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Abstract

Objective Myeloid-derived suppressor cells (MDSCs)
have been identified as immunosuppressive cells in tumor-
related inflammation. However, the pathogenesis of
MDSCs for autoimmune disease has not been investigated
as yet. The aim of this study was to address whether
MDSCs contribute to autoimmune organ injury in lupus-
prone mice.

Methods MDSCs were analyzed by flow cytometric
staining of CD11b™ GR-1" in MRL-Fas”" mice. CD4"
T-cell proliferation assay was performed by coculture with
CD11b" GR-17 splenocytes. The percentage of immuno-
suppressive cells was examined during disease progression.
Expression of chemokine receptor on immunosuppressive
cells was analyzed, and chemotaxis assay was performed.
Results CD11b"T GR-1Y cells had a suppressive effect
on CD4" T-cell proliferation, which was restored by an
arginase-1 inhibitor. CD11b* GR-1'"% cells increased in

percentage during disease progression in kidney and blood.
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The number of migrated CD11b" GR-1""" cells increased
in the presence of monocyte chemoattractant protein-1/
CCL2.

Conclusion We assessed the involvement of CD11b™*
GR-1'" cells in autoimmune disorder in MRL-Fas™" mice.
These cells regulate immunological responses via CCL2/
CCR2 signaling. The regulation of immunosuppressive
monocytes may provide novel therapeutic strategy for
organ damage in autoimmune diseases.
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Introduction

Myeloid-derived suppressor cells (MDSCs), which show
heterogeneous phenotypes, including immature granulo-
cytes, monocytes/macrophages (M¢), dendritic cells
(DCs), and early myeloid progenitors, have been originally
identified as immunosuppressive cells in association with
tumor expansion. These cells have been reported to express
CD11b and GR-1 in mouse models [1-4]. In tumor
microenvironment, MDSCs inhibit T-cell activation via
arginase (ARG)-1 and nitric oxidase activation, resulting in
tumor growth [4]. Moreover, MDSCs play a critical role
not only in neoplastic diseases but also in other conditions
[5-8]. However, the impacts of MDSCs on autoimmune
disorder have not been elucidated.

It has been reported that MDSCs exist in peripheral
blood and may have immunosuppressive effects in patients
with inflammatory bowel disease [8] and melanoma [9].
These results indicated that MDSCs may regulate the
immune response, not only within accumulated organs, but
also systemically. The chemokine system plays critical
roles in migration and activation in various types of cells.
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Regarding chemotaxis of MDSCs, recent reports show C—-C
chemokine receptor 2 (CCR2) regulates the dynamics in
tumor environment [10-12].

Autoimmune diseases in MRL/MPJ-Ipr/lpr (MRL-
Fas'") mice resemble human systemic lupus erythemato-
sus (SLE), characterized by dysregulation of both cellular
and humoral immunity [13]. In this model, CCR2 has been
reported to contribute to the progression of autoimmune
kidney injury, followed by the decreased number of mac-
rophages (M¢) [14]. However, the pathogenesis of
MDSCs, especially focused on CCR2 signaling, remains to
be investigated. Moreover, it should be elucidated as to
whether MDSCs regulate systemic inflammation as well as
peripheral autoimmune organ injury in association with
CCR?2 signaling.

The aim of this study was to investigate the phenotype
and function of CD11b*GR-1" cells in MRL-Fas”" mice
and identify immunosuppressive cells. Moreover, the
impact of CCR2 signaling on immunosuppressive cells was
examined.

Materials and methods
Mice

MRL-Fas"" mice were obtained from Charles River Japan
Inc., Atsugi, Japan. All procedures employed in the animal
experiments complied with the standards set out in the
Guideline for the Care and Use of Laboratory Animals in
Takara-machi Campus of Kanazawa University.

Antibodies

The following antibodies were used for flow cytometry:
fluorescein isothiocyanate (FITC) conjugated rat anti-
mouse CD11b antibody, phycoerythrin (PE) conjugated rat
anti-mouse Gr-1 antibody, allophycocyanin (APC) conju-
gated hamster anti-mouse CDl1lc antibody, APC conju-
gated rat anti-mouse CD45R/B220 antibody, biotin
conjugated rat anti-mouse I-A* antibody (BD Biosciences,
San Diego, CA, USA), APC conjugated rat anti-mouse F4/
80 antibody (eBioscience, San Diego, CA, USA).

Immunohistochemical examination

Tissues for immunoperoxidase staining were snap-frozen
in OCT (Miles Scientific, Naperville, IL, USA) and stored
at —80°C. CD11b" cells were examined using biotin
conjugated anti-mouse CD11b monoclonal antibodies (BD
Biosciences). These positive lesions were identified using
the avidin-biotin complex technique (DAKO, Glostrup,
Denmark).
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Cell isolation and separation

A single cell suspension was obtained from spleens, kid-
neys, and bone marrow, as described previously [15].
Following cell isolation, red blood cells were lysed using
fluorescence-activated cell sorter (FACS) lysing solution
(BD Biosciences). CD4™ T cells and CD11b™ cells were
purified from spleen using magnetic-activated cell sorting
(MACS) beads (Miltenyi Biotec., Auburn, CA, USA)
according to the manufacture’s protocol. The purity of cells
after separation was >90%. For separation of CD11b™*
GR-17 cells, the purified CD11b™ cells were resuspended
in FACS buffer [1x phosphate-buffered saline (PBS)
supplemented with 2 mM ethylenediaminetetraacetate
(EDTA) and 0.5% bovine serum albumin (BSA)] and
stained with anti-CD11b antibodies (abs) and anti GR-1
abs. Various myeloid cell populations were sorted by
FACSCalibur (BD Biosciences). Cell morphology was
examined on May-Giemsa staining (DAKO) in each
myeloid cell population.

Flow cytometric analysis

After single cells were collected as described above, cells
were suspended in FACS buffer. Then, cell-surface mark-
ers were stained with 10% mouse serum blocking. The
biotinylated antibodies were visualized with PerCP-CyS5.5
streptavidin (BD Biosciences). FACS data were acquired
on FACSCalibur. The percentage of cells expressing cell-
surface marker were determined by analyzing a minimum
of 50,000 cells using FlowJo software (Tree Star, Palo
Alto, CA, USA).

In vitro cell culture experiment

Splenic CD4" T cells and CD11b" GR-1" cells were
cocultured as described previously [7]. Briefly, CD4" T
cells and CD11b* GR-17 cells were purified from MRL-
Fas™" mice at the age of 12 weeks, as described above.
These cells were suspended in Roswell Park Memorial
Institute (RPMI) 1640 medium (Invitrogen, Carlsbad, CA,
USA), including 100 pg/ml streptomycin and 100 U/ml
penicillin. Purified CD11b" GR-1" cells were first treated
with mitomycin C (Nacalai Tesque Inc., Kyoto, Japan) at
10 pg/ml for 2 h at 37°C in 5% carbon dioxide (CO,) cell
culture incubator. CD4™" T cells were stimulated by Bio-
coat anti-mouse CD3-coated plate (BD Biosciences) at
1.5 x 10° cells/well. CD11b™ GR-17 cells were added to
CD4™" T cells at 1:1 or different ratios. To determine the
impact of arginase 1 for CD11b" GR-1% cells, 0.5 mM
N(omega)-hydroxy-nor-L-arginine (nor-NOHA) (Carbio-
chem, Gibbstown, NJ, USA) was added in some experi-
ments. After 48 h, 10 pg/well WST-1 (Premix WST-1 Cell
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Proliferation Assay System; Takara Bio Inc., Tokyo,
Japan) was added to each well for proliferation assay, and
cells were harvested for 4 h. Absorbance was measured at
450 nm with a reference wavelength of 650 nm. The pro-
liferative activity of the isolated CD11b" GR-17 cells was
subtracted to determine the activity of CD4" T cells.

Chemotaxis assay

Isolated CD11b™ GR-1'"¥ splenocytes were resuspended at
5 x 10° cell/ml in RPMI 1640 medium with 0.5% BSA.
The 60-pl cells were added into 8-pm pore-size chemotaxis
chamber (Chemotaxicell 96; Kurabou, Osaka, Japan). The
lower chamber of the 96-well plates (BD Pharmingen) was
filled with 100 pl of medium containing 10 ng/ml murine
recombinant monocyte chemoattractant protein (MCP)-1
(R&D, Minneapolis, MN, USA). The chamber was incu-
bated for 2 h at 37°C in 5% CO, cell culture incubator. The
number of cells that migrated through the filter into the
lower chamber was counted using the cell counter of
FACScalibur.

RT-PCR analysis

Total RNA was purified from isolated CD11b" GR-1""
splenocytes using RNeasy mini kit (Qiagen, Valencia, CA,
USA). Reverse transcription (RT) was performed with
SuperScript II (Invitrogen). Multiple CCR expression was
analyzed using a multiplex polymerase chain reaction
(MPCR) kit for mouse chemokine receptor CCR set-1
(Maxim Biotec Inc., San Francisco, CA, USA) according to
the manufacture’s instruction manual.

Statistical analyses

Data represent mean = SEM. Statistical significance was
determined by analysis of variance (ANOVA) and
Kruskal-Wallis analyses. Significance was judged at a
P value of <0.05.

Results

MRL-Fas™" mice contained three distinct populations
of CD11b" GR-1" cells, which showed the different
character in morphology and phenotype

To determine whether MDSCs exist in MRL-Fas™" mice,
flow cytometric analysis was performed in 10-week-old
animals. CD11b" GR-1" cells contained three distinct
populations, showing CD11b™ GR-1"¢" CD11b" GR-1"™,
and CD11b" GR-1'"Y cells (Fig. 1a). These populations
comprised 5.9 & 1.0%, 1.6 £ 0.1%, and 4.6 £ 0.3%,

respectively. May—-Giemsa stain exhibited that CD11b"
GR-1"" cells had lobular-shaped nuclei, whereas CD11b™
GR-1"™ and CD11b" GR-1"% cells were monocytic in
morphology (Fig. 1b). Phenotypic study revealed that
CDI11b" GR-1"€" cells did not express F4/80, CD11c or
B220. CD11b" GR-1™ cells expressed F4/80 but did not
express CD11c or B220. Part of CD11b" GR-1"Y cells
expressed F4/80, CD11c and B220 (Fig. 1c). These data
suggest that CD11b" GR-1"€" cells were granulocyte
lineage and that CD11b* GR-1™ cells were F4/80" mac-
rophage lineage. CD11b™ GR-1"Y cells contained hetero-
geneous populations.

CDI11b" GR-1Y cells suppress T cell proliferation
via ARG-1 activity

To investigate whether CD11b* GR-1" cells from MRL-
Fas'" mice have inhibitory effects on T-cell proliferation,
each population of CD11b" GR-17 cells was cultured with
CD4™ T cells at the ratio of 1:1 in anti-mouse CD3-coated
plates (Fig. 2a). CD11b™ GR-1"€" cells had no effect on
CD4™" T-cell proliferation, whereas CD11b" GR-1™ cells
significantly induced proliferation of CD4" T cells com-
pared with CD4" T cells cultured alone (CD4 only
0.09 £ 0.01, CD4 + CD11b* GR-1"#" cells 0.08 =+ 0.02,
CD4 + CD11b" GR-1' cells 0.40 + 0.10). In contrast,
CDI11b" GR-1'Y cells significantly inhibited the prolifer-
ation of CD4" T cells (0.03 & 0.01) (Fig. 2a). At the
increased ratio of CD11b" GR-1'"" cells to CD4™ T cells
(2:1) the proliferation of CD4" T cells was completely
suppressed (CD4 only 0.38 & 0.02, CD4 + 2 x CD11b"
GR-1°% cells 0.01 £ 0.00) (Fig. 2b). However, no inhib-
itory effect of CD11b" GR-1'% cells was shown at the
ratio of 0.2:1(0.36 £ 0.01) (Fig. 2b). To determine the
impact of ARG-1 on inhibitory effects of CD11b™ GR-1"""
cells, the cultured cells were treated with 0.5 mM nor-
NOHA, an ARG-1 inhibitor. The supplementation of nor-
NOHA restored T-cell proliferation (0.25 £ 0.04)
(Fig. 2b). These results imply that CD11b™ GR-1"% cells
had the inhibitory effect on CD4" T-cell proliferation via
ARG-1 activation in MRL-Fas™" mice.

Percentage of CD11b" GR-1"" cells changed
according to disease activity in MRL-Fas”" mice

MRL-Fas”" mice show glomerular, tubular, and perivas-
cular lesions at 22 weeks age (Fig. 3) [16]. To detect the
localization of CD11b™ cells in peripheral organs, immu-
nohistochemistry was performed on the spleens and kidneys
of 22-week-old animals. In the spleens, CD1 1b™ cells were
detected at perifollicular lesions (Fig. 3a). In the kidneys,
CD11b* cells were observed at perivascular lesions
(Fig. 3b) and within glomeruli (Fig. 3c). The percentage of
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Fig. 1 Morphology and phenotype of CD11b*GR-1" cells in spleen
of MRL-Fas™" mice. a Three distinct populations of CD11b™ GR-17"
cells were identified in the spleen of MRL-Fas”" mice: CD11b™ GR-
Mgl CD11bT GR-1"™, and CD11b" GR-1"%. b May—-Giemsa stain
exhibited that CD11b" GR-1M2" cells have lobular-shaped nuclei,
whereas CD11b" GR-1"™ and CD11b* GR-1'°" cells are monocytic
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Fig. 2 To investigate whether CD11b" GR-17" cells from MRL-
Fas™" mice have an inhibitory effect on T-cell proliferation, each
population of CD11b™ GR-17 cells was cocultured with CD4™ T cells
at the ratio of 1:1 in anti-mouse-CD3-coated plate. a CDI11b"
GR-1"2" cells had no effect to CD4+ T-cell proliferation, whereas
CD11b* GR-1"™ cells induced proliferation of CD4" T cells
compared with CD4" T cells cultured alone. In contrast, CD11b™
GR-1% cells inhibit the proliferation of CD4™ T cells. b At the
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in morphology. ¢ Phenotypic study revealed that CD11b" GR-1"g"
cells do not express F4/80, CD11c or B220. CD11b" GR-1™ cells
express F4/80 but not CD11c or B220. Some CD11b™ GR-1'""% cells
express F4/80, CD11c, and B220. Splenocytes from MRL-Fas”" mice
at 10 weeks of age was analyzed by flow cytometry
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increased ratio of CD11bT GR-1"°% cells to CD4" T cells (2:1)
proliferation of CD4™ T cells was completely suppressed. However,
the inhibitory effect of CD11b™ GR-1'° cells was not shown at the
ratio of 0.2:1. Moreover, supplementation of N(omega)-hydroxy-nor-
L-arginine (nor-NOHA), an ARG-1 inhibitor, restored T-cell prolif-
eration. Proliferative activity of the isolated CD11b* GR-17 cells was
subtracted to determine the activity of CD4" T cells. #p < 0.01,
Ttp < 0.05
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Fig. 3 Localization of CD11b™ cells and the time course of CD11b™
GR-1'° cells were examined in MRL-Fas™" mice. MRL-Fas™" mice
show glomerular hypercellularity, tubular damage (dilatation and
casts asterisks), and perivascular cell infiltration (arrowheads) at
22 weeks age (x200). a In the spleens, CD11b™ cells were detected at
perifollicular lesions (x100). b In the kidneys, CD11b™ cells were
observed at perivascular lesions (x100). ¢ CDIIb" cells also
localized within glomeruli (x400). Frozen sections were stained

CD11b* GR-1"% cells in spleen, bone marrow, kidney, and
peripheral blood was analyzed during disease progression.
In the spleen and bone marrow, the percentage of CD11b™
GR-1'" cells significantly increased in the early stage of
the disease, then decreased according to disease activity
(Fig. 3d, e). In spleen, CD11b" GR-1"Y cells increased
from 3.5 £ 0.1% of all splenocytes at 6 weeks of age to
4.6 £03% at 10 weeks of age, then decreased to
2.7 £+ 0.5% at 22 weeks of age. In bone marrow, CDI11b*
GR-1"Y cells increased from 6.7 £ 1.0% at 6 weeks of age
to 10.8 & 0.9% at 14 weeks of age, then decreased to
8.1 &+ 0.3% at 22 weeks of age. In contrast, the percentage
of CDI1b" GR-1"" cells increased during disease pro-
gression in kidney and blood (Fig. 3f, g). The percentage
increased from 0.1 £ 0.0% of all kidney cells at 6 weeks of
age to 2.0 £02% at 22 weeks of age, and from
2.2 + 0.5% at 6 weeks of age to 15.2 &+ 2.8% at 22 weeks
of age in blood. In MRL ™™ mice, the frequency of CD11b™
GR-1"Y cells did not change in these organs.

CCR2 signaling contributed to migration of CD11b*
GR-1"°Y cells

To examine whether CCR2 contributes to chemotaxis of
CDI11b" GR-1'"% cells in MRL-Fas"" mice, the expression
of CCR2- and MCP-1/CCL2-induced chemotaxis assay
was examined. Multiple chemokine receptor expression
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with the indirect avidin-biotinylated peroxidase complex method.
d, e In the spleen and bone marrow, the frequency of CDI11b*
GR-1"" cells was significantly increased in the early stage of the
disease, then decreased according to disease activity. f, g In contrast,
the frequency of CD11b* GR-1"Y cells increased during disease
progression in the kidney and blood. v Vessel, *p < 0.01, ¥™p < 0.05
compared with 6 weeks

analyses revealed that CD11b" GR-1"Y cells strongly
expressed CCR4 and CCRS and weakly expressed CCR2
mRNAs (Fig. 4a). In the chemotaxis assay, MCP-1/CCL2
induced chemotaxis of CD11b™ GR-1'°" cells (CD11b™"
GR-1'Y cells alone; 1125 + 41/well, MCP-1/CCL?2 added;
1434 4 25/well) (Fig. 4b).

Discussion

In various tumor models, the critical role of MDSCs has
been reported. However, the impact of MDSCs on inflam-
matory disease, especially for autoimmune organ disease,
has not previously been examined. In this study, prolifera-
tion of CD4" T cells was markedly inhibited by coculture
with CD11b" GR-1'Y cells and restored by ARG-1 inhib-
itor. These cells were monocytic in morphology and showed
heterogeneous populations in phenotype. In spleen and
bone marrow, the percentage of CD11b™ GR-1"Y cells was
increased in the early stage of the disease. In kidney and
peripheral blood, the percentage of CD11b™ GR-1'"% cells
increased according to disease activity. CCL2/CCR2 sig-
naling contributed to the migration of CD11b™ GR-1""%
cells. Taken together, these results suggest that CD11b"
GR-1"Y cells are immunosuppressive cells and may con-
tribute to autoimmune response in MRL-Fas”" mice via
CCL2/CCR?2 signaling.
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Fig. 4 To test the impact of chemokine receptor for myeloid-derived
suppressor cell (MDSC) function, chemokine receptor expression and
functional assays were performed. a Multiple polymerase chain
reaction (PCR) analysis for chemokine receptor revealed that
CD11b" GR-1"" cells strongly expressed CCR4 and CCR5 and
weakly expressed CCR2 mRNAs. b In the chemotaxis assay, MCP-1/
CCL2 induced chemotaxis of CD11b™ GR-1'""% cells. **p < 0.05

CD11b* GR-17 cells contained three distinct popula-
tions in MRL-Fas”" mice. Based on morphology and
cell-surface markers, CD11b™ GR-1M2" cells are of gran-
ulocyte lineage. These cells showed no effects on CD4" T
cells in functional assay. CD11b" GR-1™ cells express F4/
80 and activated CD4" T cell proliferation, indicating this
population as Mg lineage. CD11b" GR-1"" cells had the
suppressive effect on CD4" T cells. Therefore, this subset
may be responsible for immunosuppressive cells in MRL-
Fas'" mice. Supporting this notion, some reports exhibited
suppressive effects of CD11b™ GR-1'"Y cells in tumor mice
models [11, 17]. Moreover, the L-arginine metabolism is
one of the mechanisms by which MDSCs suppress T-cell
function [4]. In this regard, ARG-1 inhibitor restored CD4™*
T cells function, which was cultured with CD11b* GR-1'%
cells in our study. In addition, CD1 1b™ cells were detected
in perifollicular lesions of the spleen, indicating that
CDI11b" cells interact with T cells. These results may
indicate CD11b* GR-1'"" cells as MDSCs in MRL-Fas™"
mice. However, recent reports showed CD1 1b* GR-1" F4/
80" monocytes, which expressed arginase 1, as immuno-
suppressive M2 Mo [18-20]. Moreover, tumor-infiltrating
MDSCs have been reported to bear M1 and M2 M¢g
characteristics [11]. Therefore, distinct and defined mark-
ers between MDSCs and M2 M@ remain to be determined.

The percentage of CD11b™ GR-1""" cells increased in
spleen, kidney, and blood in 10-week-old MRL-Fas™"
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mice, suggesting these cells contribute to immune modu-
lation. Zhu et al. [7] reported that the percentage of MDSCs
in peripheral organs increased after disease induction in
experimental autoimmune encephalomyelitis. In alopecia
areata mice, injection of MDSCs has been reported to
promote hair growth by inhibiting T-cell function [6].
These results, together with our results, indicated that
MDSCs play an important role not only in neoplastic
diseases but also in inflammatory diseases. In in vitro study,
the low expression of CCR2 mRNAs was detected on
CD11b* GR-1"% cells. Moreover, MCP-1/CCL2 induced
chemotaxis of CD11b™ GR-1'" cells. This notion was
suggested in recent reports, which revealed that some che-
mokine receptors, including CCR2, CCRS, and CX;CRI,
were expressed on MDSCs and contributed to chemotaxis
[10-12].

In conclusion, we assessed the involvement of CD11b™
GR-1"Y cells, which were responsible for CD4™ T-cell
suppression in MRL-Fas”" mice. Immunosuppressive
monocytes regulated immunological responses via CCR2
signaling. Further, regulation of immunosuppressive
monocytes may provide a novel therapeutic strategy for
organ damage in autoimmune diseases.

Acknowledgments Y I is a recipient of a Grant-in-Aid from the
Ministry of Education, Science, Sports, and Culture in Japan. T W is a
recipient of a Grant-in-Aid from the Ministry of Education, Science,
Sports, and Culture in Japan and Takeda Science Foundation.

Conflict of interest statement The authors have no confliction of
interest.

References

1. Serafini P, Borrello I, Bronte V. Myeloid suppressor cells in
cancer: recruitment, phenotype, properties, and mechanisms of
immune suppression. Semin Cancer Biol. 2006;16:53-65.

2. Talmadge JE, Donkor M, Scholar E. Inflammatory cell infiltra-
tion of tumors: Jekyll or Hyde. Cancer Metastasis Rev.
2007;26:373-400.

3. Marigo I, Dolcetti L, Serafini P, Zanovello P, Bronte V. Tumor-
induced tolerance and immune suppression by myeloid derived
suppressor cells. Immunol Rev. 2008;222:162-79.

4. Rodriguez PC, Ochoa AC. Arginine regulation by myeloid
derived suppressor cells and tolerance in cancer: mechanisms and
therapeutic perspectives. Immunol Rev. 2008;222:180-91.

5. Makarenkova VP, Bansal V, Matta BM, Perez LA, Ochoa JB.
CD11b+/Gr-14 myeloid suppressor cells cause T cell dysfunc-
tion after traumatic stress. J Immunol. 2006;176:2085-94.

6. Marhaba R, Vitacolonna M, Hildebrand D, Baniyash M, Frey-
schmidt-Paul P, Zdller M. The importance of myeloid-derived
suppressor cells in the regulation of autoimmune effector cells by
a chronic contact eczema. J Immunol. 2007;179:5071-81.

7. Zhu B, Bando Y, Xiao S, Yang K, Anderson AC, Kuchroo
VK, et al. CD11b+Ly-6C(hi) suppressive monocytes in experi-
mental autoimmune encephalomyelitis. J Immunol. 2007;179:
5228-37.



Clin Exp Nephrol (2010) 14:411-417

417

8.

11.

12.

13.

14.

Haile LA, Wasielewski RV, Gamrekelashvili J, Kriiger C,
Bachmann O, Westendorf AM, et al. Myeloid-derived suppressor
cells in inflammatory bowel disease: a new immunoregulatory
pathway. Gastroenterology. 2008;135:871-81.

. Filipazzi P, Valenti R, Huber V, Pilla L, Canese P, lero M, et al.

Identification of a new subset of myeloid suppressor cells in
peripheral blood of melanoma patients with modulation by a
granulocyte-macrophage colony-stimulation factor-based antitu-
mor vaccine. J Clin Oncol. 2007;25:2546-53.

. Huang B, Lei Z, Zhao J, Gong W, Liu J, Chen Z, et al. CCL2/

CCR?2 pathway mediates recruitment of myeloid suppressor cells
to cancers. Cancer Lett. 2007;252:86-92.

Umemura N, Saio M, Suwa T, Kitoh Y, Bai J, Nonaka K, et al.
Tumor-infiltrating myeloid-derived suppressor cells are pleio-
tropic-inflamed monocytes/macrophages that bear M1- and M2-
type characteristics. J Leukoc Biol. 2008;83:1136-44.
Sawanobori Y, Ueha S, Kurachi M, Shimaoka T, Talmadge JE,
Abe J, et al. Chemokine-mediated rapid turnover of myeloid-
derived suppressor cells in tumor-bearing mice. Blood.
2008;111:5457-66.

Kelley VR, Wuthrich RP. Cytokines in the pathogenesis of sys-
temic lupus erythematosus. Semin Nephrol. 1999;19:57-66.
Pérez de Lema G, Maier H, Franz TJ, Escribese M, Chilla S,
Segerer S, et al. Chemokine receptor Ccr2 deficiency reduces

15.

16.

17.

18.

19.

20.

renal disease and prolongs survival in MRL/lpr lupus-prone mice.
J Am Soc Nephrol. 2005;6:3592-601.

Sakai N, Wada T, Yokoyama H, Lipp M, Ueha S, Matsushima K,
et al. Secondary lymphoid tissue chemokine (SLC/CCL21)/CCR7
signaling regulates fibrocytes in renal fibrosis. Proc Natl Acad Sci
USA. 2006;103:14098-103.

Iwata Y, Wada T, Furuichi K, Sakai N, Matsushima K, Yokoy-
ama H, et al. p38 Mitogen-activated protein kinase contributes to
autoimmune renal injury in MRL-Fas lpr mice. ] Am Soc
Nephrol. 2003;14:57-67.

Gallina G, Dolcetti L, Serafini P, De Santo C, Marigo I, Colombo
MP, et al. Tumors induce a subset of inflammatory monocytes
with immunosuppressive activity on CD8* T cells. J Clin Invest.
2006;116:2777-90.

Xiao W, Hong H, Kawakami Y, Lowell CA, Kawakami T.
Regulation of myeloproliferation and M2 macrophage program-
ming in mice by Lyn/Hck, SHIP, and Stat5. J Clin Invest.
2008;118:924-34.

Gordon S, Taylor PR. Monocyte and macrophage heterogeneity.
Nat Rev Immunol. 2005;5:953-64.

Mantovani A, Sica A, Locati M. Macrophage polarization comes
of age. Immunity. 2005;23:344-6.

@ Springer



	Involvement of CD11b+ GR-1low cells in autoimmune disorder in MRL-Faslpr mouse
	Abstract
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Mice
	Antibodies
	Immunohistochemical examination
	Cell isolation and separation
	Flow cytometric analysis
	In vitro cell culture experiment
	Chemotaxis assay
	RT-PCR analysis
	Statistical analyses

	Results
	MRL-Faslpr mice contained three distinct populations of CD11b+ GR-1+ cells, which showed the different character in morphology and phenotype
	CD11b+ GR-1low cells suppress T cell proliferation via ARG-1 activity
	Percentage of CD11b+ GR-1low cells changed according to disease activity in MRL-Faslpr mice
	CCR2 signaling contributed to migration of CD11b+ GR-1low cells

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


