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Macrophage Subset Expressing CD169 in Peritoneal
Cavity-Regulated Mucosal Inflammation Together with Lower

Levels of CCL22

Dan Wang,' Qiuting Li,' Yang Yang,' Shengyu Hao,' Xiaolei Han,' Jia Song,' Yue Yin,'
Xiangzhi Li,' Masato Tanaka,” and Chun-Hong Qiu'?

Abstract—Crohn’s disease (CD) and ulcerative colitis (UC) are the most widely known types of
inflammatory bowel diseases (IBD) and have been paid more attention due to their increasing
incidence and a substantial increase in the risk of colorectal cancer (CRC). However, the
phenotype and, more importantly, the function in the regulation of mucosal inflammation by
different macrophages are poorly understood, even though macrophages constitute a major subset
of intestinal myeloid cells. The results firstly showed that the subset of peritoneal CD11b"CD169*
macrophages increased and CCL22 expression level decreased significantly during the DSS-
induced colitis. DSS-induced colitis was alleviated in CD169-DTR mice at least partially due to
the deletion CD169" macrophages. Moreover, the CCL22 expression level in peritoneal
macrophages from CD169-DTR mice was much higher than that from WT mice with DSS-
induced colitis. And, the cell-sorting result revealed that CD11b"CD169* macrophage cells did not
express CCL22 dominantly. Further experiment in vivo demonstrated that treatment with
recombinant murine CCL22 (rmCCL22) ameliorated the clinical symptoms of DSS-induced colitis.
All these data indicated that macrophage subset of CD11b*CD169" from peritoneal cavity played
critical role probably together with low levels of CCL22 in DSS-induced colitis.
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INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC) are
the most widely known types of inflammatory bowel dis-
eases (IBD) which are characterized by chronic inflamma-
tion of the gastrointestinal tract and have been the focus of
attention due to their increasing incidence [1, 2]. The
correlation between inflammation and the development of
cancer has been confirmed by many studies, and IBD is
also related to a substantial increase in the risk of colorectal
cancer (CRC). Patients with UC and CD are at increased
risk for developing CRC [3]. At present, the factors that
contribute to the development of IBD and the pathogenesis
remain elusive. Thus, it is necessary to elucidate the critical
mechanism of IBD for prevention of inflammation pro-
gression further.
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Although the etiology of IBD has not been fully
elucidated, an interaction between genetic, immune, and
environmental risk factors is thought to play a role in the
pathogenesis of IBD [4]. Macrophages, known for their
role as immune sentinels, play a critical role in inflamma-
tion diseases. These cells are strategically located through-
out the body tissues and play important roles in develop-
ment, homeostasis, tissue repair, and immunity. Under
steady state conditions, many tissues and serous cavities
contain multiple types of macrophages with distinct phe-
notypes and functions [5].

Macrophages in gastrointestinal tract and peritoneal
cavity are both related to IBD [6]. Abundant macrophages
are found spread throughout the gut lamina propria (LP)
and it has been reported a LP-resident macrophage subset
expressing CD169 links mucosal damage and inflamma-
tory monocyte recruitment [7]. Peritoneal macrophages
also play important roles in the control of inflammatory
pathologies, as well as in the defense against infection of
the abdominal cavity [8]. Large populations of resident
macrophages in gastrointestinal tract are blood monocyte
derived in the steady state; however, F4/80H peritoneal
cavity macrophages were confirmed to have a prenatal
origin which derived from cells in the yolk sac [9].
However, the phenotype and, more importantly, the
function in the regulation of mucosal inflammation by
different macrophages are poorly understood, even
though macrophages constitute a major subset of
intestinal myeloid cells. Thus, it is necessary to
investigate the role of peritoneal macrophage further due
to the different origins of these cells.

The highly heterogeneous macrophages can rapidly
change their function to adapt distinct tissue environments.
CD169 (also known as sialoadhesin, Siglec-1) is a cell
surface sialic-acid-binding receptor, which is expressed
by specific macrophage subsets [10]. In lymph node,
CD169* macrophages dominate antitumor immunity by
phagocytizing dead tumor cells transported via lymphatic
flow and cross presenting tumor antigens to CD8" T cells
subsequently [11]. In spleen, CD169" macrophages that
located in the marginal zone (MZ) have a role in inducing
immune tolerance [12]. However, whether peritoneal mac-
rophages expressing CD169 play an important role in
mucosal inflammation has not been reported yet.

During the initial inflammatory response of IBD,
innate immune cells such as dendritic cells (DC) and
macrophages activated by foreign antigens and secrete
several cytokines to regulate the inflammatory response
in UC and CD. Then these cytokines trigger T cells and
activate the adaptive immune response [13]. The
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production and release of chemokines are considered to
be important factors in the pathogenesis of IBD.
Chemokines bind to G-protein-coupled trans-membrane
receptors and participate in the recruitment and migration
of both effector and memory T cells to specific intestine
tissue sites. The expression of several chemokines and their
receptors such as CCL2, CCL3, CCL4, CCL5, CXCLS,
CXCL10, CCR2, and CCRS5 has been demonstrated to be
increased in IBD tissue [14]. Some studies indicated
chemokines involved in the IBD disease initiation and
progression, such as CCR9/CCL25 [15, 16]. Therefore,
chemokines are believed to be key regulators in the pro-
gression of intestinal injury and inflammation.

We herein investigated the role of the macrophage
subset expressing CD169 from peritoneal cavity in IBD.
The CD169-human diphtheria toxin receptor (DTR) trans-
genic mouse in which CD169* macrophages could be
deleted by diphtheria toxin (DT) injection was used to
study the role of CD169" peritoneal macrophages in
dextran sulfate sodium (DSS)-induced colitis [12, 17].
The present study demonstrated CD169" macrophages
transiently deleted by DT injection caused higher
expression of CCL22 in DSS-induced colitis. The in vivo
treatment with rmCCL22 ameliorated the clinical symp-
toms of DSS-induced colitis. These result revealed the
macrophage subset expressing CD169 from peritoneal
cavity played essential roles partially together with lower
levels of CCL22 in DSS-induced colitis.

MATERIALS AND METHODS

Mice

C57BL/6 mice were obtained from the Vital River
Laboratories, Beijing. CD169-DTR mice were provided by
the RIKEN BioResource Center (RBRC NO 04395), Japan
with the approval of depositors [18, 19]. All mice were
maintained under specific-pathogen-free conditions. All
experiments using mice described herein were approved
by the Animal Care and Utilization Committee of Shan-
dong University and performed in accordance with appli-
cable guidelines and regulations.

Induction of Colitis by DSS

Female mice of 8 to 12 weeks of age were adminis-
trated orally with 3.5% DSS (MW 5000, Wako, Japan) in
drinking water for 7 days. The body weight of each mouse
was recorded daily. Ten microgram per kilogram body
weight of DT (Sigma, MO) was intraperitoneally injected
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1 day (day -1) before and 3 days (day 3) after the admin-
istration of DSS.

Histopathology and Immunofluorescence

The distal portion of the colon was fixed in neutral-
ized 10% formalin, embedded in paraffin. The samples
were sectioned and stained with hematoxylin and eosin.
Peritoneal macrophages were obtained from WT or
CD169-DTR mice. Then, the peritoneal macrophages were
cultured in a 24-well plate with 1640 medium for 24 h to
make the cells adhere to the wall. Peritoneal macrophages
were fixed in 4% paraformaldehyde and blocked with 10%
normal goat serums for 45 min. Cells were incubated with
FITC-conjugated anti-mouse CD11b (Biolegend, CA) and
PE-conjugated anti-mouse CD169 (Biolegend, CA) at4 °C
for overnight and observed by fluorescence microscopy
(Nikon, Japan) and analyzed using NIS-Elements BR 3.2.

RNA Extraction and Quantitative Real-Time RT-PCR

Total RNA was extracted from peritoneal macro-
phages and colon tissues using Trizol Reagent (Invitrogen,
CA). Complementary DNAs were synthesized using the
ReverTra Ace qPCR RT kit (Toyobo, Japan) according to
the manufacturer’s instructions. qPCR reactions were per-
formed in a CFX96 real-time PCR detection system (Bio-
Rad, CA, USA) using SYBR green PCR master mix
(Toyobo, Japan) according to the manufacturer’s instruc-
tions and specific primer pairs. Primers for mouse IL1f3,
IL-6, IL-12, IL-17, IL-23, CCL3, CCL8, CCL22, TNF«,
Foxp3, Siglec 1, and (-actin were as follows: IL-1f3,
GGATGAGGACATGAGCACCT (sense) and
AGCTCATATGGGTCCGACAG (antisense); IL-6,
CTGGAGTACCATAGCTACC (sense) and CTGT
TAGGAGAGCATTGGA (antisense); IL-12, AGCA
GTAGCAGTTCC CCTGA (sense) and AGTCCCTT
TGGTCCAGTGTG (antisense); IL-17, CTCCAG
AAGGCCCTCAGACTAC (sense) and AGCTTTCC
CTCCGCATTGACACAG (antisense); 1L-23, CAGG
GAACAAGATGCTGGAT (sense) and GGCTAGCA
TGC AGAGATTCC (antisense); CCL3, GGCATTCA
GTTCCAGGTCAG (sense) and TCCC AGCCAGGT
GTCATTT (antisense); CCL8, GCTGTGGTTTTC
CAGACCAA (sense) and GAAGGTTCAAGG
CTGCAGAA (antisense); CCL22, CAGGCAGGTCTG
GGT GAA (sense) and TAAAGGTGGCGTCGTTGG
(antisense); TNFa, ACCCTCACA CTCAGATCATC
(sense) and GAGTAGACAAGGTACAACCC
(antisense); Foxp3, GGCAGTTCAGGACGAGGG
(sense) and GGTTCTTGTCAGAGGCA (antisense);
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Siglecl, CAATTTCCGGTGCTTACGGTG (sense) and
CATAGTCTAGGC TTCTGT GC (antisense); and [3-
actin, TGCGTGACATCAAAGAGAAG (sense) and
TCCATACCCA AGAAGGAAGG (antisense). The mes-
senger ribonucleic acid (mMRNA) expression was calculated
by the 22Ct method and depicted as relative expression of
target genes to an endogenous reference gene actin in the
control group.

Flow Cytometry and Cell Sorting

Peritoneal macrophages were incubated with Fc
blocker (clone 93; Biolegend, CA) for 10 min at 4 °C
and then stained with antibodies for indicated surface mo-
lecular. Anti-CD11b (M1/70) and anti-CD169 (3D6.112)
antibodies were purchased from Biolegend Biosciences.
Cells were acquired by fluorescence-activated cell sorter
(FACS) Aria 3 (BD Biosciences, NJ) and analyzed by
FlowJo software version 8.8.7 (Tree Star).
CD11b*CD169 and CD11b"CD169" cells were sorted
and used for quantitative PCR analysis of CD169,
CCL22, and IL17 as described above.

Elisa

The peritoneal macrophages and colon tissues
(0.5 cm) were cultured in RPMI with 10% fetal calf serum.
The supernatants were harvested after 24 h. Concentrations
of CCL22 and IL-17 in the culture medium were measured
by ELISA (PeproTech) according to the manufacturer’s
protocols.

Treatment with RmCCL22

Recombinant mouse CCL22 was purchased from
PeproTech. Mice were received a total of six daily subcu-
taneous injections of rmCCL22 (150 pg/kg/day). Mean-
while, the control groups received saline, and treatment
started at 2 days after the administration of DSS. Non-
colitic and DSS-induced colitis mice were sacrificed by
cervical dislocation for tissue collection at day 8.

Statistical Analysis

All experiments were performed at least three times
using three or five mice in each group. Unpaired, two-
tailed Student ¢ test was performed by using Prism version
5.0 in all experiments. Data are presented as the
mean £ SEM. A value of p < 0.05 was considered
significant.
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RESULTS

Increase of Macrophage Subset Expressing CD169
from Peritoneal Cavity in DSS-Induced Colitis

It is necessary to clarify the role of peritoneal macro-
phages in IBD because of the heterogeneity of macro-
phages in the peritoneal cavity. The present study firstly
investigated the changes of the peritoneal macrophage in
the process of IBD by using the DSS-induced colitis, one
of the most widely used to resemble human UC. WT mice
were administrated with 3.5% DSS in drinking water for
7 days. The results in Fig. S1 indicated that DSS-induced
colitis model worked well in the present study.
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Firstly, the number of peritoneal macrophages ex-
pressing CD169 was compared between wild-type control
mice and DSS-induced colitis mice. Flow cytometry anal-
ysis showed the percentage of CD11b"CD169" population
cells in peritoneal macrophages increased from 4.33 to
15.8% after DSS treatment for 3 days. At day 7, the
percentage of CD11b*CD169" macrophages also
increased to 12.2% compared with control mice (Fig. 1a).
In addition, results of immunofluorescence histochemistry
showed the percentages of CD11b*CD169" macrophages
increased significantly during the DSS-induced colitis
(Fig. 1b). These results indicated that peritoneal macro-
phages expressing CD169 was an important subset during
mucosal inflammation development.
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Fig. 1. Increase of macrophage subset expressing CD169 from peritoneal cavity in DSS-induced colitis. Mice were administrated with 3.5% DSS in drinking
water for 3 days or 7 days to induce colitis (n = 5 per group). a Peritoneal cells from control mice and DSS-treated mice for the indicated number of days were
stained with antibodies for CD11b and CD169 and the percentage of CD11b*CD169* was analyzed by flow cytometry. *P < 0.05 compared to naive. b
Peritoneal cells from control mice and colitis mice were stained for CD11b and CD169 (leff). Original magnification, x20. The percentage of CD11b*CD169*
macrophages in each random field from the control mice and DSS-treated mice was calculated and the average of five fields was shown (right). **P < 0.01

compared to control.
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Decreased CCL22 Level in Peritoneal Macrophage
During Development of DSS-Induced Colitis

The present study next examined expression levels of
inflammatory cytokines and chemokines during the path-
ogenesis of IBD. Peritoneal macrophages were collected
from the control mice and DSS-treated colitis mice for
detection of the expression of inflammatory cytokines
and the expression levels of IL-1f3, IL-6, and TNF«x in-
creased significantly in the mice at day 3 and day 7 of DSS
treatment (Fig. 2a). Meanwhile, the expression levels of
chemokines such as CCL22, CCLS8, and CCL3 were also
detected to elucidate the role of chemokines during the
inflammation. The results showed that the expression levels
of CCL3 and CCLS increased at day 7 of DSS treatment.
However, CCL22 decreased at both day 3 and day 7 of
DSS treatment (Fig. 2b). To confirm the role of CCL22 in
the colitis further, the production of CCL22 in peritoneal
macrophages was also detected using an enzyme-linked
immunosorbent assay (ELISA) and the results showed the
level of CCL22 secretion in the culture medium of perito-
neal macrophages from the colitic mice was significantly
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decreased (Fig. 2¢). These results indicated that peritoneal
macrophages played important roles in DSS-induced coli-
tis probably together with specific cytokines or
chemokines.

Alleviated Symptoms of DSS-Induced Colitis in
CD169-DTR Mice by DT Injection

The increase of CD169 expressing macrophages and
decrease of CCL22 levels in peritoneal macrophages dur-
ing the inflammation promote us to hypothesize that peri-
toneal CD169" macrophages and CCL22 are both essential
in the inflammation of IBD. Thus, the CD169-DTR mice
were used to investigate the role of CD169" peritoneal
macrophages in colitis. Firstly, the deletion of CD169
expressing cells in peritoneal macrophage from CD169-
DTR mice was confirmed. Figure 3a showed that the per-
centage of CD11b*CD169* macrophages in the CD169-
DTR mice was dramatically decreased by DT injection.
And immunofluorescence histochemistry results also
showed that CD169* macrophages from peritoneal cavity
of CD169-DTR mice significantly decreased by DT
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Fig. 2. Decreased CCL22 level in peritoneal macrophage during development of DSS-induced colitis. a, b Pro-inflammatory cytokine and chemokine
mRNA level in peritoneal cells from control mice and DSS-treated mice for the indicated number of days were determined by qRT-PCR (n = 5 per group).
Data are expressed as the ratios of the target mRNA levels to the 3-actin mRNA level. *#P < 0.01, ***P < 0.001 compared to naive. ¢ CCL22 production
in vitro by peritoneal cells from control mice and colitic mice at the indicated number of days were detected using ELISA. ***P < 0.001compared to naive.
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Fig. 3. Selective deletion of CD169-expressing cells in peritoneal macrophage from CD169-DTR mice. a Peritoneal cells from WT mice and CD169-DTR
mice with DT injection for 3 days were stained with antibodies for CD11b and CD169. The percentage of CD11b"CD169* was analyzed by flow cytometry.
*P < 0.05 compared to WT. b CD169 mRNA level in peritoneal cells from WT mice and CD169-DTR mice with DT injection for 3 days was detected by
qRT-PCR. ***P < 0.001 compared to WT group. ¢ Immunohistochemistry of peritoneal macrophages from WT mice and CD169-DTR mice with DT

injection for 3 days (n = 3 per group). Original magnification, x10.

injection compared to that of WT mice (Fig. 3b). mRNA
expression level of CD169 in peritoneal macrophages was
significantly decreased in DT-injected CD169-DTR mice
(Fig. 3c). All these data clearly demonstrated that the
peritoneal CD169 expressing macrophages could be spe-
cially deleted in the CD169-DTR mice by DT injection.
Next, CD169-DTR mice were used to study the role
of CD169 expressing subset in peritoneal cells in colitis
induced by DSS. 3.5% DSS in drinking water was admin-
istrated to both CD169-DTR and WT mice for 7 days, and
DT was injected on day —1 and 3. The results showed the
colitis symptoms of CD169-DTR mice were more moder-
ate than those of WT mice. The body weight of DT-injected
CD169-DTR mice did not change obviously during the
DSS-induced colitis, although 7-day administration caused
more than 20% of their body weight loss in WT mice
(Fig. 4a). Besides, CD169-DTR mice did not show the
symptom of rectal bleeding and the length of colons from

CD169-DTR mice was longer than that of WT mice
(Fig. 4b). Histological examination of the colons from
CD169-DTR mice showed a lower degree of mucosal
injury and greatly reduced numbers of infiltrating inflam-
matory cells (Fig. 4c). Taken together, these results indi-
cated that typical colitis symptoms could not be observed
in CD169-DTR mice with DT injection, which is due to, at
least partially the deletion of CD169" cells in peritoneal
macrophage.

Higher CCL22 Expression Level in Peritoneal Cells
from DSS-Treated CD169-DTR Mice

To understand the mechanism of peritoneal CD169*
macrophages in the DSS-induced colitis, the expression
level of cytokines in peritoneal cells from DSS adminis-
trated WT mice and 169-DTR mice were detected. Com-
pared to the expression level in WT colitic mice, the
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Fig. 4. Alleviated symptoms of DSS-induced colitis in CD169-DTR mice by DT injection. WT mice and CD169-DTR mice were administrated with 3.5%
DSS in drinking water for 7 days and DT was injected on day - 1 and 3(n = 5 per group).a The body weight (%) of WT mice and CD169-DTR mice (n =5 per
group) was examined. *P < 0.05, **P < 0.01compared to WT colitis. b The colon length of DSS-exposed WT and CD169-DTR mice and control mice was
measured. *P < 0.05, compared to WT naive; **P < 0.01 compared to WT colitis. ¢ Hematoxylin and eosin staining of colon sections from WT naive, WT

colitic, and CD169-DTR colitic mice were shown. Original magnification, x10.

expression level of inflammatory cytokines including IL-
113, IL-6, IL-12, IL-23, and TNF« in the peritoneal cells
from DSS-treated CD169-DTR mice decreased signifi-
cantly (Fig. 5a). Contrast to these results, CCL22 expres-
sion level in DSS-treated CD169-DTR mice increased
significantly although the expression of CCL3 and CCLS8
decreased (Fig. 5b). The secretion of CCL22 in peritoneal
macrophages was also detected by ELISA and it showed
that CCL22 production in DSS-treated CD169-DTR mice
was higher than that in WT colitis mice (Fig. 5c). These

results suggested that peritoneal macrophage subset ex-
pressing CD169 regulates the colonic inflammation prob-
ably together with lower CCL22 levels.

CD11b'CD169" Macrophage Cells Did Not Express
CCL22 Dominantly

The higher CCL22 level of peritoneal cells from
DSS-treated CD169-DTR mice with moderate colitis re-
vealed that CD169-expressing subset was a key subset
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Fig. 5. Higher CCL22 expression level in peritoneal cells from CD169-DTR mice. a IL-1f3, IL-6, IL-12, IL-23, and TNFox mRNA levels in peritoneal cells
from DSS-treated WT and CD169-DTR mice were detected by qRT-PCR (n = 5 per group). DT was injected on day - 1 and 3. *P < 0.05, **P < 0.01,
4P < 0.001 compared to WT colitis. b CCL3, CCL8, and CCL22 mRNA levels in peritoneal cells from DSS-treated WT and CD169-DTR mice were
detected by gqRT-PCR. DT was injected on day - 1 and 3.*P < 0.05, ***P < 0.001 compared to WT colitis. ¢ Peritoneal cells from DSS-treated WT and
CD169-DTR mice were cultured in vitro for CCL22 production detection using ELISA. DT was injected on day 1. *P < 0.05, compared to WT colitis.

regulating mucosal inflammation probably together with The In Vivo Treatment with RmCCL22 Could Alleviate
CCL22. Thus, the cell sorting of total peritoneal cells was the Symptoms of DSS-Induced Colitis
performed to examine the relationship between CD169

expressing subset and CCL22 production. .. . . . .
CDrile’CDl%T and CD116*CD169 subri)opulations of colitis symptoms in CD169-DTR mice with DT injection

total peritoneal cells from WT mice were sorted by flow suggested that CCL22 could be considered as a potential
cytometry (Fig. 6a). The result of real-time PCR showed pathway for colitis therapy. To investigate the direct role of

The higher expression level of CCL22 and moderate

that the CCL22 expression level was much lower in CCL22 on colitis, the wild-type mice were received a total
CD169" peritoneal cells compared to that in CD169~ of six daily subcutaneous injections of rmCCL22 (150 ng/
peritoneal cells. Contrary to the result, CD169" peritoneal kg/day) at 2 days after the administration of DSS and the
cells produced much higher pro-inflammatory IL-17 than control mice were received saline. The results showed that
CD169 peritoneal cells (Fig. 6b). These results suggested treatment with rmCCL22 inhibited the clinical symptoms of
that CD169" macrophages could not express anti- colitis induced by DSS. The body weight loss in rmCCL22-

inflammatory CCL22 dominantly. treated mice was less than that in the control mice (Fig. 7a).
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Histological examination of colons showed the inflammato-
ry infiltrate and tissue injury were moderate in rmCCL22-
treated mice compared with the control mice (Fig. 7b). The
expression levels of IL-1f3, IL-6, IL-12, IL-23, and TNFx
were lower in the peritoneal cells of rmCCL22-treated mice
than those in the control mice (Fig. 7c). These results
showed treatment with rmCCL22 at least partially could
alleviate the symptoms of DSS-induced colitis.

Discussion

Macrophages throughout the body tissues play im-
portant roles during the maintenance of tissue homeostasis,
pathogenic infection, and tissue injury [20, 21]. Many
studies have revealed that macrophages are highly hetero-
geneous to be consistent with their distinct tissue
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Fig. 6. CD11b*CD169" macrophage cells did not express CCL22 dominantly. Peritoneal macrophages from wild-type C57BL/6 mice were stained with
antibodies for CD11b and CD169 (1 = 3 per group).CD11b"CD169* (R1) and CD11b*CD169™ (R2) were sorted (a) and used for examining the mRNA
expression levels of CCL22 and IL17 (b).*P < 0.05, **P < 0.01 compared with levels of CD11b*CD169*, respectively.

environments and specific functions [5]. Mouse peritoneal
macrophages are among the best-studied macrophage pop-
ulations in the control of mucosal immunity and inflam-
matory responses [22-26]. It has been confirmed that
peritoneal cavity macrophages have a prenatal origin
which derived from cells in the yolk sac; however, the
resident macrophages of gastrointestinal tract are blood
monocyte derived in the steady state. The different origins
of these cells support that it is necessary to investigate the
role of peritoneal macrophage further. The present study
revealed new findings that mouse peritoneal macrophage
expressing CD169 was a key subset in DSS-induced colitis
by using CD169-DTR mice study. The percentage of peri-
toneal CD169" macrophages increased and CCL22
expression level of peritoneal macrophage decreased in
DSS-induced colitic mice than those in non-colitic mice.
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Fig. 7. The in vivo treatment with rmCCL22 alleviated the symptoms of DSS-induced colitis. C57BL/6 mice were exposed to drinking water containing 3.5%
DSS for 7 days and received daily subcutaneous injections of rmCCL22 (150 pg/kg/day) or saline from day 2 to day 7 (n = 5 per group). a The body weight (%)
was compared between rmCCL22-treated mice and saline-treated mice. *P < 0.05 compared to saline group. b Hematoxylin and eosin staining of colon sections
from rmCCL22-treated mice and saline-treated mice. Original magnification, x10. ¢ The mRNA expression levels of IL-1(3, IL-6, IL-12, IL-23, and TNF o were
examined in the peritoneal cells from saline-treated and rmCCL22-treated mice. *P < 0.05, **P < 0.01, ***P < 0.001 compared to saline group.

Meanwhile, the typical colitis was not induced by DSS
in CD169-DTR mice and the CCL22 level in colitic
CD169-DTR mice significantly increased than that in
colitic WT mice, which might be caused by transiently
deletion by CD169* macrophages by DT injection.
Moreover, the in vivo treatment with rmCCL22
ameliorated the clinical symptoms of DSS-induced colitis.

CD169" macrophages are mainly reported in sinus
macrophage [27, 28]. Animal studies have suggested that
CD169" macrophages have a pro-inflammatory property.
In addition, recent studies revealed the role of CD169*
macrophage in human studies [29-31]. Therefore, the
roles of the CD169" macrophages have diversities and
heterogeneities in both humans and animals. The present
study mainly reported the increase of CD169-expressing
cells in peritoneal cavity and the moderate colitis symp-
toms in CD169-DTR mice, which strongly revealed that
peritoneal macrophage expressing CD169 was an impor-
tant regulator in the pathogenesis of IBD using DSS-
induced colitis model. Moreover, cell-sorting result re-
vealed the specific expression characteristic of cytokine

and chemokine of the peritoneal subset expressing
CD169 (Fig. 6b). Further studies need to be performed to
understand its specific roles clearly in mucosal immunity.
IBD, including Crohn’s disease and ulcerative colitis,
is characterized as a chronic inflammation in the gastroin-
testinal tract. The IBD patients especially with extended
severe disease phenotypes have an increased risk of
colitis-associated cancer [3]. Although the precise cause
of IBD is unknown, mice with the absence of lymphocytes
developed severer inflammation [32, 33], which suggests
innate immune cells are sufficient for disease onset and
development. The present study revealed that peritoneal
macrophage expressing CD169 subset was a key regulator
of IBD. CD169 is expressed in a specific sialic acid on the
surface of the macrophages adhesion receptor. In the
lymph nodes, CD169* macrophage could mediate
antitumor immunity by engulfing the dead tumor cells
and presenting subsequent tumor-related antigen to CD8*
T cell. In the spleen, CD169" macrophages are located in
the marginal zone of the spleen and play a critical role in
the induction of immune tolerance. In the colon, CD169*
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macrophages are mainly located in the lamina propria
layer and are associated with mucosal injury and
inflammatory monocyte recruiting [7, 34]. Human
CD169 was expressed strongly by tissue macrophages in
the spleen, lymph node, bone marrow, liver, lungs, and
colon [35]. CD169*macrophages are found in the lamina
propria of the human colon tissues and the expression is
similar to the mouse [31]. All these reports indicated that
CD169-expressing cells are essential subset in both innate
and adoptive immunity. The present study reported mod-
erate colitic symptoms in DSS-treated CD169-DTR mice
and much higher CCL22 level in peritoneal cells from
DSS-treated CD169-DTR mice than that from DSS-
treated WT mice. It suggested that CD169-expressing
cells in peritoneal play its role in mucosal inflammation
probably together with CCL22. The precise mechanism of
the process and the crosstalk between the peritoneal cells
and the resident macrophages in colon are necessary to be
clarified.

The present data showed that chemokines played differ-
ent roles in colitis induced by DSS. The expression level of
CCL22 was decreased in DSS-induced colitis; however, ex-
pression levels of both CCL3 and CCLS increased in colitis.
The therapy role of CCL22 on DSS-induced colitis in the
present study (Fig. 7) suggested its potential use in anti-
inflammatory therapy in clinical symptoms. CCL22 is a mem-
ber of the CC-chemokine family that attracts regulatory T cells
[36]. And our recent studies have shown that CCL22 could
induce tolerance probably by attracting CCR4™ Tregs
migration in the microenvironment during apoptotic cell
clearance [37]. These reported data supported that CCL22
played its anti-inflammatory role probably by attracting regu-
latory cells to maintain hemostats. The further experiments
would be necessary to understand the molecular mechanism.

Numerous studies had demonstrated that CD4" T
helper (Th) 1 and Th2 cells are essential in the pathogenesis
of IBD. Recently, Th17 cells, a subset of Th cells capable
of producing IL-17, was reported to have a relationship
with the IBD pathogenesis [38, 39]. Expression level of IL-
17 increased in inflamed mucosa obtained from IBD pa-
tients [40]. In addition, the symptoms of colitis were im-
proved in IL-17R knockout mouse by using
trinitrobenzenesulfonic acid (TNBS) to induce colitis
[41]. Thl-related cytokines (IFN gamma) and Thl17-
related cytokines (IL-17, IL-21, 22, 23, and 26) are asso-
ciated with CD [42]. Th2-related cytokines (IL-13 and IL-
5) and Th17-related cytokines are selectively increased in
CD [43]. Some cytokines also implicated in the pathogen-
esis of UC, such as TNF alpha, IL-6, IL-1f3, IL-33, TNF-
like cytokinel A (TL1A), and lymph toxin-like inducible
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protein (LIGHT). Moreover, decreased expression of IL-17
in colon (Fig. S2) from CD169-DTR mice also suggested
peritoneal CD169" macrophage- CCL22 mediated process
of colitis by regulating T cells subset balances. CD169-
DTR mice study revealed that the CCL22 level in local
sites could be as a biomarker of autoimmune diseases.

In conclusion, the present study verified peritoneal
macrophage subset expressing CD169 is a critical regulator
in DSS-induced colitis, probably combined with CCL22
production by CD169 cells. The moderate colitis
symptom and higher CCL22 levels in peritoneal
macrophages from DSS-treated CD169-DTR mice are at
least partially due to the deletion of the CD169 expressing
cells in peritoneal cavity. Further studies revealed CCL22
are mainly produced by CD169  subset and treatment of
CCL22 moderated the colitis symptoms. These results
verified the possibility that CCL22 could be potentially
used as a preventive agent or as an adjunct in anti-
inflammatory therapy in clinical symptoms. Thus, the pre-
cise role of CCL22 in the regulation of mucosal inflamma-
tion diseases is needed to be clarified.
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