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Microvesicles released from multiple myeloma cells are equipped with ectoenzymes
belonging to canonical and non-canonical adenosinergic pathways and produce
adenosine from ATP and NADC
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ABSTRACT
Multiple myeloma (MM) derives from malignant transformation of plasma cells (PC), which accumulate in
the bone marrow (BM), where microenvironment supports tumor growth and inhibits anti-tumor immune
responses. Adenosine (ADO), an immunosuppressive molecule, is produced within MM patients’ BM by
adenosinergic ectoenzymes, starting from ATP (CD39/CD73) or NADC [CD38/CD203a(PC-1)/CD73]. These
ectoenzymes form a discontinuous network expressed by different BM cells. We investigated the
expression and function of ectoenzymes on microvesicles (MVs) isolated from BM plasma samples of
patients with MM, using asymptomatic forms of monoclonal gammopathy of undetermined significance
(MGUS) and smoldering MM (SMM) as controls.

The percentage of MVs expressing ectoenzymes at high levels was higher when derived from MM
patients than controls. BM CD138C PC from MM patients expressed high levels of all ectoenzymes. Paired
MVs samples confirmed a higher percentage of MVs with high ectoenzymes expression in MM patients
than controls. Pooled MVs from MM patients or controls were tested for ADO production. The catabolism
of ATP, NADC, ADPR and AMP to ADO was higher in MVs from MM patients than in those from controls.

In conclusion, our results confirmed the hypothesis that MVs in MM niche are main contributor of ADO
production. The ability of MVs to reach biological fluids strongly support the view that MVs may assume
diagnostic and pathogenetic roles.
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Introduction

Multiple myeloma (MM) is the result of an expansion of malig-
nant plasma cells (PC) in the bone marrow (BM).1 Active MM
must be differentiated from asymptomaticmonoclonal gammopa-
thies in the absence of organ damage, that are classified as i)mono-
clonal gammopathy of undetermined significance (MGUS), with a
percentage of PC in the BM less than 10%, M-spike less than
3 mg/dL, and progression rate to active MM of approximately 1%.
Further, ii) smoldering MM (SMM) presents a percentage of PC
in the BM ranging from 10% to 60% and/or M-spike above 3 mg/
dL, with a rate of progression to MM of approximately 10% in the
first 5 years, without myeloma-defining events.1

The mechanisms behind growth and diffusion of MM cells
into the BM have been defined by exploiting different
approaches.2-8 The critical role of the alterations of the immune-
microenviroment in the support of MM cell growth and survival
has been amply reported.5 Cell populations present in the BM

niche ofMMpatients [e.g. PC, osteoblasts (OB), osteoclasts (OC),
myeloid derived suppressor cells (MDSC) and regulatory T cells
(Treg)] are characterized by the expression of different adenosi-
nergic ectoenzymes belonging to the classical and alternative
pathway for adenosine (ADO) production9 (Figure 1). The classi-
cal pathway is initiated by CD39, an ecto-nucleoside-triphos-
phate-diphosphohydrolase (NTPDase), that converts ATP to
ADP. CD39 converts the latter molecule into AMP, that is fully
converted to ADO by the 5’-nucleotidase (5’-NT) CD73.10 CD39
and CD73 in the BM niche are expressed by MDSC and Treg,
leading to the formation of ADO from ATP, produced by PC in
normoxic conditions.11 ADO may be alternatively generated
from NADC.12 The reaction is run by CD38, a molecule with
ADP-ribosyl-cyclase/cyclic ADP ribose-hydrolase enzymatic
activities. The ectoenzyme converts NADC (extruded from MM
cells under hypoxic conditions) to ADPR, that is subsequently
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converted to AMP by CD203a(PC-1) (an ectonucleotide-pyro-
phosphatase-phosphodiesterase-1). The same enzyme can also
convert ATP to AMP. The last step is shared with the conven-
tional pathway, and CD73metabolizes AMP to ADO.13,14 Ectoen-
zymes belonging to the alternative pathway in the BM niche are
expressed by different cell populations, since CD38 is expressed at
high levels by PC [which are CD73¡/CD203a(PC-1)¡], CD203a
(PC-1) is expressed by MSC and OB, while CD73 is expressed by
OB and OC.9 The CD38/CD203a(PC-1)/CD73 pathway is opera-
tive to generate ADO in a discontinuous fashion, whereby all the
enzymatic molecules are expressed on different cells present in a
closed BM environment.9,11,12 This conclusion was confirmed by
co-cultures between MM cells and other BM cell populations
(such as OC, OB and stromal cells), that were able to lead the gen-
eration of ADO.9,12 ADO production in the BM niche may be fol-
lowed by an abrogation of anti-tumor immune response, through
the inhibition of effector functions of T lymphocytes and through
the activity of MDSC.15 Moreover, it has been demonstrated that
ADO stimulates the release of anti-inflammatory cytokines (i.e.
IL-10) and inhibits the release of pro-inflammatory cytokines (i.e.
IL-1, IL-12 and IL-6) by BM-resident cells following tissue dam-
age, thus contributing to the abrogation of inflammatory
response.16

We have previously demonstrated that ADO levels were sig-
nificantly higher in BM plasma samples collected at diagnosis
from MM patients than in those from MGUS/SMM patients.

Moreover, ADO levels in BM plasma samples at diagnosis were
higher in patients at advanced stage (ISS stage III) than in those
from early stages (pooled stage I-II MM patients). These find-
ings confirmed that ADO production in the BM niche corre-
lated with disease progression and may represent a prognostic
marker for ISS staging in complement with other markers.9

The working hypothesis of this study is that extracellular
vesicles (EV) may contribute to ADO production within and out-
side the BM niche in MM. EV include microvesicles (MVs), exo-
somes and apoptotic bodies.17 MVs differ from exosomes in
diameter (range 50–1000 nm versus 40–120 nm) and nature.
Indeed, exosomes originate through an endocytic pathway, while
MVs are released from the plasmamembrane of activated or neo-
plastic cells. Among other surface molecules, MVs express integ-
rins, selectins, CD40 or CD81, and are involved in inter-cellular
communications, being captured by target cells through endocy-
tosis, receptor-mediated endocytosis or fusion with the plasma
membrane.18,19 Tumor-derived EV are reported as involved in
disease progression20-22 and as dampening anti-tumor immune
response.17,18 Involvement of MVs in tissue damage23 and disease
progression.24 was recently reported inMMpatients.

To define a mechanistic background of the above observa-
tions, and to answer whether MVs contribute to ADO produc-
tion and hence to tumor-driven immune suppression within
the BM niche, we analyzed the expression and function of
adenosinergic ectoenzymes in MVs isolated from BM plasma
samples of MM patients and controls. The power of our
approach was in adopting as controls BM samples from MGUS
and SMM patients. This strategic choice guarantees the highest
sensitivity and specificity of our observations.

Results

Characterization of MVs

MVs size, polydispersity and mean count rate were defined by
performing a dynamic light scattering analysis. Plasma-derived
MVs formed a bell-shaped size distribution profile with a peak
ranging from 219.8 nm to 303.7 nm, a polydispersity factor
ranging from 0.226 to 0.515 and a mean count rate ranging
from 235.2 kcps to 302.6 kcps. These results confirm the pres-
ence of homogeneous MVs preparations (Figure 2A).

It has been previously demonstrated that MV formation is
an energy-dependent phenomenon and results from cell
membrane remodeling and loss of lipid asymmetry, leading to
phosphatidylserine (PS) exposure. Thus, PS represents a spe-
cific marker for MV and discriminate between MV and other
EV.25-27 To further characterize our MV preparation, we have
performed a flow cytometric analysis on pooled MV from
5 MM patients and 5 SMM/MGUS patients, using Annexin V
(a specific ligand of PS). As shown in Figure 2B, both pool of
MV display a high staining with Annexin V, thus confirming
that our preparations contain prevalently MV.

Ectoenzymes are expressed on MVs from BM plasma
samples

The profile of the ectoenzyme expression was determined by a
preliminary detailed flow cytometric analysis. The presence of

Figure 1. Schematic representation of enzymatic activities of canonical and
non-canonical adenosinergic pathways.
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CD38, CD203a(PC-1), CD73, CD157 and CD39 was assessed
on MVs purified from BM plasma samples obtained from MM
patients and controls. A representative experiment is shown in
Figure 2C.

Ectoenzymes tested were detected in all MVs preparations,
irrespectively of their source. Control samples were character-
ized by a homogenous expression, as witnessed by single, sharp
peaks. In contrast, MVs from MM patients displayed at least
two discrete peaks. This finding might indicate that the MVs
originated from different cell populations present in the MM
niche, each releasing a peculiar set of MVs.

The immunophenotype of MVs was characterized according
to a quantitative criterion, as described in Materials & Methods.
Figure 2D shows that MVs displaying high amounts of CD38
molecules (CD38high) were significantly more abundant in BM
samples from MM patients than in those MVs from the BM of
MGUS/SMM controls. Similar results were observed for
CD203a(PC-1)high, CD73high, CD157high and CD39high MVs.
Data are summarized in Table 2A. These findings indicate that
MVs from MM patient BM are characterized by the presence
of high amounts of CD38 molecules, and apparently of func-
tionally related ectoenzymes.

Figure 2. Expression of CD38, CD203a(PC-1), CD73, CD157 and CD39 in MVs from the BM of patients with MM or MGUS/SMM. Panel A represents the characterization of
the size and distribution of MVs by Particle Sizer. Panel B shows a representative experiment performed in pooled MV from 5 MM patients and 5 controls (MGUS/SMM).
Grey profiles indicate unstained MVs and black profiles indicate MVs stained with Annexin V. Panel C shows a representative experiment performed in MM patients and
controls (MGUS/SMM). Grey profiles indicate MVs stained with irrelevant isotype-matched mAbs and black profiles indicate MVs stained with specific mAbs. Panel D shows
percentages of MVs expressing high levels of ectoenzymes. Mv were isolated from 27 MM patients (black dots) or 25 MGUS/SMM patients (controls, white dots). Horizon-
tal lines indicated medians. p values are indicated when differences are statistically significant.
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Characterization of the source of CD38high MVs expressing
other potential adenosinergic ectoenzymes

Directly originating from the plasma membrane, MVs are
expected to mirror the surface antigenic composition of the
parental cells. This issue was firstly elucidated by discriminating
the neoplastic PC from the other potential sources of MVs in
the BM niche. To this aim, cells obtained from BM samples of
4 MM patients and 4 MGUS/SMM patients were double
stained for CD138 (a dependable marker of neoplastic PC) and
for the ectoenzymes here investigated. A representative experi-
ment is shown in Figure 3A and 3B. CD138C PC from MM
patients expressed higher levels of CD38 and CD39 than the
CD138¡ counterpart. In contrast, the expression of CD73 was
higher in the CD138¡ than in CD138C population. Finally, the
expression of CD203a(PC-1) was similar between these two
subsets (Figure 3C). Data are summarized in Table 2B.

Next, we analyzed the expression of other ectoenzymes on
plasma-derived MVs obtained from the same BM samples used
for the above experiments. Figure 4A shows a representative
experiment. Once more, MVs derived from MM patients’ BM
plasma samples displayed significantly higher percentages of
CD38high, CD203a(PC-1)high, CD73high and CD39high MVs
than those from controls (Figure 4B). Data are summarized in
Table 2C. Since the expression of these molecules is different
between CD138C and CD138¡ cells in the corresponding BM
samples, we speculate that the portion of MVs expressing high
levels of ectoenzymes, that has been predominantly detected in
MV originated from MM patients, might be derived from both
tumor cells and resident cells in the BM niche.

MVs from MM patients produce ADO from different
substrates and with a higher efficiency than MVs obtained
from controls

The immunophenotype of MVs from MM patients closely
resembles that of the cells from which they likely originated as
witnessed by the shared high expression level of CD38, CD39,
CD73 and CD203a ectoenzymes. The next question was
whether the ectoenzymes expressed by MVs isolated from BM
samples were functional. To address this issue, we evaluated
ADO produced by MVs following exposure to different sub-
strates. Thus, MVs obtained from 6 different MM patients were
pooled and challenged with ATP, NADC, ADPR and AMP.
The same procedure was conducted with samples pooled from
6 different MGUS/SMM controls.

The consumption of ATP was lower in MVs obtained from
controls than in those obtained from MM patients. Accord-
ingly, the production of AMP from ATP [either via CD39 or
CD203a(PC-1)] was higher in MVs from MM patients. Conse-
quently, the level of ADO detected in MVs from MM patients
was higher than in those from controls (Figure 5A, Table 3A).
These observations demonstrated the enzymatic functionality
of CD39 and of CD203a(PC-1) in both MVs pools, showing
that the ability to metabolize ATP is higher in MVs obtained
from MM patients than in those derived from controls. More-
over, CD73 molecules on the surface of MVs are endowed with
ecto-5'-nucleotidase activity. Indeed, the consumption of AMP
(CD73 substrate) is higher in MVs from MM patients than in

controls. Consequently, the production of ADO (the CD73
product from AMP metabolization) was higher in MVs from
MM patients than in controls (Figure 5A and Table 3B). A pos-
sible interpretation is that ectoenzyme clustering/arrangement
on the surface of MVs leads to an improvement of their
efficiency.

The consumption of ADPR (main CD38 product obtained
from NADC enzymatic metabolization) was higher but not sig-
nificantly different in MVs from MM patients than in controls.
As apparent, the production of AMP from ADPR [due to
CD203a(PC-1) enzymatic activity] was similar in MVs from
MM patients and in those from controls. On the contrary, the
final product of mono- and di-nucleotides (ATP and NADC,
respectively) metabolization resulted in production of the
immunosuppressive nucleoside ADO, that was detected at
higher amount in MVs from MM patients than in those from
controls (Figure 5B and Table 3C). These observations suggest
that the enzymatic efficiency of CD39 and of CD203a(PC-1) is
generally low in both MVs pools. However, the ability to
metabolize ATP, NADC, ADPR and AMP, as well as the pro-
duction of the final product ADO, is higher in MVs obtained
from MM patients than in those derived from controls. Indeed,
residual NADC was higher in MVs from controls than in those
from MM patients. Accordingly, the production of ADPR from
NADC (catalyzed by CD38) was higher in MVs from MM
patients than in those from controls at 15 min, but opposite
results were obtained at 45 min, probably due to exhaustion of
the substrate highly metabolized by MVs from MM patients.
Consequently, following the same pattern, the production of
NIC from NADC (byproduct of metabolization of NADC by
CD38) was higher in MVs from MM patients than in those
from controls. The amount of ADO produced was higher in
those from MM patients than in those from controls
(Figure 5C and Table 3D). Taken together, these observations
suggest that the enzymatic activity/efficiency of the adenosiner-
gic pathway driven by CD38 [CD38/CD203a(PC-1)/CD73] in
MVs was functionally different between MM patients and con-
trols, thus suggesting an heterogeneity of the ectoenzyme
expression. A general interpretation of our findings is that
CD38 is expressed in a plasma cell membrane domain with
active or passive array with the other ectonucleotidase enzymes.
The observed outcome is that MVs isolated from the BM niche
from MM are equipped with enzymatic machinery capable of
metabolizing nucleotides to produce immunosuppressive ADO.

CD38high and CD157high MVs are correlated with the
presence of neoplastic plasma cells in the BM

In the attempt to identify a qualitative/quantitative correlation
between the presence of MVs with high expression of adenosi-
nergic ectoenzymes and clinical parameters of MM patients,
MM patients were split in two groups on the basis of i) Interna-
tional Staging System (ISS) stage (stage I-II vs stage III), ii)
newly diagnosed (D) or relapsed (R) disease and iii) percentage
of PC in the BM (% of PC, < or > 10).

As shown in Figure 6A, the percentage of MVs express-
ing high levels of CD203a(PC-1) and CD73 was higher in
ISS stage I-II than in ISS stage III MM patients (data are
summarized in Table 4A). Moreover, MVs expressing high
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Figure 3. Expression of ectoenzymes in CD138C cells from BM samples obtained from MM patients and controls (MGUS/SMM). Flow cytometric dot plots in Panel A show
a representative experiment, where BM cells from MM and MGUS patients were stained with anti-CD138 mAb (y axes) and anti-CD38, anti-CD203a(PC-1), anti-CD39 and
anti-CD73 mAbs (x axes). Flow cytometric profiles in Panel B show a representative experiment, where BM cells from MM and MGUS patients were stained with anti-
CD138 mAb (y axes) and anti-CD38, anti-CD203a(PC-1), anti-CD39 and anti CD73 mAbs (x axes). The expression of each ectoenzyme was evaluated in CD138C and
CD138¡ cells. Grey profiles indicate MVs stained with irrelevant isotype-matched mAbs and black profiles indicate MVs stained with specific mAbs. Histograms in Panel C
summarize the MRFI of each ectoenzyme calculated gating on BM CD138C cells in samples from MM patients (n D 4).
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levels of CD38 and its paralogue CD157 (BST-1), contigu-
ous gene duplicates on human chromosome 4 (4p15), rep-
resent a fraction which is higher in patients with a
significant higher number of PC as compared with patients
with a reduced presence of PC. The bulk of these findings
is summarized in Figure 6B (data are summarized in
Table 4B). In contrast, no correlation was found between
the percentage of MVs highly expressing ectoenzymes and
other clinical parameters of MM patients.

On the basis of the latter results, we analyzed the correlation
between the percentage of MVs with high expression of CD38
and CD157 and the percentage of PC in the BM of MM
patients. The percentage of PC positively correlated with the

percentage of MVs displaying high expression of either CD38
or CD157 (Figure 6C and 6D, respectively, and Table 4C).

Collectively, these data suggested that MVs expressing high
levels of adenosinergic ectoenzymes are released by malignant
PC in the BM microenvironment.

Discussion

Several studies have shown the involvement of MVs in the pro-
gression of different solid and hematological human tumors. The
underlying mechanism(s) are various, and sometimes contradic-
tory. In fact, MVs are capable of stimulating tumor cell prolifera-
tion,24 inducing angiogenesis,20,28 suppressing normal cell

Figure 4. Expression of different ectoenzymes in MVs obtained from fresh BM samples. Panel A shows a representative experiment performed in fresh BM samples
obtained from MM patients and controls (MGUS/SMM), where grey profiles indicated MVs stained with irrelevant isotype-matched mAbs and black profiles indicated MVs
stained with specific mAbs. Panel B shows results obtained from MM patients (nD 4) and controls (MGUS/SMM, nD 4). p values are indicated when differences are statis-
tically significant.
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development,21,29,30 modulating tumor/microenvironment inter-
actions31 and inhibiting anti-tumor immune response.17,22,32 The
role of MVs in the context of human MM is now being investi-
gated. Zhao et al reported that MVs contribute to inducing renal
function impairment in MM patients, by inducing apoptosis of
proximal tubular cells.23 Furthermore, MVs derived from MM
cells induce neoplastic cell proliferation24 and stimulate angiogen-
esis by inducing proliferation, tube formation, IL-6 secretion and
VEGF release by endothelial cells.33

The expression and function of adenosinergic ectoenzymes
have been demonstrated on exosomes derived from cancer
patients.34-37 Less information is currently available regarding
the expression and function of adenosinergic ectoenzymes on
tumor-derived MVs, and their contribution to ADO produc-
tion within the tumor microenvironment. In particular, no
information is present in literature regarding ectoenzymes
belonging to the non-canonical adenosinergic pathway. One of
such ectoenzyme, CD73, is observed on MVs derived from

Figure 5. Functional and time-dependent analysis of ectoenzymes expressed on MVs pooled from MM patients and controls (MGUS/SMM). Different metabolites were
evaluated by HPLC on supernatants of MVs pooled from MM patients (grey columns) and controls (MGUS/SMM, white columns). Panel A shows i) the consumption of
ATP and the corresponding production of AMP and ADO and ii) the consumption of AMP the corresponding production of ADO. Panel B shows the consumption of ADPR
and the corresponding production of AMP and ADO. Panel C shows the consumption of NADC and the corresponding production of ADPR, AMP, NIC and ADO.
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mesenchymal stromal cells (MSC). This is likely due to the high
density of the molecule on the cells of origin.38

Our starting point is that CD73 and the chain of other
ectoenzymes involved in the generation of ADO are also opera-
tive in the context of the BM niche in MM. It is already known
that adenosinergic ectoenzymes are present on different cell
subsets in the BM microenvironment of MM patients, and that
both the canonical and alternative pathways for ADO produc-
tion are functional within BM niche.11,12 This work was
designed to determine whether MVs participate in the cross-
talk taking place between different districts of MM patients.

Our original findings stem from a comparison of MVs
derived from BM plasma samples from MM patients with
those derived from MGUS/SMM patients, taken as controls.
The choice of these controls was dictated by the desire to obtain
the highest sensitivity and specificity from our observations.
The first observation is that MM samples contain MVs express-
ing higher levels of ectoenzymes belonging to both canonical
(CD39, CD73) and non-canonical [CD38, CD203a(PC-1),
CD73] pathways than controls. In addition, the expression of
these molecules is not only higher, but their profile is more het-
erogeneous than in controls. This could be explained if the
MVs obtained from the MM niche derive from different cell
populations, the most likely of which is represented by

malignant PC. Indeed, the percentage of MVs expressing high
levels of CD38 and CD157 correlates with the percentage of PC
in the BM. However, the fraction of MVs expressing high levels
of CD203a(PC-1) and CD73 is also higher in MM than in con-
trols. While it is true that these molecules are also present on
OB, OC, Tregs and MDSC (and not only on PC), the main
populations of the BM niche are not significantly different
between MM patients and controls. Therefore, it is possible
that environmental factors (differentially present in BM niche
from MM patients as compared to controls) may account for
variations in MVs release from these cell subsets. In line with
this, it has been demonstrated that MVs release can be modu-
lated by ARF6, a GTP-binding protein that regulates ERK sig-
naling pathway.39 Among the different cytokines and growth
factors released in the BM microenvironment, some of them
activate the ERK signaling pathway. One may speculate that
the activation state of BM-resident cells of MM patients is par-
alleled by the release of MVs from the niche.

In our view, another relevant finding is that MVs express func-
tional adenosinergic ectoenzymes, capable of producing ADO
from ATP and NADC. This function is enhanced inMVs derived
from MM patients, likely due to the increased numbers of MVs
expressing high levels of each ectoenzyme, as compared to con-
trols. This is in line with our previous studies, which highlighted a

Figure 6. Correlations between MVs highly expressing ectoenzymes and clinical parameters of MM patients. MM patients were split in two groups on the basis of clinical
parameters, and the percentage of MVs highly expressing CD203a(PC-1), CD38, CD73, CD157 and CD39 was compared between these two groups. Panel A shows the
analysis of the percentage of MVs highly expressing ectoenzymes in MM patients with ISS Stage I-II (white columns) or Stage III (grey columns). Panel B shows the analysis
of the percentage of MVs highly expressing ectoenzymes in MM patients with a percentage of plasma cells below (white columns) or above (grey columns) 10% of total
BM cells. The analysis of the correlation between percentage of MVs highly expressing CD38 or CD157 and the percentage of plasma cells in the BM is shown in Panel C
and Panel D, respectively.
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correlation between the production of ADO in the BM and pro-
gression of the disease.9 Therefore, a bona fide conclusion is that
MVs may contribute to ADO production in the context of the
BM niche. In this scenario, it is also important to consider that
cells within the BM niche are equipped with high affinity (A1 and
A2A receptors) and low affinity (A2B and A3) purinergic recep-
tors for ADO. Accordingly, activation of A2A receptors occurs at
1–20 nmADO, A1 receptors at 0.3–3 nM, while A2B or A3 recep-
tor activation requires an ADO concentration >1,000 nM.40-42

Consequently, the micromolar concentration of ADO produced
in the BM niche fluid (with the contribution of MVs) is greater
than the affinity constant (Km) of adenosinergic receptors
expressed by BM cells either in situ or other cells farther away.
Therefore, accumulated extracellular ADO can indiscriminately
activate A1, A2A and A3, as well as the A2B subtype, which
requires considerably higher concentrations of ADO, such as
those generated under pathophysiological conditions (e.g., MM
progression).9 Since ADO is able to modulate the anti-tumor
immune response15 and the release of pro- and anti-inflammatory
cytokines within the BM microenvironment,16 we can speculate
that MV can participate to this process through their ability to
produce ADO from different substrates.

In conclusion, the results presented here support the view that
MVs are endowed with a functional immunosuppressive role in
the context of BM microenvironment in MM patients. This
function is mediated by the production of ADO. Since we have
previously demonstrated that anti-CD38 monoclonal antibodies
(i.e., daratumumab), used in the treatment of MM patients, is
caused by the release of MVs from the plasma membrane of
malignant plasma cells,12,43 the generation of adenosinergic MVs
must be taken into account to prevent immunosuppression and
abrogation of local anti-tumor immune responses. The results
derived from the present work may complement those derived
from the in vivo experience on the use of therapeutic anti-CD38
mAbs.44,45 The more ambitious objective is to transfer in therapy
the observations derived from in vitro findings. At the same
time, disease models become confirmatory of experimental
hypothesis designed in basic science.

Materials and methods

Isolation of microvesicles

All patients involved in the study gave their written informed con-
sent, according to Helsinki Declaration. Patient diagnosis was
made according to the International Myeloma Working Group46

criteria. Patients’ demographic features are summarized in
Table 1. Plasma samples were obtained from BM biopsies at diag-
nosis and stored at¡80�C until use.

MVs were isolated from BM plasma samples of 27 MM patients
and 25 control subjects (11 MGUS and 14 SMM patients). In some

experiments, paired fresh BM plasma and whole blood samples
fromMM patients (nD 4) and controls (nD 4) were analyzed.

MVs were isolated from BM plasma samples by differential
centrifugation, as reported.47 Briefly, 500 ml of each BM plasma
sample was diluted (1:3) in PBS and centrifuged (3,000 g for
15 min at 4�C) to pellet large cell debris and remove remaining
platelets. The supernatant was collected in a suitable centrifuga-
tion tube and centrifuged (20,000 g for 1 h at 4�C) in a fixed-
angle rotor, washed once in PBS and resuspended in 50 ml of
binding buffer [PBS containing 0.5% BSA and 2 mM EDTA
(both purchased from Sigma Aldrich)].

MVs were resuspended in 50 ml of binding buffer (PBS con-
taining 0.5% BSA, 2 mM EDTA, both purchased from Sigma
Aldrich). MVs size and polydispersity were analyzed using the
Zetasizer Nano ZS90 particle sizer at a 90� fixed angle (Malvern
Instruments, Worcestershire, UK), as previously described.48

Flow cytometric analysis

The expression of phosphatidylserine (PS) has been evaluated
on pooled MVs obtained from BM plasma samples from 5 MM
patients and 5 SMM/MGUS patients, using PE Annexin V
Apoptosis Detection Kit I (BD Pharmingen), following manu-
facturer’s protocol.

The expression of ectoenzymes was evaluated on MVs and
BM cells using the following monoclonal (m)Abs generated in
our Lab and FITC- or APC-conjugated by Aczon (Bologna,
Italy): anti-CD38 (#IB4), anti-CD73 (#CB73), anti-CD157
(#SY/11B5). Anti-CD203a(PC-1) (#3E8) was kindly provided
by J. Goding, and anti-CD39 PE-Cy7 mAb was purchased from
eBiosciences. FITC- or APC-conjugated irrelevant isotype-
matched mAbs were purchased from Beckman Coulter. MVs
were resuspended in binding buffer, incubated with specific
mAbs (20 min in the dark, at 4�C), and then washed with
500 ml of binding buffer. Samples were then centrifuged
(14,000 g for 1 h at 4�C). MVs resuspended in staining buffer
(400 ml) were then subjected to flow cytometric analysis.

In some experiments, BM whole blood samples (50 ml) were
incubated with specific mAbs (20 min in the dark at 4�C). Erythro-
cytes were then lysed using BD FACS lysis buffer (BD Biosciences,
15 min at RT in the dark). Cells were then washed, resuspended in
binding buffer and then analyzed by flow cytometry.

Flow cytometric analysis was performed using a Gallios
cytometer and Kaluza software (Beckman Coulter). Data
related to MVs were expressed as percentage of MVs presenting
high expression of specific molecules. The first peak of mean
fluorescence intensity (MFI) for each molecule was used as
marker to define the percentage of MV with high expression of
the selected marker. Thus, MV with high expression are defined
as MV with a MFI higher than the first peak.

Table 1. Characteristics of patients enrolled in the study.

sex age status stage type % PC

n M F range median D R I II III kappa lambda unknown range median

patients MM 27 8 19 41–90 68 18 9 6 8 13 19 8 0 1–60 20
controls SMM 14 7 7 41–83 63 — — — — — 9 5 0 0–6 2

MGUS 11 3 8 44–83 64 — — — — — 6 2 3 0.5–4 1
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Data related to BM cells were expressed either as percentage of
positive cells or mean relative of fluorescence intensity (MRFI),
obtained as follows: mean fluorescence obtained with specific mAb /
mean fluorescence obtained with irrelevant isotype-matched mAb.

ADO production by MVs

MVs pooled from 6 different MM patients and 6 different
MGUS/SMM controls were resuspended in PBS C 0.1% glu-
cose and incubated at 37�C and 5% CO2 in 96-well plates
(Costar Corning), in the presence (or absence) of ATP, NADC,
ADPR or AMP (all at a concentration of 50 mM). Supernatants
were collected after 15 or 45 min incubation and acetonitrile

(ACN, Sigma Aldrich) immediately added (1:2 supernatnat:
ACN ratio) to stabilize ADO. Samples were then centrifuged at
12,000 g and supernatants were collected and stored at -80�C
until use. The presence of ATP, NADC, ADPR, Nicotinamide
(NIC) and ADO was analyzed by HPLC assay.

HPLC analysis

MVs supernatants (see above) were evaporated by Speed-vac
(Eppendorf), reconstituted in mobile-phase buffer, and assayed
by HPLC, as previously described.49 Chromatographic analysis
was performed with an HPLC System (Beckman Gold 126/
166NM, Beckman Coulter) equipped with a reverse-phase col-
umn (Synergi Fusion C18, 5 mm; 150 £ 4.5 mm, Phenomenex).
Substrates and products of the enzymatic reactions were sepa-
rated using a pH 5.1 mobile-phase buffer (0.125 M citric acid
and 0.025 M KH2PO4) containing 8% ACN over 10 min, at a
flow rate of 0.8 mL/min. UV absorption spectra were measured
at 254 nm. HPLC-grade standards used to calibrate the signals
were dissolved in AIM V serum-free medium (Invitrogen, Pais-
ley, UK), pH 7.4, 0.2 mm sterile-filtered and injected in a buffer
volume of 20 mL. The retention times (Rt, in min) of standards
were: ATP, 1.9; AMP, 2.15; NADC, 2.8; ADPR, 3.2; NIC, 4.5;
and ADO; 5.56. Peak integration was performed using a Karat
software (Beckman Coulter).

The qualitative identity of HPLC peaks was confirmed by
co-migration of known reference standards. The presence of
ADO was also confirmed by spiking standard (50 mM ADO),
followed by chromatography. Quantitative measurements were
inferred by comparing the peak area of samples with calibration
curves for peak areas of each standard compound. Concentra-
tions were expressed as nmol of substrates and products.

Statistical analysis

Statistical analysis was performed using Prism 5.03 software
(GraphPad Software). Gaussian distribution of data was ana-
lyzed using Kolmogorov-Smirnov test. The Student t test or the
Mann-Whitney test were used to compare data, depending on
data distribution. The significance range as follows:
�p < 0.05 (significant), ��p < 0.005, and ���p <0.0005.

Table 2. Numerical results of ectoenzyme expression.

A) MV with high expression of
ectoenzymes in MM patients and
controls (% of MV with high
expression; mean § SD) MM patients

MGUS/SMM
patients Statistics

CD38 33.3 § 4.1 17.9 § 3.4 p D 0.006
CD39 22.9 § 3.9 13.2 § 2.5 p D 0.05
CD157 24.7 § 3.8 13 § 2.3 p D 0.04
CD203a/PC-1 21.3 § 3.7 12.2 § 3.1 p D 0.04
CD73 25.3 § 3.5 14.5 § 3.2 p D 0.01

B) MV with high expression of
ectoenzymes in BM cells from MM
patients (% of MV with high
expression; mean § SD) CD138C cells CD138- cells Statistics

CD38 28 § 1.1 4.6 § 0.32 p D 0.05
CD39 16.3 § 0.3 10.5 § 0.3 p D 0.05
CD73 4.4 § 0.3 6.6 § 0.3 p D 0.05
CD203a/PC-1 16.9 § 0.5 16.4 § 0.3 ns

C) MV with high expression of
ectoenzymes in fresh BM samples
from MM patients and controls
(% of MV with high expression;
mean § SD) MM patients

MGUS/SMM
patients Statistics

CD38 37 § 16.9 7.3 § 0.69 p D 0.05
CD39 31.4 § 12.1 2.4 § 0.17 p D 0.05
CD203a/PC-1 43.1 § 16.2 2.5 § 0.2 p D 0.05
CD73 48.7 § 11.3 4.5 § 1.3 p D 0.05

Table 3. Numerical results of ADO production from pooled MV.

MM patients MGUS/SMM patients

15 min 45 min 15 min 45 min

(A) Substrate: ATP (nmol)
ATP 74.8 54.4 84.3 78.3
AMP 19.5 40 9.5 17.3
ADO 0.8 1.5 0.4 0.6

(B) Substrate: AMP (nmol)
AMP 43.9 20.6 57.8 47.4
ADO 33.2 47.4 24.1 29.6

(C) Substrate: ADPR (nmol)
ADPR 83.8 79.1 83.4 79.5
AMP 11.1 10.6 10 8.5
ADO 1.2 1.5 0.6 1.2

(D) Substrate: NADC (nmol)
NADC 18 17.6 40.9 38.2
ADPR 15.5 0 1.1 5.3
Nic 13.6 17.01 3.1 4.9
ADO 0.7 1.5 0.5 0.6

Table 4. Numerical results of clinical correlations.

A) Correlation between MV and
disease stage (% of MV with
high expression; mean § SD)

Stage I/II MM
patients

Stage III MM
patients Statistics

CD203a/PC-1 31.5 § 13.8 14.9 § 15.7 p D 0.01
CD73 35.6 § 12.1 17.7 § 14.6 p D 0.01

B) Correlation between MV and %
of PC in the BM (% of MV with
high expression; mean § SD)

<10 % of PC
in the BM

>10 % of PC
in the BM Statistics

CD38 25.9 § 14.3 44.5 § 22.4 p D 0.03
CD157 16.7 § 12.2 38.4 § 19.5 p D 0.01

C) Correlation between MV and %
of PC in the BM (% of MV with
high expression; mean § SD)

Correlation
(r)

Significance
(p)

CD38 0.47 0.03
CD157 0.37 0.05
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