo | 64
miRNA-103a-3p, | in gammopathy
miRNA- 4505 monoclonal progression
gammopathy
miRNA-10a and | BMSCs- Effect on | Increased  expression  of | Invitro | 65
miRNA-16 originated gammopathy EPHAS or
exosome progression IGF1R/CCND1/CUL3/ELAVL1
miRNA214 Osteoclast Effect on bone | Inhibition of  osteoblast | In vitro | 72
originated lesions functionality
exosome
miRNA 129-5p Augmented Effect on | Effect on transcription factor | In vitro | 89
osteoblastic Spl
differentiation
miRNA-140-3p, Reduced Effect on kidney | Not known In vitro | 93
miRNA-185-5p, function
miRNA-425-5p,
let-7c-5p, and let-
7d-5p
miRNA-15a-5p, Reduced Bortezomib Not known Invivo | 112
miRNA-16-5p, chemoresistance
miRNA-20a-5p,
and miRNA-17-5p
miRNA-15a, Reduced Chemoresistance | Not known In vitro | 74

miRNA-16,
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miRNA-17  and
miRNA-20a,
LncRNAQ00461 Augmented Increased  cell | Inhibitory action of miRNA- | In vitro | 29
proliferation, 15a/miRNA-16 on BCL-2
reduced
apoptosis
LncRNA PRINS Augmented Effect on | Genetic mutations? Invivo | 66
gammopathy
progression
LncRNA RUNX2- | Augmented Inhibition of | Inhibition of RUNX2 In vitro | 90
AS1 osteogenic
differentiation of
MSCs
LncRNA PSMA3 | MSCs derived | Proteasome Development of an RNA | In vitro | 113
and PSMA3-AS1 inhibitor duplex with pre-PSMA3 and in
resistance vivo
Circ_0007841 Augmented Altered cell cycle | Effect on In vitro | 30, 32
and reduced | PI3K/AKT  signaling via
programmed cell | miRNA-338-3p/BRD4 axis
death
Circ-G042080 Augmented Myocardial Effect on miRNA/TLR4 axis | In vitro | 96
damage
CircMYC Augmented Bortezomib Invivo | 116-
(hsa_circ_0085533) resistance 118

Table 1. Main effects of non-coding genetic materials on multiple myeloma.

Earlier reports performed on serum of MM subjects established that serum miRNAs
such as miR-21 are extremely expressed and operates as oncogenes (oncomiRs) [26]. In a
study, authors evaluated the influences of OPM2 (a MM cell line) exosomes (OPM2-exo0)
on controlling the growth, and they settled the effect of miRNA-21 and miRNA-146a.
They determined that OPM2-exo harbored great concentrations of miRNA-21 and
miRNA-146a and that OPM2-exo coculture considerably increased MSC growth. Further-
more, OPM2-exo provoked cancer-associated fibroblast (CAF) transformation of MSCs,
and IL-6 generation. Blockade of miRNA-21 or miRNA-146a decreased these actions [27].
MiRNAs can alter the BM milieu changing the cytokine balance, and an altered production
of cytokines induced by miRNAs contained in exosomes could favor the growth of
myeloma cells. For instance, the above-mentioned EV-mirNA-146a can change the
reciprocal relation between MM and stromal cells. A study executed on EV-microRNAs

originated from MM cells and transported to MSCs demonstrated that, among the 19 EV-
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miRNAs appreciably altered, EV-miRNA-146a was the most greatly increased. miR-146a 151
provoked an augmented production of numerous tumorigenic cytokines by MSCs, 152
comprising IL-6, IL-8, IL-10, CXCL1, CCL-5, and MCP-1 in a NOTCH signaling-dependent 153
mode. Because of this, alteration of the chemokine production augmented MM plasma cell 154
survival [28]. 155
Alongside the miRNAs, other non-coded genetic material contained in the exosomes 156
consists of long non-coding RNAs (IncRNAs). These are RNA transcripts with more than 157
200 nucleotides that are not transformed into proteins. LINC00461 was greatly produced 158
in MM, and that MSC-originated exosomes stimulated MM cell growth via LINC00461. 159
Knockdown of LINCO00461 significantly decreased MM cell growth and provoked 160
programmed cell death. Analyses demonstrated that LINC00461 lessened the inhibitory 161
action of miRNA-15a/miRNA-16 on BCL-2. These data proved that LINC00461, a sponge 162
for miRNA-15a/16, may be a target for therapeutic approaches [29]. 163
Another different type of non-coded genetic material is constituted by Circular RNAs 164
(circRNAs), endogenous non-coding RNAs that exhibit a closed circular configuration that 165
are broadly disseminated in human tissues. 166
Circ_0007841 was reported to be increased in BM-derived plasma cells of MM subjects and 167
MM cells. 168
Exosomes discharged from MSCs augmented the growth of MM cells via circ_0007841. 169
Several data proposed that circ_0007841 altered cell cycle and reduced the programmed 170
cell death of MM cells [30]. 171
As for the way via which circ_0007841 enhanced the advancement of MM, it was 172
demonstrated that miRNA-338-3p is an objective of circ_0007841 in MM cells. 173
Bromodomain-containing proteins (BRDs) distinguish acetylated lysine (KAc) residueson 174
the N-terminal tails of histones to reorganize chromatin. In the normal proteome, there are 175
several bromodomains classified into diverse groups, one of which is the Bromodomain 176
and Extra C-terminal domain (BET) family. Bromodomain-containing protein 4 (BRD4), an 177
element of the BET family proteins, engages transcriptional elongation factor complexes 178
and aids RNA polymerase II-mediated transcription [31]. BRD4 can connect to miR-338- 179
3p in MM cells and miR-338-3p perform an anti-MM effect. Circ_0007841 augmented the 180
stimulus of PI3K/AKT signaling via miR-338-3p/BRD4 axis. Thus, Circ_0007841 operated 181
as an oncomiR via sequestering miR-338-3p to increase the expression of BRD4 [32]. 182
However, apart from the action as transmitters of molecular information, exosomes have 183
been reported to have intrinsic biological effects. 184
Vardaki et al. discovered that caspase-3 is stimulated in L88 BM stroma cell-originated 185
exosomes and 186
recognized 1 of the substrata to be the protein Bcl-xL, a controller of apoptosis. Incubation 187
of the exosomes with a substance able to block caspases inhibits the cleavage of Bcl-xL. 188
Moreover, Biochemical blockade of Bcl-xL with ABT737 or inhibition by employing the 189
D61A and D76A Bcl-xL mutant causes a relevant reduction in the uptake of exosomes by 190
hematopoietic malignant cells. These data indicate that the cleaved Bcl-xL is required for 191

the absorption of exosomes by MM, provoking an augmented growth. So, Bcl-xL is an = 192
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exosomal caspase-3 substrate essential for the absorption of exosomes by recipient cells 193

[33]. 194
195
2.1 Exosomes and MM angiogenesis 196
197

Throughout MM advancement the stimulation of the angiogenic activity is an essential 198
moment for the establishment of the vascular niche, where diverse stromal elements and 199
MM plasma cells cooperate and promote neoplastic proliferation [34]. Augmented 200
angiogenesis is an invariable characteristic of MM progress and is central for its onsetand 201
diffusion [35]. VEGF-A, one of the principal components in the family of vascular 202
endothelial growth factor, can stimulate angiogenesis, and support MM cell growth [36]. 203
Recently, angiogenesis has turn out to be one of the most relevant objectives in oncologic 204
treatments and the anti-angiogenic substances have demonstrated to be very effective in 205
MM patients. It is established that MM cells can act on endothelial cells via cell-cell contact 206
or delivery of soluble substances able to create an advantageous milieu [37]. Alongside a 207
direct effect on clonal cell growth, exosomes appear to modify the angiogenic dynamics 208

that promote the progression of MM [Fig.2]. 209

Increased

(o)
o0 angiogenesis

MM Exosomes

Hyperperfusion

Angiogenesis-
related proteins

W

DN
Endothelial cells Increased
proliferation capillary
permeability
210
Fig.2 Effects of exosomes on angiogenesis. 211
212

Murine MM exosomes transporting diverse angiogenesis-correlated proteins augmented 213
angiogenesis and stimulated endothelial cell proliferation. Multiple pathways such as c- 214
Jun N-terminal kinase, p53, and STAT3, were controlled by the exosomes in endothelial 215
and BM stromal cells. Moreover, under hypoxia, MM cells produce components able to 216
stimulate angiogenesis to modify this adverse micromilieu [38]. An augmented angiogenic 217
effect relates to endothelial stimulation, hyperperfusion, and augmented capillary 218
permeability [11]. Hypoxia signaling is controlled by hypoxia-inducible factor (HIF) asa 219
central transcriptional regulator [39]. 220
Hypoxic environments are also reported to augment exosome generation. The BM is 221
hypoxic per se, however, as MM cells growth the hypoxia augments, and exosomes 222
produced by MM cells stimulate angiogenesis by modifying HIF-1 through miRNA-135b 223

[40] [Fig.3]. Moreover, exosome produced under hypoxic stress can alter multiple diverse 224
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pathways and stimulate the movement of MM cells via the augmented generation of 225
CXCL12/CXCR4/monocyte chemoattractant protein-1 axis [41]. 226
Exosome miRNA analysis also ascertained a greater presence of miRNA-1305 in exosomes 227
separated from hypoxic MM plasma cells than in those of normoxic cells. The survival of 228
subjects with elevated exosomal miRNA-1305 was worse than it was in MM subjects with 229
small amount of exosomal miRNA-1305. In hypoxic MM cells, an augment of exosomal 230
miRNA-1305 provoked a reduction of cellular miRNA-1305 and augmented stimulation of 231
the miRNA-1305 downstream genes, such as IGF1, MDM?2 and FGF2 able to cause a 232
stimulation of tumorigenic activity. Exosomal miRNA-1305 was also transported from 233
MM cells to macrophages causing a MM-supporting M2-macrophage phenotypes [42]. 234
Finally, the antiangiogenic effects performed by exosomes derived from healthy controls 235
seem to be exceptionally noteworthy as they could be employed for therapeutic objectives. 236
In fact, exosomes originated from young BMSCs drastically blocked MM-caused 237
angiogenesis. The exosomal miRNA expression outline was diverse between young and 238
adult BMSCs. In any case, the antiangiogenic action of mature BMSCs was augmented by 239
transfection of miRNA-340 that was especially present in exosomes originated from young 240
BMSCs. An experimentation established that miRNA-340 blocked angiogenesis through 241
the hepatocyte growth factor/c-MET (HGF/c-MET) signaling in endothelial cells. These 242

findings offer novel information into exosome-based MM treatment by changes of BMSC- 243
originated exosomes [43]. 244

MM Exosomes

| :
1\ ,
|\
A
|\
1\
T

Q Increased
¢ angiogenesis

FIH-1 inhibition

miR-135b
HIF-1 activity
Increase
245
246
Fig. 3 Hypoxic exosomes promote angiogenesis in MM. 247
248
2.2 Exosomes and immune response in MM 249
250

An additional system by which exosomes could support the onset of MM and its progress 251

is represented by the immunosuppressive actions they have. These actions could provoke 252
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both a decrease in immunosurveillance and an augment in the incidence of infectious 253
complications that are often present in these patients. 254
An earlier experimentation established that tumor-originated exosomes (TEXs) tend to 255
provoke immune depression and can inhibit the transformation of BM progenitor cellsinto 256
dendritic cells (DCs) [44]. Moreover, exosomes can transport transforming growth factor 257
Bl (TGF-p1) and alter the reaction of T cells to interleukin 2 (IL-2), permitting the 258
conversion of lymphocytes into regulatory T cells (Tregs) instead than cytotoxic T cells [45]. 259
Furthermore, TEXs support the stimulation and amassing of Treg cells [46]. Analogously, 260
TEXs augment the delivery of IL-6, and prostaglandin E2 by MDSC, causing the 261
development of a powerful immunosuppressive milieu in MM BM [47-49]. 262
Numerous reports proved MM cell-originated exosomes have a strong effect on T 263
lymphocyte immune activity. They support programmed cell death and block growth of 264
HD-CD4+ T, block perforin of HD-CD8+ T, reduce programmed cell death and stimulate 265
growth of HD-Treg, and decrease TGF-[3 delivery of MM-Treg [50]. 266
Wangetal. evaluated the impact of BMSC-originated exosomes on the MM BM cells with 267
accent on MDSCs. MDSCs, as all immune cells that provoke immunosuppression, are 268
closely implicated in controlling the resistance of tumor subjects to treatment and to 269
prognosis [51, 52]. 270
An in vitro experimentation demonstrated that BMSC-originated exosomes increased the 271
survival of Myeloid-derived suppressor cells (MDSCs), a phenotypically heterogeneous 272
populations that inhibit MM-specific T-cell responses. This effect is mediated by 273
stimulating signal transducer and activator of transcription (STAT) 3 and STAT1 pathways 274
and augmenting myeloid leukemia cell differentiation protein Mcl-1 [53]. The same group 275
also reported that BMSCs-derived exosomes stimulated MDSCs in vivo to augment their 276
nitric oxide delivery, which participated to the block of T cells [54]. They also demonstrated 277
that MM-EXs also stimulated STAT3 in MDSCs to produce great amounts of arginase 1 278
and inducible nitric oxide synthase, which augmented T-cell suppression [55]. 279
On the other hand, it has been established that natural killer (NK) cells have a central action 280
in the progress of MM. NK cells can be stimulated in the early phase of MM and exerta 281
cytotoxic action, destroying MM cells [56]. In a previous study we determined that MM- 282
related NK cells are completely competent per se, but most of them miss their cytotoxic 283
ability in the autologous set, probably because of the great expression of HLA class I 284
molecules present on MM cells [57]. 285
Numerous results have demonstrated that MM-originated small EVs decrease the 286
cytotoxic capacity of NK cells against MM cells [58]. This powerful reduction of NK-cell 287
ability is due to the ability of MM-originated EVs to provoke a decreased expression of 288
most of the stimulating receptors recognized to be indispensable in determining NK 289
cytotoxicity, comprising NKG2D, NKp46, and NKp30, [59]. 290
A fascinating experimentation evaluated the effects of MM-originated EVs on NK cells 291
after genotoxic stress. Even though anti-tumor drugs were usually recognized to augment 292
the immunogenic aptitude of tumor cells, this notion is no longer widely admitted. Vulpis 293

et al. stated that when MM cells are treated with substances such as melphalan, a genotoxic =~ 294
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molecule employed in the MM treatment, an increase in EV delivery is detected. MM- 295
originated EVs absorbed by NK cells are able of increasing IFN generation, but not their 296
cytotoxic capacity, via a system founded on the stimulation of the NF-kB pathway ina 297
TLR2/HSP70-dependent way [60]. This is since after genotoxic stress, MM cells were 298
reported to delivery great quantities of the metalloproteinase ADAMI10, able to leak 299
NKG2D receptor ligand MIC. Once shed, NK receptor ligands become soluble and 300
operates inhibiting the receptors, instead of stimulating them. Thus, NK cells miss their 301
ability to produce TNF alpha, that is recognized to support their cytolytic effects [61]. A 302
different MM-EV component that intensely reduces NK-cell activity is the MM-related 303
antigen CD38. MM-originated EVs discharge great quantities of the soluble ectoenzyme 304
CD38. This substance can transform nucleotides to adenosine, causing an inadequate 305
immune response. Adenosine joins to the purinergic P2 receptors that is present on the 306
membrane of immune cells to cause an insufficient response not only of NK cells, but of T- 307
cells, and dendritic cells, too [62]. 308
These findings have lately been proved in diverse experimental settings. L363 cells were 309
exposed to docosahexaenoic acid (DHA) or eicosapentaenoic acid (EPA), two 310
polyunsaturated omega-3 fatty acids with recognized anti-tumor actions or were untreated. 311
The discharged EXs (named as D-EX, E-EX, and C-EX) were employed to study NK cell 312
functions. Myeloma EXs (C-EXs) considerably decreased NK cytotoxicity against K562 313
cells, while the cytotoxicity reduction was appreciably inferior in the D-EX- and E-EX- 314
exposed NK cells with respect to the C-EX-exposed cells. The presence of the stimulating 315
NK receptor NKG2D and NK degranulation, after exposition to the EXs, were both 316
modified. Nevertheless, C-EXs could augment IFN-y delivery in NK cells, which was not 317
appreciably modified by DHA/EPA exposition. This suggests a double action of MM EXs 318
on NK cells activities and that MM EXs have both suppressive and stimulatory actions on 319
diverse NK functions. Exposition of MM cells with EPA/DHA can decrease the 320
suppressive actions of MM EXs while retaining their stimulatory actions. It is possible 321

hypothesize that DHA/EPA additions might be employed as an adjuvant therapy in MM 322

patients [63]. 323
324
2.3 Exosomes as markers of MM progression 325
326

Monoclonal immunoglobulin-correlated pathologies can evolve via several disease phases. 327
There is presently no element forecasting the progression of MM from prodromal 328
conditions. Serum exosomal miRNAs can be employed as new markers for MM and may 329
be implicated in progress of subjects with monoclonal gammopathies. In a study, the 330
amount of serum exosome-originated miRNA-20a-5p, miRNA-103a-3p, and miRNA- 4505 331
were considerably diverse among patients with MM, smoldering multiple myeloma 332
(SMM), and control subjects [64] 333
In a different study, three differentially expressed BMSCs-originated miRNAs (DEMs) 334
were reported to discriminate MM from normal and MM-monoclonal gammopathy of 335

undetermined significance (MGUS) controls in the GSE39571 dataset; one reduced and one 336
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augmented DEMs (hsa-miR-10a) could discern MM from normal and MM-MGUS controls 337
in the GSE110271-GSE78865 merged dataset. Moreover, 11 reduced (hsa-miRNA-16) and 338
1 augmented DEMs were shared between GSE39571 and merged dataset when comparing 339
MM with normal samples. The downstream genes were predicted for these 17 DEMs. 340
IGFIR and CCND1 were the more relevant genes and were controlled by hsa-miR-16. 341
BMSCs-originated exosomal miRNA-10a and miRNA-16 may be implicated in MM 342
progress by controlling the expression of genes such as EPHAS or 343
IGFIR/CCND1/CUL3/ELAVL1. These exosomal miRNAs may be possible markers for 344
prognostication of evolution and may be targets for novel therapeutic approaches [65]. 345
A different analysis reported an alteration of exosomal IncRNA PRINS in MM vs healthy 346
controls. In particular, MM and MGUS subjects were differentiated from controls witha 347
specificity of 83.3% and a sensitivity of 84.9%. Concentrations of PRINS were associated 348
with classic MM chromosomal alterations, such as del(13)(q14), del(17)(p13), t(4;14), 349
gain(1)(q21), and hyperdiploidy. This study proposes a potential diagnostic function for 350
exosomal IncRNA PRINS in monoclonal gammopathies [66]. 351
Attracting results arose from the analysis of adenosine, too. This substance, a powerful 352
immunosuppressor molecule, generated by diverse cells in the BM of MM subjects has an 353
essential function in the tumor niche development and MM evolution [67]. It has been 354
reported that MM-EXs are rich in ectoenzymes such as CD73, CD39, and CD38, which 355
transform ATP and NAD+ (adenosine precursors) into adenosine [68]. These data, and the 356
finding that BM concentrations of adenosine are greater in MM subjects with respect to 357
MGUS/SMM subjects, suggest that exosomal adenosine might be employed as a marker 358
both for the distinction of these diseases and for the differentiation of early or advanced 359
stages in MM subjects [68]. 360
Finally, Di Noto et al. described a new system for separating exosomes from MM, MGUS 361
and healthy controls. The system is founded on the use of colloidal gold nanoplasmonics 362
and surface plasmon resonance biosensing. It permitted to evidence that MM subjects 363
generate about four folds more exosomes than MGUS and normal subjects. Moreover, they 364
demonstrated that only the MM-originated exosomes connect to heparin — an analog of 365

heparan sulfate proteoglycans recognized to regulate exosome endocytosis with an 366

elevated affinity binding. This system could be used to diagnose MM [69]. 367
368
2.4 Exosomes and organ damage in MM 369
370
Bone disease 371

Exosomes appear to be able to induce the onset of organ damage and to influence the onset 372
of bone disease, renal failure and heart damage in patients with amyloidosis. 373
At diagnosis, osteolytic lesions are present in about 60% of MM subjects. Moreover, 374
almost every subject will exhibit a lytic lesion during the disease course, provoking an 375
augmented morbidity and pain with a grave effect on the quality of life [70]. 376
MM cells can model the BM milieu to support tumour proliferation causing the niche 377

remodeling and the occurrence of osteolytic bone disease [71]. Almost certainly this 378
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remodeling has a finalistic effect able to favor tumor progression. MM diffusion in the bone 379
can employ this interaction system to alter the equilibrium between bone constructing and 380
bone resorbing cells, which causes the delivery of bone produced substances promoting 381
MM proliferation. 382
Sun et al. demonstrated that osteoclast (OCL)-originated exosomes are plentiful of 383
ephrinA2, a protein which can communicate with osteoblasts (OBs) [72]. Furthermore, 384
Deng et al. reported that MVs generated by OBs enclose RANKL protein and can transport 385
it to OCL precursors promoting OCL generation [73]. In recent times, it has been stated 386
that both OCL precursors and mature OCLs discharge EVs during osteoclastogenesis. EVs 387
from OCL precursor stimulated osteoclastogenesis, while EVs from mature OCLs 388
decreased the OCL amount in mouse BM cultures. The same experimentations recognized 389
a subgroup of EVs from mature OCLs enclosing great amounts of RANK that may 390
competitively block the effect of RANK on OCL precursors by RANKL [74]. Moreover, 391
two diverse reports suggested that exosomes produced by monocytes promoted the 392
differentiation of BMSCs into OBs [75, 76]. 393
Other research has confirmed that the EV production could be a system by which MM cells 394
can augment OCL activity. Interestingly, MM-originated exosomes are internalized by 395
OCL-like cell line sustaining the migration of OCL precursors through an augment of 396
CXCR4 expression. MM-originated exosomes stimulated the expression of OCL markers 397
such as TRAP, CTSK, and Matrix Metalloproteinases 9 in OCL-like cells. Furthermore, pre- 398
OCLs exposed to MM-originated exosomes show a higher capacity to differentiate and 399
reabsorb dentin substrate by blocking apoptotic dynamics. Analogous findings were 400
achieved with exosomes separated from plasma of MM subjects [77]. 401
Moreover, MM cell-derived exosomes stimulated IL-6 production and reduced 402
osteoblastic differentiation and mineralization of BMSCs. It was also reported that MM 403
cell-originated exosomes provoke an augment in NF-kB and APEl and a decrease in 404
osteocalcin, runt-related transcription factor 2, and Osterix in BMSCs [78]. 405
A report stated that EVs from the murine model of MM decreased OBs differentiation and 406
their activity. In particular, the authors demonstrated that EVs transport the inhibitor of 407
Wnt/catenin pathway, Dickkopf-1, to OBs [79]. Moreover, it was described that exosomes 408
augmented the expression of OC markers, such as cathepsin K , matrix metallopeptidase 409
9, and tartrate-resistant acid phosphatase [77]. 410
The epidermal growth factor receptor (EGFR) is a glycoprotein that can be stimulated by 411
a group of growth factors comprising amphiregulin (AREG). The EGFR system can 412
regulate different processes such as growth and differentiation. Moreover, AREG has a 413
central role in bone metabolism by influencing both OCs and OBs [80]. In fact, EGFR 414
ligands can support OC growth by reducing in OBs the generation of OPG [81]. In addition 415
to the EGFR, ILS, a cytokine recognized for its effects in supporting tumor angiogenesis 416
[82], has been indicated as a stimulator of bone damage in MM bone disease [83, 84]. 417
A recent study confirmed that AREG can be released by MM exosomes and take partin 418
MM-provoked osteoclastogenesis. In an experimentation, exosomes were separated from 419
the medium of MML.S cell line and from BM samples of MM subjects, while cell line 420
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RAW?264.7 and human CD14+ cells were employed as OC sources. They found that AREG 421
was increased in MM exosomes and that exosomes-originated AREG caused the 422
stimulation of EGFR in pre-OC, as demonstrated by the augment of mRNA of its target 423
SNAIL. The use of blocking anti-AREG monoclonal antibody (mAb) regressed this effect. 424
Moreover, they stated the capacity of MM-originated AREG-enriched exosomes to enter 425
MSCs inhibiting OB differentiation, augmenting MM cell adhesion and the delivery of the 426
pro-osteoclastogenic cytokine IL8. Also in this case, anti-AREG mAb blocked the 427
generation of IL8 by MSCs proposing that direct and indirect mechanisms are involved in 428
AREG-enriched exosomes osteoclastogenesis [85]. 429
The statement that MM cell-originated exosomes provoked the stimulation of EGFR 430
system in MSCs, and OC precursors implies the opportunity to employ drugs able to 431
inhibit EGFR such as gefitinib and erlotinib to alter the communication between MM 432
plasma cells and the BM milieu to inhibit the onset of bone lesions. Previous in vitro studies 433
have confirmed that erlotinib blocks lytic bone lesions in non-small lung cancer patients 434
and that gefitinib decreases the capacity of MSCs to stimulate OC differentiation [86, 87]. 435
Another recent report confirmed the osteolytic actions of sEVs from the human JJN3 line 436
when administered directly into the calvaria of NOD-SCID animals [88]. 437
Employing the 5TGM1 murine model authors demonstrated that 5TGM1 exosomes 438
augmented OC functionality and inhibited OB differentiation and activity in wvitro. 439
Stopping exosome production employing the sphingomyelinase inhibitor GW4869 not 440
only augmented cortical bone volume, but also it made sensitive the MM plasma cells to 441
bortezomib, determining to a powerful anti-MM response when GW4869 and bortezomib 442
were administered simultaneously. They studied the actions of 5TGM1 exosomes on the 443
pre-osteoblast MC3T3-E1 line and detected caspase-mediated programmed cell death and 444
a reduction in the presence of several genes correlated to OB differentiation. The 445
consequences of 5TGM1 sEVs on vitality of MC3T3 cells were more evident than those of 446
5T33vt exosomes. This is due to the osteolytic potential of the cells of origin. Finally, they 447
found that 5TGM1 exosomes provoked a reduction of Runx2 in MC3T3-E1 cells. These 448
findings appear to be the consequence of an inhibition of the Wnt signaling system, as 449
demonstrated by reduction of whole and active 3-catenin [19]. 450
In the context of the relationship between exosomes and bone disease in MM, a 451
fundamental role seems to be played by non-coding genetic material. An experimentation 452
demonstrated that miRNA-214-containing exosomes produced by OCLs participate to the 453
communication between OCLs and OBs. miR-214-exosomes can be transported into OBs 454
via the ephrinA2/EphA2 system to inhibit OB functionality. The amounts of miR-214 were 455
reported increased in exosomes and in serum from osteoporotic subjects, with respect to 456
non-osteoporotic subjects, proposing that it may be useful as a marker for bone loss [72]. 457
In a different study, Raimondo et al. evaluated the relationship between the EV-derived 458
osteogenic inhibition and MM-exosome content, aiming on miRNAs. They recognized a 459
group of miRNAs, extremely present in MM cell line- derived exosomes (MM1.S EVs) and 460
in BM-exosomes derived from subjects affected by MM or SMM. Remarkably, they 461
discovered that miRNA-129-5p, which affects several OBs differentiation markers, is 462
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increased in MM-EVs with respect to SMM-EVs, so proposing a specific profile 463
associated with specific pathological condition. Moreover, they evidenced that miRNA- 464
129-5p can be transferred to hMSCs by MM-EVs, and the augment of miRNA-129-5p 465
amounts in hMSCs blocked the appearance of the transcription factor Spl, a positive 466
controller of osteoblastic differentiation, so recognizing miRNA-129-5p as a protagonist of 467
vesicle-caused bone lesions [89]. 468
Long noncoding RNAs (IncRNAs) are also powerful controllers of cell differentiation with 469
cell-specificity that are produced by tumor cells through exosomes. In MM, the exosomal 470
transport of the IncRNA RUNX2-AS1 particularly blocks the osteogenic differentiation 471
ability of MSCs by inhibiting the controller of bone generation RUNX2 [90]. 472
Furthermore, Li et al. confirmed these findings. RUNX2-AS1 was able of developing an 473
RNA duplex with RUNX2 premRNA at overlapping regions and this RNA reduced 474
RUNX2 expression by decreasing the splicing efficacy, determining a reduced osteogenic 475
capacity of MSCs. In experimental animal models, the use of an inhibitor of exosome 476
production, GW4869, was able to prevent bone loss. Thus, exosomal IncRNA RUNX2-AS1 477
may be a possible target the treatment of osteolytic lesions in MM [91]. Nevertheless, 478
before IncRUNX2-AS1 can be employed as therapeutic target, confirmation of its transport 479
in vivo necessitates to be achieved. Moreover, dispensation of GW4869 in experimental 480

animal models extensively alters exosome delivery from all cell sorts and can provoke the 481

discharge of EV subpopulations budding from the plasma membrane [92]. 482
483
Exosomes and renal function 484

A report studied the possible correlation between exosomal miRNAs and clinical 485
manifestations in MM subjects. The data established that the presence of miRNA-140-3p, 486
miRNA-185-5p, miRNA-425-5p, let-7c-5p, and let-7d-5p in the exosomes of MM subjects 487
were appreciably inferior with respect to those of normal subjects. Moreover, there were 488
essential modifications in the clinical symptoms of MM, such as renal failure. The amounts 489

of exosomal miRNAs were correlated to the concentrations of clinical feature-corelated 490

markers, such as creatinine, IL-6, 2-microglobulin and -CTX in serum [93]. 491
492
Exosomes and heart failure 493
494

Cardiac alterations are one of the most critical MM comorbidities and can provoke a 495
serious cardiomyopathy and heart failure secondary to cardiac amyloidosis or anemia. 496
Moreover, particular drugs employed for MM treatment can disturb cardiac function [94], 497
and several studies proved that up to 50% of MM subjects have heart impairment [95]. 498
Informatics investigation demonstrated that circRNAs with augmented might cause MM- 499
correlated myocardial alteration. Furthermore, PCR findings established that circ-G042080 500
was copiously present in the serum exosomes of MM subjects. The expression amount of 501
circ-G042080 was statistically associated with the MM-correlated heart failure. The 502
myocardial damage might be due to a downstream miRNA/TLR4 axis. Experimental 503
analyses proved that the circ-G042080/hsa-miR-4268/TLR4 axis might be present in 504
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HO9C2 cells incubated with exosomes and might provoke abnormal autophagy. Exo- 505

circRNAs might be a novel diagnostic biomarker of MM-correlated heart damage and 506

might be a therapeutic target [96]. 507
508
Exosomes and concomitant pathologies in patients with MM 509
510

The biological activity of endosomes could play a role in some pathological conditions 511
often present in patients with MM such as thrombotic events and iatrogenic neuropathy. 512
Thrombosis is a well-recognized complication to MM [97], and the substances contained 513
in the exosomes have a pro-coagulant activity and augment endothelial cell (EC) 514
thrombogenicity, indicating their participation in MM-correlated thrombosis. Exosomes 515
enclose great concentrations of angiogenic elements that influence mesenchymal and EC, 516
cause cell growth through specific signal transductions. 517
Bortezomib-treated exosomes show decreased concentrations of angiogenic components, 518
which reduce migration of MVs, reproducing the effectiveness of MM treatment [98]. 519
Peripheral neuropathy (PN) is a consequence of MM or MM treatment which negatively 520
influences MM subjects’ quality of life [99]. PN is caused by penetrating of M protein, 521
compression phenomena by the tumor or by therapy-induced neurotoxicity. Several 522
reports have established that almost 20% of MM subjects have PN at the beginning of the 523
MM and about 75% have chemotherapy-caused PN (CIPN)[100]. 524
An experimentation evaluated the relationship between serum exo-circRNAs and MM in 525
MM-related PN [101]. A group of MM subjects and normal controls were studied. A 526
correlation was searched between chr2:2744228-2744407+ and features of PN. 265 527
increased circRNAs and 787 decreased circRNAs, with a two-fold difference in expression 528
level in MM patients versus normal subjects were evaluated. Informatics evaluation 529
suggested that increased circRNAs had the aptitude to promote MM-correlated PN. 530
Moreover, PCR confirmed the copious presence of chr2:2744228-2744407+ in the exosomes 531
of MM subjects. 532
Chr2:2744228-2744407+ might cause MM correlated PN through the miRNAs and GRIN2B 533
axis. An augment of chr2:2744228-2744407+ in the exosomes of MM patients might 534
provoke the decrease of hsa-miRNA-6829-3p and increase of GRIN2B in the serum. The 535
expression of chr 2:2744228-2744407+ was correlated with the clinical features of PN, 536
suggesting that exo-circRNAs might be a new therapeutic target for MM correlated PN 537

[101]. 538
539
Exosomes and Graft versus host disease 540
541

Allogeneic hematopoietic stem cell transplantation (HSCT) is a therapeutic approach that 542
can be evaluated in young subjects with grave MM. Nevertheless, transplant-correlated 543
problems, such as acute and chronic graft-vs-host disease (GVHD) are a significant reason 544
of mortality [102]. Lia et al. performed an experimentation on MM patients subjected to 545

allogeneic HSCT to evaluate exosomal antigens as possible markers for acute GVHD. 546
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CD146 correlated with a 60% augmented risk of arising GVHD, while CD31 and CD140-a 547

with a 40% and 60%, correspondingly, decreased risk [103]. 548
549
2.5 Exosomes and prognosis 550
551

Recent data established the usefulness of exosomes in discovering relapse months before 552
existent clinical analyses, underlining the reliability for exosomes in checking MM 553
progression and evaluating minimal residual disease in MM subjects [104]. Furthermore, 554
the evaluation of exosomes generated by MM subjects appear to be capable to assure a 555
prognostic assessment. 556
At this regard, an estimation of exosomal miRNAs separated from the MM subjects 557
recognized 22 miRNAs that was reduced with respect to normal subjects. Among those, 558
miRNA-18a and let-7b were appreciably correlated with overall survival (OS) and 559
progression-free survival. Moreover, MM subjects with inferior exosomal miRNA-18aand 560
let-7b concentrations were more frequently in an advanced stage of the ISSD and have a 561
bad prognosis [105]. 562
Similarly, MM-originated exosomes transporting CD138, a biomarker of mature plasma 563
cells, were also found in the plasma of MM subjects, and their concentrations were 564
associated with MM state and tumor burden. Subjects with aggressive MM had an 565
important increase in serum EV-CD138 with respect to patients in partial or complete 566
remission [104]. Moreover, employing exosomes proteomic profiling, it was possible 567
identify phagocytic glycoprotein-1 (CD44) as a new biomarker that negatively correlated 568
with OS. MM subjects with augmented risk of death presented augmented CD44 in their 569
sera [106]. So, exosomal-CD44 is another antigen that might be employed as a prognostic 570
marker in MM. 571
A different approach is that constituted by the phage display technique, a modality often 572
used for the study of hematological diseases [107]. Iaccino et al. evaluated the generation 573
of MM-related exosomes in the murine 5T33MM MM model as markers of tumor 574
proliferation. To this purpose, they chosen Id-peptides by selecting a phage display library 575
employing as bait the Ig-BCR expressed by 5T33MM cells. The FITC-conjugated Id- 576
peptides identified the MM-related exosomes in the serum of 5T33MM engrafted mice, 577
amounts of which are related with MM progression at an earlier time with respect to serum 578
paraprotein. These findings suggest that Id-peptide-based evaluation of MM-released 579

exosomes may be an extremely sensitive diagnostic technique for assessment of MM 580

progression [108]. 581
582
2.6 Exosomes and chemoresistance 583
584

Multiple factors causing proteasome inhibitor (PI) resistance have been considered such 585
as genetic mutations, and BM microenvironment changes [109]. However, conditions able 586
to provoke cause drug resistance in MM are not well recognized. In fact, in addition to the 587

changes of myeloma cells in response to chemotherapy, several data suggest that the 588
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interactions between the MM plasma cells, and the cellular elements of the contiguous BM 589
microenvironment provoke the delivery of pro-survival signals causing drug resistance. 590
This type of drug resistance, named “cell adhesion-mediated drug resistance” (CAM-DR), 591
is regarded as the most important mechanism able to cause the escape of MM cells from 592
therapeutic effects [110, 111]. 593
Several results appear to corroborate the chance that exosomes discharged in the BM 5%
milieu of MM subjects may participate to the establishment of a condition of 595
chemoresistance. In a research, the medical reports of hospitalized MM subjects, who were 5%
receiving new drugs-based treatments, were studied. An exosomal RNA analysis was 597
performed, and the exosome-derived miRNA profile for foreseeing drug resistance were 598
evaluated employing a microarray. In the study 204 MM subjects were included with drug 599
resistance (DR) rates of 36.5%, 73.1% and 81.8% in the bortezomib (Bz), thalidomide and 600
lenalidomide groups. An increased risk for predicting de novo DR was 1q21 gain. In the 601
subjects resistant to Bz, an increased level of exosomes was found with a reduction of 602
exosomal miRNA-15a-5p, miRNA-16-5p, miRNA-20a-5p, and miRNA-17-5p [112]. 603
Similarly, an exosome-related miRNA expression profile executed on MM subjects 604
resistant to Bz showed that exosomal miRNA-15a, miRNA-16, miRNA-17 and miRNA-20a, 605
were intensely reduced, and were correlated with drug resistance [74]. Since a great part 606
of MM subjects have primitive or secondary resistance to Bz during the treatment, the 607
above-mentioned profile of exosome-miRNAs could be employed as prognostic markers 608
for Bz resistance and should be used to accomplish a personalized treatment [28]. 609
Furthermore, some experimentations have attempted to elucidate the processes by which 610
exosomes can cause chemoresistance. Xu et al. established that IncRNA PSMA3 and 611
PSMA3-AS1 in MSCs could be enclosed into exosomes and transported to MM plasma 612
cells, thus provoking proteasome inhibitor resistance [113]. PSMA3-AS1 could develop an 613
RNA duplex with pre-PSMA3, which augment PSMA3 expression by enhancing its 614
stability. In experimental animal models, administration of siPSMA3-AS1 was reported to 615
be efficacious in modifying carfilzomib sensitivity. Finally, circulating exosomal PSMA3 616
and PSMA3-AS1 were correlated with PFS and OS in MM patients [113]. 617
A different analysis described an augment in acid sphingomyelinase (ASM) presence in 618
MM cell lines exposed to melphalan or Bz, and their exosomes. Exosomes with a great 619
ASM content were capable to transmit the drug-resistant phenotype to chemosensitive 620
cells, herewith proposing a MM-protective action for ASM. Furthermore, blockade of ASM 621
by amitriptyline augmented drug sensitivity in MM cells. These findings postulate a 622
rational to incorporate drugs able to target ASM in combination with traditional MM 623
treatments [114]. 624
Other non-lipid substances may be important in establishing chemoresistance. A study 625
established a relevant effect of the chondroitin sulfate proteoglycan serglycin in controlling 626
the protein cargo of MM plasma cell-originated exosomes. Earlier experimentations have 627
demonstrated that serglycin operates essentially in storing of basically charged elements 628
within the intracellular vesicles through serglycin’s densely clustered, negatively charged 629

glycosaminoglycan chains. Serglycin was found in exosomes derived from MM cell lines 630
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and from MM subjects. Exosomes originates from serglycin-knockdown cells, but not 631
from normal cells, were deficient in several types of proteins that are essential for 632
determining numerous cellular processes. For instance, exosomes from serglycin- 633
knockdown cells were not able to determine an aggressive phenotype in MM plasma cells 634
and were incapable to stimulate migration of macrophages. These results demonstrate that 635
serglycin has a relevant effect in supporting the protein cargo in MM-originated exosomes 636

and propose that targeting serglycin may modify the effect of these exosomes on MM 637

progression [115]. 638
Finally, the circRNA circMYC (hsa_circ_0085533) is originated from the MYC gene and 639
has been stated to augment the growth of tumor cells [116, 117]. The amount of serum 640
exosomal circMYC was appreciably augmented in MM subjects with respect to normal 641
controls. Furthermore, the concentrations of circMYC in circulating exosomes was con- 642

siderably in bortezomib-resistant patients that in non-resistant subjects. The levels of exo- 643

somal circMYC was related with deletion 17p, t(4;14), and with the stage of disease. A 644
great exosomal circMYC concentration was an independent marker of bad prognosis in 645
MM subjects, and patients with greater exosome circMYC levels had superior relapse 646
percentages and greater mortality frequency. Contrariwise, the OS and PFS of MM sub- 647
jects with increased exosomal circMYC expression were inferior to those of MM subjects 648
with reduced exosomal circMYC level [118]. 649
A further system able to induce chemoresistance could be due to Heparanase. It is an 650
endo-p3-D-glucuronidase that operates cleaving heparan sulfate chains. It has several tar- 651
gets able to augment the expression and function of protease, growth factors, and 652
RANKL that stimulate MM proliferation, diffusion, and the onset of bone lesions [119] 653
via BM milieu modification and increasing angiogenesis [120]. 654
An experimentation explained the role of heparinase revealing a direct correlation be- 655

tween Bz sensitivity, heparanase, and miRNA-1252-5p expressions. An increased expres- 656
sion of miR-1252-5p appreciably decreased heparanase expression and functionin MM 657
cells, and the greater amounts of miRNA-1252-5p was related with a decreased cell via- 658
bility and a greater sensitivity to Bz. Furthermore, exosomes transporting miRNA-1252- 659
5p augmented MM cells' sensitivity to Bz Therapy. These findings demonstrated that the 660
employing of exosomes transporting containing miRNA-1252-5p might be a possible 661
new Bz sensitization system in MM cells [121]. 662
An interesting aspect related to the study of exosomes in MM is constituted by the varia- 663
tions induced by chemotherapy on the structure and function of the exosomes. When 664
MM plasma were treated with drugs such as Bz, carfilzomib or melphalan, exosome gen- 665

eration by the cells was significantly augmented [122]. These chemotherapy-changed ex- 666

osomes, named ‘chemoexosomes’ have a proteome structure different from that of 667
plasma cells not treated with drugs comprising the above-mentioned augment in the 668
amount of heparanase present as exosome cargo. The chemoexosome heparanase was 669

not located in the chemoexosome but was found on the exosome membrane where it was 670
able of destroying heparan sulfate of the extracellular matrix. Chemoexosomes trans- 671

ported their heparanase to MM cells augmenting their activity and causing a 672
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stimulation of ERK signaling and an augment in discharging the syndecan-1 proteogly- 673

can. Moreover, chemoexosomes enhanced secretion of TNF-a, by macrophages, and this 674

cytokine is an essential MM growth factor. Finally, chemoexosomes augmented macro- 675
phage diffusion and this action was inhibited by a monoclonal antibody, H1023, that 676
blocks heparanase [122]. These findings suggest that anti-myeloma treatment stimulates 677
a relevant production of exosomes having a great amount of heparanase that modifies 678
extracellular matrix and changes the BM microenvironment contributing to the onset of 679
chemoresistance and patient relapse. Therefore, it is possible that changing the delivery 680
or the absorption of exosomes could contrast the onset of chemoresistance. 681

Blocking endocytosis reduces exosomes-caused decrease of chemosensitivity to Bz, and so 682
augments its anti-MM activities. In this regard, numerous experiments have been 683
conducted. Small exosomes originated from BMSC were isolated from MM cells and were 684
able to augment MM cell proliferation e decrease chemosensitivity to Bz. The employment 685
of endocytosis inhibitors targeting molecules such as tyrosine kinase, heparin sulphate 686
proteoglycans actin, or phosphoinositide 3-kinases decreased MM cell internalization of 687
BMSC-originated exosomes. A different approach involved the use of sShARNA-mediated 688
knockdown of endocytosis-related proteins, such as flotillin-1, caveolin-1, and clathrin 689
heavy chain. This technique was able to reduce exosome-absorption in MM plasma cells. 690
Finally, an endocytosis blocker able to target dynamin-2 reduced the absorption of 691

exosomes by MM plasma cells ex vivo and increased the anti-MM actions of Bz in vitro and 692

in an experimental animal model [123]. 693
694
2.7 Exosomes as a target therapy in MM 695
696

Exosomes release signals to several types of cells and could so be manipulated as a novel 697
therapeutic instrument. TRAIL-armed exosomes can stimulate programmed cell death in 698
tumor cells and regulate tumor progression in vivo. Rivoltini et al. evaluated the capacity 699
of membrane equipped exosomes to release signals able to augment programmed cell 700
death in K562 cells (chronic myelogenous leukemia) and cause a reduced proliferation in 701
diverse tumor models in vivo and in vitro [124]. 702
Interfering with the angiogenic dynamics caused by exosomes could have a therapeutic 703
effect in MM. Histone deacetylases (HDACs) are therapeutic objectives in MM, and it 704
was demonstrated that HDAC3 blockade reduces MM growth. Pharmacologic block, 705
knock-out (KO), and knock-down (KD), of HDAC3 in BMSCs causes a reduction of MM 706
plasma cells growth. A study established a correlation between modifications in exosomes 707
and exosomal miRNA, HDACs inhibition and anti-MM activity. Authors demonstrated 708
that HDAC3-KD in BM endothelial cells reduces neoangiogenesis [125]. 709
Ceramide, a sphingolipid, can cause block of proliferation, death, and senescence in tumor 710
cells [126]. However, the ceramide system is correlated with the activity of exosomes. 711
Exosomes discharged from MM plasma cells exposed to C6-ceramide (C6-cer) (ExoC6-cer) 712
appreciably reduced the growth, diffusion, and generation of ECs. A study established that 713
the concentration of miRNA-29b was augmented in ECs exposed by ExoCé6-cer, wheals 714
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mRNA expression of VEGFA, Akt3, and PI3K were reduced in ECs, suggesting the 715
contribution of Akt system. Moreover, a reduction of miRNA-29b by inhibitor 716
dispensation could avoid the ExoC6-cer-caused cell growth and angiogenesis of ECs, 717
associated with the augmented production of Akt3, PI3K and VEGFA [127]. 718
Apart from changing exosome delivery, altering correlation between exosomes and 719
adjacent cells to avoid exosome absorption also is a therapeutic opportunity. 720
Purushothaman et al. established that heparan sulfate has a multiple action in controlling 721
exosome-cell relationship, taking fibronectin on exosomes, and operating as a receptor for 722
fibronectin on target cells. Binding of fibronectin of exosomes to target cells can stimulate 723
systems like p38 and pERK and modify the presence of DKK-1 and MMP-9, two substances 724
able to intervene in MM progression [128]. Moreover, they demonstrated that elimination 725
of heparan sulfate employing bacterial heparitinase or utilizing antibody specific for the 726
Hep-II heparin-binding domain of fibronectin intensely blocks exosome-target cell 727
relationship [128]. The heparin-derived molecule Roneparstat blocked the effects of 728
exosomes with a good safety profile in a phase 1 clinical trial (NCT01764880) [129]. 729
Even some of the drugs generally used in the treatment of MM could perhaps act at least 730
in part through an action on the exosomes, stimulating the immune response or 731
modulating immune surveillance. In fact, some reports demonstrated that exosomes 732
presenting great concentrations of heat shock protein 70 (HSP70) could stimulate NK cell 733
responses [130]. Moreover, senescence is the effect of a cellular program triggered by 734
genotoxic, or oncogenic stress, in which cells topped their cycle but continue to be 735
metabolically active and produce numerous soluble components. This phenomenon is 736
recognized as the senescence-associated secretory phenotype (SASP), which regulates 737
several cellular responses, comprising variation of tumor immune surveillance. Several 738
data clarified the effects of exosomes in regulating the cell-to-cell diffusion of senescence 739
signs, proposing that exosomes may operate as a controller of the SASP [131]. Exposure of 740
MM cells with sublethal dosages of genotoxic substances provokes senescence and causes 741
an augmented NK cell recognition. An experimentation stated that melphalan- and 742
doxorubicin-exposed senescent cells show augmented expression of exosomal IL-15, a 743
cytokine implicated in NK cell growth and stimulation. However, IL15 was evident asa 744
soluble cytokine only in vivo, so suggesting a role of IL-15 in the BM MM milieu. The 745
augmented IL-15 was associated by augmented expression of the IL15/IL15RA on the 746
surface of senescent MM plasma cells, permitting the functional trans-presentation of this 747
molecule to adjacent NK cells, which subsequently underwent stimulation and growth 748

[132]. These findings suggest that manipulating these exosomes-induced processes might 749

permit the employ of novel senescence-based cancer therapies. 750
751
3. Conclusions and future perspectives 752
753

Exosomes are essential intermediaries of cell-cell relationship at short and long distances. 754
In hematological malignancies, via the discharge of exosomes, tumor cells interrelate with 755

a huge number of cells, comprising cells of the tumor BM milieu that enhance disease 756
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progress by causing a reduction of immune response and provoking drug resistance. 757
Exosomes released by tumor and BM cells enclose a wide range of tumor-specific 758
molecules, comprising oncogenes, and onco-microRNAs. The employment of appropriate 759
antagoMirs able of modifying the function of the non-coding genetic material contained in 760
the exosomes could constitute a new approach for the therapy of MM. Moreover, thinking 761
through the essential action performed by exosomes in the onset of bone lesions disease, 762
aiming exosomes delivery or absorption could consequently improve bone disease and 763
prognosis[133]. 764
The vantages of exosome treatment are its small toxicity, biological barrier penetrability, 765
stability, and biocompatibility [134]. A different vantage of exosomes in hematological 766
malignancies is the possibility to use them as a potential non-invasive “liquid biopsy” since 767
of their great copiousness in biofluids and their capacity to defend their content from 768
nuclease and protease degradation. Liquid biopsies are tests that offer an alternative 769
system of disease diagnosis and staging, monitoring disease progression and response to 770
therapy [135]. 771
Furthermore, soon, new techniques may be used to study exosomes and the substances 772
they contain. Raman spectroscopy and its improved version, surface-enhanced Raman 773
spectroscopy (SERS) are methods employed for the study of hematological neoplasms 774
[136-138]. Raman spectroscopy and SERS have also been employed for differentiating 775
MGUS, aMM, and sMM patient-originated EXs. Russo et al. have established the ability of 776
Raman spectroscopy for differentiating EXs along the passage from MGUS to aMM and 777
sMM, thus offering advantageous clinical suggestions for patient management. Combined 778
use of Raman spectroscopy with the adopted multivariate analysis (PCA) has efficaciously 779
divided subjects belonging to these three groups. Remarkably, while sMM subjects are 780
undoubtedly divided from aMM and MGUS, these latter clusters have more comparable 781
although still different profiles. The employed SERS devices, founded on random 782
nanostructures, have demonstrated good sensitivity, but further studies are necessary for 783
obtained reliable and reproducible results [139]. 784
Furthermore, the utilization of exosomes could be advantageous for the realization of an 785
adequate vaccinotherapy of MM, allowing to overcome the numerous obstacles that still 786
make it impracticable [140]. According to a study by Xie et al, vaccines developed from 787
exosomes were efficacious for MM. In their studies, exosomes originated from MM cells 788
were employed to promote anti-MM immune response and induce prophylacticimmunity 789
in MM cell lines. Multiple myeloma special antigen-1, a membrane protein, is exclusively 790
present in MM cells. Employing its epitope, a vaccine named SLSLLTIYV, stimulated a 791
powerful cytotoxic T lymphocyte response in vitro. Moreover, MM special antigen-1- 792
derived epitopes could join to Dickkopf-1 to generate a multi-epitope peptide vaccine that 793
markedly enhanced the survival of immune deficient mouse affected by MM with respect 794
to a single-epitope vaccine. This approach reduced the tumor burden and decreased the 795
number of bone lesions [141, 142]. 796
Finally, exosomes could be used as nanocarriers for drug delivery. The membranes of 797

exosomes may merge with the membranes of the adjacent cells, so enclosed drugs can be 798
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transported to the target cells. In this context, another advantage is that the membranes of 799
exosomes can defend the therapeutic substances from fast clearance by the mononuclear 800
phagocyte system so protracting the exposition time. Moreover, as exosomes are 801
endogenous components, they present a biocompatibility and biodistribution like that of 802
liposomes and may be the perfect biological nanocarrier for drug transport [143-145]. 803
However, there are still problems in the separation of exosomes and their production. For 804
this reason, several attempts have been performed to generate exosome mimetics (EMs), 805
which are structures artificially separated from cells. The dimensions and compositions of 806
EMs are like those of exosomes. In a study by Jiang et al. [146], a human U937 monocytic 807
cell line and the mouse Raw264.7 macrophage cell line were press out via polycarbonate 808
membranes in the presence of doxorubicin, generating doxorubicin-loaded EMs (DOX- 809
EMs). Authors demonstrated that DOX-Ems decreased tumor proliferation in animals 810
carrying a transplanted mouse colon cancer cell line. Moreover, they confronted the 811
antineoplastic effects of DOX-EMs and doxorubicin-loaded exosomes, establishing that the 812
DOX-EMs had analogous anti-tumor function with respect to doxorubicin-loaded 813
exosomes. 814
The more recent molecules affecting MM cells generated to date are monoclonal antibodies 815
(mADb), comprising anti-CD138 mAb, anti-CD38 mAb, anti-SLAMF7 mAb, and anti-BCMA 816
mADb which have been 817
employed in targeted treatment for MM patients [147-150]. Based on the study above 818
presented, the inserting of doxorubicin in exosomes or EMs, and the variation of exosomes 819
with molecules such as anti-myeloma mAbs, may be a novel approach for the treatment of 820
MM 821
Overall, exosomes give the possibility to both extend our knowing of the molecular 822
systems of 823
MM pathogenesis and to offer a novel, efficacious therapeutic strategy in MM patients 824
[21]. A wide deal of evidence has demonstrated that interferences with the EX-mediated 825
interactions within the tumor niche can augment the therapeutic effectiveness of routine 826
chemotherapeutic drugs, overwhelm drug resistance, and avoid onset of several MM- 827

associated complications such as osteolytic bone lesions and renal failure. 828
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