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Abstract
Multiple sclerosis (MS) is an autoimmune disease which is characterized by neuroaxonal degeneration in the central nervous
system. Impaired function of regulatory T cells (Tregs) is believed to be an underlying pathogenic mechanism in MS. Tregs is
able to release exosomes, which contain a considerable amount of protein and RNA. Exosomes are capable of transporting their
content to other cells where the released content exerts biological functions. Here, we investigated whether Tregs exosomes of
RRMS patients or healthy controls might regulate the proliferation or survival of T lymphocytes. Regulatory Tcells derived from
MS patients or healthy controls were cultured for 3 days and exosomes were purified from supernatants. Treg-derived exosomes
were co-cultured with conventional T cells (Tconv). The percentages of Tconv proliferation and apoptosis were measured. Our
findings showed that the percentage of proliferation suppression induced by exosomes in patients compared to healthy controls
was 8.04 ± 1.17 and 12.5 ± 1.22, respectively, p value = 0.035.Moreover, the rate of Tconv apoptosis induced by exosome ofMS
patient was less than healthy controls (0.68 ± 0.12 vs. 1.29 ± 0.13; p value = 0.015). Overall, Treg-derived exosomes from MS
patients and healthy controls suppressed the proliferation and induced apoptosis in Tconv. However, the effect of MS-derived
exosomes was significantly less than healthy controls. Our results point to an alternative Treg inhibitory mechanism which might
be important in immunopathogenesis of MS. Although, the cause of the exosomal defect in MS patients is unclear, manipulation
of patients’ Treg-derived exosomes to restore their suppressive activity might be considered as a potential therapeutic approach.
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Introduction

Multiple sclerosis (MS) is a multifactorial autoimmune dis-
ease, in which chronic inflammation of the central nervous
system (CNS) leads to demyelination and neural cell injury
in both white and gray matter [1–3]. Different clinical patterns
have been reported for MS with relapsing-remitting MS

(RRMS) being the most common clinical form of the disease
with several periods of relapses and remissions [4, 5].

Numerous studies performed on MS patients or its animal
models have pointed to CD4+ and CD8+ T cells as crucial
players in the pathogenesis of disease [6, 7]. It is known that
infiltration of CNS with myelin-reactive T cells with either a
Th1 or Th17 phenotype is one of the determining pathogenic
events in RRMS [1, 8, 9]. Various mechanisms have been
proposed to explain this pathogenic activation and infiltration
of autoreactive T cells. One of the proposed explanations
which have considerable empirical evidence is insufficient
control and suppression of autoreactive T cells due to defec-
tive functioning of CD4+ CD25High regulatory Tcells [10, 11].
Indeed, some immunomodulatory drugs that are used for the
treatment of MS are known to be able to restore or enhance
Treg function [12, 13].

Regulatory T cells have been shown to exert their suppres-
sive activity by a variety of molecular mechanisms such as
production of immunomodulatory cytokines, expression of
inhibitory receptors, and direct cytotoxic killing of target cells
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[14, 15]. Recent evidence has indicated that, similar to most
other cells, Tregs are capable of releasing small, membrane-
bound vesicles called exosomes [16–19]. These nano-vesicles
encapsulate cytosolic contents including specific RNA and
protein species, traverse the intercellular space, merge with
and release their contents into other cells influencing target
cell’s biology [20, 21]. In 2007, Valadi and colleagues showed
that mRNA- and miRNA-containing exosomes are secreted
by mast cells and delivered to other cells. Interestingly, these
exosomes were functional in the new location [20]. Another
study has shown that miRNA-containing exosomes could
travel from T cells to dendritic cells and inhibit the expression
of target genes [22].

Studies on Treg-derived exosomes have demonstrated that
these particular exosomes can have immunomodulatory effects
in different contexts, providing Tregs with yet another mecha-
nism to exert their regulatory function [23, 24]. Indeed, inves-
tigating the molecular contents of Treg-derived exosomes has
illustrated that their molecular repertoire is specific and distinct
from other Tcells including cells with a Th1 or Th2 phenotype.
Of note, Okoye et al. have demonstrated that Treg-derived
exosomes can suppress the proliferation and cytokine produc-
tion by Th1 cells in a mouse model of colitis [25].

It is conceivable that diseases involving immune system
might affect the content and hence the function of leukocyte-
derived exosomes, including exosomes produced by Tregs.
Studies on CNS-related diseases such as Alzheimer and mul-
tiple sclerosis showed that the biomolecules contents of se-
creted exosomes are dysregulated compared to normal indi-
viduals [26–28]. In the current study, we asked the question as
to whether insufficient activity of Tregs in MS patients might
be associated with altered functioning of Treg-derived
exosomes. We isolated exosomes from MS or healthy
control-derived Treg cells and investigated and compared
their effects on conventional T cells. Experiments were per-
formed to examine the effect of Treg-derived exosomes on
proliferative capacity as well as survival of T CD4+ cells from
patients with RRMS.

Material and methods

Subjects

This study was performed using cells from 10 patients with
relapsing-remitting MS (mean age 35.2 ± 6.7) diagnosed ac-
cording to McDonald’s criteria [29]. All of patients were in
relapse phase and none of them were under immunosuppres-
sive and or immunomodulatory therapy at least 3 months be-
fore obtaining the samples. Disability was assessed by an ex-
perienced neurologist using expanded disability status scale
(EDSS). All of the patients had EDSS scores below 3. After
confirmation of the disease and the patient’s desire, 25–30 cm3

peripheral blood was taken, and then the patient’s treatment
was started. Ten sex-/age-matched individuals, who had no
history of MS or other autoimmune and inflammatory dis-
eases in their families, were signed up as healthy controls.
All patients and controls were Iranian origin. The study was
approved by ethics committee of Tehran University of
Medical Sciences (IR.TUMS.REC.1394.1551) and written in-
formed consent was obtained from each study subject prior to
the study. All of the patients were referred to Iranian Center of
Neurological Research in Imam Khomeini General Hospital,
Tehran University of Medical Sciences, Tehran, Iran.

Purification of T cell subsets

Peripheral blood mononuclear cells (PBMCs) were isolated
fromwhole blood by Ficoll density gradient centrifugation using
Lymphodex (Innotrain, Germany). The CD4+CD25− conven-
tional Tcells (Tconv) and CD4+CD25+ regulatory Tcells (Treg)
were isolated using Dynabead Regulatory CD4+CD25+ T cell
kit, according to manufacturer’s instructions (Invitrogen Dynal
Carlsbad, CA). Isolated cell subsets were stained by CD4-APC
and CD25-PE monoclonal antibodies (BioLegend, USA), and
the purity of cells was assessed using flow cytometry.

Culture of regulatory T cells

Purified Tregs were cultured in RPMI 1640 (Biosera, France)
supplemented with penicillin (100 IU/ml) and streptomycin
(100 μg/ml), 1% L-glutamine 100 mM, 1% sodium pyruvate
1 M, and 10% exosome-depleted fetal bovine serum (SBI
System Bioscience, USA) for 3 days. To stimulate polyclonal
activation of cells, soluble anti-CD3 (MabTech, Sweden) and
soluble anti-CD28 (MabTech, Sweden) were added at 1 and
5 μg/ml concentrations, respectively.

Isolation and characterization of exosomes from cell
culture supernatant

Exosomes were purified from the supernatant of Treg cultures
using Total Exosome Isolation kit (Invitrogen, Carlsbad, CA)
according to manufacturer’s guidelines. Briefly, cell superna-
tant was centrifuged at 2000g for 30 min to remove dead cells
and cell debris. Cell-free media was transferred to a new tube
and Total Exosome Isolation reagent was added. After 16–18-
h incubation at 4 °C, the samples were centrifuged at 10000g
for 1 h at 4 °C to pellet exosomes. Exosomes were quantified
using a CD63 ELISA kit (SBI System Bioscience, USA). A
standard curve generated from known CD63+ exosomes.

Proliferation assay

Proliferation assay was performed in 96 well flat bottom
plates. 1 × 105 Tconv cells were pre-labeled with 2.5 μM
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Cell Trace CFSE (Invitrogen, Carlsbad, CA) according to
manufacturer’s guidelines and cultured for 3 days in the pres-
ence or absence of Treg-derived exosomes. To stimulate poly-
clonal activation of cells, soluble anti-CD3 and anti-CD28
antibodies were added at 1 and 5 μg/ml concentrations, re-
spectively. Percentage of suppression (S) was calculated as
follows [30]:

S ¼ a‐b=að Þ � 100

where a is the percentage of proliferation in the absence of
Treg-derived exosomes and b is the percentage of proliferation
in the presence of Treg-derived exosomes.

Analysis of apoptosis

To examine the effect of exosomes on Tcell apoptosis, 1 × 105

Tconv cells were cultured for 3 days in the presence or ab-
sence of Treg-derived exosomes. Apoptosis was analyzed
using AnnexinV-Apoptosis Detection Kit APC (eBioscience,
USA) following manufacturer’s instructions. The results were
analyzed on a BD FACS Calibur. The rate of apoptosis in-
duced by Treg-derived exosomes was quantified by calculat-
ing the difference between the percentage of Annexin V+ /PI +

Tconv cells in presence and absence of Treg-derived
exosomes. FlowJo software (FlowJo, Ashland, OR) was used
for all flow cytometry analyses.

Statistics

Statistical analyses were performed using Prism Software
(GraphPad). Mann-Whitney U test was used to evaluate the
statistical significance between MS and control groups. Data
are presented as mean ± SEM and p values below 0.05 are
considered significant.

Results

Ten MS patients and 10 healthy controls were examined in
this study. Demographic and clinical characteristics of patients
are given in Table 1. Eighty percent of the patients exert lesion
in brain periventricular region. On the other hand, nearly 70%
of patients exert the sensory symptoms as the first clinical
sign. Disease duration was from 1 month to 7 years.

Exosomes were purified from Tregs

The purity of isolated CD4+CD25− (Tconv) and CD4+CD25+

(Treg) T cell subsets was 95 and 98% respectively as deter-
mined by flow cytometry analysis (Fig. 1). The purified
exosomes were quantified using a CD63 ELISA kit. CD63

is a well-characterized marker to detection of exosomes. On
average, 3 × 108 CD63+ exosomes were extracted from Tregs.

Treg-derived exosomes from MS patients are less
effective in suppressing conventional T cell
proliferation

Cell proliferation after the antigen recognition is the first sign
of cell activation. In order to evaluate the immunomodulatory
effect of Treg-derived exosomes on the proliferation of Tconv,
1 × 105 CFSE-labeled Tconv cells were cultured for 3 days in
the presence or absence of Treg-derived exosomes, as de-
scribed in the BMethods^ section. As shown in Fig. 2, the
mean percentage of proliferation suppression in MS patient
and healthy control groups was 8.04 ± 1.17 and 12.5 ± 1.22,
respectively. This difference was statistically significant (p
value = 0.035). These findings showed that the suppressive
function of Treg-derived exosomes is declined inMS patients.

Treg-derived exosomes from patients induce
conventional T cell apoptosis less than healthy
controls

Survival of activated Tcells is an important factor in determining
the magnitude and duration of T cell responses both in physio-
logical and pathological settings. To examine the effect of Treg-
derived exosomes on the survival of Tconv cells, 1 × 105 Tconv
cells were cultured for 3 days in the presence or absence of Treg-
derived exosomes. We then evaluated the rate of early
(AnnexinV+ cells) and late (PI+/AnnexinV+ cells) apoptosis in-
duced by Treg-derived exosomes. Interestingly, as shown in
Fig. 3, the frequency of cells in late stage of apoptosis was sig-
nificantly lower in T cells receiving MS Treg-derived exosomes
comparedwith cells treatedwith exosomes from healthy controls
(0.68 ± 0.12 vs 1.29 ± 0.13; p value = 0.015). However, there
was no significant difference in early apoptosis between groups
(p value = 0.07). Therefore, it seems that the strength of Treg-
derived exosomes to induce apoptosis in Tconv cells were less in
MS patient compared to healthy controls.

Discussion

Regulatory T cells (Treg) are able to exert their immunosup-
pressive properties through various mechanisms such as im-
munomodulatory cytokines (e.g., IL-10 and TGF-β), expres-
sion of inhibitory receptors including cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) and glucocorticoid-induced
TNFR-related protein (GITR) and cytolysis of target cells me-
diated by granzyme-perforin [11, 15]. Additionally, a number
of microRNAs such as miR-10a and miR-146a express in
Treg cells more than other T cell subtypes which have been
documented as a critical player of Treg cell development and
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functions. miR-10a increases Foxp3 expression and stability
of Tregs. miR-146a could suppress activation of Th1 through
targeting Signal Transducer and Activator of Transcription 1
(STAT1) [31–33].

One recently reported mechanism of Treg activity is the
release of exosomes, membrane-bound vesicles that contain
different biomolecules particularly micrcoRNAs, originating
from the cytoplasm of the mother cell [16–18]. In 2014,
Okoye and colleagues showed that Treg cells were able to

produce exosomes carrying unique set of microRNAs which
reduced T cell proliferation and production of pro-
inflammatory cytokines in vitro and in vivo. Any defect in
the pathway of exosomes production/secretion would impair
their immunomodulatory function. They also showed that Let-
7d was overexpressed in Treg-derived exosomes, and Let7d
deficient exosomes were compromised to suppress the inflam-
mation in the animal model of colitis [25] As well, in a study
by Yu et al., researchers showed that CD4+ CD25+ T cell-

Table 1 Demographic characteristics and MRI scan of patients

Brain MRI Cervical MRI Symptoms and sign at
attacks

Patient
number

Sex Brain
stem

Periventricular Subcortical Corpus
callosum

Brachium pontis Medulla Centrum

P1 M * * * Plaques in C1, C2,
C3, C5, C6

Vertigo, brain stem sign,
disequilibrium

P2 F * * * Normal Sensory

P3 M * * * Normal Visual

P4 F * * Normal Vertigo, brain stem sign

P5 M * * * * Plaques in C2 Sensory, brain stem sign

P6 F * * * * Normal Visual, sensory

P7 F * * * Plaques in C2 Sensory

P8 M * Normal Sensory

P9 F *With gad
enhancement

Normal Sensory

P10 F * Normal Sensory, visual
disequilibrium

*Abbreviates: F female, M male

Fig. 1 Purity of isolated cell
subsets. Conventional and
regulatory T cells were isolated
from PBMC using Dynabead
Regulatory CD4+CD25+ T cell
kit; the purity of isolated T cell
subsets was assessed by flow
cytometry. The purity of isolated
cells was ≥ 90%. (a) FSC/SSC
gate on lymphocytes, (b) un-
stained cells, (c) conventional T
cells (CD4+ CD25−), and (d)
regulatory T cells (CD4+ CD25+)
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derived exosomes from transplant donors had a suppressive
role in acute rejection and inhibited T cell proliferation [34].
Exosomes released by natural CD8+ CD25+ regulatory T cells
could also diminish antitumor CD8+ T cell responses [35].

In the current study, we aimed to evaluate the immunomod-
ulatory functions of Treg-derived exosomes fromMS patients
compared to healthy individuals. To this end, we isolated
CD63+ exosomes from Treg cells of either healthy or diseased
group and co-cultured them with conventional T cells (CD4+
CD25−). To our knowledge, for the first time, we showed that
there was a deficiency in function of exosomes inMS patients.
Treg-derived exosomes suppressed Tconv proliferation in MS
patients less than healthy controls (8.04 vs. 12.5%). Moreover,
Treg-derived exosomes from MS patients induced apoptosis
in Tconv less than the control group (0.68 vs. 1.29%).

Defective immunomodulatory function of CD4+ CD25high

Tregs has been previously reported in patients with MS [10,
36, 37]. However, the main causes of Treg cell defects are not
completely understood. Various studies have shown that dys-
regulation of suppressive markers, e.g., CTLA-4 on Tregs and
decreased expression of Foxp3, IL-10, TGF-β, and IL-35
could contribute to the pathogenesis and progression of the
disease [38, 39]. Since transferring of biomolecules by
exosomes known as one of the inhibitory mechanisms of
Treg cells, hence the defect in function of these nano-

vesicles in MS patients may be related to defect in expression
of exosomal immunomodulatory molecules.

Alternatively, the dysfunction of MS patients’ exosomes to
suppress Tconv cells may also be attributed to the resistance of
pathogenic Tcells inMS patients. Schneider et al. have shown
that enhanced IL-6 signaling through the phosphorylation of
signal transducer and activator of transcription 3 (pSTAT3)
increased the resistance of effector T cells to regulation by
Tregs in RRMS [40]. Another study has also demonstrated
that, effector CD4+ T cells are refractory to Treg induced
proliferation suppression [41].

The exact molecular changes in production or functions of
MS patients’ exosomes need to be investigated. Intriguingly,
Verderio et al. demonstrated that level of circulating exosomes
was increased in experimental autoimmune encephalomyelitis
(EAE); they also showed that pro-inflammatory cytokines
stimulate immune cells to secret pro-inflammatory molecules
containing exosomes [42]. In 2017, Kimura et al. have dem-
onstrated that the plasma exosomes of MS patients transferred
let-7i, an inflammatory microRNA, to CD4+ T cells. The
transferred let-7i targeting the insulin like growth factor 1
receptor (IGF1R) and transforming growth factor β receptor
1 (TGFBR1), lead to the inhibition of Treg cell differentiation.
These investigations indicate that exosomes might expand
inflammation in MS patients [43]. Thus, it is conceivable that

Fig. 2 Treg-derived exosomes from patients suppress conventional T cell
proliferation less than exosomes from healthy controls. 1 × 105 CFSE-
labeled Tconv cells were cultured for 3 days in the presence or absence
of Treg-derived exosomes and the proliferation of Tconv cells was mea-
sured using CFSE dilution method. (a) Unlabeled cells, (b) day 0 of CFSE
labeling, (c) representative graph showing the proliferation rate in Tconv

cells alone (gray line) or with Treg-mediated exosomes (red line) in com-
parison to day 0 (dashed line), and (d) bar graph shows mean ± SEM of
suppression of Tconv proliferation in MS patients and healthy controls.
Mann-Whitney U test was used to analyze differences between the groups.
*p value < 0.05
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patients’ exosomes could be manipulated to correct their mo-
lecular content and the modified exosomes could be used as a
therapeutic vehicle for the treatment of patients. Indeed, ma-
nipulated exosomes have been previously used in the context
of cancer. In a study in 2016, Rivoltini and colleagues pro-
duced TRAIL+ exosomes by transducing K562 cells with
lentiviral vectors encoding human TRAIL. These armed
exosomes could induce a higher degree of apoptosis in lym-
phoma and melanoma cells [44]. In another study, Mu et al.
enhanced inhibitory function of CD8+25+ Tregs by arming
them with ovalbumin (OVA)-specific exosomal peptid-MHC
complexes [23]. Similar modifications on Treg-derived
exosomes from patients affected by MS or other
neuroinflammatory diseases might open up new therapeutic
windows for these disorders.

Conclusion

Altogether, we found that Treg-derived exosomes in MS pa-
tients were defective in modulating the proliferation and sur-
vival of conventional T cells; however, those of healthy sub-
ject could suppress the proliferation and survival of conven-
tional T cells. The cause of the exosomal defect in immune

regulation is remained to investigate. Manipulation of pa-
tients’ Treg-derived exosomes to restore their suppressive ac-
tivity might be considered as a potential therapeutic approach
for autoimmune diseases.
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