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Abstract
Objective: The purpose of this study was to investigate effect of plasma-derived exosomes of refractory/relapsed or 
responsive diffuse large B-cell lymphoma (DLBCL) patients on natural killer (NK) cell functions.     
Materials and Methods: In this cross-sectional and experimental study, NK cells were purified from responsive patients 
(n=10) or refractory/relapsed patients (n=12) and healthy donors (n=12). NK cells were treated with plasma-derived 
exosomes of responsive or refractory/relapsed patients. We examined the expression levels of hsa-miR-155-5p, hsa-
let-7g-5p, INPP5D (SHIP-1) and SOCS-1 in NK cells quantitative reverse transcription-polymerase chain reaction 
(qRT-PCR). Percentages of NK cells expressing CD69, NKG2D and CD16, NK cell cytotoxicity and NK cell proliferation 
(using flow-cytometry) as well as interferon-gamma (IFN-γ) level in the supernatant of NK cells using ELISA were also 
investigated.                
Results: We observed an increased level of hsa-miR-155-5p and a decreased level of SOCS-1 in NK cells 
treated with exosomes compared to untreated NK cell in healthy donors and DLBCL patients. An increase in 
hsa-miR-155-5p level was associated with an increased level of IFN-γ in healthy donors. The decreased levels 
of hsa-let-7g-5p were observed in NK cells treated with exosomes in comparison with untreated NK cells in 
DLBCL patients (P<0.05). There was no significant difference in the percentage of CD69+ NK cells and NKG2D+ 
NK cells in the absence or presence of exosomes of DLBCL patients in each group. Furthermore, we observed 
significant reduction of NK cell proliferation in DLBCL patients and healthy donors in the presence of exosomes 
of refractory/relapsed patients (P<0.05). A significant decrease was observed in cytotoxicity of NK cell in patients 
with DLBCL treated with exosomes of responsive patients.                        
Conclusion: Our findings demonstrated adverse effect of plasma-derived exosomes of DLBCL patients on some functions 
of NK cell. It was also determined that low NK cell count might be associated with impaired response to R-CHOP and an 
increased recurrence risk of cancer.     
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Introduction 
The most common high-grade form of non-hodgkin 

lymphoma (NHL) is diffuse large B-cell lymphoma 
(DLBCL) accounting for more than 30-40% of new 
cases. B-cells are divided into either indolent (prolonged 
survival but generally incurable) or aggressive (rapid 
growth but potentially curable). DLBCL is an aggressive 
type of lymphoma which can be cured with rituximab, 
cyclophosphamide, doxorubicin hydrochloride 
(hydroxydaunomycin), vincristine sulfate (oncovin) 
and prednisone (R-CHOP). More than half of patients 
experience complete responses (CRs) and approximately 
30% have partial responses (PRs). Despite the 
advance in treatment, relapsed and refractory disease 
represent a major treatment challenge; thus, about one-
third of patients are either refractory to the treatment or 
experience relapse (1). Hence, it is necessary to optimize 

front-line therapy, investigate the physiologic and 
immunologic circumstances of the patients and develop 
more effectively salvage strategies (2). 

Natural killer (NK) cells are differentiated from bone 
marrow and include 5-15% of all peripheral blood 
mononuclear cells (PBMC).  NK cells are defined as 
large granular lymphocytes expressing CD3-CD19-

CD56+. NK cells contribute to immune surveillance 
without prior immunization or major histocompatibility 
complex (MHC) restriction, as a major component 
of innate immunity. They induce cytotoxicity or 
secretion of cytokine/chemokine against infected 
cells, malignant cells and stressed cells (3). Interferon-
gamma (IFN-γ) produced by NK cells is a critical 
cytokine for the clearance of infectious pathogens and 
tumor surveillance. Efficient elimination of tumor cell 
generally requires collaboration between activating 
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and inhibitory receptors. These receptors, including 
NKp30, NKp46, NKG2D, DNAM-1 and the inducible 
co-stimulatory molecule CD137 (4-1BB), contribute 
to antitumor immunity (4). NK cells also express 
CD16 (FcγRIIIA), a low-affinity Fcγ receptor which 
can eliminate tumor cells bound to antibodies. CD16 
marker is expressed on the cytotoxic CD56dim NK-cell 
subset, which constitutes about 90% of peripheral NK 
cells (5). NK cells express activating type of IIIA Fc 
receptor (FcRƳIIIa; CD16a) on their surface. Thus, NK 
cell-mediated antibody-dependent cellular cytotoxicity 
(ADCC) occurs through binding to Antibody-
coated target cells, leading to NK-cell activation and 
degranulation (6).

Previous studies have shown that NK cell activation by IL-
2, IL-12, IL-15 and IL-18 leads to an increase in the expression 
levels of hsa-miR-155-5p and hsa-let-7g-5p. These cytokines 
activate signal transducer and activator of transcription 
(STATS). Then, activation of JAK/STATs triggers the 
suppressor of cytokine signaling (SOCS) proteins, especially 
SOCS-1, which is a negative regulator of this pathway and 
it inhibits activation of STATs. Additionally, hsa-miR-155-5p 
directly inhibits SOCS-1 expression. It seems that hsa-miR-
155-5p could regulate activation of the NK cells by inhibiting 
SOCS-1 (7).

Furthermore, NK cells stimulated by CD16 or IL-12 
and IL-18 induces an increase in the hsa-miR-155-5p 
expression. Overexpression of hsa-miR-155-5p targets Src 
homology 2 domain-containing Inositol 5′-phosphatase 
(SHIP-1) as a negative regulator, consequently up-
regulating phosphatidylinositol-3 kinase and enhancing 
IFN-γ production (8). IFN-γ is a critical cytokine for 
tumor surveillance. Therefore, understanding molecular 
pathways of IFN-γ expression could lead to identifying 
potential therapeutic targets for chronic inflammation and/
or cancer. In this regard, miR-155 could play an important 
role in NK cell activation, NK cell cytotoxicity and NK 
cell immunotherapy (9).

NKG2D is a member of CD94/NKG2 family of C-type 
lectin-like receptors. NKG2D is expressed by NK cells 
and connected to the MHC class I-related chain (MIC) 
A, MICB, and UL16-binding proteins (ULBPs). These 
proteins are expressed in the conditions of stress and 
disease, like cancer. Therefore, NKG2D with its ligands 
plays a critical role in immunosurveillance of cancer. 
A reduction of NKG2D ligands results in an impaired 
susceptibility to NKG2D-mediated cytotoxicity and 
systemic down-regulation of NKG2D in NK cells of 
cancer patients (10).

Exosomes are membrane nano-vesicles (30-100 nm) 
released by most of the cell types in biological fluids 
such as urine, serum and plasma. Exosomes are involved 
in both physiological and pathophysiological processes 
such as coagulation, immune stimulation or suppression, 
delivery of proteins and genetic material, cell-free viral 
infection, tumorigenesis and tumor immune escape. 
Exosomes from different sources contain various types 

of proteins, lipid classes and nucleic acids. On the other 
hand, due to the endosomal origin, they have similar 
protein and lipid combinations. Interestingly, molecular 
content of exosomes in the sera of cancer patients is 
different from other exosomes and this profile can induce 
or suppress immune responses. Exosomes carry genetic 
information in the form of DNA, mRNA and microRNA; 
therefore, they can potentially induce genetic changes in 
target cells (11).

microRNAs (miRs) including hsa-miR-155-5p 
play significant regulatory roles in proliferation, 
differentiation, signal transduction, immune responses 
and carcinogenesis (8). Some evidences showed that 
elevated expression levels of hsa-miR-155-5p in the 
serum and exosomes isolated from the patients can 
increase the occurrence of lymphoma, such as DLBCL 
(12, 13). Furthermore, studies showed an increased 
expression levels of hsa-miR-155-5p and hsa-let-
7g-5p in plasma-derived exosomes of patients with 
chronic lymphoblastic leukemia (CLL) (14). 

Let-7 family exerts effective anti-tumor and anti-
proliferative activities by repressing several oncogenes 
and key regulators of the cell cycle, cell differentiation 
and apoptotic pathways. This family is down-regulated 
in a number of human cancers such as lung, colon, 
ovarian and breast cancers. Therefore the restoration 
of let-7 expression might inhibit cancer growth (15, 
16). Let-7 family contributes to development, muscle 
formation, cell adhesion and gene regulation in 
physiological condition. A number of studies have 
shown that let-7 family is down-regulated in several 
types of cancer, including lung cancer, colon cancer 
and Burkitt’s lymphoma (17). Recent studies have 
indicated that hsa-let-7g-5p can prevent cell invasion 
and metastasis in gastric and breast cancers. A high 
hsa-let-7g-5p expression might correlate with a lower 
risk of cancer recurrence in patients with advanced 
pathological stage (18). 

The purpose of this study was to determine whether 
exosomes isolated from plasma of patients with DLBCL 
contribute to NK cell activation or suppression. Therefore, 
we evaluated their effects on some phenotypical and 
functional attributes of NK cells from DLBCL patients.

Materials and Methods 
Subjects 

This investigation was a cross-sectional and 
experimental study. Patients were consecutively selected 
from the Cancer Referral Centers (Isfahan, Iran). Samples 
of peripheral blood were obtained from responsive 
patients with DLBCL (response to R-CHOP, n=10), 
refractory/relapsed patients with DLBCL (resistant to 
R-CHOP, n=12) and healthy people (n=12). The mean 
age of patients was 43.15 ± 11.76 years (mean ± SD); 
54.54% of patients were male and 45.45% were female. 

The responsive patients were those who achieved 
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complete remission for 6-12 months after completion of 
the R-CHOP therapy. The refractory patients were those 
who failed to respond to six cycles of R-CHOP, as the 
first-line treatment (n=7). Relapsed patients with DLBCL 
were those who experienced a relapse at least over a 
year period after R-CHOP therapy (n=5). The patients 
who received other chemotherapies, or they had a low-
grade DLBCL and/or other different types of NHL, were 
excluded from the study. 

All subjects signed an informed consent form approved 
by the Isfahan University of Medical Sciences (Isfahan, 
Iran). The clinical files and laboratory findings of the 
patients were reviewed to obtain different characteristics 
such as age, sex, disease stage, performance statue, nodal/ 
extra-nodal disease, international prognostic index (IPI) 
score, serum lactate dehydrogenase (LDH) level, Ki-67 
proliferation index (Ki-67 PI) and response to treatment. 
Immunohistochemically, all patients with DLBCL 
were non-germinal center B-cell (GCB)-like subtype 
(CD20+CD10- BCL-6-). The demographic and clinical 
data of patients with DLBCL were recorded. The samples 
were carried to the laboratory and used for experiments 
immediately after processing. 
Peripheral blood specimen

Blood was drawn into EDTA-containing tubes (10 
ml). Peripheral blood mono-nuclear cells (PBMCs) 
were separated in a Ficoll-Hypaque gradient and they 
were immediately used for the experiments. Plasma 
aliquots were either processed for exosomes isolation or 
stored at -70˚C.

Preparation of plasma and isolation of exosomes using 
ExoSpin Exosome purification Kit

Plasma was diluted with an equal volume of sterile 
phosphate buffered saline (PBS) to decrease viscosity. 
Since some exosomes might be trapped within the clot 
when the serum is prepared, EDTA-plasma samples 
were used rather than serum samples. On the other 
hand, heparin-plasma samples could facilitate formation 
of exosome-heparin complexes and aggregation of 
exosomes, as previously reported (19).   

Then plasma was centrifuged at 300 g, 4˚C for 10 minutes. 
It was transferred to the new tube without pellet contamination 
and centrifuged for 30 minutes at 2000 g, 4˚C. The resulting 
supernatant was centrifuged for a further 30 minutes at 16500 
g, 4˚C. Plasma was centrifuged by differential centrifugations 
at increasing speed (300-16500 g) to eliminate large dead 
cells, large cell debris, platelets, subcellular fragments and 
larger microvesicles (20).

The supernatant was passed through a 0.22 μm filter 
and collected in a fresh tube. Ultrafiltration using 0.2 μm 
filter was performed to remove larger vesicles (above 
200 nm) and thrombocytes (about 1-2 μm) remaining in 
plasma even after differential centrifugation. Apart from 
thrombocytes and microvesicles, other “contaminating” 
elements such as lysosomes, mitochondria, nucleic acid-

protein aggregates and even bacteria may be present in 
plasma as seen by by transmission electron microscopy 
(TEM) (Fig.1A). Ultrafiltration removes the majority of 
these contaminants. 

Two milliliter aliquots of plasma were processed according 
to the manufacturer’s instructions (Cell Guidance Systems, 
USA). Briefly, the 1 ml volume of Buffer A was added to 
each sample and the sample was vortexed. Samples were 
incubated at 4˚C for 1 hour and they were next centrifuged for 
1 hour at 16500 g. Then, the supernatant was discarded and 
each pellet was resuspended in 200 µl PBS. The resuspended 
pellets were applied to ExoSpin columns and centrifuged at 
50 g for 60 seconds. The elution was discarded and a further 
200 µl of PBS was applied to each column. It was centrifuged 
at 50 g for 60 seconds and the elution containing exosomes 
was stored at -80˚C. 

Size determination of plasma-derived exosomes
Size of the isolated exosomes was determined using a 

Zetasizer (Malvern Zen 3600 Instruments, UK) according 
to the manufacturer’s instructions. The exosomes isolated 
by the ExoSpin kit were diluted 1:100 in PBS to determine 
their size.

Transmission electron microscopy
Morphology of the exosomes was evaluated by TEM using 

negative staining. Carbon-coated copper grids were placed on 
top of 5-10 μl sample drops for 20 minutes and they were 
fixed by 2% paraformaldehyde. The grids were then washed 
in the distilled water drops three times for 5 minutes, stained 
with 1% uranyl acetate in 50% alcohol for 15 minutes and 
washed in drops of distilled water three times for 5 minutes. 
The last drops of water were removed from the grids. The 
stained grids were air-dried. Images were obtained using an 
FEI/Philips TEM 208S microscope (Eindhoven, Netherlands) 
operating at an accelerating voltage of 100 KV.

Western blot analysis of plasma-derived exosomes

Exosomes were lysed in cell lysis buffer (RIPA buffer; 
CytoMatin Gene, Iran) supplemented with protease 
inhibitors (Sigma FAST ™, USA) on ice. The concentration 
of exosomal lysates was determined using BCA Protein 
Assay Kit (Parsons Biotechnology, Iran). Approximately 
50 µg of exosomal lysates were loaded per well. Proteins 
were separated on a 12% gel (Bio-Rad, UK) and transferred 
to nitrocellulose membranes (Bio-Rad, UK). To prevent 
non-specific binding, the membranes were blocked with 
2.5% bovine serum albumin (BSA, CytoMatin Gene, Iran) 
powder diluted in tris-buffered saline-Tween (TBS-T), for 
2 hours at room temperature (RT). 

The membranes were then incubated with monoclonal 
anti-CD63 (rabbit IgG, diluted 1:1000; System Biosciences, 
USA), mouse monoclonal CD81 (TAPA-1; clone 5A6, 
diluted 1:1000; Bio-Legend, USA) and rabbit polyclonal anti-
Histone H3 (clone poly6019, diluted 1:500; Bio-Legend), 
as negative control overnight at 4˚C. All antibody dilutions 
were made in TBS-T supplemented with 0.5% BSA. After 
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incubation with primary antibodies, membranes were washed 
for 3×10 minutes in TBS-T (used for each wash step). The 
membranes were incubated with secondary horseradish 
peroxidase (HRP)-conjugated antibodies for 2 hours at RT. 
The secondary antibodies were goat anti-rabbit HRP IgG 
(diluted 1:20,000; System Biosciences, USA) and goat 
anti-mouse IgG (H+L, diluted 1:3000; Bio-Rad, UK). The 
membranes were washed 3×10 minutes. Finally, the signals 
were visualized using the ECL Western blotting kit (CMG, 
Iran), according to the manufacturer’s instructions.  

Protein quantification of plasma-derived exosome or 
exosomal lysates 

Five to ten microliters of plasma-derived exosome or 
exosomal lysate was dispensed into the wells of a 96-well 
plate. Then, the assay was performed by BCA Protein 
Assay Kit (Parstous Biotechnology, Iran) according to the 
manufacturer’s protocol. Protein content of the exosome 
lysates and exosomal total protein concentration were 
determined using a linear standard curve. A series of BSA 
was used to develop a standard curve.

Isolation, purification, and expansion of natural killer 
cells

Blood samples were collected from refractory/relapsed 
patients, responsive patients and healthy donors. PBMCs 
were separated on a Ficoll-Hypaque gradient. NK cells 
were purified by negative selection, using NK cell 
isolation kit and LS columns (MiltenyiBiotec, Germany). 
The purity of N cells was confirmed as 85-90% by 
flow-cytometery (BD Company, USA) using PE-cy5-
labeled anti-CD56 and FITCI-labeled anti-CD3 (both 
from eBioscience, USA). The range of CD3 positive 
cell contamination in purified NK cells was 10-15%.

To obtain polyclonal NK cell populations, PBMCs were 
γ-ray irradiated (25 Gy) and they were used as autologous 
feeder cells for co-culture with NK cells at a ratio of 4:1 
feeder-NK cell. NK cells were expanded in Cellgro SCGM 
serum-free media (CellGenix, USA) supplemented with 5% 
human AB serum, 10% fetal bovine serum (FBS, Gibco, 
USA), 50 U/ml penicillin, 50 µg/ml streptomycin, 500 IU/
ml recombinant human interleukin-2 (IL-2, MiltenyiBiotec 
AG, Germany), 10 ng/ml recombinant human interleukin-15 
(IL-15, MiltenyiBiotec AG, Germany) at a density of 5×105 
cells/ml in T-25 flask for 3 weeks.

Treatment of natural killer cells with plasma-derived 
exosomes

NK cells were seeded in 24-well plates at a density of 
4×105 cells per well in DMEM/F12 culture medium without 
FBS/AB serum. NK cell from healthy donors and DLBCL 
patients were treated with 20 µg plasma-derived exosomes of 
DLBCL patients (refractory/relapsed or responsive patients) 
at 37˚C for 20 hours. Control wells contained no exosomes.

RNA isolation and cDNA synthesis
Total RNA was extracted from NK cells using the 

miRCURY™ Isolation Kit-Cells (Exiqon, Denmark). Then, 
total RNA was quantified and converted to cDNA using 
the Universal cDNA Synthesis Kit II (Exiqon, Denmark)
according to the following protocol: firstly, total RNA was 
incubated for 60 minutes at 42˚C. Next, the reaction was 
followed by heat-inactivation of the reverse transcriptase 
for 5 minutes at 95˚C. In addition, synthesis of cDNA was 
done by Thermo Scientific RevertAid First Strand cDNA 
Synthesis Kit (Fermentas, Thermo Fisher Scientific Inc., 
USA) according to the following protocol: first, total 
RNA and oligo (dT) 18 were incubated for 5 minutes at 
65˚C and they were next chilled on ice. Then the mixture 
of 5x Reaction Buffer, RiboLock RNase inhibitor, 10 mM 
dNTP mix and ReverAID M-MuLVRT was performed 
and it was incubated for 5 minutes at 25˚C, followed by 
incubation for 60 minutes at 42˚C. Ultimately, the reaction 
was terminated by incubation at 70˚C for 5 minutes. 

Quantitative reverse transcription-polymerase chain 
reaction for hsa-miR-155-5p and hsa-let-7g-5p as well 
as SOCS-1 and INPP5D: gene expression assay

We used pre-designed primers (Exiqon, Denmark) 
for hsa-let-7g-5p, hsa-miR-155-5p and SNORD44 (as 
reference gene). For mRNA quantification, specific 
primers were designed for SOCS-1 and INPP5D 
(Pishgaman, Iran), using Allele ID software and BLAST 
(NCBI online server). Details of the primers are as 
following:
GAPDH-
F: 5´-CCA GTG GAC TCC ACG ACG TA-3´
R: 5´-ACT AAA ACC TCC CTA GAG CG-3´
SOCS-1-
F: 5´-GTA GGA GGT GCG AGT TCA GG-3´
R: 5´-GAC CCC TTC TCA CCT CCT GA-3´
INPP5D-
F: 5´-AAG CCT GTT GTC GTC CAT TG-3´
R: 5´-AGA CTC TGC CTT CAC CTC AAA-3´

All quantitative reverse transcription -polymerase chain 
reaction (qRT-PCR) reactions were performed duplicately 
at a final volume of 10 µl per well, using a 2x Real-Time 
PCR Master Mix (BioFACT™, Korea) and StepOne Plus™ 
quantitative real-time PCR detection system (Applied 
Biosystems, Thermo Fisher Scientific Inc.). The following 
thermal cycling conditions were applied: polymerase 
activation/denaturation at 95˚C for 15 minutes, 45 amplification 
cycles at 95˚C for 20 second, 60˚C for 20 seconds and 72˚C 
for 30 seconds. Threshold values for the threshold cycle 
determination (Ct) were generated automatically by the Step 
One Software v2.3 software. The microRNA and mRNA fold 
changes were determined compared to the control samples. 
Relative quantification method was employed, where the 
ΔΔCt value was obtained by analyzing difference between 
ΔCt of the sample and ΔCt of the calibrator (no exosomes). 

Measurement of interferon-gamma by ELISA
The culture supernatant was collected from NK cell medium 

http://www.parstous.com/bca-protein-quantification-kit.html
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treated with or without plasma-derived exosomes after 72 
hours. The culture supernatant was stored in a -80˚C freezer 
until assessment of the cytokine. Concentrations of IFN-γ 
in the culture supernatant were measured using the Human 
IFN-γ ELISA MAX™ Deluxe (Bio-Legend, USA). All 
procedures were performed according to the manufacturer’s 
instructions.

DLBCL patients’ plasma-derived exosomes effects 
on the rate of natural killer cells expressing CD16, 
NKG2D and CD69

NK cells were seeded into 96-well plates at a density 
of 1×105 cells per well in DMEM/F12 culture medium 
without FBS/AB serum. Then, NK cells were treated 
with or without 20 μg (21) plasma-derived exosomes of 
refractory/relapsed or responsive patients with DLBCL at 
37˚C, 5% CO2 for 24 hours. NK cells were harvested and 
the percentage of NK cells expressing CD16, NKG2D and 
CD69 was determined by flow-cytometry, followed by 
comparing them in DLBCL patients and healthy donors. 

The following anti-human monoclonal antibodies were 
used for flow-cytometry: CD16 monoclonal antibody 
(B73.1, PE); CD314 (NKG2D) monoclonal antibody 
(1D11, PE); CD56 (NCAM) monoclonal antibody 
(CMSSB, PE); CD3 monoclonal antibody (OKT3, 
FITC) and CD69 monoclonal antibody (FN50, FITC; 
all purchased from eBioscience™). The cells were also 
stained with their corresponding isotype-matched control 
mAbs (Bio-Legend, USA). All samples were analyzed 
using the BD FACS Calibur system (Becton Dickinson 
Co., USA). Flowing Software version 2.5.1 (TerhoPerttu, 
Finland) was used for data acquisition and analysis.

Proliferation assay
Carboxyfluorescein succinimidyl ester (CFSE) was 

prepared as 5 mg/ml stocks in dimethyl sulfoxide 
(DMSO) and stored at -20˚C. NK cells isolated from 
DLBCL patients and healthy donors were washed with 
PBS and resuspended in PBS (1×106 cells/ml). NK cells 
were labeled with CFSE according to the protocol of 
CFSE Cell Division Tracker Kit (final concentration of 5 
µM, Bio-Legend, USA) and incubated for 20 minutes at 
RT. After stopping the reaction with BSA in PBS (0.1% 
w/v), NK cells were washed and cultured in the absence 
or presence plasma-derived exosome of DLBCL patients 
(refractory/relapsed or responsive patients). Proliferation 
was analyzed after three days.

Natural killer cytotoxicity assay 
NK cells obtained from healthy donors and DLBCL 

patients, were co-incubated for 24 hours in the presence 
or absence of 20 µg exosomes isolating from patients 
with DLBCL. Treated NK cells (effector cells) were co-
cultured with 50,000 CFSE labeled K562 target cells 
at different effector-to-target (E:T) ratios from 8:1, 4:1, 
2:1 and 1:1 in 96-well plates containing 150 μl culture 
media. Target cells, including K562 cell lines, were 
labeled with CFSE according to the protocol of CFSE 

Cell Division Tracker Kit (final concentration of 5 µM, 
Bio-Legend) to discriminate target cells from effector cells. 
K562 and NK cells were co-cultured in DMEM/F12 medium 
supplemented with 500 U/ml IL-2 and 150 ng/ml IL-15 
(MiltenyiBiotec AG, Germany) for 4 hours at 37˚C. These 
cells were stained with 0.05 µg of 7-amino-actinomycin 
D (7-AAD, Bio-Legend, USA) for 10 minutes in dark.  
Furthermore, the following control samples were prepared: 
unstained effector cells, unstained target cells, CFSE-stained 
target cells, target cells stained with both CFSE and 7-AAD, 
target cells permeabilized with 5% (v/v) Triton X-100 TM 
(Sigma, USA) in PBS and stained with 7-AAD. Flow-
cytometry data were acquired from a FACS Calibur flow-
cytometer (Becton Dickinson Co.) and they were analyzed by 
Flowing Software version 2.5.1 (TerhoPerttu, Finland). NK 
cytotoxicity rate was calculated as the percentage of specific 
lysis using the following formula: (% of target cell lysis in the 
test-% of spontaneous cell death)/(% of maximum lysis-% of 
spontaneous cell death). Spontaneous cell death was obtained 
from target cells in the medium cultured alone. To obtain 
maximum cell lysis rate, target cells were treated with 5% 
Triton-X100.

Statistical analysis
Data were summarized by descriptive statistics: mean ± 

standard error (SE). Statistical analyses were performed 
using one-way analysis of variance (ANOVA) test 
for comparison among three groups (healthy donors, 
responsive or refractory/relapsed patients with DLBCL). 
In addition, one-way ANOVA test was used to determine 
statistically significant differences between NK cells 
treated with exosomes and untreated NK cells. Multiple 
comparisons of data were conducted using LSD post-
hoc test between different treated groups. P<0.05 was 
considered statistically significant. IBM SPSS Statistics 
for Windows, version 21 (IBM Corp., Armonk, NY, USA) 
was used for data analysis.

Ethical considerations
This study has been approved by the Bioethical 

Committee of the Isfahan University of Medical Sciences, 
Isfahan, Iran (IR.MUI.REC.1394.3.655/2015). The 
performed experiments comply with the current laws 
of Iran. All blood samples were taken from the patients 
after written informed consent and ethical permission was 
obtained for participation in the study.

Results
Assessment of the plasma-derived exosome quality 

The exosomes were identified based on their size, 
morphology and absence or presence of their specific 
proteins. Plasma-derived exosomes of the patients with 
DLBCL were evaluated by TEM (Fig.1B), Zetasizer 
(Fig.1C) and western blots (Fig.1D). TEM images showed 
spherical vesicles with morphological properties of the 
exosome and diameter of 50-150 nm. Moreover, Zetaseizer 
analysis demonstrated that the exosomes were spherical 
particles with a z-average diameter size of 90.18 nm. 
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Fig.1: Properties of plasma-derived exosome of DLBCL patients. A. Effects of differential centrifugation and ultrafiltration of plasma on isolated exosomes, 
B. The representative TEM image of plasma-derived exosomes (exosomes size: 100 nm), C. Size of the all particles in the pellets was determined using 
a Zetasizer. The z-average particle size was 90.18 nm in diameter, and D. The lysed exosomes were separated using polyacrylamide gel electrophoresis 
and then transferred to the nitrocellulose membrane. The membrane was probed using anti-CD63, anti-CD81 as well as anti-histone H3 and ECL Western 
blotting systems. DLBCL; Diffuse large B-cell lymphoma and TEM; Transmission electron microscopy.
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Exosomes identity was confirmed by Western blot 
analysis. When the lysed exosomes were probed with anti-
CD63 (tetraspanin, 54 KD) and anti-CD81 (tetraspanin, 
26 KD), strong bands were detected on the blots. The 
morphology, size of <150 nm and presence of two CD63 
and CD81 proteins, in the absence of Histone H3, strongly 
suggest that the studied vesicles were exosomes.

Effect of plasma-derived exosomes on the expression 
level of microRNAs (hsa-miR-155-5p and hsa-let-7g-5p) 
and mRNAs (SOCS-1 and INPP5D) 

Since hsa-miR-155-5p is critical for the homeostasis 
of NK cells, we investigated whether the expression level 
of this miRNA is up-regulated in the NK cells treated 
with plasma-derived exosomes obtaining from patients 
with DLBCL in comparison with untreated NK cells (14, 
22). Therefore, we established a model in vitro system 
comprised of isolated exosomes co-incubated with 
human NK cells for 20 hours. Following co-incubation 
with exosomes, total RNA was extracted from NK 
cells, reverse transcribed and analyzed by qRT-PCR, 
as described in the "Materials and Methods" section. 
Changes in the expression levels of selected hsa-miR-155-
5p, hsa-let-7g-5p as well as, and SOCS-1 and INPP5D 
were simultaneously measured in NK cells, relative to the 
control groups (no exosomes). 

Our results showed a significant increase in the expression 
levels of hsa-miR-155-5p of NK cells treated with plasma-
derived exosomes of refractory/relapsed DLBCL patients 
compared to untreated NK cells in healthy donors, refractory/
relapsed DLBCL patients and responsive DLBCL patients 
(P=0.0001, LSD post-hoc test). Furthermore, a significant 
increase was observed in expression level of hsa-miR-155-
5p in NK cells treated with plasma-derived exosomes of 
responsive DLBCL patients compared to untreated NK 
cells in refractory/relapsed DLBCL patients (P=0.009, 
LSD post-hoc test) and healthy donors (P=0.0001, LSD 
post-hoc test). The expression level of hsa-miR-155-5p in 
refractory/relapsed patients was lower than healthy donors 
and responsive patients in the presence of plasma-derived 
exosome of DLBCL patients (P=0.0001, Fig.2A).  

We observed a significant decrease in hsa-let-7g-5p 
expression level of NK cells treated with plasma-derived 
exosomes of refractory/relapsed DLBCL patients compared 
to untreated NK cells in refractory/relapsed DLBCL patients 
(P=0.0001, LSD post-hoc test). A significant decrease was 
observed in the expression level of hsa-let-7g-5p in NK 
cells treated with plasma-derived exosomes of responsive 
DLBCL patients compared to untreated NK cells in healthy 
donors (P=0.040), responsive DLBCL patients (P=0.042) 
and refractory/relapsed DLBCL patients (P=0.0001). In 
addition, there was a significant increase in the hsa-let-7g-
5p expression level of NK cells treated with IL-2/IL-15, 
compared to untreated NK cells in each group (P=0.0001, 
Fig.2B). The expression level of hsa-let-7g-5p for refractory/
relapsed patients was lower than healthy donors and 
responsive patients, in the presence of plasma-derived 
exosome of DLBCL patients (P=0.0001).   

Some studies showed the SOCS-1 and INPP5D are 
two direct targets of hsa-miR-155-5p in many cell types. 
To determine whether plasma-derived exosomes of 
responsive or refractory/relapsed DLBCL patients are 
able to alter expression levels of SOCS-1 and INPP5D, we 
examined these expression levels in NK cells of healthy 
donors and DLBCL patients.   

Our finding indicated that there was significant 
decrease in the expression levels of SOCS-1 in NK cells 
treated with IL-2/IL-15 and plasma-derived exosomes 
of responsive DLBCL patients compared to untreated 
NK cells in healthy donors (P=0.016 and P=0.0001, 
respectively), responsive DLBCL patients (P=0.015 
and P=0.0001, respectively) and refractory/relapsed 
DLBCL patients (P=0.014 and P=0.0001, respectively). 
Additionally, a significant decrease in the expression level 
of SOCS-1 was observed in NK cells treated with plasma-
derived exosomes of refractory/relapsed DLBCL patients 
compared to untreated NK cells in refractory/relapsed 
DLBCL patients (P=0.0001) and responsive DLBCL 
patients (P=0.0001, Fig.2C). 

There was a significant increase in INPP5D expression 
level of NK cells treated with plasma-derived exosomes 
of responsive or refractory/relapsed DLBCL patients 
compared to untreated NK cells in healthy donors 
(P=0.039 and P=0.0001, respectively). There was no 
significant difference in the INPP5D expression level of 
NK cells treated with plasma-derived exosome of DLBCL 
patients compared to untreated NK cells in refractory/
relapsed DLBCL patients and responsive DLBCL patients 
(Fig.2D).

IFN-γ level in the natural killer cells culture 
supernatants in the presence of plasma-derived 
exosomeof DLBCL patients

It was reported that SOCS-1 and INPP5D negatively 
regulate IFN-γ production in NK cells. The IFN-γ 
concentration in culture supernatants of NK cells was 
determined by ELISA in the absence or presence of 
IL-2/IL-15 and plasma-derived exosomes of refractory/
relapsed patients and responsive patients after 72 hours of 
culture in an FBS-free or AB serum-free media.

Our data showed increased level of hsa-miR-155-5p 
and decreased level of SOCS-1 in healthy donors and 
DLBCL patients. A significant increase was observed 
in the cultured supernatant IFN-γ concentration of NK 
cells treated with IL-2/IL-15, plasma-derived exosome 
of responsive patients and plasma-derived exosome of 
refractory/relapsed patients compared to untreated NK 
cells in healthy donors (P=0.0001, P=0.01 and P=0.0001, 
respectively). However, there was no significant difference 
in the culture supernatant IFN-γ concentration of NK cells 
treated with IL-2/IL-15 and plasma-derived exosome of 
DLBCL patients compared to the untreated NK cells in 
responsive patients or refractory/relapsed patients. The 
data are shown in Figure 3.  
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Fig.2: Effect of plasma-derived exosomes on the expression levels of 
microRNAs and mRNAs. The expression  levels of A. hsa-miR-155-5p, B. 
hsa-let-7g-5p, C. SOCS-1 and D. INPP5D in the NK cells treated with IL-2/IL-
15 and plasma-derived exosome of patients with DLBCL compared to the 
untreated NK cells were determined in healthy donors, responsive DLBCL 
patients and refractory/relapsed DLBCL patients. NK cells were treated 
with 20 µg plasma-derived exosome of patients with DLBCL for 20 hours 
and they were then collected for preparation of total RNA. miRNAs (hsa-
miR-155-5p and hsa-let-7g-5p) and RNA expression (SOCS-1 and INPP5D) 
were quantified by qRT-PCR. Degree of significance in treated NK cells 
with exosomes compared to the untreated NK cells was indicated by *P≤ 
0.05, **P≤ 0.01 and ***P≤ 0.001 in each group. Each column shows mean 
of -ΔΔCt ± standard error (SE).  NK cells; Natural killer cells, IL; Interleukin, 
DLBCL; Diffuse large B-cell lymphoma, and qRT-PCR; Quantitative reverse 
transcription polymerase chain reaction. 

    Fig.3: Effect of plasma-derived exosomes of responsive or refractory/
relapsed patients on the levels of IFN-γ. The media were harvested and 
IFN-γ concentration was measured by sandwich ELISA after 72 hours. 
Statistical relationships were determined in NK cells treated with IL-2/
IL-15, and plasma-derived exosomes of responsive or refractory/relapsed 
patients compared to untreated NK cells. Results were expressed as 
mean ± SE. *P<0.05, ***P<0.001 showed significant differences. IFN-γ; 
Interferon gamma, NK; Natural killer cells, and IL; Interleukin.

In addition, IFN-γ concentration in the culture 
supernatant of NK cells from refractory/relapsed DLBCL 
patients was lower than the responsive DLBCL patients 
in the presence of IL-2/IL-15, plasma-derived exosome 
of responsive patients and refractory/relapsed patients 
(P=0.002, P=0.001 and P=0.002, respectively).

Effects of plasma-derived exosome of DLBCL patients 
on the percentage of natural killer cells expressing 
CD16, CD69 and NKG2D 

The percentage of NK cells expressing CD16, CD69 and 
NKG2D was determined by flow-cytometer in the absence or 
presence of IL-2/IL-15 and 20 µg of plasma-derived exosome of 
DLBCL patients in each group (healthy donors and responsive 
or refractory/relapsed patients with DLBCL) after 24 hours of 
culture in a FBS-free or AB serum-free media (Fig.4I). 

Our findings showed that the percentage of CD16+ NK cells 
from healthy donors was more than refractory/relapsed DLBCL 
patients in the absence of exosomes or in the presence of IL-2/
IL-15, plasma-derived exosome of responsive DLBCL patients 
and plasma-derived exosome of responsive DLBCL patients 
plus IL-2/IL-15 (P=0.0001, P=0.0001, P=0.008 and P=0.001, 
respectively). Moreover, the results showed that percentage 
of the CD16+ NK cells from responsive DLBCL patients was 
more than refractory/relapsed DLBCL patients in the absence 
of exosomes or presence of IL-2/IL-15 (P=0.0001 and P=0.002, 
respectively). 

In addition, a significant reduction was observed in the 
percentage of CD16+ NK cells in the presence of plasma-derived 
exosomes of refractory/relapsed DLBCL patients in responsive 
DLBCL patients (P=0.02) and healthy donors (P=0.0001). A 
significant increase was observed in the percentage of CD16+ 
NK cells in the presence of IL-2/IL-15 in healthy donors 
(P=0.0001).

The percentage of CD69+ NK cells from healthy donors was 
more than refractory/relapsed DLBCL patients in the absence of 
exosomes (P=0.003). The percentage of CD69+ NK cells from 
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healthy donors was also more than refractory/relapsed DLBCL 
patients and responsive DLBCL patients in the presence plasma-
derived exosome of refractory/relapsed DLBCL patients plus 
IL-2/IL-15  (P=0.018 and P=0.034, respectively, ANOVA test).  

Furthermore, there was a significant increase in the 
percentage of CD69+ NK cells in the presence IL-2/IL-
15 compared to the absence of exosomes in refractory/
relapsed DLBCL (P=0.038), responsive DLBCL patients 
(P=0.0001) and healthy donors (P=0.001). We also observed 
significantly increased CD69+ NK cell percentage in the 
presence plasma-derived exosome of refractory/relapsed 
DLBCL patients plus IL-2/IL-15 in comparison with the 
absence of exosomes in responsive DLBCL patients and 
healthy donors (P=0.014 and P=0.005, respectively, LSD 
Post-Hoc). In addition, there was an increased CD69+ NK 
cell percentage in the presence plasma-derived exosome 
of responsive DLBCL patients plus IL-2/IL-15 compared 
to the absence of exosomes in responsive DLBCL patients 
and healthy donors (P=0.0001 and P=0.022, respectively, 
LSD Post-Hoc). 

The percentage of NKG2D+ NK cells from healthy 
donors was more than DLBCL patients in the absence 
of exosomes or in the presence of IL-2/IL-15, plasma-
derived exosome of refractory/relapsed DLBCL patients, 
plasma-derived exosome of refractory/relapsed DLBCL 
patients plus IL-2/IL-15 and plasma-derived exosome 
of responsive DLBCL patients (P<0.05, P<0.01 and 
P<0.001, ANOVA test). Data is presented in Figure 4II. 

There was no significant difference in the percentage 
of NKG2D+ NK cells in the presence of plasma-derived 
exosome of DLBCL patients in each group. There was 
significant increase in percentage of NKG2D+ NK cells in 
the presence of IL-2/IL-15 in comparison with the absence 
of exosomes in refractory/relapsed DLBCL patients 
(P=0.05), responsive DLBCL patients (P=0.0001) and 
healthy donors (P=0.014). We also observed significant 
increase in the percentage of NKG2D+ NK cells in the 
presence of plasma-derived exosome of responsive 
DLBCL patients plus IL-2/IL-15 in comparison with 
the absence of exosomes in responsive DLBCL patients 
(P=0.02) and healthy donors (P=0.003). There was a 
significant increase in the percentage of NKG2D+ NK cells 
in the presence of plasma-derived exosome of refractory/
relapsed DLBCL patients plus IL-2/IL-15 compared to 
the absence of exosomes in refractory/relapsed DLBCL 
patients (P=0.011) and healthy donors (P=0.028).         

Effect of plasma-derived exosomes of DLBCL patients 
on natural killer cell proliferation

We investigated whether plasma-derived exosomes of 
responsive or refractory/relapsed patients with DLBCL 
plays role in the proliferation of NK cells (Fig.5). 
Proliferation rate of NK cells from healthy donors was 
more than responsive DLBCL patients and refractory/
relapsed DLBCL patients in the absence of exosomes 
or in presence of IL-2/IL-15 as well as plasma-derived 
exosome of DLBCL patients (P<0.001).
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Fig.4: Flow cytometer analysis of NK cell surface markers (CD16, NKG2D, 
and CD69) in the absence or presence of plasma-derived exosome of 
DLBCL patients. I. These surface markers were analyzed by gating on the 
live NK cells (CD56+CD3-) of a representative DLBCL patient. A. NK cell 
labeled with PE-anti-human CD16 and PE Mouse IgG1, k Isotype control, 
B. NK cell labeled with FITC-anti-human CD69 and FITCI Mouse IgG1, k 
Isotype control, C. NK cell labeled with PE-anti-human CD314 (NKG2D) 
and PE Mouse IgG1, k Isotype control, i. Isotype control, ii.  Unstimulated 
NK cell, iii. IL-2/ IL-15, iv. Plasma-derived exosomes of DLBCL refractory/
relapsed patients, v. Plasma-derived exosomes of DLBCL refractory/
relapsed patients plus IL-2/IL-15, vi. Plasma-derived exosome of 
responsive DLBCL patients and vii. Plasma-derived exosome of responsive 
DLBCL patients plus IL-2/IL-15. II. Average of the percentage of NK cells 
expressing A. CD16, B. CD69 and C. NKG2D was determined in each group 
(responsive DLBCL patients and refractory/relapsed DLBCL). Degree of 
significance was indicated by *P<0.05, **P<0.01, ***P<0.001. Each bar 
illustrates the mean ± SE. NK; Natural killer cells and DLBCL; Diffuse large 
B-cell lymphoma

Furthermore, there is a significant increase in the 
proliferation of NK cells treated with IL-2/IL-15 in 
responsive patients (P=0.0001) and refractory/relapsed 
patients (P=0.007, Fig.5). Additionally, there was a significant 
decrease in the proliferation of NK cells treated with plasma-
derived exosomes of refractory/relapsed patients compared 

to the untreated NK cells in healthy donors (P=0.0001), 
responsive patients (P=0.044) and refractory/relapsed patients 
(P=0.0001). A significant decrease was also determined in 
the proliferation of NK cells treated with plasma-derived 
exosome of responsive patients compared to untreated NK 
cells in healthy donors (P=0.009).

Fig.5: Effect of plasma-derived exosome of DLBCL patients on proliferation 
of labeled NK cell with CFSE. A. CFSE-positive NK cell population of a 
representative responsive DLBCL patient was cultured in the absence 
or presence of plasma-derived exosome from DLBCL patients, for three 
days. The dotted blue line represents unstained NK cells. Gray line with an 
empty profile in histograms indicates unstimulated CFSE-labeled NK cells 
and B. Degree of significance in the treated NK cells with plasma-derived 
exosomes of responsive or refractory/relapsed patients with DLBCL 
compared to the untreated NK cells, is indicated by *P≤0.05, **P≤0.01, 
and ***P≤0.001 in each group. Each column illustrates the mean SE for 
proliferation rate of NK cells. DLBCL; Diffuse large B-cell lymphoma and 
NK; Natural killer cells. 

Effect of plasma-derived exosome of DLBCL patients 
on natural killer cell cytotoxicity 

NK cell-mediated cytotoxicity was measured after co-
culture of K562 cells with untreated NK cells or NK cells 
treated with plasma-derived exosome of DLBCL patients 
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at different effector-to-target (E:T) ratios (8:1, 4:1, 2:1 
and 1:1). More than 92% of K562 cells were stained with 
CFSE and spontaneous lysis was in the range 1.23 -7.94 
(Fig.6I). Our data showed that NK cells cytotoxicity (at 
ratios of 8:1, 4:1 , 2:1 and 1:1)  in the absence or presence 
plasma-derived exosome of DLBCL patients in healthy 
donors was more than DLBCL patients (P=0.0001, 
ANOVA test). 

There was a significant decrease in NK cell-
mediated cytotoxicity treated with plasma-derived 
exosomes of refractory/relapsed DLBCL patients 
compared to untreated NK cell in refractory/relapsed 
DLBCL patients [at ratios of 8:1 (P=0.001), 4:1 (P=0.003), 

2:1 (P=0.021) and 1:1 (P=0.001)] and in refractory/
relapsed DLBCL patients [at 8:1 ratios (P=0.001)]. In 
addition, a significant decrease was observed in NK 
Cell-mediated cytotoxicity treated with plasma-derived 
exosome of responsive patients with DLBCL compared 
to untreated NK cell in responsive patients (at 1:1 ratio, 
P=0.033). The results of cytotoxicity assay are presented 
in Figure 6II. As well, there was the significant decrease 
in NK cells-mediated cytotoxicity treated with plasma-
derived exosomes of refractory/relapsed DLBCL 
patients (P=0.03) and plasma-derived exosomes of 
responsive DLBCL patients (P=0.01) in healthy donors 
at ratio of 8:1. 
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Fig.6: Effect of plasma-derived exosome of DLBCL patients on the NK cell cytotoxicity. I. CFSE-stained K562 cells were co-cultured with NK cells at different 
E/T ratios. The CFSE-stained K562 cells were first gated by FSC and SSC characteristics. Both dot plots and histograms show that CFSE-stained K562 target 
cells were killed by NK cells treated with 20 µg plasma-exosomes of refractory/relapsed patients in A. Healthy donor and B. Responsive patient using 
E/T ratio of 2:1. The numbers in the panels denote percentage of 7-AAD positive cells. II. Variety of these killing activities were statistically  analyzed at 
different E/T ratios, including A. 8:1, B. 4:1, C. 2:1, and D. 1:1 in the absence or presence of plasma-derived exosome of patients with DLBCL in healthy 
donors, responsive DLBCL patients and refractory/relapsed DLBCL patients. Degree of significance is highlighted by *P≤0.05 and **P≤0.01 in each group. 
Each point illustrates mean of the NK cell cytotoxicity percentage in each group. DLBCL; Diffuse large B-cell lymphoma and NK; Natural killer cells. 

Discussion
Several reports have indicated that tumor-derived 

exosomes down-regulate signaling in NK cells (23). The 
exact nature of the signals delivered via exosomes and 
the mode of action are unknown (22). Studies reveal 
that regulation of NK cell activation by hsa-miR-155-
5p is complex and hsa-miR-155-5p can function as a 
dynamic tuner for NK cell activation (24). We considered 
the possibility that plasma-derived exosome of patients 
with DLBCL can cause some effects on the miR-155-

IFN-γ pathway in NK cells as well as proliferation and 
cytotoxicity of NK cells. The present study provides 
evidence of some signatures of plasma-derived exosome 
of patients with DLBCL on NK cell function. 

We showed a significant increase in proliferation, 
hsa-let-7g-5p level as well as the percentage of CD69+ 
and NKG2D+ NK cells in the presence of IL-2/IL-15. 
Findings obtained from the current investigation was 
consistent with previous studies reporting that IL-15 
and IL-2 stimulate proliferation and activation of NK 
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cells (25). In this study, we observed significant decrease 
in the percentage of CD69+ NK cells, CD16+ NK cells 
and NKG2D+ NK cells, IFN-γ production, NK cell 
proliferation and cytotoxicity in the absence or presence 
of IL-2/IL-15 in refractory/relapsed patients compared to 
responsive patients and healthy donors. Furthermore, we 
found that exposure of NK cells from healthy donors in 
the presence of 20 µg exosomes, isolated from DLBCL 
patients, increased hsa-miR-155-5p and IFN-γ levels and 
reduced NK cells proliferation. Moreover, the exposure of 
NK cells from patients with DLBCL in the presence of 20 
µg exosomes, isolated from refractory/relapsed DLBCL 
patients, increased hsa-miR-155-5p level and reduced 
proliferation and cytotoxicity of NK cells.  

Our finding showed a significant increase in hsa-miR-
155-5p level and a significant decrease in SOCS-1 level 
in NK cells treated with 20 µg plasma-derived exosome 
of DLBCL patients in comparison with the untreated 
NK cell in healthy donors. Additionally, we observed an 
increased level of hsa-miR-155-5p in association with 
increased level of IFN-γ, in the presence of plasma-
derived exosome of DLBCL patients in healthy donors. 
These results were consistent with the previous studies. 
These studies report that hsa-miR-155-5p is a positive 
regulator of IFN-γ production. The cytokine-induced up-
regulation of hsa-miR-155-5p enhances IFN-γ production 
by targeting and suppressing INPP5D and SOCS-1 (as 
the negative regulators), in the activated NK cell through 
cytokines (IL-12 and IL-18) and CD16 (8, 26). 

An increased level of hsa-miR-155-5p and a decreased 
level of SOCS-1 were observed in the presence of 20 µg 
plasma-derived exosome of DLBCL patients, in patients 
with DLBCL.  Nevertheless, no significant difference 
was observed in the INPP5D and IFN-γ expression levels 
in the presence of 20µg plasma-derived exosomes of 
responsive or refractory/relapsed patients, in DLBCL 
patients. Therefore, plasma-derived exosome of DLBCL 
patients may carry or target other microRNAs (has-
miR-29, hsa-miR-155-5p and has-miR-15/16) or other 
upstream pathways regulating IFN-γ level in NK cells of 
the DLBCL patients (27).

Although we observed significant increase in INPP5D 
level, a significant increase was determined in IFN-γ 
level produced by NK cells treated with plasma-derived 
exosome of DLBCL patients in healthy donors. These 
findings were contrary to the previous studies. Since 
mRNA may undergo post-transcriptional modifications, 
quantification in the both mRNA and protein levels are 
necessary to understand how the cells work in different 
condition (28). Therefore, we should evaluate INPP5D 
and SOCS-1 expressions in the levels of mRNA and 
protein to find the effect of exosomes isolated from 
patients on IFN-γ production. 

We observed a decreased level of hsa-let-7g-5p in NK 
cells, treated with 20 µg plasma-derived exosome of 
responsive DLBCL patients in comparison with untreated 
NK cell in healthy donors and DLBCL patients. These 

results explain unknown factors, in the exosomes, which 
could contribute to the reduction of hsa-let-7g-5p level. 
A report showed that decreased level of hsa-let-7g-5p 
associated with a higher risk of tumor relapse in patients 
with advanced pathological stage of gastric and breast 
cancers (29). Some studies suggest that low expression 
levels of hsa-let-7g-5p have a longer event free survival 
time (30). In other word, some evidence demonstrates that 
hsa-let-7g-5p can suppress NF-κB signaling pathways and 
secretion of pro-inflammatory cytokines, while hsa-miR-
155-5p up-regulates NF-κB through down-regulation of 
IKKs and other genes (31-33). Thus, decreased expression 
level of hsa-let-7g-5p and increased expression level of 
hsa-miR-155-5p in the presence of exosome isolated from 
patients might be associated with up-regulation of NF-κB 
in NK Cells. It is necessary to investigate roles of hsa-
miR-155-5p and hsa-let-7g-5p in NF-kB pathway, in the 
absence or presence of exosome isolated from patients, in 
PBMCs obtained from DLBCL patients.

We investigated NK cells proliferation after three days 
and a significant decrease was observed in NK cells 
treated with plasma-derived exosome of refractory/
relapsed DLBCL patients compared to untreated NK 
cells in three groups. Some reports have shown that the 
exosomes isolated from tumor cell supernatants and 
patients’ sera inhibit proliferation of CD8+ T-cells (21, 
34). Clayton et al. (35) indicates that tumor exosomes 
inhibit IL-2 mediated lymphocyte proliferation (50%) in 
purified CD4+ T-cell population. However, in the presence 
of tumor exosomes, NK cell proliferation has only 
been slightly decreased. They revealed that exosomes-
associated transforming growth factor-β1 (TGF-β1) 
contributed to anti-proliferative effects. This reduction 
might be due to the presence of TGF-β1 or other anti-
proliferation agents in plasma-derived exosomes of 
refractory/relapsed DLBCL patients. On the other hand, 
we observed that plasma-derived exosomes of refractory/
relapsed DLBCL patients decreased expression levels of 
SOCS-1 and NK cell proliferation in DLBCL patients. 
The results of this study are in line with another study in 
the mouse model. They report that miR-155-5p containing 
exosomes produced by macrophage under stress, suppress 
proliferation of the fibroblast by down-regulation of 
SOCS-1 protein expression (36). Thus, a decrease in the 
expression levels of SOCS-1 might result in a decrease 
in NK cell proliferation. In addition, an increased level 
of hsa-miR-155-5p and decreased levels of SOCS-1 
and hsa-let-7g-5p in the presence of plasma-derived 
exosome of DLBCL patients might result in an increase 
of inflammation. However, we did not investigate effect 
of inflammatory cytokines, such as IL-6 and TNF-β.

A study showed that decreased CD16 expression level 
in the NK cells of patients with DLBCL can lead to the 
impairment in rituximab‐mediated ADCC (37). We 
observed significant decreased percentage of CD16+ NK 
cells in the presence of 20 µg plasma-derived exosome 
of refractory/relapsed patients in responsive patients and 
healthy donors. This finding showed that plasma-derived 
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exosome of refractory/relapsed patients might impair 
ADCC.

No significant difference was found in the percentage of 
CD69+ or NKG2D+ NK cells in the presence of plasma-
derived exosome of DLBCL patients in each group. 
Contrarily, some studies demonstrated that NKG2D 
expression is down-regulated by micro-vesicles or 
exosomes, associated with TGF-β1 and IL-10 and/or 
exosomes bearing NKG2D ligands. Down-regulation of 
NKG2D surface protein causes decreased ability of NK 
cells to recognize malignant cells (10, 37, 38). In addition, 
a study has described that exosome of cancer patients 
mediated higher immune suppression by reducing CD69 
expression in activated CD4+ T effector cells after 7 hours 
(39). These results might be due to the small sample size, 
using no FBS or AB serum for NK cell culture, incubation 
time and sample type (responsive DLBCL patients vs. 
refractory/relapsed patients). 

A recent review study explained that tumor-derived 
exosomes inhibit NK cell activation, cytotoxicity and 
proliferation. In fact, these exosomes bear TGF-β1 or 
apoptosis-inducing ligands (Fas ligand and TNF-related 
apoptosis-inducing ligand). Therefore, they can initiate T 
cell apoptosis or disrupt IL-2 signaling in NK cells (40). 
Similarly, we observed a significant decreased NK cell 
cytotoxicity, in the presence of plasma-derived exosome 
of DLBCL patients, in DLBCL patients. However, the 
exposure of NK cells from healthy donors, in presence of 
20 µg plasma-derived exosome of DLBCL patients, did 
not have any effects on NK cell cytotoxicity. Therefore, 
it was better to evaluate cytotoxicity of NK cells against 
DLBCL cell lines to understand the main effect of 
exosomes released from DLBCL cell line on NK cell 
function. Disruption in the cytotoxic machinery of NK 
cells might also result from down-regulation of NKG2D 
expression. However, we did not observe any significant 
difference in the percentage of NKG2D+ NK cells, in 
the absence or presence of plasma-derived exosome of 
DLBCL patients. 

Conclusion
To sum up, the importance of NK-cell in removing 

hematopoietic cancer provides a strong rationale to 
use NK-cells therapy instead of autologous stem cell 
transplantation for treatment of refractory/ relapsed 
patients with DLBCL. Our report indicates decreased 
percentage of CD16+CD69+NKG2D+ NK cells, low IFN-γ 
levels in the supernatant of NK cell cultures, decreased NK 
cell proliferation and reduced NK cell cytotoxic activity 
in DLBCL patients compared to the healthy donors in the 
absence plasma-derived exosome of DLBCL patients. 
This could become the foundation of new therapeutic 
agent developments to target the NK cell activation and 
NK cell cytotoxicity. Our findings demonstrated decreased 
proliferation and cytotoxicity of NK cell in the absence or 
presence of plasma-derived exosome of DLBCL patients. 
It seems that elimination of plasma-derived exosome of 
patients using some drugs and also other procedures could 

be a great way to improve NK-cell functions. Ultimately, 
use of dendritic cell-derived exosomes and NK cell-
derived exosomes might be helpful as cell-free cancer 
vaccines in the clinical setting.

Acknowledgements
This work was financially supported by Isfahan 

University of Medical Sciences. The authors thank the 
personnel of Sayed Al-Shohada Hospital. They also 
gratefully acknowledge in cooperation of the Isfahan 
Blood Transfusion Organization for gamma irradiation of  
peripheral blood mononuclear cells (PBMC). The authors 
declare that they have no competing interests.

Authors’ Contributions
N.Z., S.H.J., N.E., V.M.; Conception, design, 

administrative, technical and material support.  N.Z., 
S.H.J.; Development of methodology. N.Z., V.M.; 
Acquisition of data. N.Z., N.E.;  Analysis and interpretation 
of data, writing, review and/or revision of the manuscript. 
All authors read and approved the final manuscript.

References
1.	 Dotan E, Aggarwal C, Smith MR. Impact of rituximab (Rituxan) on 

the treatment of B-cell non-Hodgkin’s lymphoma. P T. 2010; 35(3): 
148-157.

2.	 Sehn LH, Gascoyne RD. Diffuse large B-cell lymphoma: optimiz-
ing outcome in the context of clinical and biologic heterogeneity. 
Blood. 2015; 125(1): 22-32.

3.	 Park KH, Park H, Kim M, Kim Y, Han K, Oh EJ. Evaluation of NK 
cell function by flowcytometric measurement and impedance based 
assay using real-time cell electronic sensing system. Biomed Res 
Int. 2013; 2013: 210726. 

4.	 Danielou-Lazareth A, Henry G, Geromin D, Khaznadar Z, Briere J, 
Tamouza R, et al. At diagnosis, diffuse large B-cell lymphoma pa-
tients show impaired rituximab-mediated NK-cell cytotoxicity. Eur J 
Immunol. 2013; 43(5): 1383-1388.

5.	 Cooper MA, Fehniger TA, Caligiuri MA. The biology of human natu-
ral killer-cell subsets. Trends Immunol. 2001; 22(11): 633-640. 

6.	 Perussia B. Fc receptors on natural killer cells. Curr Top Microbiol 
Immunol. 1998; 230: 63-88.

7.	 Ye J, Guo R, Shi Y, Qi F, Guo C, Yang L. miR-155 regulated inflam-
mation response by the SOCS1-STAT3-PDCD4 axis in atherogen-
esis. Mediators Inflamm. 2016; 2016: 8060182. 

8.	 Trotta R, Chen L, Ciarlariello D, Josyula S, Mao C, Costinean S, 
et al. miR-155 regulates IFN-γ production in natural killer cells. 
Blood. 2012; 119(15): 3478-3485. 

9.	 Liu X, Wang Y, Sun Q, Yan J, Huang J, Zhu S, et al. Identification 
of microRNA transcriptome involved in human natural killer cell ac-
tivation. Immunol Lett. 2012; 143(2): 208-217.

10.	 Ashiru O, Boutet P, Fernández-Messina L, Agüera-González S, 
Skepper JN, Valés-Gómez M, et al. Natural killer cell cytotoxicity 
is suppressed by exposure to the human NKG2D ligand MICA*008 
that is shed by tumor cells in exosomes. Cancer Res. 2010; 70(2): 
481-489.

11.	 Lugini L, Cecchetti S, Huber V, Luciani F, Macchia G, Spadaro F, 
et al. Immune surveillance properties of human NK cell-derived ex-
osomes. J Immunol. 2012; 189(6): 2833-2842. 

12.	 Bradshaw G, Sutherland HG, Haupt LM, Griffiths LR. Dysregulated 
microRNA expression profiles and potential cellular, circulating and 
polymorphic biomarkers in non-hodgkin lymphoma. Genes (Ba-
sel). 2016; 7(12). pii: E130. 

13.	 Zare N, Haghjooy Javanmard S, Mehrzad V, Eskandari N, Kefayat 
A. Evaluation of exosomal miR-155, let-7g and let-7i levels as a 
potential noninvasive biomarker among refractory/relapsed pa-
tients, responsive patients and patients receiving R-CHOP. Leuk 
Lymphoma. 2019: 1-13 (ahead of print).

14.	 Paggetti J, Haderk F, Seiffert M, Janji B, Distler U, Ammerlaan W, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dotan+E%2C+Aggarwal+C%2C+Smith+MR.+Impact+of+rituximab+(Rituxan)+on+the+treatment+of+B-cell+non-Hodgkin%E2%80%99s+lymphoma.+Pharm+Ther.+2010%3B35(3)%3A148.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diffuse+large+B-cell+lymphoma%3A+optimizing+outcome+in+the+context+of+clinical+and+biologic+heterogeneity.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+NK+cell+function+by+flowcytometric+measurement+and+impedance+based+assay+using+real-time+cell+electronic+sensing+system.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+NK+cell+function+by+flowcytometric+measurement+and+impedance+based+assay+using+real-time+cell+electronic+sensing+system.
https://www.ncbi.nlm.nih.gov/pubmed/?term=At+diagnosis%2C+diffuse+large+B-cell+lymphoma+patients+show+impaired+rituximab-mediated+NK-cell+cytotoxicity.
https://www.ncbi.nlm.nih.gov/pubmed/?term=At+diagnosis%2C+diffuse+large+B-cell+lymphoma+patients+show+impaired+rituximab-mediated+NK-cell+cytotoxicity.
https://www.ncbi.nlm.nih.gov/pubmed/9586351
https://www.ncbi.nlm.nih.gov/pubmed/9586351
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-155+Regulated+Inflammation+Response+by+the+SOCS1-STAT3-PDCD4+Axis+in+Atherogenesis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trotta+R%2C+Chen+L%2C+Ciarlariello+D%2C+Josyula+S%2C+Mao+C%2C+Costinean+S%2C+et+al.+miR-155+regulates+IFN-+production+in+natural+killer+cells.+Vol.+119%2C+Blood.+2012.+p.+3478%E2%80%9385.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Identification+of+microRNA+transcriptome+involved+in+human+natural+killer+cell+activation.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Natural+killer+cell+cytotoxicity+is+suppressed+by+exposure+to+the+human+NKG2D+ligand+MICA*008+that+is+shed+by+tumor+cells+in+exosomes.+Cancer+Res+%5BInternet%5D.+2010+Jan+15+%5Bcited+2018+May+26%5D%3B70(2)%3A481%E2%80%939.+Available+from%3A+http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F20068167
https://www.ncbi.nlm.nih.gov/pubmed/?term=%5Dmmune+Surveillance+Properties+of+Human+NK+Cell-Derived+Exosomes.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dysregulated+MicroRNA+Expression+Profiles+and+Potential+Cellular%2C+Circulating+and+Polymorphic+Biomarkers+in+Non-Hodgkin+Lymphoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dysregulated+MicroRNA+Expression+Profiles+and+Potential+Cellular%2C+Circulating+and+Polymorphic+Biomarkers+in+Non-Hodgkin+Lymphoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zare%20N%5BAuthor%5D&cauthor=true&cauthor_uid=30714442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haghjooy%20Javanmard%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30714442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mehrzad%20V%5BAuthor%5D&cauthor=true&cauthor_uid=30714442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eskandari%20N%5BAuthor%5D&cauthor=true&cauthor_uid=30714442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kefayat%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30714442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kefayat%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30714442
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+exosomal+miR-155%2C+let-7g+and+let-7i+levels+as+a+potential+noninvasive+biomarker+among+refractory%2Frelapsed+patients%2C+responsive+patients+and+patients+receiving+R-CHOP.+Leuk+Lymphoma.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Evaluation+of+exosomal+miR-155%2C+let-7g+and+let-7i+levels+as+a+potential+noninvasive+biomarker+among+refractory%2Frelapsed+patients%2C+responsive+patients+and+patients+receiving+R-CHOP.+Leuk+Lymphoma.


          Cell J, Vol 22, No 1, April-June (Spring) 2020 54

NK Cells and Exosomes Isolated from DLBCL Patients 

et al. Exosomes released by chronic lymphocytic leukemia cells 
induce the transition of stromal cells into cancer-associated fibro-
blasts. Blood. 2015; 126(9): 1106-1117.

15.	 Barh D, Malhotra R, Ravi B, Sindhurani P. MicroRNA let-7: an 
emerging next-generation cancer therapeutic. Curr Oncol. 2010; 
17(1): 70-80.

16.	 Guan J , Guo S, Liu M. Let-7 Family miRNAs represent potential 
broad-spectrum therapeutic molecules for human cancer.  J Genet 
Syndr Gene Ther. 2015; 6(3): 271.

17.	 Wang X, Cao L, Wang Y, Wang X, Liu N, You Y. Regulation of let-7 
and its target oncogenes (Review). Oncol Lett. 2012; 3(5): 955-
960.

18.	 Peng SC, Liao CT, Peng CH, Cheng AJ, Chen SJ, Huang CG, et 
al. MicroRNAs MiR-218, MiR-125b, and Let-7g predict progno-
sis in patients with oral cavity squamous cell carcinoma. PLoS 
One. 2014; 9(7): e102403.

19.	 Atai NA, Balaj L, van Veen H, Breakefield XO, Jarzyna PA, Van 
Noorden CJ, et al. Heparin blocks transfer of extracellular vesicles 
between donor and recipient cells. J Neurooncol. 2013; 115(3): 
343-351. 

20.	 Théry C, Amigorena S, Raposo G, Clayton A. Isolation and charac-
terization of exosomes from cell culture supernatants and biologi-
cal fluids. Curr Protoc Cell Biol. 2006; Chapter 3: Unit 3. 22.

21.	 Piao YJ, Kim HS, Hwang EH, Woo J, Zhang M, Moon WK. Breast 
cancer cell-derived exosomes and macrophage polarization are 
associated with lymph node metastasis. Oncotarget. 2017; 9(7): 
7398-7410. 

22.	 Lopez-Santillan M, Larrabeiti-Etxebarria A, Arzuaga-Mendez J, 
Lopez-Lopez E, Garcia-Orad A, Lopez-Santillan M, et al. Circulat-
ing miRNAs as biomarkers in diffuse large B-cell lymphoma: a sys-
tematic review. Oncotarget. 2018; 9(32): 22850-22861.

23.	  Raposo G, Nijman HW, Stoorvogel W, Liejendekker R, Harding 
C V, Melief CJ, et al. B lymphocytes secrete antigen-presenting 
vesicles. J Exp Med. 1996; 183(3): 1161-1172.

24.	 Sullivan RP, Fogel LA, Leong JW, Schneider SE, Wong R, Romee 
R, et al. MicroRNA-155 tunes both the threshold and extent of NK 
cell activation via targeting of multiple signaling pathways. J Immu-
nol. 2013; 191(12): 5904-5913.

25.	  Choi SS, Chhabra VS, Nguyen QH, Ank BJ, Stiehm ER, Roberts 
RL. Interleukin-15 enhances cytotoxicity, receptor expression, and 
expansion of neonatal natural killer cells in long-term culture. Clin 
Diagn Lab Immunol. 2004; 11(5): 879-888.

26.	 Leung W-H, Tarasenko T, Bolland S. Differential roles for the inosi-
tol phosphatase SHIP in the regulation of macrophages and lym-

phocytes. Immunol Res. 2009; 43(1-3): 243-251.
27.	 Leong JW, Sullivan RP, Fehniger TA. Natural killer cell regulation 

by microRNAs in health and disease. J Biomed Biotechnol. 2012; 
2012: 632329.

28.	 Greenbaum D, Colangelo C, Williams K, Gerstein M. Comparing 
protein abundance and mRNA expression levels on a genomic 
scale. Genome Biol. 2003; 4(9): 117. 

29.	 Jardin F, Figeac M. MicroRNAs in lymphoma, from diagnosis to 
targeted therapy. Curr Opin Oncol. 2013; 25(5): 480-486.

30.	 Ni H, Tong R, Zou L, Song G, Cho WC. MicroRNAs in diffuse large 
B-cell lymphoma. Oncol Lett. 2016; 11(2): 1271-1280.

31.	 Wang YS, Hsi E, Cheng HY, Hsu SH, Liao YC, Juo SH. Let-7g 
suppresses both canonical and non-canonical NF-κB pathways in 
macrophages leading to anti-atherosclerosis. Oncotarget. 2017; 
8(60): 101026-101041. 

32.	 Rom S, Dykstra H, Zuluaga-Ramirez V, Reichenbach NL, Persid-
sky Y. miR-98 and let-7g* Protect the Blood-Brain Barrier Under 
Neuroinflammatory Conditions. J Cereb Blood Flow Metab. 2015; 
35(12): 1957-1965.

33.	 Ma X, Becker Buscaglia LE, Barker JR, Li Y. MicroRNAs in NF-
kappaB signaling. J Mol Cell Biol. 2011; 3(3): 159-166.

34.	 Kim JW, Wieckowski E, Taylor DD, Reichert TE, Watkins S, Whi-
teside TL. Fas ligand-positive membranous vesicles isolated from 
sera of patients with oral cancer induce apoptosis of activated T 
lymphocytes. Clin Cancer Res. 2005; 11(3): 1010-1020.

35.	 Clayton A, Mitchell JP, Court J, Mason MD, Tabi Z. Human tumor-
derived exosomes selectively impair lymphocyte responses to in-
terleukin-2. Cancer Res. 2007; 67(15): 7458-7466.

36.	 Wang C, Zhang C, Liu L, A X, Chen B, Li Y, et al. Macrophage-de-
rived mir-155-containing exosomes suppress fibroblast prolifera-
tion and promote fibroblast inflammation during cardiac injury. Mol 
Ther. 2017; 25(1): 192-204. 

37.	 Szczepanski MJ, Szajnik M, Welsh A, Whiteside TL, Boyiadzis M. 
Blast-derived microvesicles in sera from patients with acute my-
eloid leukemia suppress natural killer cell function via membrane-
associated transforming growth factor- 1. Haematologica. 2011; 
96(9): 1302-1309.

38.	 Lanier LL. NKG2D receptor and its ligands in host defense. Cancer 
Immunol Res. 2015; 3(6): 575-582.

39.	 Muller L, Hong CS, Stolz DB, Watkins SC, Whiteside TL. Isolation 
of biologically-active exosomes from human plasma. J Immunol 
Methods. 2014; 411: 55-65.

40.	 Barros FM, Carneiro F, Machado JC, Melo SA. Exosomes and im-
mune response in cancer: friends or foes? Front Immunol. 2018; 
9: 730. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Exosomes+released+by+chronic+lymphocytic+leukemia+cells+induce+the+transition+of+stromal+cells+into+cancer-associated+fibroblasts.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barh+D%2C+Malhotra+R%2C+Ravi+B%2C+Sindhurani+P.+MicroRNA+let-7%3A+an+emerging+next-generation+cancer+therapeutic.+Curr+Oncol+%5BInternet%5D.+2010+Feb+%5Bcited+2018+Jul+12%5D%3B17(1)%3A70%E2%80%9380.+Available+from%3A+http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F20179807
https://www.ncbi.nlm.nih.gov/pubmed/22783372
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng+S-C%2C+Liao+C-T%2C+Peng+C-H%2C+Cheng+A-J%2C+Chen+S-J%2C+Huang+C-G%2C+et+al.+MicroRNAs+MiR-218%2C+MiR-125b%2C+and+Let-7g+Predict+Prognosis+in+Patients+with+Oral+Cavity+Squamous+Cell+Carcinoma.+Guan+X-Y%2C+editor.+PLoS+One+%5BInternet%5D.+2014+Jul+22+%5Bcited+2018+Sep+28%5D%3B9(7)%3Ae102403.+Available+from%3A+http%3A%2F%2Fdx.plos.org%2F10.1371%2Fjournal.pone.0102403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peng+S-C%2C+Liao+C-T%2C+Peng+C-H%2C+Cheng+A-J%2C+Chen+S-J%2C+Huang+C-G%2C+et+al.+MicroRNAs+MiR-218%2C+MiR-125b%2C+and+Let-7g+Predict+Prognosis+in+Patients+with+Oral+Cavity+Squamous+Cell+Carcinoma.+Guan+X-Y%2C+editor.+PLoS+One+%5BInternet%5D.+2014+Jul+22+%5Bcited+2018+Sep+28%5D%3B9(7)%3Ae102403.+Available+from%3A+http%3A%2F%2Fdx.plos.org%2F10.1371%2Fjournal.pone.0102403
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heparin+blocks+transfer+of+extracellular+vesicles+between+donor+and+recipient+cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Th%C3%A9ry%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18228490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amigorena%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18228490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raposo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18228490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clayton%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18228490
https://www.ncbi.nlm.nih.gov/pubmed/?term=Th%C3%A9ry+C%2C+Clayton+A%2C+Amigorena+S%2C+Raposo+GG%2C+Clayton+A.+Isolation+and+characterization+of+exosomes+from+cell+culture+supernatants+and+biological+fluids.+Curr+Protoc+Cell+Biol.+2006%3B3%E2%80%9322.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breast+cancer+cell-derived+exosomes+and+macrophage+polarization+are+associated+with+lymph+node+metastasis.
https://www.ncbi.nlm.nih.gov/pubmed/29854319
https://www.ncbi.nlm.nih.gov/pubmed/8642258
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-155+tunes+both+the+threshold+and+extent+of+NK+cell+activation+via+targeting+of+multiple+signaling+pathways.+J+Immunol+%5BInternet%5D.+2013+Dec+15+%5Bcited+2018+Sep+29%5D%3B191(12)%3A5904%E2%80%9313.+Available+from%3A+http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F24227772
https://www.ncbi.nlm.nih.gov/pubmed/?term=MicroRNA-155+tunes+both+the+threshold+and+extent+of+NK+cell+activation+via+targeting+of+multiple+signaling+pathways.+J+Immunol+%5BInternet%5D.+2013+Dec+15+%5Bcited+2018+Sep+29%5D%3B191(12)%3A5904%E2%80%9313.+Available+from%3A+http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F24227772
https://www.ncbi.nlm.nih.gov/pubmed/?term=Interleukin-15+Enhances+Cytotoxicity%2C+Receptor+Expression%2C+and+Expansion+of+Neonatal+Natural+Killer+Cells+in+Long-Term+Culture.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Interleukin-15+Enhances+Cytotoxicity%2C+Receptor+Expression%2C+and+Expansion+of+Neonatal+Natural+Killer+Cells+in+Long-Term+Culture.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Differential+roles+for+the+inositol+phosphatase+SHIP+in+the+regulation+of+macrophages+and+lymphocytes.
https://www.ncbi.nlm.nih.gov/pubmed/23226942
https://www.ncbi.nlm.nih.gov/pubmed/12952525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jardin+F%2C+Figeac+M.+MicroRNAs+in+lymphoma%2C+from+diagnosis+to+targeted+therapy.+Curr+Opin+Oncol+%5BInternet%5D.+2013+Sep+%5Bcited+2018+Jun+3%5D%3B25(5)%3A480%E2%80%936.+Available+from%3A+http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23852382
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4734178/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Let-7g+suppresses+both+canonical+and+non-canonical+NF-%CE%BAB+pathways+in+macrophages+leading+to+anti-atherosclerosis.
https://www.ncbi.nlm.nih.gov/pubmed/?term=miR-98+and+let-7g*+Protect+the+Blood-Brain+Barrier+Under+Neuroinflammatory+Conditions.
https://www.ncbi.nlm.nih.gov/pubmed/21502305
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fas+ligand%E2%80%93positive+membranous+vesicles+isolated+from+sera+of+patients+with+oral+cancer+induce+apoptosis+of+activated+T+lymphocytes.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Human+Tumor-Derived+Exosomes+Selectively+Impair+Lymphocyte+Responses+to+Interleukin-2.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Macrophage-Derived+mir-155-Containing+Exosomes+Suppress+Fibroblast+Proliferation+and+Promote+Fibroblast+Inflammation+during+Cardiac+Injury.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Macrophage-Derived+mir-155-Containing+Exosomes+Suppress+Fibroblast+Proliferation+and+Promote+Fibroblast+Inflammation+during+Cardiac+Injury.
https://www.ncbi.nlm.nih.gov/pubmed/21606166
https://www.ncbi.nlm.nih.gov/pubmed/26041808
https://www.ncbi.nlm.nih.gov/pubmed/26041808
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muller%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24952243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=24952243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stolz%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=24952243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Watkins%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=24952243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whiteside%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=24952243
https://www.ncbi.nlm.nih.gov/pubmed/24952243
https://www.ncbi.nlm.nih.gov/pubmed/24952243
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barros+FM%2C+Carneiro+F%2C+Machado+JC%2C+Melo+SA.+Exosomes+and+Immune+Response+in+Cancer%3A+Friends+or+Foes%3F+Front+Immunol+%5BInternet%5D.+2018+%5Bcited+2018+Sep+29%5D%3B9%3A730.+Available+from%3A+http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F29696022

	_GoBack
	_GoBack
	_ENREF_4
	_ENREF_5
	_ENREF_10
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_GoBack
	_GoBack
	_ENREF_2
	_ENREF_3
	_ENREF_5
	_ENREF_10
	_ENREF_13
	_ENREF_1
	_ENREF_3
	_ENREF_2
	_GoBack
	_ENREF_5
	_ENREF_7
	_ENREF_10
	_ENREF_12
	_ENREF_14
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_22
	_ENREF_30
	OLE_LINK1
	_GoBack
	_Hlk522015812
	_ENREF_4
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_25
	_ENREF_6
	_ENREF_8
	_ENREF_11
	_ENREF_19
	_ENREF_26
	_ENREF_44
	_ENREF_47
	_ENREF_49
	OLE_LINK1
	_GoBack

