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Abstract: Rheumatoid arthritis is a chronic and systemic autoimmune disease characterized by inflammatory cell
infiltration and joint erosion. Human adipose-derived mesenchymal stem cells (hASCs) have shown the capacity of
suppressing effector T cell activation and inflammatory cytokine expression. We investigated whether hASCs play a
therapeutic role in collagen-induced arthritis (CIA) by administering a single dose of hASCs in mice with established
CIA. In vivo, a beneficial effect was observed following hASC infusion as shown by a marked decrease in the sever-
ity of arthritis. Human ASCs were detectable in the joints, and reduced levels of pro-inflammatory cytokines and
increased levels of anti-inflammatory cytokines were observed in the sera of the hASC-treated mice. Furthermore,
hASC treatment induced the expansion of regulatory T cells (Tregs) both in the peripheral blood and in the spleen
tissues. In vitro, hASCs downregulated the production of proinflammatory cytokines TNF-, IL-13, and IL-6 in mouse
macrophages stimulated with lipopolysaccharide and inhibited the proliferation of human primary T cells in re-

sponse to mitogens. Thus hASCs represent a novel and effective therapeutic strategy for RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic and sys-
temic autoimmune disease characterized by
inflammatory cell infiltration and synovial hyper-
plasia that leads to joint and cartilage erosion
[4, 2]. It is generally accepted that RA is a mul-
tifactorial disease of which both genetic and
environmental factors play important roles in
disease development [3]. Genetic and environ-
mental factors modulate the aberrant activa-
tion of the innate and adaptive immune cells
and contribute to disease pathogenesis. Anti-
rheumatic drugs and biologic agents have
greatly enhanced the management of the
symptoms, but they also exhibit limitations
including incomplete treatment, adverse
effects, and high cost [4-6]. Therefore, it is of
considerable importance to develop new and
more effective therapies for RA.

TNF-a produced by innate immune cells plays a
central role in joint inflammation. TNF-a induc-
es a pro-inflammatory cytokine cascade involv-
ing IL-1, IL-6, and IFN-y, as well as several proin-
flammatory chemokines [7]. CD4* T cells are
also closely related to the pathogenesis of RA;
their main subsets such as Thi, Th2, and Th17
cells play an important role in the pathogenesis
of RA[8]. In addition, clinical findings have dem-
onstrated alterations in the phenotypes and
numbers of Treg cells in patients with RA, and
that the sensitivity of effector T cells to Treg
cells is also reduced [9].

Mesenchymal stem cells (MSCs), derived from
the mesoderm, are multipotent progenitor cells
that reside in all adult tissues including the
bone marrow, umbilical cord blood, dermis, and
adipose tissue. These cells can differentiate
into mesenchymal tissues including bone, carti-
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lage, fat, tendon, muscle, and marrow stroma
under appropriate culture conditions [10].
MSCs are weakly immunogenic but mediate
immunosuppressive reactions both in vitro and
in vivo [11, 12]. Bone marrow (BM)-MSCs have
been used in animal models to control acute
graft-versus-host disease, and alleviate experi-
mental autoimmune encephalomyelitis, colla-
gen-induced arthritis (CIA), and autoimmune
myocarditis [13-15].

In addition to bone marrow, other major sourc-
es of human MSCs include umbilical cord
blood, peripheral blood, and adipose tissue.
Large amounts of adipose tissue can be derived
from lipoaspirates, which contain high numbers
of MSCs that can be readily cultured in vitro
[16]. Human adipose-derived MSCs (hASCs)
share similar immunomodulatory properties
with BM-MSCs and can exert profound immu-
nomodulatory properties on animal models of
acute graft versus host disease and experi-
mental arthritis [17]. Notably, hASCs also exert
profound suppressive effects on collagen-reac-
tive T cells from patients with RA [18]. In this
study, we isolated MSCs derived from adipose
tissues and investigated their immunomodula-
tory effects in an experimental arthritis model.

Materials and methods
Isolation and culture of hASCs

Liposuction aspirates from subcutaneous adi-
pose tissue samples were obtained from the
waists and thighs of healthy donors (n=15)
undergoing elective plastic surgical proce-
dures. This study was approved by Guangdong
Provincial People’s Hospital (Guangzhou, China)
and all patients provided informed consent.
The obtained samples were digested with
0.25% collagenase type lunder shaking for 45
min at 37°C and filtered with a 200-mesh
screen to remove the undigested fragments.
The suspension was neutralized with fetal
bovine serum and centrifuged at 300 g for 5
min. The supernatant was aspirated and the
cell pellet was washed three times with phos-
phate buffered saline. All acquired cells were
cultured overnight at 37°C in 5% CO, inbasal
medium for human adipose-derived MSCs
(Cyagen Biosciences, Santa Clara, CA, USA).
Once adherent cells were observed, the medi-
um was changed for the first time. The obtained
cell population was passaged over 3-5 days
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until reaching 70-80% confluence, which was
considered as passage 1. The hASCs were cul-
tured and expanded in basal medium, and pas-
sages 3-5 were generally utilized in the subse-
quent experiments.

Flow cytometric characterization and differen-
tiation of hASCs

hASCs were characterized by fluorescence acti-
vated cell sorting (FACS) analysis for surface
antigens; i.e., surface expression of CD44,
CD73, CD90, and CD105 and the absence of
surface expression of CD45, CD34, and human
leukocyte antigen (HLA)-DR (all antibodies were
obtained from BD Biosciences, San Jose, CA,
USA). Flow cytometry was performed as des-
cribed [19]. A total of 1-2 x 1068 cells were incu-
bated with FcR blocking reagent and then
stained with unconjugated monoclonal anti-
bodies; the labeled cells were subsequently
analyzed by flow cytometry (FACS Calibur,
Beckton Dickinson, Bedford, MA, USA). To test
the multipotency of the cells, hASCs were treat-
ed in adipogenic or osteogenic media for three
weeks. Medium changes were carried out every
3 days. The adipogenic medium consisted of
MEM-a supplemented with 0.5 mM 3-isobutyl-
1-methylxanthine (Sigma Aldrich, St. Louis, MO,
USA), 10 pg insulin, 1 uM dexamethasone (Si-
gma), 200 uM indomethacin (INDO, Sigma),
and 10% bovine serum (Sigma). The osteogenic
medium consisted of MEM-a supplemented
with 0.1 uM dexamethasone, 10 mM B-glycerol
phosphate (Sigma), and 0.2 mM ascorbic acid
(Sigma). Oil red O (applied after adipogenic dif-
ferentiation; Sigma) or Alizarin Red stains (after
osteogenic differentiation, Sigma) were used
according to manufacturer protocol.

Induction and treatment of CIA

To generate the experimental arthritis model,
DBA/1 mice (six to eight weeks old; obtained
from the SLAC Laboratory Animal Center,
Shanghai, China) were injected with 200 ug
bovine type Il collagen (Cll) (Chondrex Inc.,
Redmond, WA, USA) emulsified with equal
amounts of Freund’s complete adjuvant (Sigma)
into the subcutaneous tissue of their tails, and
a week later were administered a booster injec-
tion at the base of the tail with Freund’s incom-
plete adjuvant. On day 21, the mice received an
intraperitoneal booster injection of lipopolysac-
charide (LPS). Paw swelling was monitored by
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Table 1. Qualitative scoring system used to assess the severity of arthritis in the joints

Score Condition

0 Normal
1 Slight cell infiltration and synovial cell hyperplasia
2-4 Severe inflammation and synovial lining hyperplasia, with pannus formation and cartilage erosion

Table 2. Oligonucleotide primers used in this study

control. Animals were sacrificed

Gene Name Forward primer (5-3’)

Reverse primer (5’-3’)

50 days after immunization with

Cll and their joints were exam-

GAPDH  GTCATTGAGAGCAATGCCAG GTGTTCCTACCCCCAATGTG
IL1B GAGCCTGTGTTTCCTCCTTG  CAAGTGCAAGGCTATGACCA ined in serial sections as des-
TNF-ot GGGAGCAAAGGTTCAGTGAT CCTGGCCTCTCTACCTTGTT cribed below. - Animal - experi-
16 CTGACAATATGAATGTTGGG  TCCAAGAMCCATCTGGCTAGG e Were carried out accord-

Table 3. Donor profiles: age, gender, BMI, and
cell viability

Lot.no Age Gender BMI Viability (%)

1 49 F 22.1 93.9
2 56 F 24.9 94.5
3 32 F 23.2 97.6
4 a7 F 22.5 93.6
5 58 F 27.6 96.5
6 36 F 28.4 92.1
7 43 F 20.6 94.3
8 54 F 24.7 94.8
9 28 F 22.6 97.9
10 31 F 26.1 96.9
11 29 F 25.3 85.3
12 50 F 26.5 94.2
13 35 F 24.2 86.7
14 27 M 26.1 95.2
15 60 M 25.8 92.0
Mean  42.3 24.7 93.7
SD 11.8 2.2 3.5

measuring the mean thickness of hind paws
and ankles with calipers every other day [20],
and was scored on a scale of 0-4, where O = no
swelling and erythema, 1 = mild swelling and
erythema, 2 = joint swelling, 3 = severe swell-
ing and joint rigidity, and 4 = maximal swelling
with ankylosis. Each limb was graded, with a
maximum possible score of 16 for each animal
[21].

Treatment was initiated on day 28 after the
arthritis had become established. Mice with
CIA were injected intravenously via the tail vein
each day for five days with saline alone, 2 x 10°
hASCs, or 2 ug dexamethasone as a positive
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ing to institutional guidelines for
the care and use of laboratory
animals and were approved by the Animal
Ethics Committee of the Chinese Academy of
Medical Sciences.

Detection of hASCs in vivo

The hASCs used in the animal injection experi-
ments were previously transduced with a lenti-
viral vector carrying red fluorescent protein
(RFP) [22]. As control, mice were injected with
saline alone at the same time. General anes-
thesia was induced with 5% isoflurane (IsoSol;
Medeva Pharmaceuticals, Inc., Rochester, NY,
USA) and the mouse was placed in a chamber;
anesthesia was continued during the proce-
dure with 2% isoflurane introduced via a nose
cone. The mice were imaged for fluorescence
detection of the location of the RFP-hASCs at 1,
7, 14, and 21 days after hASC injection using
fluorescence reflectance imaging with an Xt
remein vivo imaging system (Bruker, Karlsruhe,
Germany). After the mice were sacrificed, the
ankle joints were also harvested for imaging.

Cytokine quantification in CIA mouse serum

Sera were obtained from the peripheral blood
by centrifugation at 600 g. The levels of
the inflammatory cytokines TNF-a, IL-6, IL-1(,
IL-10, and the anti-Cll 1gG and anti-Cll 1gG2a
antibodies were assayed in mouse serum
samples using ELISA kits (MultiSciences
Biotech Co., Ltd., Suzhou, China). The ELISA
plates were measured at 450 nm according to
the manufacturer’s instructions. The levels of
TNF-q, IL-6, IL-13, IL-10, and anti-Cll antibodies
in the sera were determined from standard
curves.
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Figure 1. Characteristics of hASCs. A: Cell culture of passage 3. Original magnification x 100. B: Oil red O staining
of hASCs after the induction of adipogenic differentiation for 21 days. Original magnification x 100. C: Osteogenic
differentiation of hASCs as shown by staining with Alizarin Red. Original magnification x 100. D: Flow cytometric

analysis of the surface-marker expression on hASCs.

Histologic analysis of CIA mice

After the mice were sacrificed, the ankle joints
were fixed in 4% paraformaldehyde for 48 h.
The joints were then decalcified in 10% EDTA
for 4 weeks, embedded in paraffin, and sec-
tioned. Each joint section (5 ym) was stained
with hematoxylin and eosin (H&E) prior to
observation by light microscopy. The severity of
arthritis in the joints was scored on a scale of 3
different parameters: cell infiltration, synovial
hyperplasia, and bone erosion. Scoring was
based on a previously described scoring sys-
tem and performed by 3 independent observ-
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ers: grade O, normal; grade 1, slight cell infiltra-
tion and synovial cell hyperplasia; grades 2-4,
severe inflammation and synovial lining hyper-
plasia, with pannus formation and cartilage
erosion [23]. The qualitative scoring system
used to assess the severity of arthritis in the
joints is presented in Table 1.

Flow cytometric analysis of CIA mouse mono-
nuclear cells

Mononuclear cell suspensions were isolated

from the spleen and peripheral blood of the CIA
mice. These were washed with FACS buffer and
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Figure 2. Therapeutic effects of hASCs in CIA mice. Mice with established CIA were injected intravenously with sa-
line or with 107 h ASCs daily for 5 days starting on day 28. A: Schematic showing the immune injection procedures.
B: Photographs showing the paw swelling in normal saline-, dexamethasone-, or hASC-treated mice (n=10/group).
C: Arthritis severity was assessed by clinical scoring. **P<0.01. All the data are expressed as the means + SD. D:
Hind paw thickness of the mice in each group was assessed with caliper measurements. **P<0.01. All the data are

expressed as the means + SD.

were stained using anti-CD4-FITC or anti-CD25-
APC antibodies (eBioscience, San Diego, CA,
USA) for 30 min. Subsequently, the cells were
stained using anti-Foxp3-PE antibodies (eBio-
science) in FACS buffer after being fixed and
permeabilized for 30 min. Isotype control anti-
bodies were used in all FACS analyses. Cells
were analyzed on a FACS Calibur flow cytometer
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using Cell Quest software (Beckman Coulter,
Brea, CA, USA).

Quantitative real time RT-PCR
Total RNAs were extracted from xxx? using

TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
and reverse transcribed into cDNA. gqRT-PCR

Am J Transl Res 2017;9(5):2595-2607
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Figure 3. hASC treatment reduces synovial cell proliferation, inflammatory cell infiltration, and joint erosion in CIA.
A: Representative H&E-stained joint tissue sections from DBA/1 mice from a CIA prevention study. C indicates the
site of cartilage damage, B indicates the site of bone erosion, and S indicates the site of synovium inflammation.
Original magnification, 100 x. B: Histopathological scores of cell infiltration, synovial hyperplasia, and bone erosion
in DBA/1 mice from a CIA prevention study. n=5, **P<0.01, vs. the saline controls. All the data are expressed as

the means + SD.

analyses for the mRNA expression of IL-13,
TNF-a, IL-6, and GAPDH were performed using
SsoFast Eva-Green Supermix (Bio-Rad Labo-
ratories, Hercules, CA, USA) and analyzed with
a C1000 Thermal Cycler (CFX96 Real-Time
System, Bio-Rad). The mRNA level of GAPDH
was measured as an internal control. The fol-
lowing PCR conditions were used for all primer
pairs: 95°C for 3 min, 59°C for 5 s, followed by
39 cycles of 95°C for 5 s in a 10-pL reaction
volume. Three experiments from 3 independent
RNA samples were performed. The primer
sequences for quantitative RT-PCR are listed in
Table 2.

In vitro suppression assay

Peripheral blood mononuclear cells (PBMCs),
obtained from healthy donors following provi-
sion of informed consent, were isolated using
Ficoll density gradient centrifugation. The
PBMCs were stained with the carboxyfluoresce-
insuccinimidyl ester (CFSE), cultured in the
presence of hASCs at ratio of 10:1, and stimu-
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lated with phytohemagglutinin (PHA) (Sigma) at
a 10 pg/mL final concentration. After 72 h, the
proliferation of T cells was quantified by mea-
suring the corresponding decrease in cell fluo-
rescence by flow cytometry. Raw264.7 macro-
phages (ATCC; Rockville, MD, USA) were co-
cultured with hASCs at a ratio of 10:1 directly,
followed by stimulation with 100 ng/mL LPS
(Sigma) for 24 h. Total RNAs were isolated and
subjected to reverse transcription, followed by
quantitative real-time polymerase chainreac-
tion analysis.

Statistical analysis

Statistical analyses were performed using
Excel and GraphPad Prism6.0 software analy-
sis, and the experimental results presented
using mean + SD values. Statistical analyses of
the quantitative results were carried out using
t-tests. For between group comparisons, one-
way ANOVA followed by Dunnett’s test for sta-
tistical analysis was performed, with signifi-
cance set at *P<0.05 or **P<0.01.

Am J Transl Res 2017;9(5):2595-2607
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Figure 4. Biodistribution of hASCs in CIA mice. hASCs were intravenously injected into CIA mice (n=3) and imaged
ondays 1, 7, 14, and 21 post injection. A: hASCs transduced with RFP in vitro. B: The fluorescence signal quantified
over time was detected in the ankle joints on days 1, 7, 14, and 21. C: Following mouse sacrifice, the fluorescence

activity can be seen to be localized to the ankle joints.

Results
Isolation and identification of hASCs in vitro

hASCs were isolated and expanded from hea-
Ithy human adipose tissues (Table 3). hASCs
exhibited a fibroblast-like morphology (Figure
1A), and they maintained multipotency and dif-
ferentiated into adipocytes and osteocytes
(Figure 1B, 1C). In addition, they were uniformly
negative for CD45, CD34, and HLA-DR, but pos-
itive for CD44, CD73, CD90, and CD105 (Figure
1D), in accordance with accepted phenotypic
markers for hASCs [24].

Treatment with hASCs ameliorates arthritis
severity in CIA mice

CIA was induced by injecting DBA/1 with bovine
type Il collagen (CIl) emulsified in CFA, followed
by boosting 7 days later with Cll emulsified
in incomplete Freund’s adjuvant (IFA). On day
21, DBA/1 received an injection of LPS. Daily
injections of ASCs, dex, or saline were adminis-
tered intravenously at day 28 (Figure 2A). The
development of arthritis was monitored until
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day 50 and the arthritis score was evaluated
everyday. Photographs of the paws taken at day
50 after the induction of RA are shown in Figure
2B, hASC treatment markedly inhibited the
edema and erythema of the arthritic joints
compared with CIA mice. No weight loss was
observed in mice receiving treatment with
hASCs (Supplementary Figure 1A). As shown in
Figure 2C, 2D, the administration of hASCs
to mice with established arthritis (arthritis
score >2) significantly reduced disease severity
and hind paw thickness as compared to saline
administration. We also found that hASCs
decreased the swelling of the ankle joint

(Supplementary Figure 1B).

hASC treatment reduces histological damage
and alleviates cartilage destruction in CIA mice

After the mice were sacrificed at day 50, the
ankle joints of the experimental mice were
removed, fixed in paraformaldehyde, and
stained with H&E. The vehicle-treated CIA mice
showed severe synovial cell proliferation, nu-
merous inflammatory cell infiltrates, and carti-
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lage destruction. In contrast, the ASC-treated
group showed markedly reduced joint destruc-
tion and had normal-looking synovial tissue
with only few infiltrated immune cells (Figure
3A). Histopathological evaluation by three in-
dependent investigators demonstrated that
hASCs resulted in a statistically significant
reduction in inflammatory cell infiltration, syno-
vial hyperplasia, and bone and cartilage ero-
sion (Figure 3B).

hASCs were detected in the ankle joints of CIA
mice

To follow the biodistribution of hASCs in a
homeostatic host, RFP-hASCs were intrave-
nously injected into CIA mice [25]. The mice
were imaged for fluorescence detection to
determine the hASC location over time. hASCs
transduced with RFP in vitro are shown in
Figure 4A. After 24 h, fluorescence could be
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Figure 5. Administration of
hASCs reduced the inflam-
matory responses in CIA. A:
IL-1B, TNF-«, IFN-y, and IL-6
were significantly reduced
in dex-treated mice and in
all hASC-treated mice. IL-10
levels were significantly in-
creased in all hASC-treated,
but not index-treated mice.
= B: Serum concentrations of
anti-Cll 1gG and anti-Cll Ig-
G2a antibodies were signifi-
cantly decreased after treat-
ment with hASCs. All data
are expressed as Means *
SD, **P<0.01, *P<0.05.

controlsaline dex hASC

detected predominantly in the ankle joints of
the imaged mice. The fluorescence signal
decreased by threefold and remained localized
to the joints at 21 days post-injection (Figure
4B). At 21 days, following removal of the joints
from the mice, we also detected this lower level
of fluorescence in vitro (Figure 4C).

hASCs reduced the inflammatory responses in
CIA

To evaluate the mechanisms underlying the
observed decrease in the severity of CIA follow-
ing administration of hASCs, we first investigat-
ed their effects on the production of mediators
of inflammation that are primary linked to joint
inflammation. hASC injection significantly de-
creased the expression of the proinflammatory
cytokines IL-1B3, TNF-&, and IL-6, whereas it
upregulated the expression of the anti-inflam-
matory cytokine IL-10 in the serum of mice with

Am J Transl Res 2017;9(5):2595-2607
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Figure 6. Induction of Tregs by hASCs in mice with CIA. Cells were activated with PMA and BFA for 4 h in the experi-
mental groups. The splenocytes and PBMCs were stained with CD4, CD25, and Foxp3. A: Expression of Tregs was
significantly increased in the spleen as analyzed by flow cytometry. B: Percentages of CD4*CD25*Foxp3* cells in the
peripheral blood in the hASC-treated group were higher than those in the saline control group. *P<0.05. Data are

expressed as Means * SD.

CIA (Figure 5A). Antibodies directed against
collagen-rich joint tissue are thought to drive
CIA progression through their activation of
FcyR- and complement-dependent pathways
[18, 26]. The administration of hASCs led to
reduced serum levels of Cll-specific IgGs, and
in particular of the autoreactive IgG2a antibod-
ies (Figure 5B).

Promotion of Treg cells in CIA following treat-
ment with hASCs

It is known that Tregs play a critical role in the
maintenance of self-immune tolerance in RA
[22]. Several studies have shown that the IL-10
produced by Tregs exerts significant protection
against CIA by inhibiting the activation of Thl
cells [27]. As shown in Figure 6A, 6B, mice with
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CIA that were treated with hASCs exhibited
significantly higher numbers of CD4*CD25*
FoxP3* Treg cells in both their splenocytes and
peripheral blood mononuclear cells than did
control mice with CIA. The results suggest that
treatment with hASCs induces the expansion of
Tregs, which may exert immunosuppressive
effects on inflammatory cells.

Effects of hASCs on T cell proliferation and
cytokine production

The immunoregulatory properties of hASCs
were investigated in a proliferative assay using
phytohemagglutinin (PHA)-stimulated PBMCs
as responder T cells [28]. The addition of hASCs
at ratio of 10:1 significantly inhibited the prolif-
eration of PHA-stimulated T cells at day 3

Am J Transl Res 2017;9(5):2595-2607
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(Figure 7A). Furthermore, hASCs significantly
decreased /-1, TNF-a, and IL-6 expression in
macrophages stimulated with 100 ng/mL LPS
at day 3 (Figure 7B).

Discussion

The hASCs obtained in our study demonstrated
a phenotype that was positive for CD73, CD44,
CD90, and CD105, and negative for CD34,
CD45, and HLA-DR. They retained the capabili-
ty of self-renewal and differentiation intoadipo-
cytes and osteocytes. The systemic infusion of
hASCs significantly decreased the severity of
arthritis, ameliorated the symptoms, and pre-
vented joint damage in CIA in mice. The
immune-protective effects of hASCs are likely
due to the profound effects as we demonstrat-
ed on the inhibition of effector T cell prolifera-
tion and inflammatory cytokine expression, and
increases in Treg cell expansion and IL-10
production.

The pathophysiology of RA is complex and both
innate and adaptive immunity contributes to
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the pathology of the disease. A number of cyto-
kines and chemokines including TNF-«, IL-6,
IL-1B, IL-10, IL-4, IL-17, and IFN-y are abundantly
expressed in patients with RA [29, 30]. Anti-
TNF-a monoclonal antibodies or soluble TNF-a
receptors can greatly alleviate symptoms [31].
Our data demonstrated that hASCs significantly
diminished the production of a wide range of
inflammatory mediators in sera and were simi-
lar in efficacy to the most potent immunosup-
pressive drugs. Previous data have shown that
the immunosuppressive function of hASCs is
not MHC restricted; specifically, the therapeutic
effect of hASCs on CIA was not restricted to a
xenogeneic system, since both syngeneic and
allogeneic murine ASCs were found to be as
efficient as hASCs at ameliorating the clinical
signs of arthritis [12, 32, 33]. Given that recent
clinical trials have shown that infusion of hBM-
MSCs into patients with severe RA is safe [34],
our data further supported that hASCs might
represent a promising therapy for RA.

T cells are believed to play a critical role in
orchestrating the inflammatory response in RA.

Am J Transl Res 2017;9(5):2595-2607
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Accordingly, the suppression of T cell respons-
es is of great importance in RA treatment, as
evidenced by the facts thatallogeneic BM-MSCs
and umbilical cord-MSCs both suppress the
responses of Cll-reactive T cells in RA [6, 34,
35]. It is well known that Tregs play an impor-
tant role in the prevention of autoimmunity, and
it has been demonstrated that they are able to
modulate the severity of CIA [36]. Our results
demonstrated that the administration of hASCs
could upregulate regulatory T cell populations
both in the peripheral blood and in spleen tis-
sues of CIA mice, suggesting that the immuno-
suppressive activity of hASCs might be pro-
longed by the participation of Tregs. Furth-
ermore, hASCs increased the levels of the anti-
inflammatory cytokine IL-10. Aside from its role
as an anti-inflammatory factor [37], IL-10 is a
signature cytokine for Tregs, and plays a key
role in the control of self-antigen-reactive T
cellsin vivo [27]. Our results are consistent with
those of a recent study showing that the injec-
tion of murine BM-MSCs into mice with CIA pre-
vented disease progression by inducing the
emergence of antigen-specific Treg cells [6].
With respect to the in vitro immunoregulatory
properties of hASCs, our data are also consis-
tent with previous studies showing that
BM-MSCs do not induce the proliferation of
allogeneic T cells [11, 38] but suppress the pro-
liferation of T cells induced by mitogens [12,
38]. The detailed immunomodulatory roles of
hASCs will be addressed in future studies.

Current therapy for RA is directed toward dimin-
ishing the inflammatory response and treating
the sequelae of uncontrolled inflammation.
However, these treatments have not been able
to prevent the disease or to completely arrest
the disease process. In this study, we present
the development of an effective new therapeu-
tic approach to target the pathogenic mecha-
nism of autoimmune arthritis using adult stem
cells. However, the detailed mechanisms of
hASC-mediated immune regulation were not
elucidated. Future studies should investigate
the immune modulatory mechanisms of ASCs
from the perspective of their interactions with
other immune cells.

Conclusions

We demonstrated that the administration of
hASCs in mice with CIA attenuated systemic
inflammation, as shown by decreased pro-
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inflammatory cytokines expression and in-
creased anti-inflammatory cytokine IL-10 pro-
duction and Treg expansion. Together, these
data suggest that hASCs might represent a
new and effective therapeutic perspective in
RA.
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