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ABSTRACT
Background CD73 is an ectonucleotidase producing the 
immunosuppressor mediator adenosine. Elevated levels 
of circulating CD73 in patients with cancer have been 
associated with disease progression and poor response to 
immunotherapy. Immunosuppressive pathways associated 
with exosomes can affect T- cell function and the 
therapeutic efficacy of anti- programmed cell- death protein 
1 (anti- PD- 1) therapy. Here, we conducted a retrospective 
pilot study to evaluate levels of exosomal CD73 before and 
early during treatment with anti- PD- 1 agents in patients 
with melanoma and its potential contribution to affect 
T- cell functions and to influence the clinical outcomes of 
anti- PD- 1 monotherapy.
Methods Exosomes were isolated by mini size 
exclusion chromatography from serum of patients with 
melanoma (n=41) receiving nivolumab or pembrolizumab 
monotherapy. Expression of CD73 and programmed death- 
ligand 1 (PD- L1) were evaluated on exosomes enriched 
for CD63 by on- bead flow cytometry. The CD73 AMPase 
activity was evaluated by mass spectrometry, also in the 
presence of selective inhibitors of CD73. Interferon (IFN)-γ 
production and granzyme B expression were measured 
in CD3/28 activated T cells incubated with exosomes 
in presence of the CD73 substrate AMP. Levels of CD73 
and PD- L1 on exosomes were correlated with therapy 
response. Exosomes isolated from healthy subjects were 
used as control.
Results Isolated exosomes carried CD73 on their 
surface, which is enzymatically active in producing 
adenosine. Incubation of exosomes with CD3/28 activated 
T cells in the presence of AMP resulted in a significant 
reduction of IFN-γ release, which was reversed by the 
CD73 inhibitor APCP or by the selective A2A adenosine 
receptor antagonist ZM241385. Expression levels of 
exosomal CD73 from serum of patients with melanoma 
were not significantly different from those in healthy 
subjects. Early on- treatment, expression levels of both 
CD73 and PD- L1 on exosomes isolated from patients 
receiving pembrolizumab or nivolumab monotherapy were 
significantly increased compared with baseline. Early 
during therapy exosomal PD- L1 increased in responders, 
while exosomal CD73 resulted significantly increased in 
non- responders.

Conclusions CD73 expressed on exosomes from 
serum of patients with melanoma produces adenosine 
and contributes to suppress T- cell functions. Early on- 
treatment, elevated expression levels of exosomal CD73 
might affect the response to anti- PD- 1 agents in patients 
with melanoma who failed to respond to therapy.

INTRODUCTION
Melanoma is one of the most aggressive malig-
nancies, with highly immunosuppressive 
features. Melanoma environment is charac-
terized by elevated concentration of immu-
nosuppressive soluble mediators, including 
exosomes, and cells with impaired functions, 
expressing high levels of immune checkpoints 
such as cytotoxic T- lymphocytes- associated 
protein 4 (CTLA- 4) or programmed cell- 
death protein 1 (PD- 1), which binding their 
own ligands on cancer cells, stromal cells or 
immune cells dampen the T- cell attack.1 Some 
current treatments are based on the use of 
immunotherapeutic agents that specifically 
block the immune checkpoints CTLA- 4 or 
PD- 1 to rejuvenate immune responses of the 
patients.2 Nivolumab or pembrolizumab are 
anti- PD- 1 agents approved, alone or in combi-
nation strategies, for the treatment of meta-
static melanoma. These agents importantly 
improved the survival of patients,2 however, 
about 55% of patients still do not respond to 
anti- PD- 1 agents in monotherapy, while the 
percentage of patients not responsive to the 
combination with ipilimumab (anti- CTLA- 4 
monoclonal antibody) is about 42%.3 This 
evidence indicates that the effects of the 
immune checkpoints inhibitors are affected 
by additional suppressive factors, whose 
identification can be helpful to develop new 
therapeutic strategies and/or to monitor 
responses to immunotherapy.
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Exosomes are extracellular vesicles that are between 30 
and 150 nm, generated in the endosomal compartment 
of cancerous and non- cancerous cells, found in many 
biological fluids including blood.4 Exosomes functions 
in cell- to- cell communication are not yet fully under-
stood, and their role can be complex according to the 
cancer type or context and their heterogeneity. Cancer 
exosomes can carry a variety of receptors, ligands, 
enzymes or other factors that can affect responses of 
tumor cells and stromal cells within tumor microenviron-
ment, as well as responses of immune cells against tumor 
cells,4–6 largely resulting in pro- tumor and pro- metastatic 
effects. In melanoma, serum exosomes can be potentially 
useful as biomarkers of tumor progression and outcome 
having high expression of specific immunosuppressive 
markers.7–9 In particular, programmed death- ligand 1 
(PD- L1) positive exosomes detected in plasma of patients 
with melanoma may predict the response to anti- PD- 1 
therapy,10 in addition to being a prognostic factor.11

CD73 is the main enzyme involved in the production 
of extracellular adenosine, a potent immunosuppressor, 
pro- angiogenic and pro- tumor factor that accumulates 
within tumor lesions.12 Specifically, this enzyme is able to 
hydrolyse AMP into adenosine and inorganic phosphate 
and it often works in concert with CD39, which produces 
AMP from ATP/ADP.13 The substrate for CD73 can also 
derive from an alternative pathway, involving the activity 
of CD38 and CD203a, which respectively convert NAD+ 
into ADP- ribose and ADP- ribose into AMP,14 while other 
enzymes including tissue- specific alkaline phosphatases 
such as prostate acid phosphatase, and tissue- non- specific 
alkaline phosphatases are able to convert extracellular 
AMP to adenosine. Considering its key role in the produc-
tion of extracellular adenosine, CD73 has emerged as an 
attractive target for new anticancer therapeutic strategies, 
encouraging the development of clinical trials testing 
some monoclonal antibodies against CD73, including 
oleclumab, BMS- 986179, CPI- 006 and NZV930, alone or 
in combination with other treatments15 with some prom-
ising preliminary data from clinical trials of oleclumab 
showing efficacy.16 17 Furthermore, many studies have 
suggested the possibility to measure its expression and/
or activity as a tool to predict the outcome of patients with 
cancer.18

Besides being expressed by many cell types, CD73 exists 
in a soluble form in peripheral blood.19 The soluble 
CD73, derived from the cleavage of the cell- membrane 
anchored CD73, shows a marked AMPase activity.19 Many 
studies have evaluated the role of the soluble CD73 in 
immunosuppression, being able to produces adenosine, 
and its correlation with response to anticancer thera-
peutic agents. We have demonstrated that the levels of 
activity and expression of the soluble CD73 in serum are 
significantly higher in patients with melanoma, having 
the potential as predictive biomarker for response to 
immunotherapy.20 21 The soluble CD73 can also include 
a form expressed on exosomes found in biological fluids, 
as plasma and serum22–24 and pleural fluid.25 Exosomes 

expressing CD73 may be generated by tumor cells or 
immune cells, including T regulatory cells or B cells or 
CD8 +T cells.23–30 Importantly, exosomal CD73 resulted 
enzymatically active.23–25 27 31 This evidence suggests an 
important role for exosomes in promoting an immuno-
suppressive environment that could likely lead to the 
generation of pro- tumorigenic niches and to the suppres-
sion of T- cell functions, impairing the immunothera-
peutic efficacy.

In this study, we used serum from patients with meta-
static melanoma receiving anti- PD- 1 agents, nivolumab 
or pembrolizumab, to isolate exosomes and evaluate the 
functional relevance of exosomal CD73 in affecting T- cell 
functions ex vivo and as a potential biomarker of response 
to immunotherapy.

METHODS
Serum samples
This retrospective study involved a total of 41 patients 
with melanoma. Patients were treated with nivolumab 
(n=21) or pembrolizumab (n=20) monotherapy in first, 
second or third line, and response to therapy was eval-
uated according to response evaluation criteria in solid 
tumors (RECIST) V.1.1 criteria. Tumor response was 
assessed every 12 weeks. Eighteen patients responded 
to therapy (partial response, PR=14; complete response, 
CR=4), while 23 patients did not benefit from treatment 
(progressive disease, PD=19; stable disease, SD=4).

Sera from patients were collected at Istituto Nazionale 
Tumori- IRCCS- Fondazione ‘G. Pascale’, Naples (Italy), 
prior to (baseline) treatment. For n=13 patients paired 
serum samples at baseline (before starting therapy) and 
on- treatment were available for analysis within each 
patient. Samples from healthy subjects were collected at 
random at the Transfusion and Stem Cell Transplantation 
Unit of the same institute for a total of 24 subjects (men, 
n=14 and women, n=10) aged >18 years. Written consent 
was obtained from each subject for blood donation.

All samples in 1 mL aliquots were stored at −80°C and 
thawed immediately prior exosomes isolation.

Exosomes isolation
Exosomes were isolated by using size exclusion chroma-
tography (SEC) as described by Hong and collabora-
tors.32 We modified the protocol as follows. Briefly, sera 
were thawed and filtered by using 70 µm pores filter. 
Then, the samples were centrifuged for 10 min at 2000 g, 
4°C and then for 30 min at 10,000 g, 4°C. Then, samples 
were ultrafiltered by using Spin- X Centrifuge Tubes 
filter (Corning Incorporated) which are equipped with 
a 0.22 µm pore membrane. Exosomes can pass through 
the pores, while the bigger vesicles and/or other contam-
inants are retained on the top of the membrane. Volume 
of the samples was adjusted, if necessary, to 1 mL, adding 
phosphate- buffered solution (PBS). The samples were 
then loaded onto a column (Hercules Econo- pac, Bio- 
Rad) packed with 10 mL of Sepharose (CL- 2B300, Sigma). 
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We used 1 mL of PBS as eluent buffer for each fraction. 
As already described,24 32 33 exosomes are eluted mostly in 
the fraction # 4, that was used for all the experiments we 
describe here. Once collected, the fraction #4 was trans-
ferred to Amicon Ultra Centrifugal filter Units, MWCO 
100 kDa (Millipore #UFC510024) to separate as much as 
possible exosomes from the presence of soluble factors.34

BCA-protein assay of isolated exosomal samples
The protein concentration of the purified exosomal 
samples was determined by Pierce BCA Protein Assay 
Kit (Thermo Scientific). Results were expressed as µg of 
proteins/mL of serum.

Exosomes proteins characterization by western blotting
Protein expression from purified exosomal samples was 
examined by western blot. Proteins amounting to 10 µg 
were prepared in Laemmli buffer and loaded into a 10% 
polyacrylamide gel. The primary antibodies used were 
the following: CD9 (1: 1000; C- 4: sc- 13118, SantaCruz 
Biotechnology), CD- 81 (1:1000; 1.3.3.22: sc- 7637, Santa-
Cruz Biotechnology), Calregulin (1:1000; A- 9: sc- 166837, 
SantaCruz Biotechnology), detected with the secondary 
antibody goat anti- mouse IgG1k HRP- conjugated 
(1:20000; A90- 105P, Bethyl Laboratories) using the 
chemiluminescence detection system. For CD73 we used 
an anti- CD73 antibody (1:1000; EPR6114; Abcam) and 
the goat anti- rabbit antibody (1:2000) as secondary anti-
body. Bands we visualized using Las4000 Imaging System 
(GE Healthcare Life Sciences).

Dynamic light scattering
Vesicle size distribution was measured by dynamic light scat-
tering (DLS) using a Zetasizer V.7.01, Malvern Instrument 
(Malvern, UK). Each sample was dispersed in deionized water 
and the intensity of the scattered light was measured with a 
detector at 90° angle at room temperature. Mean diameter 
and size distribution were the mean of three measures.

Scanning electron microscope
Visualization of the isolated exosomal samples was performed 
by scanning electron microscope (SEM). Samples were 
diluted (1:2) in ultrapure water (Milli- Q UF Plus, Milli-
pore, Molsheim, France) and spotted onto carbon- coated 
aluminum stabs. Solvent was evaporated under nitrogen flux 
overnight. SEM images of the samples were then acquired 
using a Tescan Solaris microscope equipped with secondary 
electron and backscattered electron detectors (TESCAN, 
Brno, Czech Republic). Analyses were conducted both at 1.5 
and 5 keV without any coating of the particles, respectively.

Beads-assisted flow cytometry
To detect the expression of proteins on the exosomes surface 
by flow cytometry, it was required to conjugate exosomes with 
magnetic beads. Specifically, we used the ExoCap Strepta-
vidin Kit (MEX- SA) from MBL. We adapted the protocol 
described by Theodoraki et al,24 as follows. Exosomes frac-
tion #4 amounting to 50 µL were incubated for 2 hours 
with 0.5 µg of anti CD63 biotinylated antibody (BioLegend, 

Clone: H5C6, 353017), at room temperature on rotary mixer. 
Then, 10 µL of the streptavidin magnetic beads from the kit 
were added and samples were incubated for 2 hours at room 
temperature, on rotary mixer. During this incubation, the 
streptavidin on the beads bound the anti CD63 antibody, 
capturing the exosomes and creating in turn the complex. 
The exosomes complexes were captured using a magnet 
(EasySep Magnet, STEMCELL Technologies). Samples were 
then resuspended in 250 µL of PBS, and the suspension was 
divided into 5 aliquots of 50 µL, each used for the staining 
with one antibody. The antibodies used for these analyses 
were the following: anti- human CD73 FITC (Invitrogen, 
AD2, 11- 0739- 42) (0.250 µg/sample); anti- human PD- L1 APC 
(Invitrogen, B7- H1, 17- 5983- 42) (0.250 µg/sample); while 
the control isotypes were the following: mouse IgG1K APC 
(Invitrogen, 1 74 714–82) (0.250 µg/sample), mouse IgG1K 
FITC (Invitrogen, 17- 4714- 42) (0.250 µg/sample). Samples 
were incubated for 1 hour at room temperature, repaired 
from the light, on rotary mixer. Then, the supernatant was 
thrown away and exosomes were resuspended in 300 µL of 
PBS.

A total of 10,000 events for each sample was acquired using 
a BD FACScalibur (Becton Dickinson). Results were analyzed 
by using BD CellQuest Pro Software. The mean fluorescence 
intensity (MFI) of positive beads, gated on forward and side-
ward light scatter, was measured. Results are expressed as 
relative fluorescence intensity, calculated as ratio between 
the MFI of the target of interest and the MFI of the control 
isotype. Values greater than 1 were considered positive.

CD73 enzymatic activity measurement
To measure the activity of CD73 in purified exosomal 
samples, we evaluated the AMPase hydrolysis using multiple 
reaction monitoring mass spectrometry (MRM- MS), as 
described before.21 A total of 5 µg of exosomes proteins in 
50 µL total volume of PBS were incubated at 37°C for 10 min, 
and then treated or not with CD73 inhibitors for 30 min at 
37°C. Specifically, we used 5’ α,β-methylene- ADP (APCP; 
Sigma- Aldrich) (100 µM) or the anti- human CD73 mAb 
(Clone 7G2; Thermo Fisher Scientific) (5 µg/mL). Then, 
15N- AMP substrate (10 µM; Sigma- Aldrich) was added and 
substrate and samples were incubated for 120 min at 37°C. 
Immediately after adding the substrate and after 120 min of 
reaction, 15 µL of each sample were collected and treated 
with ice- cold trichloroacetic acid (5% final concentration; 
Sigma- Aldrich) to quench the reaction. Samples were then 
centrifuged at 3000 g for 10 min, 4°C. The supernatants 
were dried in Concentrator Plus (Eppendorf) and dissolved 
in 25 µL of 10 mM Ammonium Acetate (AmAc, Sigma- 
Aldrich) containing 0.1% acetic acid (Sigma- Aldrich). The 
samples were used to perform ultra- performance liquid 
chromatography- electrospray ionization (UPLC- ESI)- 
MRM- MS analysis, in order to quantify the 15N- adenosine 
produced. Briefly, experiments were performed using a 6500 
Q- TRAP from AB Sciex equipped with Shimadzu LC- 20A and 
Autosampler systems, injecting 3 µL of each sample. UPLC 
separation was performed on a Luna Omega Polar 1.6 µm 
C18 100 Å column (50×2.10 mm, Phenomenex, Torrance, 
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California, USA) at a flow rate of 400 µL/min and using 
10 mM AmAc/0.1% Acetic acid in H2O (A) and 0.1% Acetic 
acid in methanol (B) as mobile phases. The gradient was set 
as follows: 0.5 min at 0% B, 0.5 min to 3 min at 5% B, 3 min to 
5 min at 95% B, 5 min to 7 min at 95% B and then back to 0% 
B for a 5 min re- equilibration step.

15N- AMP was monitored through the 353.19/140.00 transi-
tion and 15N- Adenosine through the 273.00/141.00 one; the 
areas of their related peaks in each sample were measured 
using the Analyst Software from AB Sciex.

Functional assays
Peripheral blood mononuclear cells of healthy subjects were 
isolated by Ficoll density gradient (Histopaque- 1077, Sigma–
Aldrich). After isolation, cells were incubated in RPMI 1640 
(Euroclone S.p.A.) supplemented with 10% (v/v) heat- 
inactivated fetal bovine serum (Euroclone S.p.A.), 1% (v/v) 
penicillin–streptomycin (Euroclone S.p.A.), 1% (v/v) MEM 
non- essential amino acids (Euroclone S.p.A.), and 1% (v/v) 
sodium pyruvate (Euroclone S.p.A.). One day after, cells 
(2×105/well) were incubated in supplemented RPMI without 
serum, and exosomes isolated from serum of patients with 
melanoma were added at concentration of 100 µg/mL. PBS 
was added to the cells instead of exosomes as control. AMP 
(50 µM) was added for 1 hour and then cells were activated 
using ImmunoCult Human CD3/CD28 T cell activator 
(25 µg/mL), according to the manufacturer’s instructions 
(STEMCELL Technologies). For some experiments, cells 
were pretreated with the CD73 inhibitor APCP (100 µM) 
or the A2A adenosine receptor antagonist ZM 241385 
(1µM) (Sigma- Aldrich) before adding the substrate AMP. 
The levels of interferon (IFN)-γ were quantified in the cells 
supernatant 72 hours after treatments using DuoSet ELISA, 
following the manufacturer’s protocol (R&D Systems). Gran-
zyme B expression was determined by western blot analysis 
using the primary antibody against granzyme B (1:1000; BD 
Pharmingen) in whole cell lysates collected 24 hours later 
treatments described above.

Statistical analyses
For statistical analysis, we used GraphPad Prism V.7.0. The 
Mann- Whitney test or analysis of variance test were used for 
two groups comparison or three or more groups compar-
ison, respectively. For the cell culture experiments two- tailed 
unpaired t- test was used. To compare the expression of CD73 
or PD- L1 between two time points, we used the Wilcoxon 
matched- pairs signed- rank test. Sample size (n) for each 
experimental group is indicated in each figure legend. Data 
are expressed as mean±SD. P values<0.05 were considered as 
significant.

RESULTS
Characteristics of patients with melanoma
In this study, we used serum from patients with stage IV 
melanoma (85.4%) or stage III unresectable (14.6%) 
(VII edition of the American Joint Committee on Cancer, 
AJCC), including 26 men (63.4%) and 15 women (36.6%) 
with a median age of 64 years (range 23–85 years). Patients 

with melanoma were treated with nivolumab (n=21) or 
pembrolizumab (n=20) in monotherapy for a total of 41 
patients; 17 patients received an anti- PD- 1 agent as first- 
line of treatment; 17 patients received second- line PD- 1 
therapy and 7 patients in third- line. In details within 
the patients group receiving second- line treatment with 
anti- PD- 1 agents 13/17 patients had previously received 
ipilimumab, while 4/17 patients received inhibitors of 
mitogen- activated protein kinases (MAPKs). Patients 
in third- line treatment with anti- PD- 1 agents had previ-
ously received ipilimumab and then MAPK inhibitor. The 
clinic- pathologic characteristics of patients are reported 
in table 1.

Purification and characterization of exosomes from serum 
and protein concentrations
Exosomes were isolated from serum samples of patients 
with melanoma. Exosomes from serum of healthy 
volunteers were also isolated as controls. Purification of 
exosomes from serum were performed by mini SEC as 
described in the Methods section and isolated exosomes 
in the fraction #4 were further characterized by evaluating 
their morphology, size distribution and expression of the 
characteristic exosomal markers tetraspanins CD9 and 
CD81.35 DLS showed a size distribution of exosomes with 
an average diameter of 105.5±21.99 nm (n=4). The repre-
sentative image of size distribution of exosomes is shown 
in figure 1A. The SEM analysis confirmed the presence of 
particles within the size range measured by DLS and spher-
ical morphology (figure 1B). Isolated exosomal samples 
express both CD9 and CD81, specific for exosomes, and 
are negative for the expression of calregulin, which is a 
cytoplasmic marker, as shown in the western blot repre-
sentative images (figure 1C). We observed that the total 
protein content on purified exosomal samples from 
patients with melanoma were similar to those measured 
in healthy donors (data not shown).

Table 1 Clinic- pathological characteristics of patients

Nivolumab or pembrolizumab
N (%)

Total 41 (100)

Median age

Range (23–85) 64

Gender

Male 26 (63.4)

Female 15 (36.6)

Disease stage

III 6 (14.6)

IV 35 (85.4)

Line of treatment

I 17 (41.5)

II 17 (41.5)

>III 7 (17)
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CD73 expression on exosomes and CD73-dependent AMPase 
activity
Previous studies have demonstrated that cancer exosomes 
express CD73.23–25 Analysis by western blotting indicated 
the presence of CD73 on isolated exosomes (figure 2A). 

To determine the expression of CD73 by flow cytometry, 
purified exosomes were captured for CD63 and bound 
to magnetic beads. Expression of CD73 on isolated 
exosomes was evaluated using a specific antibody anti 
CD73 in comparison with the isotype control (figure 2B). 

Figure 1 Exosomes characterization. (A) Size distribution profile of exosomes isolated from serum, measured by dynamic light 
scattering. (B) Exosomes morphology detected by scanning electron microscope. (C) Expression of proteins in the exosomes 
extract. The images are representative of n=4 independent experiments.

Figure 2 CD73 expression and activity in serum- derived exosomes. (A) A representative western blot image for CD73 in 
purified exosomes (10 µg loaded protein). CD9 was used as specific exosomal marker and calregulin as negative marker. (B) A 
representative flow cytometry dot plot showing the expression of CD73 on isolated exosomes captured for CD63 and bound to 
magnetic beads, labeled with a specific antibody anti- CD73 (red line) or the isotype IgG control (green line). (C) Levels of CD73 
expression as relative fluorescence intensity (RFI) values on exosomes isolated from healthy donors (HD) (n=9) and patients 
with melanoma (MP) at baseline (n=27). Comparison of the fold change in the 15N adenosine production, measured by mass 
spectrometry, after incubating for 2 hours 5 µg of exosomes isolated from serum of HD (n=6) or MP (n=9) with 15N AMP (10 µM) 
(D), with or without the anti- human CD73 mAb (5 µg/mL) or APCP (100 µM) (E), (n=5). Data are mean±SD (C, D, E). P values are 
obtained from a repeated measures (RM) one- way analysis of variance, followed by Dunnet’s multiple comparison test (E).
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CD73 was detected on exosomes isolated from healthy 
subjects and patients with melanoma, with no significant 
difference between the two groups (figure 2C).

To evaluate the function of CD73 expressed on the 
surface of exosomes, we analyzed the AMPase activity by 
mass spectrometry in presence of 15N AMP. Exosomes 
from both healthy subjects and patients with melanoma at 
baseline produced 15N adenosine by hydrolysing 15N AMP 
(figure 2D). The results show that the AMPase activity in 
patients with melanoma at baseline was not statistically 
different from that in healthy donors. To test whether 
CD73 was the principal enzyme involved in the hydro-
lysis of 15N AMP, the AMPase activity was evaluated also 
in presence of the CD73 inhibitor APCP or the anti- CD73 
functional antibody (clone 7G2), using exosomes isolated 
from patients with melanoma. We observed that the fold 
change in 15N adenosine production was significantly 
reduced in presence of the anti CD73 antibody or in pres-
ence of the false substrate of CD73, APCP (figure 2E), 
confirming that exosomes produce adenosine in a CD73- 
dependent manner. Moreover, analysis of the total serum 
AMPase activity in paired samples from patients with 
melanoma at baseline shows that the exosomal produc-
tion of 15N- adenosine did not correlate with total serum 
production of 15N- adenosine (Pearson correlation r = 
−0,04131; p=0.9226, n=8) (online supplemental figure 
1). These results suggest that in patients with melanoma 
at baseline there is no correlation between serum CD73 
activity and exosomal CD73 activity.

Exosomal CD73 inhibits T-cell functions
Producing adenosine, CD73 potently suppresses the 
function of T cells.36 To test the effect of exosomal CD73 
on T- cell functions, we used human peripheral blood 
cells from healthy donors. T cells were activated with 
an anti CD3/CD28 T cell activator, in presence or not 
of exosomes derived from patients with melanoma and 
the CD73 substrate AMP. We measured the IFN-γ levels 
in the supernatants of cells 72 hours later treatment by 
ELISA. Control cells without CD3/28 activation (NA) 
did not produce at all IFN-γ (figure 3A). The results 
show that the levels of IFN-γ in cells pre- treated with 
exosomes were significantly reduced when adding the 
substrate AMP compared with control or activated cells 
treated with exosomes alone (figure 3A). In addition, 
this latter effect resulted abrogated in presence of the 
CD73 inhibitor APCP (figure 3A). Notably, treatment of 
cells with exosomes alone did not influence the produc-
tion of IFN-γ in CD3/28 activated cells in comparison 
with activated control cells (figure 3A), ruling out any 
possible direct effects of exosomes on IFN-γ production 
in our experimental conditions. Furthermore, we also 
verified that, in our experimental conditions, treatment 
with melanoma exosomes, in presence or not of AMP, did 
not affect the cells viability (data not shown). Treatment 
of cells with AMP alone induces a trend to a reduction 
in IFN-γ production compared with CD3/28 activated 
control cells but not statistically significant, and remains 
unaltered in presence of APCP (figure 3A), suggesting 

Figure 3 Exosomes inhibit T- cell functions in presence of AMP. (A) Interferon (IFN)-γ levels were measured by ELISA in the 
supernatant of CD3/28 activated human peripheral cells from healthy donors with or without serum- derived exosomes (EXO) 
(100 µg/mL) in presence or absence of the CD73 substrate AMP (50 µM). The selective CD73 inhibitor APCP (100 µM) or the 
A2A adenosine receptor antagonist ZM241385 (ZM, 1 µM) were also used (n=6 independent biological experiments). Data 
are mean±SD. P values are from a two- tailed unpaired t- test. (B) Representative immunoblot (upper panel) and quantification 
(lower panel) of granzyme B (GrmB) by western blot analysis in CD3/28 activated human peripheral cells from healthy donors 
incubated with exosomes isolated from patients with melanoma (100 µg/mL) (n=6) with or without AMP (50 µM). GAPDH 
expression was evaluated as protein loading control. Non activated cells (NA) and CD3/28 activated cells were used as control. 
Data are mean±SD. P values are from a two- tailed unpaired t- test.
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that the inhibitory effects induced by AMP were indepen-
dent of CD73 expressed on T cells, that could participate 
in hydrolysing the substrate AMP.

To further unravel the role of adenosine derived from 
AMP hydrolysis by exosomal CD73, we also performed 
experiments in the presence of the selective A2A adenosine 
receptor antagonist ZM 241385. A2A adenosine receptor 
is the main adenosine receptor expressed on T cells 
capable to suppress potently the functions of T cells.37 
The results of these experiments revealed that treat-
ment with ZM 241385 abrogated the inhibitory effects of 
AMP in presence of exosomes (figure 3A). These results 
suggest that adenosine generated from AMP by exosomes 
inhibits IFN-γ production via A2A adenosine receptor.

In addition, the expression of the granzyme B in CD3/28 
activated cells is reduced in presence of exosomes when 
adding the substrate AMP (figure 3B).

Altogether these results indicate that exosomal CD73 
suppresses T- cell functions in presence of AMP by 
producing adenosine, via A2A adenosine receptor.

Expression level of exosomal CD73/PD-L1 in association with 
response to therapy
To investigate the clinical relevance of exosomal CD73 
as immune- regulatory molecule in serum of patients 
with melanoma undergoing anti- PD- 1 monotherapy in 
association with treatment response, we analyzed the 
expression levels of CD73 prior to therapy (baseline) and 
during therapy (week 4), available for this study. There-
fore, the expression levels of CD73 were analyzed on 
exosomes isolated from patients’ sera and correlated with 
treatment responses to immunotherapy. Patients were 
arbitrarily divided in two groups: responders (n=11), 
including patients with CR (n=3) or PR (n=8) and non- 
responders (n=14), including patients with PD (n=12) or 
SD (n=2). At baseline the levels of exosomal CD73 in clin-
ical responders to anti- PD- 1 agents were similar to those 
observed in non- responders (figure 4). Moreover, at base-
line, the expression levels of exosomal CD73 were similar 
in patients receiving anti- PD- 1 agents as first- line treat-
ment to those in patients treated in second line (online 
supplemental figure 2).

Notably, when we analyzed the expression of CD73 on 
exosomes isolated from serum of patients early during 
the therapy, we found that the levels of CD73 resulted 
significantly increased at week 4 compared with baseline 
(figure 5A). The previous treatment of patients did not 
influence the expression levels of exosomal CD73 at week 
4 (online supplemental figure 2). Recent studies indi-
cate that the expression levels of PD- L1 on circulating 
exosomes surface correlate with response to therapy10 
in patients with melanoma undergoing PD- 1 therapy (at 
week 3–6). Accordingly, the expression levels of PD- L1 on 
exosomes isolated from serum of patients with melanoma 
at week 4 resulted significantly increased compared with 
those at baseline (figure 5B). Analysis of the total protein 
content in exosomes isolated from patients with mela-
noma at baseline and at week 4 during therapy did not 

reveal any significant difference between the two groups 
(4 week mean: 68.15±20.35 µg/mL (n=10) vs baseline 
mean: 78.69±16.8 µg/mL (n=13)) (figure 5C).

Analyzing in detail the exosomal expression levels 
of CD73 during treatment in responders and non- 
responders, we found that the levels of CD73 unchanged 
at week 4 of therapy in responders (figure 6A), while the 
expression of CD73 significantly increased at week 4 in 
non- responders (figure 6B). These results suggest that in 
non- responders there were increased levels of CD73 on 
exosomes early during treatment within 4 week of treat-
ment. Moreover, in non- responders we observed that, in 
purified exosomes isolated from samples matched from 
the same patient with baseline and on treatment sera at 
week 4, the AMPase activity also increased on- treatment 
with a mean fold change in 15N adenosine production of 
7.17±2.14 at baseline versus 13.65±1.62 at week 4 (n=5). 
These results suggest that in non- responders early- on- 
treatment also the exosomal CD73 activity enhanced 
compared with baseline.

In line with published data,10 the expression levels of 
exosomal PD- L1 resulted significantly increased at week 
4 in the responders group (figure 6A) but not in non- 
responders (figure 6B). Altogether, these results suggest 
that changes in CD73 levels in circulating exosomes early 
during therapy would reflect a failure to respond to anti- 
PD- 1 agents.

DISCUSSION
We investigated the functional relevance of CD73 
expressed on exosomes isolated from serum of patients 
with melanoma receiving nivolumab or pembroli-
zumab monotherapy. This study is the first to report an 

Figure 4 Baseline levels of exosomal CD73 expression 
in responders and non- responders to anti- PD- 1 blockers 
nivolumab or pembrolizumab. CD73 expression was 
evaluated by beads- assisted flow cytometry on exosomes 
isolated from patients with melanoma prior to initiation of 
treatment. Responders n=11. Non- responders n=14. Data 
are mean±SD. PD- 1, programmed cell- death protein 1; RFI, 
relative fluorescence intensity.
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association between exosomal CD73 expression levels 
and patient responses to anti- PD- 1 agents early during 
treatment of metastatic melanoma.

Despite the success of immunotherapy in the clinical 
practice, still many patients experienced primary or 
acquired resistance. Other subsets of patients who show 
clinical benefits to immunotherapy become refractory to 

anti- PD- 1 or PD- L1 agents during therapy. The identifica-
tion of factors influencing the effectiveness of treatment 
with immune- checkpoint inhibitors is critical to drive the 
clinical choices, and it is still an open field that requires 
more efforts.38 Growing evidence indicates that multiple 
mechanisms can be responsible of resistance, including 
altered expression of targeted molecules, resistance to 

Figure 5 Levels of exosomal CD73 and PD- L1 on- treatment. Exosomes isolated from serum of patients with melanoma during 
treatment with anti- PD- 1 agents at week 4 have significantly increased expression of CD73 (A) or PD- L1 (B) compared with 
those at baseline (n=15). (C) Total protein content on exosomes isolated from serum of patients at baseline and at week 4 during 
therapy was determined using the BCA Pierce kit assay. Data are mean±SD. P values are from Wilcoxon matched- pairs signed- 
rank test (A–B). MP, patients with melanoma; PD- L1, programmed death- ligand 1; RFI, relative fluorescence intensity.

Figure 6 On- treatment changes in exosomal expression of CD73/PD- L1 in responders e non- responders. Levels of CD73 
or PD- L1 on circulating exosomes within 4 weeks of therapy in responders (n=6) (A) and non- responders (n=7) (B). Data are 
mean±SD. P values are from Wilcoxon matched- pairs test. PD- L1, programmed death- ligand 1; RFI, relative fluorescence 
intensity.
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IFN-γ, accumulation of immunosuppressive immune cells 
and suppressive mediators, or upregulation of additional 
immune checkpoints.39 40 Interestingly, circulating tumor- 
derived exosomes have emerged as a potential and inter-
esting mechanism of tumor- induced immune suppression 
in melanoma.29

CD73 is the rate limiting enzyme in the production of 
the extracellular adenosine, a mediator able to strongly 
inhibit the CD8 +T cells functions. The A2A receptor 
is the main adenosine receptor subtype involved in the 
T- cell immunosuppressive effects of adenosine.41 The 
activation of this receptor on T cells is able to block the 
early signal transduction of the T- cell receptor (TCR) 
in a cAMP- dependent manner, attenuating in turn the 
T- cell responses, including proliferation and cytokines 
production.37 Many studies have demonstrated that 
CD73 is overexpressed in many human solid cancers, 
either expressed on tumor tissues or in a circulating 
form, soluble or exosomal, and often its overexpression 
is associated with poor prognosis.18 Preclinical studies 
demonstrated that blockade of CD73 can restore the 
antitumor immune response in combination with immu-
notherapeutic agents,42 providing the rationale for using 
CD73 inhibitors to enhance the effectiveness of anti- PD- 1 
therapy in the ongoing clinical trials.15 Interestingly, we 
have recently demonstrated the soluble form of CD73 
as predictive peripheral blood biomarker of response to 
nivolumab or pembrolizumab in patients with metastatic 
melanoma.21 The serum contains multiple forms of CD73: 
the soluble CD73 which derives from the cleavage of the 
cell- membrane anchored CD73, and a form expressed on 
exosomes. Importantly, it is known that cancer exosomes 
carry CD73, which is enzymatically active in producing 
adenosine.23–25 31 CD73 +exosomes circulating in the 
body fluids have the capacity to regulate the produc-
tion of adenosine, that in patients with cancer potently 
contribute to promote tumor progression and metas-
tases. Investigating the different forms of soluble CD73 
may help to understand their potential roles in inducing 
immune suppression in patients with cancer also during 
immunotherapy. Here, analyzing the exosomal CD73 
isolated and purified by a combination of ultrafiltration 
and SEC, we observed that patients with melanoma have 
circulating exosomes expressing CD73 on their surface, 
which can hydrolyse AMP into adenosine, in line with 
previous studies. Exosomes from HDs serum also contain 
enzymatically active CD73 +exosomes.

Among the soluble proteins as peripheral blood 
biomarkers, the soluble form of PD- L1 has a strong prog-
nostic value in different cancers as demonstrated by many 
studies.43 Recently, Chen and collaborators have demon-
strated that the exosomal form of PD- L1 is markedly 
associated with response to pembrolizumab in patients 
with melanoma better than soluble one.10 In line with 
these studies, we found that the exosomal levels of PD- L1 
increased in patients with melanoma who experienced 
clinical benefits from therapy. Here, we observed that 

the exosomal CD73 before starting therapy in responders 
resulted similar to those detected in non- responders. 
Interestingly, the expression levels of exosomal CD73 
increased early during therapy with anti- PD- 1 agents only 
in non- responder patients. It is reasonable to suppose 
that the enhanced levels of exosomal CD73 in patients 
with melanoma undergoing anti- PD- 1 therapy could 
contribute to affect the response to therapy. Exosomal 
CD73 produces adenosine that potently suppresses 
the leukocytes functions through the activation of A2A 
adenosine receptor that blocks the early events in the 
TCR transduction cascade, resulting in a block of prolifer-
ation and production of cytokines from T cells, including 
IFN-γ. Here we confirmed that the IFN-γ production and 
granzyme B expression in activated T cells were signifi-
cantly reduced after incubation with exosomes in pres-
ence of the CD73 substrate AMP and completely reversed 
by the CD73 inhibitor APCP. Furthermore, blockade of 
the adenosine receptor A2A with a selective receptor 
antagonist abrogated the inhibitory effects of AMP in 
activated cells incubated with exosomes, proving that 
CD73 expressed on the exosomes surface, by producing 
adenosine via its receptor A2A expressed on activated T 
cells, contributes to suppress the effector functions of 
these cells. Therefore, exosomes carrying CD73 are a 
source of adenosine that can affect T- cell functions and 
thus, indirectly, the therapeutic efficacy of anti- PD- 1 
agents. Since exosomal CD73 mediates T- cell suppression 
that can be reversed by a CD73 inhibitor, our results raise 
the possibility that blocking the exosomal CD73- derived 
adenosine may be an additional mechanism contributing 
to the antitumor activities of CD73 therapeutics. However, 
this intriguing possibility deserves further future inves-
tigations. Response to immune checkpoints inhibitors 
depends on effective T cell response, which in patients 
with melanoma is related to IFN-γ signature.44 While it 
is clear that the expression of PD- L1 is upregulated by 
IFN-γ early during PD- 1 blockade therapy in exosomes 
as well as in their parent cancer cells following reinvig-
oration of T cells,10 45 46 in non- responders the levels of 
exosomal PD- L1 remain unchanged, probably as conse-
quence of defects in IFN-γ signaling pathway or in T- cell 
response.47 48 Our unpublished results indicated that 
melanoma cells treated with IFN-γ show an upregulation 
of PD- L1 on their surface (data not shown in this manu-
script), in line with previous data,10 while the expression 
of CD73 remains unchanged compared with control on 
IFN-γ treatment (data not shown in this manuscript). The 
potential mechanisms of induced CD73 expression on 
exosomes in patients who do not have clinical benefits 
from anti- PD- 1 therapy are not clear from our study and 
require further investigations. It is known that within the 
tumor microenvironment the hypoxia- inducible factor 
1α and inflammatory cytokine signaling can induce the 
upregulation of CD73, indicating that the expression of 
CD73 can be modulated during the development and 
progression of tumor in response to acute or chronic 
stress. Previous studies have reported that the CD73 
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expression, within tumor lesions, increased in subsets 
of patients with melanoma progressing under anti- PD- 1 
therapy,49 likely as an adaptive resistance mechanism, 
induced by damage and inflammation caused by immu-
notherapy.50 Although, these results have not yet been 
validated in a larger cohort of patients, requiring further 
investigations, it is clear that the expression of CD73 can 
change during immunotherapy and identification of the 
factors or drivers responsible of the regulation of CD73 
could be crucial to understand the link between CD73 
regulation and clinical outcomes. Our results on patients 
with melanoma- derived exosomes further suggest the 
dynamic nature of CD73, whose expression is modulated 
in patients resistant to therapy, reflecting a mechanism of 
immune evasion.

CONCLUSIONS
In summary, our results confirm the presence of the func-
tional immunosuppressive molecule CD73 on exosomes 
from serum of patients with melanoma and suggest its 
potential clinical relevance during anti- PD- 1 therapy, 
highlighting the emerging pivotal role of exosomes 
in regulating the immune response of patients with 
cancer. On the other hand, considering the crucial role 
of CD73 in generating the potent immunosuppressor 
adenosine, our results reinforce the therapeutic potential 
of targeting CD73. Although future studies will be neces-
sary to validate these results in a larger patient cohort, 
and to fully evaluate the effects of exosomes expressing 
CD73 on systemic antitumor immunity, the assessment 
of exosomal immune checkpoint CD73 alongside other 
suppressive molecules might be informative to predict 
the therapy response and to evaluate potential combi-
natorial therapeutic strategies to overcome resistance to 
anti- PD- 1 agents.
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