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Introduction: Mesenchymal stem cells (MSCs) are promising therapeutic tools in regenerative medicine.
In particularly adipose tissue derived MSC (AMSC) has powerful potential for the therapeutics of rheu-
matoid arthritis (RA) because these cells can control immune balance. RA systemically occurs autoim-
mune disease. Interestingly, IL-1 receptor antagonist deficient (IL-1ra�/�) mice induce inflammation in
joints like RA. In RA therapy, although AMSC improves the inflammation activity, it is little known to play
roles of extracellular microvesicles (EV) for improvement of RA. To clarify the MSC-derived EVs are
involved amelioration mechanisms for RA by themselves, we examined the functional effects of devel-
opment for RA by AMSC-EVs.
Methods: We isolated AMSCs derived mice adipose tissue and purified EVs from the culture supernatant
of AMSCs. To examine whether EVs can improve RA, we administrated EVs or AMSCs to IL-1ra knockout
mice as RA model mice. We analyzed EVs-included factor by western blot methods and RA improvement
effect by ELISA.
Results: In this study, we showed that the swellings of joints on mice in wild type AMSC and that in
AMSC-EVs decreased than that in IL-1ra�/� mice-AMSC-EVs and in none-treated. We detected IL-1ra
expression in AMSC-EVs in wild type mice but not that in IL-1ra�/� mice. Proinflammatory cytokine
expression changes in mice showed in AMSCs and AMSC-EVs, but no apparent differences cytokine
expressions were detected in IL-1ra�/� mice.
Conclusions: In this study, we concluded that MSCs might improve RA by the transferring of factors such
as IL-1ra, which are included their MSC derived- EVs.
© 2020, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
1. Introduction

Mesenchymal stem cells (MSCs) are promising therapy tools for
a variety of human diseases. MSCs are isolated from several tissues,
including bone marrow, synovium, umbilical cord, and adipose
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tissue [1e5]. These cells possess immunomodulatory and tissue
repair properties and their use for the management of RA [6]. It has
been reported that bone marrow-derived-MSCs improves Graft
versus host disease (GVHD) by bone marrow transplantation and
heart failure [7,8]. Furthermore, it is known that in autoimmune
disease, MSCs lead to improve their symptoms [9,10]. Although the
mechanism for autoimmune amelioration by MSCs is well studied
[11e13], however, it has remained unclear about the therapeutic
effects of EVs secreted from MSCs in RA.

EVs, which include exosomes, are extracellular vesicles with a
size of about 50e1000 nm in diameter derived from a cell and play
roles to intercellular communication vehicles for modulating or
mediating processes [14e18]. EVs consist of the membrane of the
original cell, and they include proteins, mRNAs, and microRNAs.
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These factors, which enclosed in EVs, and EV membrane compo-
nents such as membrane surface molecules and lectins, are ex-
pected to apply for molecular target therapy for cancer or
autoimmune diseases [19,20].

Furthermore, EV included exosomes are expected to use of drug
delivery systems for anticancer reagents. We previously reported
that the exosomes, which bearing of the breast cancer affinity
molecules, and contained anticancer microRNA, induced to tumor
suppression [21]. In this way, EVs are expected for biomaterials of
therapeutics.

Interleukin (IL)-1 receptor antagonist (ra) is an inhibitor of IL-1,
which is a proinflammatory cytokine that plays important roles in
inflammation [22e26]. IL-1ra blocks to bind with IL-1 and its re-
ceptor and inhibits the secretion of proinflammatory cytokines
such as IL-b, IL-6, and TNFa expression. Horai et al. reported that IL-
1ra gene-deficient mice induce autoimmunity and joint-specific
inflammation, such as RA [27].

Regenerative therapy for RA byMSCs improves inflammation on
joints in RA animal models. In this study, we demonstrated that
EVs, which derived AMSCs, involved in the RA improvement with
AMSCs. EVs derived from AMSCs existed in their vesicles, and this
factor suppressed the expression of inflammatory cytokines. From
our results, we concluded that AMSCs might improve RA by
secreting EVs from the cells, and these cells and EVs co-operatively
replace immunosuppressed factors, and AMSCs and only EVs (cell-
free) might be useful for RA regenerative therapy.

2. Materials and methods

2.1. Adipose tissue-derived mesenchymal stem cells (AMSCs) and
EVs

AMSCs were purified from adipose tissue on abdomens in BALB/
c mice (WT) or IL-1ra�/�one. And adipose tissues from mouse
bodies were minced and digested with 5 mg/ml of collagenase type
P (SigmaeAldrich, MI, USA) for 1 h at 37 �C. After the cells were
collected by centrifugation and culture in 20%FCS-Dulbecco MEM
contained 100 U/ml of penicillin and 100 mg/ml of streptomycin,
GlutaMax (Gibco-Thermo Fisher Scientific, MA, USA), Non-Essential
Amino Acid (Gibco) for three days. The culture medium was
removed, and the adherent cells were MSCs. The EVs were purified
from the culture media of AMSCs from IL-1ra�/� mice or WT mice
with ExoEasy Maxi kit (Qiagen, Hilden, Germany).

2.2. Electron microscope of microvesicles

The isolated EVs were collected by ultracenrifugation and EVs
samples were absorbed onto glow discharged carbon-coated grids.
The solution was blotted of and negatively stained with 4%
ammoniummolybdate. Micrographs were recorded with JEM 1200
EX II (JEOL Ltd., Tokyo, Japan) electron microscope.

2.3. Tracking analysis for microvesicles by Nanosight

Contents and size for the EVs were analyzed with NanoSight.
The diluted samples from AMSCs were analyzed with NanoSight
LM-10 HSBF (Malvern Panalytical, Malvern, UK).

2.4. Mice and arthritis animal models

For the RA model mouse, we used IL-1ra�/� BALB/c mice, which
generated backcross to BALB/cA strain mice for eight generations.
Then, heterozygous mice were intercrossed with each other to
obtain homozygous mutant mice [27]. IL-1ra�/�/BALB/c mice and
BALB/cmice of males from 8weeks to 12weeks oldwere purchased
Nihon SLC Co. (Shizuoka, Japan).

Animal experiments in this study were by the Animal Experi-
mentation Ethics Committee of Tokyo Medical University. 12-week
old mice were the administration of 5 mg EVs per body or 1 � 106

AMSCs per body by tail vein weekly for four weeks. Analysis of
swelling of hiding paws in mice measured the thickness of paws.

2.5. Histology

The hind paws of mice were removed from their bodies and
fixedwith 10% buffered formalin and incubatedwith decalcification
solution, and then specimens were embedded paraffin wax. The
sections were stained with hematoxylin and eosin for cartridges.

2.6. Cytokines assay

The levels of IL-1b, TNFa, INFg and IL-1ra in murine sera were
measured with Quantikine ELISA assay systems (R & D Systems,
Inc.). The sera from mice were collected from blood in mice, which
were received four weeks after the treatments with AMSCs or EVs.
The assay was performed according to the manufacturer's in-
structions. For signal detection, we used with microplate reader
iMark (Bio-Rad Co. Hercules, CA, USA).

2.7. Western blot analysis

The lysates of AMSCs and AMSC-derived EVs were extracted
with CelLytic (Sigma Aldrich). The protein samples were suspended
in sodium dodecyl sulfate (SDS) loading buffer. After boiling, the 10
mg of protein was run on 15% SDSepolyacrylamide gel electro-
phoresis gels and then transferred to Immobilon membranes
(Millipore, Bed-ford, MA, USA) by semidry blotting. The mem-
branes were probed with anti-IL-1 receptor antagonist clone
#694204 (R & D Systems, Minneapolis, MN, USA) or anti-CD63
(Abiocode, Agoura Hills, CA, USA) antibodies using standard tech-
niques. The signals were visualized using the ECL Plus Western
Blotting Detection System (GE Healthcare, Piscataway, NJ, USA) and
detected on LAS-3000 mini (Fujifilm Co., Tokyo, Japan).

2.8. Evaluation of arthritis

In the assessment of improvement for RA, the swelling of hind
paws in mice was measured by a scale at the time after the 4th
treatment.

2.9. Statistics

Statistics were evaluated with student t-test analysis, and all
experiments were done three times, independently.

3. Results

3.1. AMSCs and EVs

AMSCs were isolated from adipose tissue on the abdomen in
BALB/c wild type mice or IL-1ra�/�BALB/c mice. At three days after
the initiating culture, adherent cells on plates were maintained as
MSCs. The morphology of the adherent cells was spindle shape like
fibroblasts (Fig. 1). EVs were isolated from the culture media con-
taining 20% FCS-excluded-vesicles both AMSCs in WT mice and IL-
1ra�/� mice. The purified EVs from AMSC derived IL-1ra�/� mice or
WT mice were no differences in size and numbers in both. Nano
tracking analysis data showed that the size of EVs derived fromWT
and IL-1ra�/� cells are 218 nm and 230 nm in diameter,



Fig. 1. AMSCs and EVs derived from mouse adipose tissues. The left in the upper panels are the morphology of Adipose-derived mesenchymal stem cells (AMSC)s derived from
the Wild type of mice (BALB/c; WT) and IL-1ra deficient (IL-1ra�/�) mice. AMSCs are cells attached to a culture dish. The morphologies are at six days after the beginning of their
culture. The light in the upper panels are the electron micrograph of the extracellular vesicle (EV)s by negative staining. White particles in the pictures are EVs. The size bar in the
pictures is 200 nm. The lower panels are the data for the size and distribution of EVs by nanoparticle tracking analysis with Nano Sight.
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respectively. Moreover, electron microscopic data revealed the size
was about 200 nm in diameter of the vesicles derived both cells
(Fig. 1). In this study, we obtained 30 mg of EVs protein amount from
adipose tissue one mouse.

3.2. RA model mouse and therapeutics by AMSC-derived EVs

IL-1ra�/� mouse naturally appears swelling, such as RA in hind
paws at 8e10 weeks old. In first, whether AMSC-derived EVs were
involved in the RA improvement, we examined the evaluation for
RA ameliorates using IL-1ra�/� mice by AMSC-EVs. AMSCs possess
the potential for cartilage repair inmice, but the EVs unclear remain
about the functions and mechanisms to therapy of RA. To charac-
terize the effect of the improvement of therapy for RA by the EVs
derived from AMSCs, we tried to effect inhibition for swelling of
hind paws by the administration of the EVs into tail vein in mice.
The thickness of joins in AMSC-derived EVs and IL-1ra�/� mice-
derived EVs was thinner than non-treated mice (Fig. 2). And his-
tological analysis of tissues from hind paws in mice revealed
prominent synovial hyperplasia, with some pannus formation in
the ankle in None-treat mice (Fig. 2a). The histological findings of
cartilage tissues on paws in mice showed the cartilages of their
ankles in WT-AMSC, and WT-EVs increased than in IL-1ra�/�
--AMSCs, IL-1ra�/� EVs or none-treat (Fig. 2a). And the thickness of
joins in WT-AMSC and -EVs decreased than in IL-1ra�/� -AMSC or
-EVs (Fig. 2b).

3.3. Inflammatory cytokines expression changes

Because inflammatory cytokine concentrations in sera of IL-
1ra�/� mice, which possess the swelling on paws, are at high levels,
whether AMSC and EVs can affect the cytokine expression. So, we
performed inflammatory cytokine assay in the sera from IL-1ra�/�

mice, which were the treatment of AMSC or their EVs. IL-1b and
IFNg, which is one of the proinflammatory cytokines, expression in
WT-AMSCs and WT-EVs groups than in IL-1ra�/� -AMSC or -EVs
(Fig.3a, c). The data of TNFa concentration in sera showed the low
expressions in WT-AMSC and -EVs than in IL-1ra�/� -AMSC or -EVs
(Fig. 3b).

3.4. EVs contain RA recovery factor

The improvements for inflammatory in mice paws have seemed
in AMSC, and EVs derived wild type mice. Because the difference
between wild type mouse and IL-1ra�/� mice is the expression of
IL-1ra, we examined whether IL-1ra�/� -EVs contain IL-1ra in their
vesicles by western blot with IL-1ra specific antibody. The data
showed the band was detected in WT-AMSC and -EVs, but not
recognized it in IL-1ra�/� -AMSC and -EVs (Fig. 4a). In the next, we
tried to assay IL-1ra concentration in the sera of the administrated
mice with ELISA. The data revealed that we could not detect IL-1ra
in IL-1ra�/� -AMSC and -EVs, on the other hand, we recognized it in
WT-AMSC and -EVs (Fig. 4b).

From these results, we concluded that the inflammatory
improvement for RA model mouse by AMSC was concerned with
EVs- derived from AMSCs.

4. Discussions

MSCs are promising of therapeutics for autoimmune disease,
cancer, and wound because these cells possess the functions of
differentiation for osteocytes, adipocytes, or chondrocytes and
mediation to a broad spectrum of immunoregulatory activity and
dampen innate and adaptive immune responses [28e31]. And for
RA, clinical trials of regenerative medicine applied MSCs by animal
model experiments showed effective inflammatory suppression
[32e34]. MSCs are established derived from bone marrow, adipose
tissue, and other tissues. Adipose-derived MSCs are contained lots



Fig. 2. AMSCs and EVs improve arthritis of joints in mice. The hind paws of IL-1ra�/� mice, which were administrated AMSCc or EVs, are shown in pictures. The sections of hind
paws at a week after the last administration were stained with hematoxylin and eosin. The right panel shows histological appearance of synovial membrane and cartridge surface in
mice (a). The thickness of joints of paws in mice was measured a week after the last administration (b). Data were means ± SEM (n ¼ 10 to 15). P-value was determined by unpaired
two-tailed student's t-test.
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of stem cells in the tissue than in bonemarrow [35]. In this time, we
obtained the preparations of AMSCs derived from adipose tissue in
mice. We established AMSCs derived from two types of origin mice,
which were IL-1ra gene deficiency or not. No apparent differences
in the two kinds of AMSCs were in the morphology of cell (Fig. 1)
and cell proliferation. These AMSCs secreted the same size of nano
microvesicles in their culture media (Fig. 1). From the data of nano
tracking analysis and electron microscopic, we thought these ves-
icles as EVs. EVs are nano-size in the diameter of microvesicles and
with double lipid membrane that consists of some factors, such as
mRNAs, miRNAs, and proteins like enzymes in their vesicles. These
contents of EVs are thought to play critical roles in the improve-
ment of disease and wound with regenerative therapy.

In this study, we examined whether EVs concerned the sup-
pression of the inflammatory reaction of RA, not onlyMSCs but also
EVs. MSCs can suppress inflammatory responses in murine RA
models, so these cells are promising of rheumatoid therapy. We
examined the efficiency of RA with AMSCs derived murine adipose
tissue. The swellings of joint on mice reduced in AMSCs treated
mice (Fig. 1). Our AMSCs possess the potentials for the suppression



Fig. 3. AMSCs and EVs suppress the secretion of inflammatory cytokines in
arthritis mice. Inflammatory cytokines concentrations in sera of AMSCs or EVs
administrated mice. Data were means ± SEM (n ¼ 5) (a: IL-1b, b: TNFa, c: IFNg).
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of inflammatory reaction the same as other MSCs. Next, whether
our AMSCs derived EVs can influence the inflammatory suppres-
sion of arthritis, we tried to treat the EVs into the RA model. Our
data showed that only EVs treatment, not with AMSCs, could
decrease the swelling of paws on RA model mice (Fig. 2). Because
AMSCs express IL-1ra in cells, the administration of these cells into
the IL-1ra deficient mouse reduces the swelling of hind paws in this
mouse.We considered that if the EVs derived fromWT-AMSCs have
IL-1ra in their vesicles, it will get the same results as the treatment
of WT-AMSC to the IL-1ra�/� RA model mice. These results showed
the reduced swelling of hind paws with WT-EVs same well as WT-
AMSCs. Therefore, we thought that WT-EVs possess the factors
which can improve RA. Thewestern bolt analysis data revealed that
the IL-1ra bandwas detected in not onlyWT-AMSCs but also inWT-
EVs, on the other hand, not identified in IL-1ra �/� WT-AMSCs and
lL-1 ra �/� EVs. From these results, we considered that the
inflammatory improvement of RA by AMSC was involved with the
factor- derived from AMSC not only but from their EVs also. Indeed,
in IL-1ra �/� AMSCs and their EVs did not show the datawhichwere
demonstrated, such as wild type cells and their EVs.

IL-1ra, which is one of the inflammatory cytokine members,
blocks the binding of IL-1a or -b to their ligand, and represses the
activation of IL-1 receptor by the interleukins [23]. So, we examined
to clarify whether the IL-1ra, which were derived from AMSCs and
their EVs, involve inhibiting the inflammatory signals in IL-1ra
deficient mice. IL-1ra at a low level or the inadequate induces
activation of IL-1 receptor signaling by binding of IL-1a or -b and
then, the low levels of these cytokines in serum on mice. Our ELISA
data for cytokines in sera on mice, which were the treatment of
WT-AMSCs and their EVs, showed IL-1-b concentration was lower
compared with lL-1 ra�/�-AMSCs and their EVs. Our data demon-
strated that WT-EVs possess the effect of the suppression of in-
flammatory activation the same as WT-AMSCs. After the low level
of IL-1ra concentration induces the activation of IL-1 signaling, and
then, activated T cells, and B cells are caused. And the activated
lymphocytes secrete IFNg and inflammatory cytokines, and these
cytokines make change RANKL (receptor activator of nuclear factor-
kappa B ligand) to the form [36e41]. Activated RANK binds to
RANKL on osteoclasts and leading to maturation of osteoclasts. In
this study, we confirmed that IFNg and IL-1bwere secreted at a low
level by IL-1ra, which derived AMSCs and EVs, sowe concluded that
AMSCs and EVs induced immunosuppressive for inflammatory
reaction in RA model mice (Fig. 5).

Moreover, we evaluated whether AMSC-derived EVs play a role
in the improvement of RA with AMSCs. Our data revealed that EVs
possessed the immunosuppressive factors in their vesicles the
same as AMSCs. WT- EVs alone treatment to RA mice induced the
suppression of IL-1b and going down for swelling of paws on mice.
In regenerative therapy, it has to resolve the problems to the
implementation for clinical treatment because iPS cells and ES cells
develop to tumor formation such as teratoma in vivo. On the other
hand, because it is known that MSCs are not a formation of tumor
in vivo, MSCs are superior to iPS cells and ES cells in safety for
tumorigenesis [42]. Although it is thought that MSCs are no prob-
lems for regenerative medicine, the modifiedMSCs with miRNAs or
gene transformed maybe change their characters. Therefore, EVs
are useful for cell-free therapy. EV-derived MSCs are no difficulties
that need to be resolved for tumorigenesis of cells because EVs are
not growth or proliferation themselves. Recently it was reported
that EVs are possible to use as cargo for nuclear drugs such asmRNA
or miRNA for the anticancer reagent to delivery systems in cancer
therapy. Previously, we reported that the exosomes bearing the
peptide, which affinity to breast cancer cell membrane-molecules,
were delivered anticancer miRNA to breast cancer cells. And the
modified exosomes, which encoded anticancer miRNA, suppressed
breast cancer cells [21].

Because in this study, we demonstrated that only EVs
without AMSCs played roles useful to immunosuppression for
RA, it may be a possibility of cell-free treatment with EVs
(Fig. 2).

According to thewestern blot data, IL-1ra existed on EVs derived
from AMSCs (Fig. 4a). Therefore, IL-1ra replacement by AMSCs or
EVs in RA model mice serves as an improvement of their severe
status in RA.

It is known that the diseases which cause the low level or
dysfunction of IL-1ra are RA, psoriasis, autoimmune, and car-
diovascular disease [5,43,44]. In the past two decades, the re-
combinant IL-1ra, which called anakinra, is applied for trial to
therapy of these diseases. RA has approved anakinra to treat-
ment [4]. In this study, we obtained the same data by the
treatment of AMSCs and EVs. Because anakinra, a recombinant



Fig. 4. Adipose tissue-derived AMSCs and EVs include IL-1ra. a, Western blot for IL-1ra of AMSCs and EVs are shown. CD63 was used as the loading control of the samples. IL-1ra
expression in each sample normalized IL-1ra expression intensity/CD63 expression intensity and then the expression intensity of IL-1ra revealed the intensity of WT-AMSC as 1. b,
IL-1ra concentration in sera of AMSCs or EVs administrated mice.

Fig. 5. AMSCs- and EVs- included IL-1ra improve arthritis. AMSCs- and EVs- included IL-1ra suppresses IL-1 and TNFa secretions. Inflammatory cytokines depletion induces the
inactivation of osteoclasts.
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IL-1 receptor antagonist, has anti-inflammatory actions and used
in the therapy of RA and inflammatory arthritis, anakinra is
associated with a low rate of enzyme elevations. But because
anakinra is a recombinant drug, it is unknown whether it's stable
of this reagent in vivo. Moreover, it needs daily treatment for
therapy by anakinra, but in our study, we treated with AMSCs
and EVs by a weekly in RA model mice. From this fact, we
consider that IL-1ra in vivo, which is included AMSCs and EVs,
are stable compared with anakinra.

In this study, we concluded that EVs derived from AMSCs
contain IL-1ra in their vesicles.
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