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a b s t r a c t

The cells of the innate immune system, in addition to their capacity to elicit immunity, play a substantial
role in immune tolerance induction. Our group has recently shown that a distinct subset of MHC
IIhiB220hiCD11bmid suppressive macrophages is increased in the lung by intravenous (IV) administration
of mesenchymal stem/stromal cells (MSC) and induces immune tolerance. Herein, we demonstrate that
circulating CD11bhiLy6Chi monocytes are precursors to MHC IIhiB220hiCD11bmid macrophages in the lung
and required for MSC-induced tolerance in a mouse model of experimental autoimmune uveitis (EAU).
Analysis revealed that IV MSC induced an increase in IL-10-expressing MHC IIhiB220hiCD11bmid macro-
phages in the lung with a concomitant decrease in CD11bhiLy6Chi monocytes. Selective depletion of
circulating CD11bhiLy6Chi cells abrogated the effects of MSC in the induction of IL-10hiMHC IIhiB220-
hiCD11bmid macrophages and immune tolerance in EAUmice. Similarly, an increase in CD4þCD25þFoxp3þ

Tregs by MSCs was also reversed by CD11bhiLy6Chi cell depletion. These results suggest that CD11bhi-

Ly6Chi monocytes are critical for MSC-induced immune tolerance.
© 2017 Elsevier Inc. All rights reserved.
1. Introduction

The cells of the innate immune system, such as macrophages or
dendritic cells, have a capacity to orient and regulate adaptive
immune responses [1e4]. Especially, macrophages with marked
functional and phenotypic plasticity can exhibit enhanced effector
functions or polarize to suppressive phenotype, subsequently
eliciting immune responses or inducing tolerance [1]. The activa-
tion of macrophages is largely regulated by their microenviron-
ments [1,5]. Among the microenvironmental components affecting
the activation and function of macrophages are mesenchymal
stem/stromal cells (MSCs) [6].

MSCs have been shown to regulate adaptive immune responses
through multiple redundant pathways [6,7], one of which is mod-
ulation of monocytes/macrophages. In this regard, our group has
logy, Seoul National Univer-
, South Korea.
o1@snu.ac.kr (J.Y. Oh).
recently demonstrated that intravenous (IV) infusion of MSCs,
despite the absence of sustained engraftment, induced immune
tolerance and prevented the development of immune responses in
a mouse model of experimental autoimmune uveitis (EAU) [8].
These effects were attributed to the fact that MSCs entrapped in the
lung after IV injection inducedMHC IIhiB220hiCD11bmid suppressive
macrophages in the lung. However, it has not been clear whether
the MSC-induced MHC IIhiB220hiCD11bmid macrophages originate
from circulating monocytes or are differentiated from lung-
resident macrophages. Hence, we herein sought to determine the
origin of MHC IIhiB220hiCD11bmid macrophages induced in the lung
by IV MSCs.

2. Materials and methods

2.1. Preparation of MSCs

Human bone marrow (BM)-derived MSCs (hMSCs) were ob-
tained from the Center for the Preparation and Distribution of Adult
Stem Cells (http://medicine.tamhsc.edu/irm/msc-distribution.
html) that supplies standardized preparations of hMSCs enriched
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for early progenitor cells under the auspices of an NIH/NCRR grant
(P40 RR 17447-06). Passage 2 hMSCs from one adult donor were
used. The cells consistently differentiated into three lineages in
culture, were negative for hematopoietic markers (CD34, CD36,
CD117, and CD45), and were positive for mesenchymal markers
CD29 (95%), CD44 (>93%), CD49c (99%), CD49f (>70%), CD59
(>99%), CD90 (>99%), CD105 (>99%), and CD166 (>99%). The cells
were cultured in complete culture medium containing 17% fetal
bovine serum (FBS; Gibco™/Life Technologies, Grand Island, NY),
2 mM L-glutamine, 1% penicillin/streptomycin (PS; Invitrogen™/
Life Technologies, Carlsbad, CA) until 70% confluence was reached,
and harvested with 0.25% trypsin/1 mM EDTA (Invitrogen™/Life
Technologies) for 2 min at 37 �C. After washing three times, the
cells were re-suspended in Hank's balanced salt solution (HBSS;
Lonza BioWhittaker™, Walkersville, MD) at a concentration of
10,000 cells/mL and injected into the tail vein of naïve mice
(1 � 106 cells in 100 ml HBSS per mouse) two times on days �7
and �3 (7 and 3 days before EAU immunization).

In siRNA transfection experiments, hMSCs were transfected
with siRNA for CCL2 (sc-43913, Santa Cruz Biotechnology, Santa
Cruz, CA) or scrambled siRNA (sc-37007, Santa Cruz Biotechnology)
with a commercial kit (Lipofectamine® RNAiMAX, Invitrogen™/Life
Technologies) per the manufacturer's instruction. The knockdown
efficiency of CCL2 in hMSCs was 86e90%.

2.2. Mice and EAU model

The experimental protocols were approved by the Institutional
Animal Care and Use Committee of Seoul National University
Hospital Biomedical Research Institute (IACUC No. 12e0247-C1A0,
13e0104-C3A0).

Six-week-old female B6 mice (C57BL/6J, H-2b) were purchased
from Orient Bio Inc. (Seongnam, Korea) and housed in a specific
pathogen-free environment. For EAU induction, mice were immu-
nized on day 0with subcutaneous injection into a footpad of 250 mg
human IRBP peptide 1e20, GPTHLFQPSLVLDMAKVLLD (20 mg/ml;
Peptron, Daejeon, Korea) that was emulsified in 100 ml complete
Freund adjuvant (SigmaeAldrich, Saint Louis, MO) containing killed
Mycobacterium tuberculosis (2.5 mg/ml; BD Difco™, Franklin Lakes,
NJ) [9]. Simultaneously, the mice received intraperitoneal (IP) in-
jection of 0.7 mg (300 ml) pertussis toxin (SigmaeAldrich).

2.3. In vivo cell depletion

For Gr-1þ cell (both Ly6Cþ and Ly6Gþ) depletion, 100 mg anti-
mouse Gr-1 mAb (clone RB6-8C5) or rat IgG2b isotype control
(clone LTF-2) was intraperitoneally injected into mice on days �8
and �4 (one day before MSC injections) [10,11]. For Ly6Gþ cell
depletion, 100 mg anti-mouse Ly6G mAb (clone 1A8) or rat IgG2a
isotype control (clone 2A3) was injected into mice in the same
manner [11]. The antibodies were purchased from BioXCell (West
Lebanon, NH). The efficiency of cell depletion was confirmed in
peripheral blood by flow cytometry.

2.4. Cell isolation and flow cytometry

Single-cell suspensions were prepared from the lung by me-
chanically mincing tissues into small pieces using microscissors
and incubating in RPMI 1640 medium (WelGENE, Inc., Daegu, Ko-
rea) containing 10% FBS (Gibco™/Life Technologies) and 1% PS
(Gibco™/Life Technologies), collagenase type 1 (0.2 mg/ml; Sig-
maeAldrich), DNase I (0.1 mg/ml; SigmaeAldrich), and RBC lysis
buffer (BD BioSciences, San Diego, CA) for 30 min at 37 �C under
constant shaking on ice. After incubation, the tissues were grinded
between the frosted ends of two slides. Then the cells were filtered
through a cell strainer, centrifuged, and washed with complete
RPMI medium. Peripheral blood mononuclear cells were isolated
from the blood using a Ficoll gradient protocol within 1 h of
collection.

For flow cytometric analysis, the isolated cells were stainedwith
the following fluorescence-conjugated anti-mouse antibodies: IL-
10, MHC class II, CD11b, B220, Ly6C, Ly6G, CD4, IFN-g, IL-17,
CD25, or Foxp3 (all from eBioscience, Inc., San Diego, CA). For
intracellular staining, the cells were stimulated for 5 h with 50 ng/
ml phorbol myristate acetate (SigmaeAldrich) and 1 mg/ml ion-
omycin (SigmaeAldrich) in the presence of GolgiPlug (BD Phar-
mingen™, San Diego, CA) before staining. The cells were assayed for
fluorescence using a flow cytometer (S1000EXi Flow Cytometer;
Stratedigm, San Jose, CA). Analysis was performed with Flowjo
program (Tree Star, Inc., Ashland, OR).

2.5. ELISA

Plasma was collected from peripheral blood after centrifugation
at 2500 rpm for 10 min at 20 �C. For protein extraction from the
lung tissue, tissues were cut into small pieces, lysed in PRO-PREP™
Protein Extraction Solution (Intron Biotechnology, Inc., Seongnam,
Korea), sonicated on ice with an ultrasound sonicator (Ultrasonic
Processor; Cole Parmer Instruments, Vernon Hills, IL), and centri-
fuged at 12,000 rpm for 20 min at 4 �C. Plasma or the cell-free
supernatant was assayed by enzyme-linked immunosorbent
assay (ELISA) for IL-10 (Mouse Duoset kit, R&D Systems, Minne-
apolis, MN) according to the manufacturer’ protocols.

2.6. Histology

Eyeballwere extracted,fixed in10% formaldehyde, and embedded
in paraffin. The tissues were sliced in 4-mm thickness sections and
subjected to hematoxylin-eosin staining. Retinal pathology scores
were assessed in the hematoxylin-eosin-stained slides on a scale of
0e4 using the criteria previously defined by Caspi [12].

2.7. Real-time RT-PCR

For RNA extraction, the tissues were minced into small pieces
with microscissors, lysed in RNA isolation reagent (RNA-Bee, Tel-
Test Inc., Friendswood, TX), and homogenized with an ultrasound
sonicator. Total RNA was extracted using an RNeasy® Mini kit
(Qiagen, Valencia, CA) and quantified using a NanoDrop spectro-
photometer (Thermo Fisher Scientific, Inc., Wilmington, DE). Equal
amount of RNA (3 mg) from each sample was used to synthesize
single-stranded cDNA by reverse transcription (High Capacity RNA-
to-cDNA Kit, Applied Biosystems®/Life Technologies, Carlsbad, CA).
The cDNA was analyzed by real-time PCR (ABI 7500 Real Time PCR
System, Applied Biosystems®/Life Technologies) for IL-10
(Mm00439614_m1). Mouse-specific GAPDH (Mm99999915_g1)
was used for normalization of gene expression. For PCR probe sets,
Taqman® Gene Expression Assay kits were purchased from Applied
Biosystems®/Life Technologies.

2.8. Statistical analysis

GraphPad Software (GraphPad Prism®, Inc., La Jolla, CA) was
used for statistical tests. Data were analyzed by the two-tailed
Student's t-test to compare means of two groups. To compare
three or more groups, one-way ANOVA was applied, and Tuckey's
Honestly Significant Difference test was used for a follow-up pair-
wise comparison of the groups after the null hypothesis was
rejected (p < 0.05). The data are presented as the mean þ/± SD.
Differences were considered significant at p < 0.05.
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3. Results

3.1. MSCs induce IL-10hi MHC IIhiB220hiCD11bmid cells in lung while
reducing IL-10lo CD11bhiLy6Chi cells

In the previous study, we reported that the pretreatment of mice
with IV hMSCs induced a marked increase in MHC IIhiB220-
hiCD11bmid macrophages having T cell suppressive activity in the
lung [8]. To confirm this finding, we injected either 1 � 106 hMSCs
or the same volume of HBSS into the tail vein of naive mice twice on
days�7 and�3, and analyzed the lung and peripheral blood on day
0 (Fig. 1A). Consistent with what we previously observed [8], there
was a significant increase in the number of MHC IIhiB220hiCD11bmid

cells in the lung and blood of hMSC-treated mice (Fig. 1B and C).
Also, the protein level of IL-10 in the lung and plasma was signifi-
cantly enhanced by IV hMSCs (Fig. 1D). When the cells were further
analyzed based on the expression of IL-10 and Ly6C, MHC
IIhiB220hiCD11bmid cells induced by hMSCs expressed high level of
Fig. 1. MSCs induce an increase in IL-10hiMHC IIhiB220hiCD11bmid cells with a concomitant
bone marrow-derived mesenchymal stem/stromal cells (MSC) or vehicle (Hank's balanced sa
lung and peripheral blood were analyzed on day 0. (B, C) Representative and quantitative fl

cells. Data depict the number of MHC class IIhiB220hiCD11bmid cells in the lung and blood. (D
mice. (E) Representative flow cytometry plots of IL-10 and Ly6C expression on three distinct
MHC class IIhiB220loCD11bhi cells (blue line), MHC class IIhiB220hiCD11blo cells (black line).
MHC class IIhiB220hiCD11bloLy6Clo cells in the lung from HBSS- and MSC-treated mice. (G) Gr
mean ±/þ SD from three independent experiments, each experiment with four mice per
significant. (For interpretation of the references to colour in this figure legend, the reader i
IL-10 and variable level of Ly6C (Fig. 1E). In contrast, MHC IIhi-

B220loCD11bhi cells expressed low level of IL-10 and high level of
Ly6C (Fig. 1E). Interestingly, the number of IL-10lo MHC IIhi-

B220loCD11bhiLy6Chi cells significantly declined in the lung after IV
hMSCs (Fig. 1F), which was accompanied with a concomitant in-
crease in IL-10hiMHC IIhiB220hiCD11bmid cells (Fig. 1C). There was
no change in IL-10loMHC IIhiB220hiCD11bloLy6Clo cells by IV hMSCs
(Fig. 1F). Based on these results, we made a hypothesis that IV
hMSCs might convert circulating CD11bhiLy6Chi monocytes to IL-
10hiMHC IIhiB220hiCD11bmid macrophages in the lung (Fig. 1G).
3.2. MSCs do not induce IL-10hiMHC IIhiB220hiCD11bmid cells in
mice depleted of circulating CD11bhiLy6Chi cells

To determine whether circulating CD11bhiLy6Chi cells are pre-
cursors to MHC IIhiB220hiCD11bmid macrophages induced in the
lung by hMSCs, we depleted mice of CD11bhiLy6Chi cells by IP in-
jections of an anti-Gr-1 mAb RB6-8C5 on days �8 and �4, and
decrease in IL-10loCD11bhiLy6Chi cells. (A) Experimental scheme. Either 1 � 106 human
lt solution, HBSS) were injected into the tail vein of B6 mice on days �7 and �3, and the
ow cytometry results for expression of CD11b and B220 after gating on MHC class IIhi

) ELISA results for IL-10 levels in lung extracts and plasma from HBSS- and MSC-treated
subsets in the lung of MSC-treated mice: MHC class IIhiB220hiCD11bmid cells (red line),
(F) Quantitative flow cytometry results for MHC class IIhiB220loCD11bhiLy6Chi cells and
aphic summary of hypothesis made based on the results in (AeF). Data are presented as
group. Dot indicates a single animal. *p < 0.05, ***p < 0.001, ****p < 0.0001, ns: not
s referred to the web version of this article.)
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infused hMSCs via IV route on days �7 and �3 (Fig. 2A). Because
RB6-8C5 depletes not only Ly6CþLy6G� cells but also Ly6C�Ly6Gþ

cells from peripheral blood [10,11], we additionally used the Ly6G-
specific mAb 1A8 injection as a control to deplete only Ly6C�Ly6Gþ

cells [11]. Control IgG Abs for RB6-8C5 and 1A8 (LTF-2 and 2A3,
respectively) were injected into control groups in the samemanner
Fig. 2. In vivo depletion of circulating CD11bhiLy6Chi cells, but not CD11bhiLy6Ghi cells, ab
CD4þCD25þFoxp3þ Tregs. (A) Schema of experiments. To deplete CD11bhiLy6Chi cells, mice
days �8 and �4. Since RB6-8C5 depletes CD11bhiLy6Ghi cells as well as CD11bhiLy6Chi cells,
(2A3) was injected in another control groups in the same manner. On days �7 and �3, MSC
analyzed. (B, C) Depletion of CD11bhiLy6Chi or CD11bhiLy6Ghi cells was confirmed in peripher
cytometry results for MHC class IIhiB220hiCD11bmid cells in the lung and blood in mice that
Quantitative flow cytometry results for MHC class IIhiB220hiCD11bmid cells in the lung of m
(CCL2 KOMSC) or control scramble siRNA (SCR KO MSC). (G, H) Representative flow cytometr
quantitation of CD4þCD25þFoxp3þ cells. Data depict the percentage of CD4þCD25þFoxp3þ ce
SD) are representative of three independent experiments (each with three or four mice pe
(Fig. 2A). Depletion of circulating Ly6Cþ or Ly6Gþ cells was
confirmed on days �7 and �3 (one day after blocking Ab injection
and on days of hMSC infusion). As expected, the percentage of
CD11bhiLy6Chi cells was significantly reduced in peripheral blood
by RB6-8C5, but not by 1A8 or control IgGs (LTF-2 or 2A3) (Fig. 2B
and C). The percentage of circulating CD11bhiLy6Ghi cells was
rogates the effects of MSCs on induction of IL-10hiMHC IIhiB220hiCD11bmid cells and
were intraperitoneally injected with anti-Gr-1 mAb RB6-8C5 or control IgG (LTF2) at
the Ly6G-specific mAb 1A8 to deplete only CD11bhiLy6CloLy6Ghi cells or its control IgG
was intravenously injected into the mice. On day 0, the lung and peripheral blood were
al blood by flow cytometry one day after blocking mAb injection. (D) Quantitative flow
received RB6-8C5, 1A8, or control IgGs (LTF or 2A3). (E) The plasma level of IL-10. (F)

ice pretreated with MSCs transfected with CCL2 (C-C motif chemokine ligand 2) siRNA
y plots for expression of CD25 and Foxp3 on CD4þ-gated cells in the lung and blood and
lls out of total lung cells or PBMCs. Dot indicates an individual animal. Data (mean ±/þ
r group). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns: not significant.
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markedly decreased by 1A8 (Fig. 2B and C).
Analysis on day 0 showed that hMSCs did not induce MHC

IIhiB220hiCD11bmid cells in the lung and blood in mice that received
RB6-8C5, whereas MHC IIhiB220hiCD11bmid cells were significantly
increased by hMSCs in mice that received 1A8 or control IgGs (LTF-
Fig. 3. MSCs do not induce immune tolerance in EAUmice depleted of CD11bhiLy6Chi cells. (A
analysis. (B, C) Hematoxylin-eosin staining of retinal cross-sections (original magnification
and quantitative flow cytometry results for CD4, IFN-g, IL-17, CD25, and Foxp3 in cervical dr
cells, and CD4þCD25þFoxp3þ cells out of total DLN cells. (E) Real-time RT PCR assay for the t
in normal eyes. Dot represents an individual animal. Results are presented as mean ±/þ SD
2 or 2A3) (Fig. 2D). Similar observationwas madewith plasma level
of IL-10. The effect of hMSCs in enhancing IL-10 was abrogated by
CD11bhiLy6Chi cell depletion, but not by CD11bhiLy6Ghi cell deple-
tion (Fig. 2E). These results suggest that circulating CD11bhiLy6Chi

cells are required for the hMSC-mediated induction of IL-10hiMHC
) Schema of MSC pretreatment, CD11bhiLy6Chi cell depletion, EAU induction, and tissue
x 100) and disease score (range 0e4) assigned by retinal histology. (D) Representative
aining lymph nodes (DLN). Data depict the percentage of IFN-gþCD4þ cells, IL-17þCD4þ

ranscript level of IL-10 in the eye. Shown are the relative values of mRNA levels to those
. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns: not significant.
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IIhiB220hiCD11bmid cells in the lung. Since CCR2 (C-C chemokine
receptor type 2)-CCL2 (C-C motif chemokine ligand 2) signaling is
known to be essential for CD11bhiLy6Chi monocyte recruitment
[13e15], we next tested whether CCL2 expression by hMSCs might
be responsible for CD11bhiLy6Chi recruitment into lung and MHC
IIhiB220hiCD11bmid cell induction. Results revealed that hMSCs with
CCL2 knockdown failed to increase MHC IIhiB220hiCD11bmid cells in
the lung, while hMSCs with control scramble siRNA transfection
significantly induced MHC IIhiB220hiCD11bmid cells (Fig. 2F).

A number of studies reported that MSCs up-regulate Tregs
[16e18]. Therefore, we further examined CD4þCD25þFoxp3þ cells
in our setting. Consistent with previous reports, IV hMSCs signifi-
cantly increased the number of CD4þCD25þFoxp3þ cells in the lung
and peripheral blood (Fig. 2G H). However, hMSCs did not induce
CD4þCD25þFoxp3þ cells in mice depleted of CD11bhiLy6Chi cells
(Fig. 2G and H).

Collectively, data suggest that circulating CD11bhiLy6Chi mono-
cytes are indispensable for the effects of IV hMSCs in inducing IL-
10hiMHC IIhiB220hiCD11bmid macrophages and Foxp3þ Tregs in the
lung.

3.3. MSCs do not inhibit EAU in CD11bhiLy6Chi cell-depleted mice

We next evaluated whether CD11bhiLy6Chi monocytes are
required for the hMSC-mediated immune tolerance in a mouse
model of EAU. Mice were depleted of CD11bhiLy6Chi cells by IP in-
jections of RB6-8C5 on days �8 and �4, and treated with IV hMSCs
on days�7 and�3 (Fig. 3A). On day 0, EAUwas induced in themice,
and eyes and cervical draining lymph nodes (DLNs) were assayed
on day 21 (Fig. 3A). Consistent with our previous observation [8],
the retinal cross-sections showed severe disruption of photore-
ceptor layer in mice pretreated with HBSS, but little structural
damage was observed in the retina of hMSC-pretreated mice
(Fig. 3B). The disease score assigned by retinal pathology was
significantly lower in hMSC-pretreated mice, compared with HBSS-
pretreated controls (Fig. 3C). However, hMSCs failed to prevent EAU
in mice that received RB6-8C5, while the cells significantly inhibi-
ted EAU in those that received control IgG (Fig. 3B and C). In
addition, assays of DLNs showed that hMSC pretreatment markedly
decreased IFN-gþCD4þ and IL-17þCD4þ cells and significantly
increased CD4þCD25þFoxp3þ cells in EAU mice (Fig. 3D). However,
these effects were abolished by depletion of CD11bhiLy6Chi cells
(Fig. 3D). Similarly, the mRNA level of IL-10 was significantly up-
regulated by hMSCs in mice treated with control IgG, but not
altered by hMSCs in mice depleted of CD11bhiLy6Chi cells (Fig. 3E).
Injection of RB6-8C5 alone without hMSCs did not have any effects
on EAU severity, the number of Th1 or Th17 cells, or IL-10 level
(Fig. 3D and E). Together, the results indicate that CD11bhiLy6Chi

monocytes are critical for the hMSC-induced immune tolerance in
EAU.

4. Discussion

In this study, CD11bhiLy6Chi monocytes were indispensable for
IV hMSC-induced generation of MHC IIhiB220hiCD11bmid suppres-
sive macrophages and CD4þCD25þFoxp3þ Tregs in the lung. Sub-
sequently, CD11bhiLy6Chi monocytes were critical for MSC effects
on immune tolerance induction and EAU prevention.

After IV infusion of hMSCs, most of the cells are localized tran-
siently within the lung and disappear rapidly with a half-life of
about 24 h inmice [19]. Despite brief engraftment of the cells, it has
been widely shown that MSCs regulate immune responses in
multiple disease models [20]. These effects are largely ascribed to
the fact that MSCs induce immune tolerance through generation of
long-lived regulatory myeloid and lymphoid cells. In this regard,
our group previously discovered that IV hMSCs increased a distinct
subset of IL-10-expressing MHC IIhiB220hiCD11bmid macrophages
with T cell suppressive capacity in the lung [8]. However, it has not
been determined whether the hMSC-induced suppressive macro-
phages originate from circulating monocytes or from tissue-
resident macrophages in the lung. This question is particularly
important because recent studies demonstrate that circulating
monocytes and tissue-resident macrophages have different origin
as well as different epigenetic and transcriptional identity [21].
Moreover, in the lung, resident macrophages are not substantially
replenished by monocyte-derived macrophages even after injury
[22]. Studies on MSCs and macrophages so far have shown that
MSCs regulate macrophage function by repressing inflammatory
activation and converting to anti-inflammatory phenotype [6];
however, most of the studies have not elucidated the origin and
identity of macrophages that are modulated by MSCs.

A few studies addressed this issue. Mathias et al. reported that
hMSCs, despite transient engraftment, inhibit allergic asthma in
mice by increasing alveolar macrophages (AM) which are one of
lung-resident macrophages [23]. They also showed that immuno-
suppressive effects of hMSCs were dependent on AM-mediated IL-
10 production from other cell source. On the other hand, Lopez-
Santalla et al. demonstrated the importance of Ly6Cþ monocytes
in the immunosuppressive activity of MSCs [24]. In a mouse model
of collagen-induced arthritis, IV injection of human adipose tissue-
derived MSCs attenuated the disease by transiently increasing
Ly6Cþ monocytes and then differentiating them into IL-10þF4/80þ

regulatory cells in peripheral blood and DLNs. Additionally, Melief
et al. reported that hMSCs modulated monocytes to generate
CD4þCD25þFoxp3þ Tregs in vitro [18].

In line with these findings, we herein demonstrate that
CD11bhiLy6Chi monocytes are critical for the action of IV hMSCs in
inducing IL-10þMHC IIhiB220hiCD11bmid suppressive macrophages
and CD4þCD25þFoxp3þ Tregs in vivo, thereby preventing the
development of EAU. Further elucidation of molecular mechanisms
underlying the interactions between monocytes and MSCs would
be important for understanding how MSCs modify the host
response to therapeutic effect and for therapeutically exploiting
this cross-talk.
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