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Abstract. Exosomes were reported to mediate cell commu‑
nication in the tumor microenvironment; however, the effects 
of multiple myeloma (MM)‑derived exosomes on the quantity 
and function of T cells remain unknown. Exosomes were 
extracted from MM cell lines (OPM2 and U266B1) by ultra‑
centrifugation using a Total Exosome Isolation kit. Exosomes 
were co‑cultured with CD4+ T, CD8+ T and regulatory T 
(Treg) cells that were isolated from healthy donors (HDs) and 
patients with MM using magnetic beads. Flow cytometry was 
used to detect T cells apoptosis and expression of perforin 
and granzyme B in CD8+ T cells. Cell viability was detected 
using Cell Counting kit‑8, and interleukin 10 (IL‑10) and 
transforming growth factor β (TGF‑β) in cell supernatants 
were detected by ELISA. The apoptosis of HD‑CD4+ T was 
higher in the OPM2 group, and viability in the U266B1 group 
was decreased. The apoptosis of HD‑CD8+ T decreased in the 
OPM2 and U266B1 groups, and cell viability increased in the 
OPM2 and the U266B1 groups. Perforin of HD‑CD8+ T in the 
U266B1 group was lower while perforin of MM‑CD8+ T in 
OPM2 and U266B1 groups was markedly decreased. The apop‑
tosis of HD‑Treg was lower in the U266B1 group, but apoptosis 
of MM‑Treg was higher in the U266B1 group. The viability 
of HD‑Treg in U266B1 group increased but the viability of 
MM‑Treg in OPM2 and U266B1 groups decreased. TGF‑β 
from MM‑Treg decreased in the OPM2 and U266B1 groups 

when compared with the control group (P<0.05). MM‑derived 
exosomes promote apoptosis and inhibit proliferation of 
HD‑CD4+ T, inhibit apoptosis and promote proliferation, but 
inhibit perforin of HD‑CD8+ T, inhibit apoptosis and promote 
proliferation HD‑Treg, and inhibit perforin of MM‑CD8+ T 
and TGF‑β secretion of MM‑Treg.

Introduction

Multiple myeloma (MM) is a neoplastic plasma cell disorder 
characterized by clonal proliferation of malignant plasma 
cells in the bone marrow, and usually by the presence of 
monoclonal protein in the blood and/or urine of patients. MM 
is associated with end‑organ damage consisting of anemia, 
renal insufficiency, bone lesions and/or hypercalcemia (1). 
MM is the second most frequent hematological disease. The 
incidence rate of MM in Europe was 3.8 in every 100,000 
individuals in 2012, and the mortality rate was 2.2 (2). With 
the application of new drugs, including proteasome inhibitor, 
immunomodulatory agent and anti‑CD38 monoclonal anti‑
body, the curative efficacy in patients with MM has been 
significantly improved. The median overall survival (OS) 
time for the entire cohort was 5.2 years; 4.6 years for patients 
in the 2001‑2005 group compared with 6.1  years for the 
2006‑2010 cohort (P=0.002). The improvement was primarily 
seen among patients >65 years; the 6‑year OS rate improving 
from 31‑56%; P<0.001. Only 10% of patients died during the 
1st year in the latter group, compared with 17% in the earlier 
cohort (P<0.01), suggesting improvement in early mortality (3). 
Chimeric antigen receptors (CARs) are artificial fusion 
proteins that incorporate an antigen‑recognition domain and 
T‑cell signaling domains. CAR‑T cells (CAR‑Ts) represent a 
promising novel approach for treating patients with MM, since 
they may be able to kill MM cells that are resistant to standard 
therapies. MM antigens, including CD138, CD38, signaling 
lymphocyte‑activating molecule 7 and κ light chain, are under 
investigation as CAR targets. Although CAR‑T therapies for 
MM are currently at an early stage of development, they may 
improve treatment of patients with MM (4). 

Exosomes are extracellular lipids bilayer vesicles of 
30‑100 nm in diameter that contain a variety of proteins and 
nucleic acid components. Their density range is 1.13‑1.19 g/ml 
in sucrose density gradient solution (5). Exosomes are present 
in almost all body fluids, including plasma, saliva, milk, 
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cerebrospinal fluid, urine and semen, and are also present in 
the tumor microenvironment (6). It has been reported that 
exosomes from tumor cells mediate cell communication in the 
tumor microenvironment (7). A previous study demonstrated 
that tumor‑derived exosomes (TEXs) tend to exert immune 
suppression and can block the differentiation of bone marrow 
progenitor cells into dendritic cells (DCs) (8). Furthermore, 
exosomes can carry transforming growth factor β1 (TGF‑β1) 
and change the response of T cells to interleukin 2 (IL‑2), 
allowing the transformation of lymphocytes into regulatory 
T cells (Tregs) rather than cytotoxic T cells (9). In addition, 
TEXs promote the activation and accumulation of Treg 
cells (10). Similarly, TEX stimulate the production of prosta‑
glandin E2, IL‑6 and TGF‑β by myeloid‑derived suppressor 
cells, resulting in the formation of a strong immunosuppres‑
sive environment in tumor lesions (11‑13). Previous studies 
reported that MM‑derived exosomes might be involved in 
the differentiation and functional regulation of osteoclasts, 
promotion of angiogenesis and immune suppression (14,15). 
However, the effects of MM‑derived exosomes on the quantity 
and function of T cells remain unknown.

Tregs have a crucial role in resolving inflammation and 
achieving tissue homeostasis following infection through 
multiple mechanisms, including the production of the inhibi‑
tory cytokines IL‑10 and TGF‑β, the regulation of nutrient and 
cytokine availability, and the inhibition of DCs and macro‑
phages maturation and function (16). Perforin, granzyme B 
(GrB) and Fas ligand (FasL) are cytotoxic molecules used by 
CD8+ T lymphocytes and natural killer cells to induce apop‑
tosis of target cells (tumor or infected cells) (17). In the present 
study, IL‑10 and TGF‑β were selected to evaluate the function 
of Tregs, whereas perforin and GrB were selected to evaluate 
the function of CD8+ T cells, in order to evaluate the effect of 
myeloma derived exosomes on the function of T lymphocytes, 
and to understand the possible mechanism of the effect of 
myeloma cells on T lymphocytes.

Materials and methods

Patients. Peripheral blood from patients newly diagnosed with 
MM and 45 adult HDs were collected to evaluate the potential 
effect of MM cell‑derived exosomes on CD4+ T, CD8+ T 
and Treg cell function. The present study included 45 patients 
with MM (19 women and 26 men; age range, 44‑85 years; 
median age, 68 years) who were treated at the Department of 
Hematology of Tianjin Medical University General Hospital 
(Tianjin, China) from June 2016 to December 2017. All HDs 
and patients with MM provided written consent prior to the 
study. This study was performed according to the Declaration 
of Helsinki and was approved by the Ethics Committee of 
Tianjin Medical University General Hospital.

Magnetic‑activated cell sorting (MACS). Peripheral blood 
(5 ml) was collected from HDs and patients with MM into 
EDTA‑coated tubes. Peripheral blood mononuclear cells 
(PBMCs) were isolated by Ficoll‑Paque density gradient 
centrifugation. The diluted blood was slowly added to the 
equal volume Ficoll‑Hypaque solution, and then centrifuged 
at 860 x g for 20 min at 4˚C. The mononuclear lymphocyte 
cell layer was transferred to another centrifuge tube using a 

sterile pipet (this will appear as a white, cloudy band between 
the plasma and the Ficoll‑Hypaque layers). Cells were washed 
three times with sterile PBS (the volume of the mononuclear 
cell layer) and centrifuged at 450 x g for 10 min at 20˚C. The 
supernatant was discarded and the mononuclear lymphocyte 
cells were resuspended in sterile PBS for cell counting. Every 
107 PBMCs were re‑suspended in 80 µl PBS. Subsequently, 
CD4+, CD8+ and Treg cells (CD4+CD25+CD127dim) were 
isolated from PBMCs by using human CD4, CD8 and 
Treg cell MACS kits (cat. nos. 130‑095‑248, 130‑098‑194 
and 130‑094‑775, respectively; all from BD Biosciences), 
according to the manufacturer's instructions. The purity of the 
cell populations obtained was evaluated using a CytoFLEX 
flow cytometer (Beckman Coulter, Inc.) (Fig. S1).

Exosome isolation. Firstly, fetal bovine serum (FBS; HyClone; 
GE Healthcare Life Sciences) was placed into polyallomer 
centrifuge tubes (Beckman Coulter, Inc.) and ultracentrifuged 
(Beckman Coulter, Inc.) for exosome depletion. After ultracen‑
trifugation at 100,000 x g for 18 h at 4˚C, exosomes from FBS 
were at the bottom of the centrifugal tubes. The supernatant 
collected as exosome‑free serum was filtered using a 0.22‑µm 
aseptic filter (EMD Millipore) and subsequently used for cell 
culture (18). The OPM2 and U266B1 cell lines purchased from 
the Cell Center of Chinese Academy of Sciences and cultured 
for 48  h in RPMI‑1640 medium (Gibco; Thermo Fisher 
Scientific, Inc.) containing 10% exosome‑free serum and 
placed at 37˚C in a humidified incubator containing 5% CO2. 
The conditioned medium was then collected and centrifuged 
at 250 x g for 10 min at 25˚C, and the cell‑free supernatant was 
obtained for exosome separation. The supernatant was divided 
into several sterile centrifuge tubes (cat. no. 430791; Corning, 
Inc.) and centrifuged at 4˚C and 2,000 x g for 30 min to remove 
cells and debris. The supernatant was carefully collected and 
filtered using a 0.22‑µm aseptic filter for sterilization. This 
filtered cell‑free conditioned medium was transferred to the 
Pierce protein concentrator (cat. no. 88532S; Thermo Fisher 
Scientific, Inc.) and centrifuged at  4,000  x  g for 30  min 
at 4˚C to concentrate the medium and remove soluble protein 
(<150 KDa) and small particles (<15 nm) (19). The concentrated 
medium was subsequently incubated with Total Exosome 
Isolation reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
(volume ratio of supernatant to reagent was 2:1) at 4˚C over‑
night and centrifuged at 10,000 x g for 1 h at 4˚C. The pellet 
at the bottom of the centrifuge tube represented the exosomes, 
which were resuspended in PBS or serum‑free medium for 
further co‑culturing with T lymphocytes. The ultracentrifu‑
gation method was also used to obtain exosomes (18) and to 
compare them with the exosomes obtained from the aforemen‑
tioned method, under transmission electron microscopy.

Transmission electron microscopy (TEM). The thin 
formvar/carbon film coated 200 mesh copper EM grids 
(cat.  no. G200H‑Cu; Electron Microscopy Sciences) were 
used for exosomes loading. Purified exosomes were fixed with 
1 ml of 2% paraformaldehyde for 5 min at room tempera‑
ture. Exosome suspension (5‑7  µl) solution was added to 
the grids and incubated for 2 min at room temperature, and 
the exosome‑loading grids were subsequently stained with 
~20 drops of filtered 3% phosphotungstic acid solution for 
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3 min at room temperature. The grids were rinsed with distilled 
water to remove the excess staining solution and left to dry at 
room temperature for 10 min. The exosomes were observed 
under a TEM (HT7700; Hitachi, Ltd.) at 80 kV (x20~40 K) 
(Fig. 1A-D) (20).

Cell culture with exosomes. CD4+ T, CD8+ T or Treg cells 
isolated from HDs and patients with MM were co‑cultured 
with exosomes (100 µg/105 cells) isolated from OPM‑2 and 
U266B1 cells, and cultured in RPMI‑1640 medium with 10% 
FBS free of exosomes for 48 h at 37˚C in a humidified incubator 
containing 5% CO2. Cell apoptosis, cell viability and expres‑
sion of certain proteins were next evaluated. CD4+ T cells 
from 15 HDs were co‑cultured with two different concentra‑
tions (50 and 100 µg/105 cells) of exosomes from OPM2 cells. 
The control group was treated with sterile PBS. The early 
apoptotic rate of CD4+ T cells cultured with a low and high 
concentration of exosomes was 11.92±2.59 and 13.42±3.13%, 
respectively. The early apoptotic rate of CD4+ T cells in the 
control group was 9.41±3.00%. These results demonstrated that 
the early apoptotic rate of CD4+ T cells significantly increased 
in the high exosome concentration group (100 µg/105 cells) 
compared with the control group (Fig.  2A‑C). Thus, this 
exosome concentration (100 µg/105 cells) was selected for 
co‑culture of CD4+ T, CD8+ T and Treg cells.

Western blotting. Exosomes, OPM2 and U266B1 cells were 
lysed using RIPA buffer (Thermo Fisher Scientific, Inc.) on 
ice for 30 min. Protein quantification was performed using the 
Pierce BCA Protein Analysis kit (Thermo Fisher Scientific, 
Inc.), according to the manufacturers' instructions. Protein 
lysates from exosomes, OPM2 and U266B1 cells were boiled 
at 100˚C for 5 min. Equal amount of protein (30 µg) was 
loaded and separated by 10% SDS‑PAGE for 30 min and trans‑
ferred onto a nitrocellulose (0.45 µm) membrane for 110 min 
(Bio‑Rad Laboratories, Inc.). Membranes were blocked with 
5% non‑fat skimmed milk for 1 h at room temperature and 
incubated with monoclonal antibodies against CD63, which is 
a specific (although not the only one) marker of exosomes (18) 
(1:1,000; cat. no. ab59479; Abcam) and heat shot protein 70 
(HSP70; 1:1,000; cat. no. 4872; Cell Signaling Technology, 
Inc.) at 4˚C overnight. The HRP‑conjugated goat anti‑Rabbit 
IgG (1:10,000; cat. no. 7074S; Cell Signaling Technology, Inc.) 
was added as secondary antibody for 1 h at room temperature. 
Membranes were washed three times with TBS containing 
Tween‑20 (0.05%), and bands were detected using an enhanced 
chemiluminescence substrate (GE Healthcare Bio‑Sciences).

Flow cytometry. For the cell apoptosis assay, 1x105 CD4+ 
T, CD8+ T or Treg cells were seeded in a 24‑well plate 
and co‑cultured with exosomes (100 µg/105 cells) for 48 h. 
Apoptosis was evaluated by staining the cells with FITC 
Annexin  V Apoptosis Detection kit (cat.  no.  556547; BD 
Biosciences), according to the manufacturer's instructions 
using a CytoFLEX flow cytometer (Beckman Coulter, Inc.). 
Unlabeled cells were used as controls. 

The gating strategy of flow cytometry was performed 
as follows: First, unstained cells were detected, cells were 
displayed on the forward scatter (FSC)‑side scatter (SSC) 
scatter plot and the target cell population was circled by gates. 

Then, the two‑parameter logFL1 (FL1, flow1, FITC)‑logFL2 
(FL2, flow2, PE) was established and the cells within gates 
in the scatter plots were analyzed. It was ensured that >98% 
of cells were located in the center of the lower left quadrant 
and that this region was negative. Secondly, only Annexin 
V‑FITC‑labeled cells were detected and FL1‑FL2 scatter plots 
were checked to ensure that there were no particles in the upper 
left and right quadrants. Appearance of particles in the upper 
quadrant was indicative of fluorescence leakage, which was 
adjusted by increasing the compensation of FL1 leakage to 
FL2 fluorescence. If this regulation did not effectively remove 
the positive signal of FL2, the voltage of FL2 was lowered. 
Using this method, cells labeled only with propidium iodide 
(PI) were detected and compensation was adjusted if neces‑
sary. Thirdly, Annexin V and PI‑labeled cells were analyzed 
by flow cytometry. The right lower and upper quadrants were 
considered as early and late apoptotic cells, respectively, and 
the sum corresponded to the apoptotic rate (Fig. S2).

CD8+ T cel ls  were permeabi l ized using BD 
Cytofix/Cytoperm™ reagent (BD Biosciences), and added 
5 µl perforin‑PE (cat. no. 130‑096‑578; Miltenyi) or Granzyme 
B‑PE (cat.  no.  130‑101‑351; Miltenyi), incubated at room 
temperature for 15 min in the dark, and then washed with 
PBS for flow cytometric detection of intracellular expression 
of perforin and Granzyme B. Isoform‑matched isotypes were 
used as controls for extra and intracellular staining. Cells were 
immediately analyzed using Beckman CytoFLEX flow cytom‑
eter and CytExpert software (version 2.1; Beckman Coulter, 
Inc.). Quantification of GrB and perforin was performed 
according to the percentage of positive cells.

Cell viability. The sorted CD4+ T, CD8+ T and Treg cells were 
seeded into 96 well plates (2x104 cells/100 µl per well), and 
co‑cultured with OPM2/U266‑exosomes (100 µg/105 cells, 
10 µl/well) or PBS (10 µl/well as control) for 48 h at 37˚C. 
After cell incubation, 10 µl CCK‑8 (cat. no. EC020; Engreen 
Biosystem Co. Ltd.) reagent was added to the wells and incu‑
bated for 4 h at 37˚C in a humidified incubator containing 5% 
CO2. Cell viability was analyzed at a wavelength of 450 nm, 
using a microplate reader (GEN5; BioTek Instruments, Inc.).

ELISA. Following Treg cell (1x105 cells/500 µl per well into a 
24 well plate) incubation with exosomes (100 µg/105 cells) for 
48 h at 37˚C, the cell culture was collected and centrifuged 
at 710 x g for 10 min at room temperature. The superna‑
tant was separated to assess IL‑10 and TGF‑β [Hangzhou 
MultiSciences (Lianke) Biotech, Co., Ltd.] concentration 
according to the manufacturer's instructions with a colo‑
rimetric reader (GEN5; BioTek Instruments, Inc.). The 
minimum detectable cytokine levels for IL‑10 and TGF‑β 
were 0.59 and 3.36 pg/ml, respectively. 

Statistical analysis. The results were analyzed with GraphPad 
Prism 6.0 software (GraphPad Software, Inc.) and SPSS 20.0 
software (SPSS Inc.). Data are expressed as the mean ± stan‑
dard error of the mean. ANOVA of randomized block design 
was used for comparison of apoptosis rate and viability of 
HD/MM‑CD4+ T, CD8+ T and Treg cells, level of perforin, 
Granzyme B, IL‑10 and TGF‑β among the three groups 
(OPM2 exosome, U266B1 exosome and control groups), with 
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Dunnett's post hoc test. Interpolation to the standard curve 
of the measurements was obtained through linear regres‑
sion using GraphPad Prism software version 6 (GraphPad 
Software, Inc.)  (21). All experiments were performed in 
triplicate. P<0.05 was considered to indicate a statistically 
significant difference. 

Results

Effect of MM cell‑derived exosomes on CD4+ T lymphocytes. 
The results from the TEM analysis demonstrated that MM 
cell‑derived exosomes had intact continuous membranes and 
a diameter of 30‑150 nm (Fig. 1). The central area was darker 

with a circled bright area around it, which is a typical morpho‑
logical characteristic of exosomes  (22,23). The exosomes 
separated from conditioned medium of the OPM2 cell line by 
ultracentrifugation were uniform in size. Fig. 1A demonstrates 
that the exosomes isolated by ultracentrifugation had intact 
continuous membranes and a diameter of 30‑150 nm. Fig. 1B 
presents exosomes isolated by ultracentrifugation in clusters. 
The exosomes isolated using the Total Exosome Isolation 
reagent kit were similar in morphology to the exosomes 
isolated by ultracentrifugation. The diameter of exosomes 
isolated using the Total Exosome Isolation reagent kit was 
30‑150 nm, as presented in Fig. 1C. A large number of clustered 
exosomes isolated using the Total Exosome Isolation reagent 

Figure 1. Exosomes observed by transmission electron microscopy. (A) Exosomes isolated by ultracentrifugation had intact continuous membranes and a 
diameter of 30‑150 nm (magnification, 40.0 k). (B) Exosomes isolated by ultracentrifugation in clusters (magnification, 30.0 k). (C) Exosomes isolated using 
the Total Exosome Isolation reagent kit had intact continuous membranes and a diameter of 30‑150 nm (magnification, 40.0 k). (D) Exosomes isolated using 
the Total Exosome Isolation reagent kit in clusters (magnification, 20.0 k). (E) Western blotting analysis of CD63 and HSP70 protein expression in exosomes 
from the OPM2 and U226B1 cells lines and cell lysates of OPM2 and U226B1 cells. HSP70, HSP 70, heat shot protein 70; Exo, exosome; Lys, lysate.
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kit is presented in Fig. 1D. The results from western blotting 
demonstrated that exosomes extracted from the two MM cell 
lines were positive for CD63 and HSP70 staining, which are 
specific markers of exosomes. In addition, CD63 and HSP70 
protein expression in the exosomes of the OPM2 and U266B1 
cell lines was higher compared with that of OPM2 and U266B1 
cell lysates (Fig. 1E). The TEM results demonstrated that the 
exosomes extracted using the Exosome Isolation reagent kit 
were similar in morphology to the exosomes extracted via 
ultracentrifugation.

CD4+ T cells from 15 HDs were co‑cultured with 
two different concentrations (50  and  100  µg/105  cells) of 
exosomes from OPM2 cells. The control group was treated 
with sterile PBS. The early apoptotic rate of CD4+ T cells 
cultured with a low and high concentration of exosomes was 
11.92±2.59 and 13.42±3.13%, respectively. The early apoptotic 
rate of CD4+ T cells in the control group was 9.41±3.00%. 
These results demonstrated that the early apoptotic rate of 
CD4+ T cells significantly increased in the high exosome 
concentration group (100 µg/105 cells) compared with the 
control group (Fig. 2A‑C). Thus, this exosome concentration 
(100 µg/105 cells) was selected for co‑culture of CD4+ T, 
CD8+ T and Treg cells.

CD4+ T cells from 15 HDs and 15 patients with MM 
were collected and co‑cultured with exosomes from the 
OPM2 or U266B1 cell lines for 48 h. The apoptotic rate of 
HD‑CD4+ T cells in the OPM2 (6.24±1.24%) and U266B1 
(5.42±1.07%) groups was higher than that in the control group 
(4.37±0.96%). The result of comparing these three groups 
revealed a statistically significant difference (P=0.004). The 
apoptotic rate of HD‑CD4+ T cells in OMP2 group was signifi‑
cantly higher than the control group (P=0.002) (Fig. 2D‑G). The 
cell viability of HD‑CD4+ T cells in the OPM2 (95.34±4.58%) 
and U266B1 (85.45±6.09%) groups was decreased compared 
with that of the control group (100%), which was statistically 
significant (P=0.024). The viability of CD4+ T cells in the 
U266B1 group was inhibited (P=0.015; Fig. 2H). The apop‑
totic rate of MM‑CD4+ T cells in the OPM2 (14.56±4.65%) 
and U266B1 (16.42±5.08%) groups was increased compared 
with that of the control group (13.83±5.69%), although this 
was not significant (P>0.05; Fig. 2I). In addition, the viability 
of MM‑CD4+ T cells in the OPM2 group (98.61±2.80%), 
U266B1 group (100.02±5.48%) and the control group (100%) 
showed no statistical significance (P>0.05; Fig. 2J).

Effect of MM cell‑derived exosomes on CD8+ T lymphocytes. 
CD8+ T cells from 15 HDs and 15 patients with MM were 
co‑cultured with exosomes from OPM2 or U266B1 cells for 
48 h. The apoptotic rate of HD‑CD8+ T cells in the OPM2 
(9.97±1.28%) and U266B1 (11.00±1.75%) groups was signifi‑
cantly lower than that in the control group (16.12±2.95%; both 
P<0.001; Fig. 3A‑C and G). The viability of HD‑CD8+ T cells 
in the OPM2 (112.63±3.88%) and U266B1 (111.70±3.62%) 
groups was significantly increased compared with that of 
the control group (P=0.030 and 0.045, respectively; Fig. 3H). 
The apoptotic rate of MM‑CD8+ T cells in the OPM2 
(14.40±4.86%) and U266B1 (14.39±4.36%) groups showed 
no statistically significant difference (17.37±4.05%; P>0.05; 
Fig. 3D‑F presents the apoptotic rates of MM‑CD8+ T cells 
in the control, OPM2 and U266B1 groups, respectively. Fig. 3I 

demonstrates the statistical analysis of the apoptotic rates of 
MM‑CD8+ T cells among the three groups). The viability 
of MM‑CD8+ T cells in the OPM2 (101.58±10.82%) and 
U266B1 (100.31±10.08%) groups was not different from the 
cell viability in the control group (P>0.05; Fig. 3J).

CD8+ T cells from 15 HDs and 15 patients with MM were 
co‑cultured with exosomes from OPM2 or U266B1 cells for 
48 h. In addition to the 15 healthy donors, 15 patients with 
myeloma were also randomly selected for assessment. The 
expression of perforin and GrB after cell permeabilization 
was assessed by flow cytometry. The level of perforin in 
HD‑CD8+ T cells was lower in the OPM2 (10.82±2.53%) 
and U266B1 (9.34±2.36%) groups compared with that in the 
control group (12.76±3.31%) (P=0.038). The level of perforin 
in HD‑CD8+ T cells in the U266B1 group was inhibited, 
showing statistical significance (P=0.024), but the level of 
perforin showed no statistical significance between the OPM2 
group and the control group (P>0.05; Fig. 4A‑C present the 
perforin levels of HD‑CD8+ T cells in the control, OPM2 and 
U266B1 groups, respectively. Fig. 4G demonstrates the statis‑
tical analysis of perforin levels of HD‑CD8+ T cells among the 
three groups). The results demonstrated that U266B1‑derived 
exosomes had a more significant effect on the perforin secre‑
tion of HD‑CD8+ T cells. The level of GrB in HD‑CD8+ T 
cells in the OPM2 (31.87±6.10%) and U266B1 (32.99±7.08%) 
groups was not significantly different from that of the control 
group (28.74±6.21%; P>0.05; Fig.  4D‑F showed scatter 
diagram of level of GrB). The level of perforin in MM‑CD8+ 
T cells in the OPM2 (6.48±1.06%) and U266B1 (5.63±1.15%) 
groups was significantly lower than that in the control group 
(10.55±2.50%; P=0.008). The difference between the perforin 
level in the OPM2 and U266B1 groups was statistically signifi‑
cant (P=0.017 and P=0.006, respectively; Fig. 4H). There was 
no statistical significance in the level of GrB in MM‑CD8+ T in 
OPM2 group (34.48%±9.98%), U266B1 group (41.49±9.17%) 
and the control group (34.91±8.14%) (P>0.05).

Effect of MM cell‑derived exosomes on Tregs. Treg cells 
from 15 HDs and 15 patients with MM were co‑cultured with 
exosomes from OPM2 or U266B1 cells for 48 h. The apoptotic 
rate of HD‑Treg cells in OPM2 group (15.33±3.87%) and U266 
group (11.71±2.71%) was lower than that in the control group 
(19.61±3.50%). The apoptotic rate of HD‑Treg cells in U266 
group was significantly lower than that of the control group 
(P=0.003; Fig. 5A‑C present the apoptotic rates of HD‑Treg 
cells in the control, OPM2 and U266B1 groups, respectively; 
Fig. 5G demonstrated the statistical analysis of apoptotic rates 
of HD‑Treg among the three groups). The viability of HD‑Treg 
cells in the OPM2 group (139.54±23.24) and U266B1 group 
(173.48±34.99%) was higher than the control group (100%). 
But the viability of HD‑Treg cells only in U266B1 group was 
significantly higher than the control group (P=0.037; Fig. 5H). 
The apoptotic rate of MM‑Treg cells in the U266B1 group 
(37.29±6.54%) was significantly increased compared with 
that of the control group (29.95±6.68%; P=0.011). However, 
there was no significant difference between the apoptotic rate 
of MM‑Treg cells in the OPM2 group (30.91±7.25%) and the 
control group (P>0.05; Fig. 5D‑F present the apoptotic rates 
of MM‑Treg cells in the control, OPM2 and U266B1 groups, 
respectively; Fig. 5I demonstrates the statistical analysis of 
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Figure 2. Effect of MM cell‑derived exosomes on CD4+ T lymphocytes. (A) Apoptotic rate of HD‑CD4+ T cells co‑cultured without exosome (control). 
(B) Apoptotic rate of HD‑CD4+ T cells co‑cultured with OPM2‑isolated exosomes (50 µg/105 cells). (C) Apoptotic rate of HD‑CD4+ T cells co‑cultured with 
OPM2‑isolated exosomes (100 µg/105 cells). (D) Apoptotic rate of HD‑CD4+ T cells co‑cultured without exosome (control). (E) Apoptotic rate of HD‑CD4+ 
T cells co‑cultured with OPM2‑derived exosomes. (F) Apoptotic rate of HD‑CD4+ T cells co‑cultured with U266B1‑derived exosomes. (G) The apoptotic rate 
of HD‑CD4+ T cells was significantly increased in the OPM2‑derived exosomes. (H) The viability of HD‑CD4+ T cells was decreased in the U266B1‑derived 
exosomes compared with that of the control (n=15). (I) The apoptotic rate of MM‑CD4+T cells showed no statistical significance among the three groups 
(n=15). (J) The viability of MM‑CD4+ T cells showed no statistical significance among the three groups (n=15). HD, healthy donor; MM, multiple myeloma; 
UL, upper left; UR, upper right; LL, lower left; LR, lower right; exo, exosome; FITC, fluorescein isothiocyanate; PI, propidium iodide; PE, phycoerythrin.
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Figure 3. Effect of MM cell‑derived exosomes on CD8+ T lymphocytes. Assessment of apoptosis by flow cytometry of HD‑CD8+ T cells co‑cultured with 
(A) Apoptotic rate of HD‑CD8+ T cells co‑cultured without exosome (control). (B) Apoptotic rate of HD‑CD8+ T cells co‑cultured with OPM2‑derived 
exosomes. (C) Apoptotic rate of HD‑CD8+ T cells co‑cultured with U266B1‑derived exosomes. (D) Apoptotic rate of MM‑CD8+ T cells co‑cultured without 
exosome (control). (E) Apoptotic rate of MM‑CD8+ T cells co‑cultured with OPM2‑derived exosomes. (F) Apoptotic rate of MM‑CD8+ T cells co‑cultured 
with U266B1‑derived exosomes. (G) The apoptotic rate of HD‑CD8+ T cells co‑cultured with OPM2‑ and U266B1‑derived exosomes was significantly 
decreased compared with the control group (n=15). (H) The viability of HD‑CD8+ T cells co‑cultured with OPM2‑ and U266B1‑derived exosomes was signifi‑
cantly increased compared with the control group (n=15). (I) The apoptotic rate of MM‑CD8+T cells showed no statistical significance among the three groups 
(n=15). (J) The viability of MM‑CD8+ T cells showed no statistical significance among the three groups (n=15). HD, healthy donor; MM, multiple myeloma; 
UL, upper left; UR, upper right; LL, lower left; LR, lower right; exo, exosome; FITC, fluorescein isothiocyanate; PI, propidium iodide; PE, phycoerythrin.
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Figure 4. Effect of MM cell‑derived exosomes on the function of CD8 and Treg cells. (A) Perforin levels of HD‑CD8+ T cells co‑cultured without exosome 
(control). (B) Perforin levels of HD‑CD8+ T cells co‑cultured with OPM2‑derived exosomes. (C) Perforin levels of HD‑CD8+ T cells co‑cultured with 
U266B1‑derived exosomes. (D) Granzyme B levels of HD‑CD8+ T cells co‑cultured without exosome (control). (E) Granzyme B levels of HD‑CD8+ T cells 
co‑cultured with OPM2‑derived exosomes. (F) Granzyme B levels of HD‑CD8+ T cells co‑cultured with U266B1‑derived exosomes. (G) The levels of perforin 
secreted by HD‑CD8+ T cells was decreased in the U266B1‑derived exosome group compared with the control group. (H) The levels of perforin secreted 
by MM‑CD8+T cells was significantly decreased both in the OPM2 and U266B1‑derived exosome groups compared with the control group. (I) The levels of 
TGF‑β in the supernatant of HD‑Treg cells showed no statistical significance and (J) the levels of TGF‑β secreted by MM‑Tregs was decreased in the OPM2 
and U266B1‑derived exosome groups compared with that of the control (n=15). HD, healthy donor; IL, interleukin; MM, multiple myeloma; TGF‑β, trans‑
forming growth factor β; UL, upper left; UR, upper right; LL, lower left; LR, lower right; exo, exosome; FITC, fluorescein isothiocyanate; PE, phycoerythrin.
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Figure 5. Effect of MM cell‑derived exosomes on Tregs. (A) Apoptotic rate of HD‑Treg cells co‑cultured without exosome (control). (B) Apoptotic rate of 
HD‑Treg cells co‑cultured with OPM2‑derived exosomes. (C) Apoptotic rate of HD‑Treg cells co‑cultured with U266B1‑derived exosomes. (D) Apoptotic rate 
of MM‑Treg cells co‑cultured without exosome (control). (E) Apoptotic rate of MM‑Treg cells co‑cultured with OPM2‑derived exosomes. (F) Apoptotic rate of 
MM‑Treg cells co‑cultured with U266B1‑derived exosomes. (G) The apoptotic rate of HD‑Tregs was significantly decreased in the U266B1‑derived exosome 
group compared with that of the control. (H) The viability of HD‑Tregs was significantly increased in the U266B1‑derived exosome group. (I) The apoptotic 
rate of MM‑Tregs was significantly increased in the U266B1‑derived exosome group compared with that of the control. (J) The viability of MM‑Tregs was 
decreased in the OPM2‑ and U266B1‑derived exosome groups (n=15). HD, healthy donor; MM, multiple myeloma; Treg, regulatory T cell; UL, upper left; UR, 
upper right; LL, lower left; LR, lower right; exo, exosome; FITC, Fluorescein isothiocyanate; PI, Propidium iodide; PE, Phycoerythrin.
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apoptotic rates of MM‑Treg among the three groups). The 
viability of MM‑Treg cells in the OPM2 (82.29±12.16%) and 
U266B1 (85.09±13.50%) groups was decreased compared with 
that of the control group (P=0.013). The viability of MM‑Treg 
cells in the OPM2 group and U266B1 group was significantly 
lower compared with that of the control group (P=0.012 and 
P=0.027, respectively; Fig. 5J).

Treg cells from 15 HDs and 15 patients with MM were 
co‑cultured with exosomes from OPM2 or U266B1 cells for 
48 h, and the IL‑10 and TGF‑β levels in the supernatant were 
detected by ELISA. The level of IL‑10 in the supernatant of 
HD‑Treg cells in the OPM2 (18.53±8.08 pg/ml) and U266B1 
(13.51±7.83 pg/ml) groups was increased compared with the 
control group (8.49±4.02 pg/ml). The difference in IL‑10 
levels between HD‑Treg cells in the OPM2 and the control 
group was significant (P=0.043). There was no significant 
difference between the IL‑10 level in the supernatant of 
HD‑Treg cells in the OPM2 group and the IL‑10 level in the 
supernatant of HD‑Treg cells in the U266B1 group (P>0.05). 
The IL‑10 level in the supernatant of MM‑Treg cells in the 
OPM2 (3.29±1.84 pg/ml) and U266B1 (2.60±1.72 pg/ml) 
groups was increased compared with that of the control 
group (1.39±1.02 pg/ml), although this was not significant 
(P>0.05). 

The level of TGF‑β in the supernatant of HD‑Treg cells 
in OPM2 (417.57±19.33 pg/ml), U266B1 (325.96±14.32 pg/ml) 
and control group (386.60±28.89 pg/ml) were significantly 
different (P=0.033), but the difference between the OPM2, 
U266B1 and control groups was not significant (P>0.05; Fig. 4I). 
The level of TGF‑β in the supernatant of MM‑Treg cells in the 
OPM2 (290.29±23.21 pg/ml), U266B1 (325.96±14.32 pg/ml) 
and the control group (387.49±21.60 pg/ml) were statistically 
significant (P=0.001). The level of TGF‑β in the supernatant of 
MM‑Treg cells in the OPM2 and U266B1 group were signifi‑
cantly lower than the control group (P=0.014 and P=0.001, 
respectively; Fig. 4J).

Discussion

A new evolutionarily conserved system of intercellular commu‑
nication used by single‑cell and multicellular organisms has 
been identified. This system involves information transfer 
between cells via extracellular vesicles (EVs). Mammalian 
cells spontaneously release EVs of various sizes (30‑5,000 nm) 
into all body fluids. The current EV nomenclature is based on 
size and markers present on membranes. It comprises small 
EVs or exosomes (30‑150 nm in diameter), intermediate‑sized 
EVs or microvesicles (200‑1,000 nm in diameter) and apop‑
totic bodies (1,000‑5,000 nm in diameter) (24). In the present 
study, and according to the scale on the images (Fig. 1), the 
vesicles isolated were 30‑150  nm in diameter, suggesting 
that they were exosomes. The results from western blotting 
demonstrated the presence of CD63 and HSP70, confirming 
that these EVs were exosomes. 

Suppression of antitumor immune responses by 
tumor‑derived soluble factors, including inhibitory cytokines, 
has long been recognized as a mechanism contributing to 
tumor progression (25). Although the existence of cross‑talk 
between tumor and recipient immune cells is widely 
accepted (5‑7), the underlying mechanisms remain unclear. 

The present study investigated the effect of MM cell‑derived 
exosomes on the apoptosis, viability, and function of T cells 
from HDs and patients with MM. The results demonstrated 
the immune‑suppression effect of TEX on T cells and the 
abnormal immune function of T cells in patients with MM. 

In the present study, MM‑derived exosomes promoted the 
apoptosis and inhibited the viability of CD4+ T cells in HDs. 
These findings had been previously described. Furthermore, 
Ludwig et al  (26) reported that exosomes of patients with 
active disease (AD) were significantly more effective than 
exosomes of patients with no evident disease (NED) in 
inducing apoptosis of CD8+ T cells, suppression of CD4+ T 
cell proliferation and upregulation of regulatory T cell (Treg) 
suppressor functions. 

In the present study, MM‑derived exosomes promoted 
proliferation, inhibited apoptosis and decreased perforin 
expression in CD8+ T cells from HDs. These results suggested 
that, although the quantity of CD8+ T cells increased, their 
function decreased, which further confirmed the inhibitory 
effect of exosomes on CD8+ T cells from HDs. The ability of 
TEXs to induce CD8+ T cell apoptosis is due to the presence 
of the membrane‑associated form of FasL and major histocom‑
patibility complex (MHC) class I molecules on TEXs (27,28). 
TEXs with the highest content of FasL and MHC class I 
molecules can most actively induce T cell apoptosis, which 
can be partially blocked by anti‑Fas or anti‑MHC class I 
antibodies, and completely blocked in the presence of both 
antibodies (27). Although the role of FasL carried by TEXs 
in the apoptosis induction of activated Fas+ CD8+ T cells has 
been described, the role of MHC class I molecules remains 
unclear. In the peripheral blood of patients with cancer, almost 
all CD8+ lymphocytes express CD95 at their surface (29), 
and a number of them express programmed cell death 1 
(PD‑1)  (30). Because TEXs in the serum of these patients 
carry FasL and/or programmed cell death‑ligand 1 (PD‑L1), 
the corresponding death pathways (Fas/FasL or PD‑1/PD‑L1, 
respectively) may be responsible for the spontaneous apoptosis 
of CD8+ T cells observed in vivo (31).

The present study did not evaluate the secretion of cyto‑
kines from CD4+ T cells, including interferon γ (IFN‑γ) and 
IL‑4. Ye et al (32) had studied the effect of TEXs on cytokines 
secreted by CD4+ T cells and reported that, under exosome 
stimulation, the secretion of IL‑1β, IL‑6 and IL‑10 from 
CD4+ T cells is increased, which is not the case for IL‑4. 
However, only IL‑6 increased secretion is significant. In addi‑
tion, the secretion of tumor necrosis factor α (TNFα), IL‑12, 
granulocyte‑macrophage colony‑stimulating factor, INF‑γ, 
IL‑2 and IL‑17 from CD4+ T cells under TEXs stimulation 
is decreased; however, only the secretion of IL‑12, IL‑17, IL‑2 
and IFN‑γ is significantly decreased. Since CD4+ T cells can 
be subdivided into different cell subsets, including Th1/Th2, 
Treg and CD17+ T, the present study focused on Treg of CD4+ 
T cells, and only IL‑10 and TGF‑β secretion was evaluated.

MM‑derived exosomes inhibited the apoptosis and 
promoted the proliferation of Treg cells from HDs. It 
was reported that plasma exosomes from patients with 
nasopharyngeal carcinoma could partially enhance the 
immune‑suppression function of normal Treg cells (33). In 
addition, TEXs could promote the generation and function 
of Tregs. When co‑incubated with exosomes purified from 
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supernatants of tumor cells, CD4+ CD25‑ T cells are converted 
into Tregs, which display elevated expression of IL‑10, TGF‑β 
and CTLA4 (33). Muller et al (13) co‑cultured T lymphocytes 
with TEXs or dendritic cells‑derived exosomes (DEXs) and 
detected the expression level of immune response‑associated 
genes. The results demonstrated that, in activated T cells, TEXs 
and DEXs increase the mRNA expression of numerous genes, 
and that Tregs are more sensitive to the effect of co‑culture 
with TEXs and DEXs than CD4+ T and CD8+ T subsets. 
Furthermore, in Tregs co‑cultured with TEXs or DEXs, the 
CD39 gene, which regulates the adenosine pathway, is over‑
expressed, leading to increased production of adenosine. TEX 
also induces the upregulation of CD69 in CD4+ T, resulting in 
the loss of function of CD4+ T cells (13). 

The effect of TEXs on Tregs is different from their effect on 
CD4+ T cells. The change of 23 immune response‑associated 
mRNA expression level in activated Tregs is higher than that 
in other T cells, suggesting that activated Tregs may be more 
sensitive to TEX‑mediated effects than other T cells. After 
incubated with TEXs, CD4+ T cells were activated, and the 
gene profiles demonstrated that the expression of immunosup‑
pressive genes, including cyclooxygenase‑2 (COX‑2), cytotoxic 
T‑lymphocyte‑associated protein 4, Fas, FasL and TGF‑β, 
was decreased compared with before incubation, which was 
associated with the decrease in mean of intensity fluorescence 
(MIF) of CD69 on the cell surface. TEXs may therefore inhibit 
the activation of CD4+ T cells by promoting the translation 
of inhibitory proteins. TEXs can upregulate the expression of 
immunosuppressive genes in activated Tregs and promote their 
rapid transformation into inhibitory proteins, including TGF‑β, 
IL‑10, COX‑2, CD39, CD73 and adenosine (13). These findings 
suggest that TEXs could mediate the differential regulation 
of CD4+ T and Treg gene expression and cell function, and 
confirm the results from the present study demonstrating that 
MM‑derived exosomes promoted the apoptosis and inhibited 
the proliferation of CD4+ T cells from HDs, and inhibited the 
apoptosis and promoted the proliferation and IL‑10 expression 
of Tregs from HDs.

The ratio of CD4+/CD8+ T cells in the blood of patients with 
MM decreased compared with healthy donors (34). A previous 
study reported Treg cells measured by FOXP3 expression are 
significantly decreased in the blood of patients with mono‑
clonal gammopathy of undetermined significance (MGUS) 
and MM compared with healthy donors, despite their elevated 
number of CD25+/CD4+ cells (35). This group suggested that 
CD25+ T cells from patients with MGUS or MM fail to inhibit 
the proliferation of PBMCs treated with anti‑CD3, suggesting 
that MM Tregs are dysfunctional. However, the results remain 
conflicting, and Treg frequency is alternatively described as 
increased (36‑38) or decreased (35,39) in patients with MM. 
Notably, patients with higher percentage of Treg in periph‑
eral blood have a decreased overall survival (median overall 
survival 21 months vs. not reached, P=0.013) (38).

Since TEXs contain tumor antigens, they may be used 
as vaccines for immunotherapy of cancer  (31,40,41). For 
example, exosomes released from MM cells that are designed 
to express TNF‑α (EXOTNF‑α) can induce a more efficient 
tumor antigen‑specific CD8+ T cell response and inhibit tumor 
growth than exosomes designed to express IL‑2 (EXOIL‑2) or 
INF‑γ (EXOINF‑γ) in mice (42). 

Although the role of MM‑derived exosomes on T cell 
immunity is not comprehensive, evidence is accumulating to 
demonstrate that MM‑derived exosomes are involved in the 
immune abnormalities of Treg cells and the formation of bone 
marrow immunosuppressive microenvironment. Therefore, 
further studies are required to clarify the regulatory mecha‑
nism of exosomes on Treg, so as to provide theoretical basis for 
alleviating the immunosuppression of bone marrow microen‑
vironment and improving the prognosis of patients with MM. 
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