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Inflammatory bowel disease (IBD) including Crohn’s disease (CD) and ulcerative colitis 
is a relapsing-remitting illness. Patients with long-standing extensive colitis are easy to 
develop colorectal cancer (CRC). The increasing incidence of IBD and a substantial 
increase in the risk of CRC make the necessity to pay more attention on the regulation 
of inflammation especially by specific macrophages subset. The present study reported 
that a key subset of sinus macrophage expressing CD169 in mesenteric lymph nodes 
(mLNs) played an essential role in promoting mucosal inflammation. The results revealed 
that the subset expressing CD169 in mLNs increased significantly during the dextran 
sulfate sodium (DSS)-induced colitis. The colitic symptoms were alleviated in CD169-
diphtheria toxin receptor (DTR) mice at least partially due to the deletion of CD169+ 
macrophages in mLNs. In addition, the levels of inflammatory cytokines as well as the 
percentage of Th17 cells in mLNs from CD169-DTR mice were much lower than those 
from WT mice with DSS-induced colitis. Further experiment in vitro demonstrated that 
the supernatant from whole cells of mLNs or colon tissues could promote the production 
of inflammatory factors by mLN cells or colon tissues from CD169-DTR mice. These 
results could be explained by the cell sorting result that CD11b+CD169+ macrophages 
expressed higher level of inflammatory factors directly. All these data indicated that 
CD169+ sinus macrophage in mLNs played an essential role on regulating mucosal 
inflammation.
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inTrODUcTiOn

Inflammatory bowel disease (IBD), which includes ulcerative colitis (UC) or Crohn’s disease (CD), 
has been paid more attention due to their increasing incidence and a substantial increase in the 
risk of colorectal cancer (CRC). IBD is called a disease of developed countries as its association 
with industrialization of nations, and its high incidence rates and prevalence in North America and 
Europe (1). However, the incidence of IBD is increasing with time in different regions around the 
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world, such as East Asia and North Africa, indicating its emer-
gence as a worldwide disease (2, 3). IBD is a relapsing-remitting 
illness, patients with long-standing extensive colitis develop 
colorectal cancer (CRC) easily (4, 5). Although the disease 
pathogenesis is not fully understood, some various components 
including environmental risk factors, gut microbiota, genetic 
susceptibility, and components of the immune response, such 
as the innate and adaptive immune system, are implicated in the 
pathogenesis of IBD (6, 7). Activation of T cells and monocytes/
macrophages is regarded as a crucial factor in the pathogenesis 
of IBD (8–11).

Macrophages are an important group involved in innate 
immunity, due to existence in most of the tissues around the 
body (12). At sites of infection, macrophages encounter and 
engulf invading microbes. The various anatomical localization of 
macrophage is mirrored by their substantial phenotypic diversity 
and plasticity (13). Over the past few years, there has been a great 
deal of interests in deciphering the essential roles of macrophages 
for local homeostasis, a balance between inflammation and pro-
tective immunity.

CD169, also known as sialoadhesin or sialic acid binding 
immunoglobulin-like lectin (Siglec) 1 (14), is strongly expressed 
by specific macrophage subsets in secondary lymphoid organs, 
such as subcapsular sinus, medullary macrophages in LN, and 
marginal metallophilic macrophages in spleen (15). In both 
secondary lymphoid organs, CD169+ macrophages are located at 
the entry sites of lymph or blood, present as gatekeepers at these 
sites where antigens enter and perform an activation of T and 
B  cells and antipathogen immune response (16). In the colon, 
CD169+ macrophages are mainly located in the lamina propria, 
and its number increased significantly during colonic inflam-
mation when mice were supplied with dextran sulfate sodium 
(DSS) in drinking water for 7  days (16, 17). This macrophage 
population produced CCL8 in response to epithelial injury, thus 
initiating mucosal inflammation by recruiting inflammatory 
monocytes (17). In lymph node, due to their strategic position, 
CD169+ macrophages can serve as cellular “flypaper,” filter the 
pathogens when tissue-derived lymph pass through one or more 
draining LNs, preventing systemic pathogen dissemination 
(18–20). Some reports have showed that mesenteric lymph nodes 
(mLNs) are important inductive sites and critical regulators in 
mucosal inflammation (21, 22); however, the mechanism of sinus 
macrophages in mLNs that regulate the mucosal inflammation 
remains elusive.

The gut-associated lymphoid tissues can be divided into effec-
tor sites, and organized inductive sites. Inductive sites, such as  
Peyer’s patches (PPs), mLNs, and isolated lymphoid follicles, 
are responsible for the induction phase of the mucosal immune 
responses (21). It has been reported that intestinal dendritic cells 
(DCs) mature and transport from the lamina propria and PPs to 
the draining mLNs after antigen uptake, where they encounter 
and prime naïve T cells into specific help (Th) cells, such as Th1, 
Th2, or the recently identified Th17 cells (22). These colitogenic 
effector cells then exit the mLNs via the efferent lymphatic 
vessels, enter into the systemic circulation, and migrate from 
them LNs to the gut, where the effector cells initiate intestinal 
inflammation (23). Emerging evidence suggests that IL-17 plays 

a crucial role in colon inflammation and carcinogenesis (24), the 
gut inflammation occurring in IBD patients is also characterized 
by the production of cytokines made by Th17  cells, a distinct 
lineage of Th cells (25). It would be essential to understand the 
mechanism of mucosal inflammation by revealing the roles of 
CD169 expressing cells on Th17 differentiation in mLNs.

It is necessary to elucidate the critical mechanism of IBD in 
order to prevent further inflammation progression. The present 
study aims to reveal the role of mLN CD169+ macrophages in 
mucosal inflammation regulation by using CD169-diphtheria 
toxin receptor (DTR) mice. It is indicated that sinus macrophage 
subset expressing CD169 in mLNs could serve as a key subset, 
promoting the progress of mucosal inflammation in DSS-
induced colitis, probably by secreting higher levels of inflamma-
tory cytokines. This report will provide novel clues for clinical 
medicines.

MaTerials anD MeThODs

Mice
C57BL/6 mice were purchased from Vital River Laboratories, 
Beijing, and were bred in our specific pathogen-free animal facil-
ity. CD169-DTR mice were provided by the RIKEN BioResource 
Center (RBRC No. 04395) with the approval of depositors  
(26, 27). These mice were housed at Shandong University Medi-
cal School Animal Care Facility. All mice used in this research 
were matched for age and sex. All research protocols were 
approved by the Shandong University of the Animal Care and 
Utilization Committee and approved by the local government  
authorities.

Dss-induced colitis Model
Female mice received one cycle (3 or 7 days) of 3.5% DSS (MW 
5000, Wako, Japan) treatment in the drinking water and their 
body weight was monitored daily for 7 days from the administra-
tion of DSS. Recipient mice used for experiments were between 
the age of 8 and 12 weeks. For some experiments of macrophage 
depletion, mice were intraperitoneally injected with 10  µg/kg 
body weight of diphtheria toxin (DT) (Sigma, MO) 1 day before 
and 3 days after the administration of DSS.

Flow cytometry
Mesenteric lymph node cells were incubated with Fc blocker 
(clone 93; Biolegend, CA, USA) at ice, then cell-surface stain-
ing was performed using the following antibodies: FITC anti-
mouse CD11b (M1/70); PE anti-mouse CD169 (3D6.112); and 
PE anti-mouse CD4(GK1.5). Intracellular staining was per-
formed using the APC anti-mouse IL-17A (TC11-18H10.1). All  
antibodies were purchased from Biolegend biosciences. For 
intracellular staining, the above T  lymphocytes or polarized 
naive CD4+ cells were first re-stimulated with PMA (100 ng/ml)  
(Sigma) and ionomycin (750 ng/ml) (Sigma, A23187, USA) in 
the presence of Golgiplug (BD) for 5 h. Fixation Buffer (Bio-
legend, 420801) and Intracellular Staining Permeabilization 
Wash Buffer (Biolegend, 421002) were used for cell fixation and 
permeabilization.
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histopathology and 
immunohistochemistry
For hematoxylin and eosin (H&E), mLNs and distal colons were 
routinely fixed in 10% neutral buffered formalin, then embed-
ded in paraffin and stained with hematoxylin and eosin. For 
immunohistochemistry, mLNs were snap-frozen in Tissue Tek 
O.C.T. Compound (Sakura, Japan). The 4–5 µm sectioned mLNs 
were fixed in 4% paraformaldehyde, 10% normal goat serums 
was used to block non-specific bonding sites for 45 min. Slides 
then were incubated with FITC anti-mouse CD11b (M1/70);  
PE anti-mouse CD169 (3D6.112) overnight at 4°C and washed 
with phosphate buffer (PBS). All the stained slides were observed 
by fluorescence microscopy (Nikon, Japan) and analyzed using 
NIS-Elements BR 3.2.

cytokine Measurements
Total RNA was extracted from mLNs and distal colons using Trizol 
Reagent (Invitrogen, CA, USA). Template cDNA was synthesized 
using the ReverTra Ace qPCR RT kit (Toyobo, Japan). Real-time 
quantitative PCR was carried out using SYBR green PCR master mix 
(Toyobo, Japan), β-actin was used as the internal control. The reac-
tion was performed in a CFX96 Real-Time PCR Detection System 
(Bio-Rad, CA, USA). The sequences of the primers used are the fol-
lowing: IL-17-R: CTCCAGAAGGCCCTCAGACTAC, IL-17-F: 
AGCTTTCCCTCCGCATTGACACAG, IL-21-R: TGTTTCT 
TTCCTCCCCTCCT, IL-21-F: ATGCAGCTTTTGCCTGT 
TTT, IL-23-R: CAGGGAACAAGATGCTGGAT, IL-23-F:  
GGCTAGCATGCAGAGATTCC, IL-6-R: CTGGAGTACCA 
TAGCTACC, IL-6-F: TGTTAGGAGAGCATTGGA, IL-1β-R:  
GGATGAGGACATGAGCACCT, IL-1β-F: AGCTCATATGG 
GTCCGACA, TNFα-R: ACCCTCACACTCAGATCATC, 
TNFα-F: GAGTAGACAAGGTACAACCC, IL-12-R: AGCA 
GTAGCAGTTCCCCTGA, IL-12-F: AGTCCCTTTGGTCCA 
GTGTG, IL-18-R: GGGTTCACTGGCACTTTGAT, IL-18-F:  
ACAACTTTGGCCGACTTCAC, CCL3-R: GGCATTCAGT 
TCCAGGTCAG, CCL3-F: TCCCAGCCAGGTGTCATTT, 
CCL8-R: GCTGTGGTTTTCCAGACCAA, CCL8-F: GAAGG 
TTCAAGGCTGCAGAA, CCL22-R: CAGGCAGGTCTGGG 
TGAA, CCL22-F: TAAAGGTGGCGTCGTTGG, CD169-R:  
CAATTTCCGGTGCTTACGGTG, CD169-F: CATAGTCTAG 
GCTTCTGTGC, β-actin-R: TGCGTGACATCAAAGAGAAG, 
β-actin-F: TCCATACCCAAGAAGGAAGG.

culture of mln cells and colon Tissues
Mesenteric lymph node cells obtained from WT colitis and 
CD169-DTR colitis mice were cultured in 6-well plate (Santa Cruz) 
(1 × 107 cells/well) with 3 mL RPMI 1640 medium containing 
10% fetal bovine serum (Gibico). Freshly obtained distal colons 
were flushed five times with PBS to remove feces. Three-mm long 
colon tissues (4 biopsy samples/well) were cultured in a 24-well 
plate (Santa Cruz) with 1  mL RPMI 1640 medium, at 37°C in  
5% CO2 humidified air for 12  h. Then, the supernatant of the 
mLNs cells and colons from WT colitis was transferred to mLNs 
cells or colons from CD169-DTR mice. mLNs cells and colons 
were cultured for 12  h further, total RNA from the cultured 

cells and colon tissues were extracted, and levels of IL-1β, IL-21, 
IL-23, CCL22, CCL3, and CCL8 mRNAs were then analyzed by 
quantitative real-time PCR.

statistical analysis
Statistical analysis was performed using GraphPad Prism 5.0 
(GraphPad Software, San Diego, CA, USA). Data were presented 
as the mean ± SD and were analyzed by the unpaired t-test. Values 
of P < 0.05 were considered significantly.

resUlTs

higher expression of cytokines and 
chemokines in mlns during the  
colitis course
It has been reported that mLNs are important inductive sites and 
critical regulators of epithelial injury-induced mucosal inflam-
mation (21, 23). This study aimed to discover whether mice 
mLNs were pathogenically relevant for acute inflammation in 
the gut. 3.5% DSS-treated mice showed a significant decrease in  
body weight, obvious rectal bleeding, colon shortening, and 
increase of infiltrated inflammatory cells in the colon (Figure S1 
in Supplementary Material). Histological examination revealed 
that the percentage of infiltrated inflammatory cells significantly 
increased and the mLNs were characterized by follicular hyper-
plasia and sinus reaction (Figure 1A). The expression levels of 
cytokines and chemokines in mLNs from colitic mice were ana-
lyzed by real-time PCR (Figures 1B,C). mRNA expression levels 
of IL-17, IL-21, IL-23, IL-6, IL-1β, TNFα, IL-12, IL-18, CCL8,  
and CCL3 were much higher in mLN tissues from DSS-treated 
mice than those from non-treated mice. However, the expression 
of CCL22, an anti-inflammatory factor (28), was decreased sig-
nificantly (Figure 1C). These findings suggested that mLNs play 
an essential role in the pathogenesis of UC.

cD169+ Macrophages increased  
in mlns of colitis Mice
Emerging evidence suggested a crucial role of lamina propria 
CD169+ macrophage in colon inflammation and carcinogenesis 
(17), which prompted us to explore whether subscapular sinus 
macrophage expressing CD169 subset in mLNs play its role in 
IBD further. First, flow cytometry analysis was performed to 
examine the change of CD169+ macrophages in mLNs from 
DSS-treated mice. The result revealed that about three times of 
the percentage of CD11b+CD169+ macrophages significantly 
increased in mice with daily administration of DSS for 3 and 
7 days compared to no treated mice, which was not shown in 
CD11b+CD169− subset (Figures  2A,B). Second, the results of 
real-time PCR revealed that the expression level of CD169 was 
much higher in the mLNs of colitic mice (Figure 2C). Finally, 
the result of immunofluorescence histochemistry showed that 
CD11b+CD169+ macrophages subset was mainly localized in the 
sinus of the mLNs and the number increased from colitic mice 
compared to control mice (Figure  2D). These data raised the 
possibility that sinus CD169+ macrophage in mLNs would be an 
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FigUre 1 | Histopathological changes and cytokines, chemokines expression of mesenteric lymph nodes (mLNs) during the colitis course. C57BL/6 WT mice were 
treated with 3.5% dextran sulfate sodium (DSS), and mice were harvested after 3 or 7 days. (a) Histological analysis of mLN sections obtained from WT control 
mice and DSS-treated mice (WT-Day3 and WT-Day7). (B) Real-time PCR analysis of pro-inflammatory cytokines in WT mice and DSS-treated mice (WT-Day3 and 
WT-Day7). (c) Chemokines expression in mLNs obtained from representative mice from indicated groups. Statistical analysis was determined by Student’s t-test, 
*P < 0.05, **P < 0.01, ***P < 0.001 compared to control. Data are representative of two independent experiments.
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FigUre 2 | CD169+ macrophages are increased in mesenteric lymph nodes (mLNs) of colitis mice. C57BL/6 WT mice were treated with 3.5% dextran sulfate 
sodium (DSS), and mice were harvested after 3 or 7 days. (a) The percentage of CD11b+CD169+ macrophages in mLNs of WT control mice and DSS-treated mice 
were measured by FACS, and statistical analysis was shown, *P < 0.05, ***P < 0.001 compared to control. (B) The percentage of CD11b+CD169− macrophages in 
mLNs of WT control mice and DSS-treated mice, *P < 0.05 compared to control. (c) CD169 mRNA expression in mLNs obtained from WT control mice and 
DSS-treated mice, **P < 0.01 compared to control. (D) Immunohistochemistry analysis of mLN sections obtained from representative mice of indicated groups.
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important subset to regulate the mucosal inflammation in the 
pathogenesis of colitis.

Typical colitis by Dss Treatment in  
WT Mice Were not Observed in  
cD169-DTr Mice
To determine the role of CD169+ macrophages in mLNs in the 
pathogenesis of colitis, CD169-DTR transgenic mice were used 
during the following study. DT (10 µg/kg) was intraperitoneally 
administrated into the CD169-DTR mice. Three days later, the 
change of CD11b+CD169+ macrophages in mLNs was detected by 

flow cytometry. The percentage of CD11b+CD169+ macrophages 
significantly decreased in CD169-DTR mice compared to WT 
control mice (Figure  3A). Real-time PCR analysis of mRNA 
confirmed the lower expression of CD169 in CD169-DTR mice 
than that in WT mice (Figure 3B). Moreover, immunohistological 
analysis also showed the decrease in percentage of CD11b+CD169+ 
macrophages in the mLNs from CD169-DTR mice compared with 
that in age-matched wild-type mice (Figure 3C). These data dem-
onstrated that CD169+ macrophages in mLNs could be effectively 
deleted by DT administration in CD169-DTR mice. Next, WT and 
CD169-DTR mice were both orally treated with 3.5% DSS, and 
the pathological change of colitis between WT and CD169-DTR 
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FigUre 3 | CD11b+CD169+ macrophages in mesenteric lymph nodes (mLNs) from CD169-diphtheria toxin receptor (DTR) mice was deleted by diphtheria toxin (DT) 
administration. CD169-DTR mice were intraperitoneally injected with DT (day 0), Mice were harvested on day 3. (a) Flow cytometry analysis of CD11b+CD169+ 
macrophage in mLNs obtained from WT control mice and CD169-DTR mice with DT treatment, and statistical analysis of the result of FACS, *P < 0.05 compared to 
control. (B) CD169 mRNA expression in mLNs obtained from WT control mice and CD169-DTR mice with DT treatment, **P < 0.01 compared to control. (c) mLN 
sections obtained from representative mice from indicated groups were detected by Immunohistochemistry. Data are representative of two independent experiments.
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mice was compared. Compared with severe colitis in WT mice,  
DSS-treated CD169-DTR mice showed moderate symptoms,  
such as loss of body weight, shortening of colon length, and tissue 
injury (Figures 4A,B). The results clearly showed that typical coli-
tis in WT mice were not observed in CD169-DTR mice. Further-
more, histological examination revealed much less infiltration of 
inflammatory cells in mLNs from DSS-treated CD169-DTR mice, 
and relatively little follicular hyperplasia (Figure 4C). Therefore, 
these results clearly revealed that the severity of DSS-induced 
colitis could be improved in CD169-DTR mice, at least due to the 
depletion of CD169+ macrophages in mLNs.

Th17-related cytokines and the 
Percentage of Th17 cells could Be 
affected by the Presence or not  
of cD169+ subset in mlns
To obtain cellular and molecular mechanism of the sinus CD169+ 
macrophage-mediated regulation of colonic inflammation, the 
expression levels of inflammatory cytokines, such as IL-17, IL-23, 
IL-21, IL-12, and IL-18, as well as chemokines, such as CCL8, CCL3, 
and CCL22 in mLNs from DSS-treated WT and CD169-DTR 

mice were examined. mRNA levels of pro-inflammatory cytokines 
and chemokines, including IL-17, IL-23, IL-21, IL-12, and IL-18, 
and CCL8 and CCL3 were significantly decreased in CD169-DTR 
mice. In contrast, the production of CCL22 was significantly 
increased (Figures 5A,B).

The declined expression of Th17 cell-related cytokines in DT- 
treated CD169-DTR mice prompted us to investigate whether 
Th17  cells participating in CD169+ macrophage regulating 
inflammation. Th17  cells from mLNs were analyzed by flow 
cytometry. The percentage of Th17 cells in DSS-treated CD169-
DTR mice was lower than that in WT colitis mice (Figure 5C). 
These data revealed Th17  cell percentage and Th17-related 
cytokine levels in CD169-DTR mice could be affected by CD169+ 
subset in mLNs.

supernatant of mlns and colons from 
colitic Mice could induce inflammatory 
cytokine Production by mln cells and 
colons In Vitro
To further determine the roles of mLNs sinus CD169+ mac-
rophages in colonic inflammation, an in  vitro culture system 
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FigUre 4 | Typical colitis in WT mice caused by dextran sulfate sodium (DSS) treatment were not observed in CD169-diphtheria toxin receptor (DTR) mice. WT  
and CD169-DTR mice with diphtheria toxin treatment were both orally treated with 3.5% DSS; 7 days later, mice were harvested. (a) Weight loss of WT mice (n = 5) 
and CD169-DTR mice (n = 5) treated with the indicated time points with DSS, *P < 0.05, ***P < 0.001compared to control. (B) Macroscopic observation of colons 
on day 7, such as the length of colons and bloody stools (left), and the statistical analysis of the length of WT colitis and CD169-DTR colitis mice colons (right) 
(n = 10), ***P < 0.001 compared to control. (c) Immunohistochemistry analysis of mesenteric lymph node sections obtained from WT colitis mice and  
CD169-DTR colitis mice. Data are representative of two independent experiments.

7

Li et al. mLNs’ CD169+ Macrophage in Colitis

Frontiers in Immunology | www.frontiersin.org June 2017 | Volume 8 | Article 669

was developed. mLN cells from WT mice and CD169-DTR 
mice with DSS treatment were cultured separately in vitro for 
12  h first, then the supernatant of mLN cells from the WT 
colitic mice was transferred to cultured cells beforehand from 
CD169-DTR mice. And all cells were cultured 12  h further. 
mRNA expression levels of these three kinds of cultured cells 
were analyzed by real-time PCR. The in vitro expression levels 
of inflammatory cytokines including IL-17, TNFα, and IL-1β 
and chemokines including CCL8 and CCL3 were lower in 
mLNs from 169-DTR mice than those from WT mice, which 
were similar to in vivo. However, the expression levels of these 
factors were enhanced in mLN cells cultured with transferred 

supernatant of WT colitic mice. However, CCL22 level in mLNs 
from 169-DTR mice was higher than that from WT mice,  
and the expression level was inhibited in mLN cells when cul-
tured with supernatant from WT mice (Figure 6A). The same 
experiment was also performed with cultured colon tissues. 
The expression levels of all detected factors (Figure 6B) were 
reversed in colon tissues from CD169-DTR mice cultured with 
transferred supernatant of WT colitic mice. The data demon-
strated that the presence of CD169+ macrophages in mLNs and 
colons could directly regulate inflammatory factors production 
by mLNs and colons from CD169-DTR mice with CD169+ 
macrophages deletion in vitro.
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FigUre 5 | Th17-related cytokines and the percentage of Th17 cells could be affected by the presence or not of CD169+ subset in mesenteric lymph nodes 
(mLNs). WT and CD169-diphtheria toxin receptor (DTR) mice with diphtheria toxin treatment were both orally treated with 3.5% dextran sulfate sodium (DSS) for 
7 days. (a) Th17-related cytokines expression levels in mLNs. (B) Real-time PCR analysis of chemokines in mLNs of DSS-treated WT mice and CD169-DTR mice. 
(c) Flow cytometry analysis of Th17 cells in mLNs obtained from WT control mice, WT colitis mice and CD169-DTR colitis mice and statistical analysis of the result 
of FACS. *P < 0.05, **P < 0.01, ***P < 0.001 compared to control. Data are representative of two independent experiments.
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FigUre 6 | Supernatant of mesenteric lymph nodes (mLNs) and colons from colitic mice could induce inflammatory cytokines production by mLN cells and colons 
in vitro. The supernatant of mLN cells and colons of WT mice with dextran sulfate sodium (DSS) treatment was transferred to the mLN cells and colons of 
CD169-diphtheria toxin receptor (DTR) mice with DSS treatment, then the cultured cells and colon tissues were harvested. (a) Cytokines and chemokines mRNA 
expression levels of cultured mLNs. (B) Cytokines and chemokines mRNA expression levels of cultured colons. *P < 0.05, **P < 0.01, ***P < 0.001 compared to 
control. Data are representative of two independent experiments.
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cD169+ Macrophages secreted higher 
Pro-inflammatory Factors Dominantly
To understand the role of CD169+ cells promoting mucosal inflam-
mation clearly, the expression profiles of inflammatory factors  

were compared with the three sorted subpopulations: R1:  
CD1 1b−CD169− macrophages, R2: CD11b−CD169+ macrophages, 
and R3: CD11b+CD169+ macrophages from mLNs of WT mice. 
Real-time PCR analysis of these cells revealed that CD11b+CD169+ 
macrophages expressed much higher pro-inflammatory factors, 

http://www.frontiersin.org/Immunology/
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FigUre 7 | CD169+ macrophages can secret pro-inflammatory cytokines and chemokines directly. Mice were orally treated with 3.5% dextran sulfate sodium  
(DSS) for 7 days, then mesenteric lymph node cells from WT control mice and DSS-treated WT mice were sorted into three subpopulations by flow cytometry.  
(a) Pro-inflammatory factors’ mRNA expression levels of three subpopulations sorted from WT mice. (B) Pro-inflammatory factors’ mRNA expression levels of three 
subpopulations sorted from WT colitis mice, *P < 0.05, **P < 0.01, ***P < 0.001 compared to control. Data are representative of two independent experiments.
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whereas the other two subpopulations showed intermediate or 
lower expression level (Figure 7A). These data suggested that the 
CD11b+CD169+ macrophages could secrete higher level of IL-17, 
TNFα, and IL-1β than the other two subsets in mLNs. Expression 
patterns of three subpopulations from mLNs of WT colitis mice 
were also compared, the mRNA expression levels of IL-17, TNFα, 
and IL-1β were also much higher in CD11b+CD169+ macrophages 
than those in the other two subpopulations (Figure  7B). It is 
suggested that CD11b+CD169+ macrophage in mLNs had the 
capacity to secrete pro-inflammatory cytokines directly.

DiscUssiOn

Inflammatory bowel disease including UC and CD is an idi-
opathic disease caused by a deregulated immune response to host 
intestinal microflora (29). Macrophages play an essential role 
for intestinal homeostasis and the pathology of IBD; recent 
studies have demonstrated that distinct macrophages popula-
tions of intestinal are responsible for their functional plasticity 
under different conditions (30). Studies about how intestinal 

macrophages play a significant role; however, distinct roles in 
healthy and inflamed intestine should to be continued and 
CD169+ macrophages have been the focus of research in recent 
years (17, 31).

LNs are secondary lymphoid organs thst are crucial for the ini-
tiation of adaptive immune responses, and mLNs are an important 
site of T-cell activation for the colon (32). The results of this paper 
collectively demonstrated a very important function of mLNs 
CD169+ macrophages in DSS-induced colitis. CD11b+CD169+ 
macrophages were significantly increased in mLNs of WT mice 
after daily administration with DSS compared to non-treated 
mice, and typical colitic symptoms were not observed in 
CD169-DTR mice with deletion of CD169+ cells by DT injec-
tion. Th17-related cytokines and the percentage of Th17  cells 
were significantly decreased in CD169-DTR mice compared to 
those in WT colitis mice. CD11b+CD169+ macrophages could 
secret pro-inflammatory factors directly, which may promote the 
mucosal inflammation in vitro. These results demonstrated that 
CD169+ macrophages in mLNs were an important subset regulat-
ing mucosal inflammation.
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Many researchers have been paying close attention to studies 
on CD169+ macrophages for many years, because of their unique 
distribution, redistribution upon immune activation, and their 
contribution to antigen handling (33). In spleen, the deletion of 
CD169+ macrophages enhanced lymphocyte responsiveness to 
apoptotic cell antigens and accelerated disease progression in an 
animal model of systemic lupus erythematous (34). The selective 
CCL22 expression by CD169+ macrophage located in splenic 
marginal zone is sufficient to drive induction of long-term sup-
pression to apoptotic cell antigens by rapid recruitment of Tregs 
(35). In colon, CD169+ macrophage mainly located in laminar 
propria could produce CCL8 in response to epithelial injury to 
initiate colitis by recruiting inflammatory monocytes (17). Many 
studies have revealed that mLNs can efficiently accommodate 
naive lymphocytes to encounter antigens, control the develop-
ment, migration, and functional differentiation of immune cells 
of the adaptive immune system (36–38), innate cells includ-
ing macrophages and DCs play important roles during these 
immune processes by bringing antigens from intestinal tissues 
to mLNs. Due to its strategic position, CD169+ macrophage in 
mLNs can rapidly encounter pathogens, antigens, and exosomes 
reaching the LNs through afferent lymph.

This study was performed based on the hypothesis that CD169+ 
macrophage in mLNs would be an important subset in mucosal 
inflammation. The study showed that the number of CD169+ 
macrophage in mLNs of WT mice increased in DSS-induced 
colitis, and CD11b+CD169+ subset produced higher expression 
levels of pro-inflammatory factors than the other two subsets in 
mLNs. It has been demonstrated that these cells have an impor-
tant role in cell–cell communication (39, 40). All these reports 
strongly support the hypothesis that CD169 expressing cells in 
mLNs were important for mucosal inflammation. However, the 
precise mechanism by which CD169+ macrophages promote  
the development of colitis remains unclear.

Among multiple mechanisms involved in the pathogenesis 
of colitis, innate and adaptive immunity both play crucial roles. 
Th17  cells have been implicated as important mediators of  
inflammation in IBD (9, 41). The combination of IL-6 plus trans-
forming growth factor-β are sufficient to induce differentiation  
of Th17 cells from naive T cells and IL-23 can trigger the pro-
liferation of Th17  cells from activated memory T  cells. It also 
has been shown that IL-6 can drive the expression of IL-21 in 
Th17 cells and IL-21 in turn can serve as an autocrine cytokine 
that is sufficient and necessary for Th17 differentiation (42–44). 
IL-17 and IL-17F as well as IL-6, GM-CSF, and TNF can be 
produced by Th17 cells; some reports demonstrated that IL-12 
and IL-10 family member can also be secreted by Th17  cells  
(42, 45, 46). The data in this paper revealed that the expression 
levels of IL-17, IL-21, IL-23, IL-6, IL-1β, TNFα, and IL-12 in mLN 
tissues significantly decreased in CD169-DTR colitis mice com-
pared to those in WT colitis mice. Many studies demonstrated 
that Th17  cells were involved in the pathogenesis of IBD and 
experimental colitis, and mLNs can play a crucial role in initiat-
ing the intestinal inflammation as well as dictate quantitative and 
qualitative features of the response (45, 47). The results of this 
study showed that the percentage of Th17cells decreased in mLNs 
from CD169-DTR mice compared to that in WT mice treated 

with DSS. This revealed that CD169+ macrophages in mLNs 
were essential for Th17  cell-mediated colitis probably through 
regulating the production of Th17-related cytokines. Among 
those detected cytokines, IL-17 is mainly produced by Th17 cells, 
Th17 cells also can secrete other cytokines, such as IL-21, TNFα, 
and IL-1β, moreover, IL-6 and IL-23, but little IL-12, which are 
the most efficient inducers of Th17 cells differentiation (22, 25). 
The concrete mechanism for these novel observations need to be 
explored further.

This study successfully demonstrated that the production 
of inflammatory factors by mLNs cells or colon tissues from 
CD169-DTR mice with deletion of CD169 cells could be reversed 
by supernatant from whole cells of mLNs or colons. The present 
results suggested that the production of inflammatory factors 
promoting mucosal inflammation in WT mice is related to the 
presence of CD169 cells or not. It is highly necessary to do an 
effort to identify the key factor produced by these cells on regulat-
ing the mucosal inflammation.

In summary, our data reported new findings in the patho-
genesis of colitis: first, the number of CD11b+CD169+ mac-
rophages in mLNs significantly increased in the DSS-induced 
colitic mice. Second, the typical colitis symptom was not induced 
in CD169-DTR mice treated with DSS, and the levels of inflam-
matory cytokines as well as the percentage of Th17 cells in mLNs 
from CD169-DTR mice were much lower than those from WT 
mice with DSS-induced colitis, which at least partially due to 
the deletion of CD169+ macrophages. Third, further experiment 
in vitro demonstrated that the supernatant from whole cells of 
mLNs or colon tissues could promote the production of inflam-
matory factors by mLN cells or colon tissues from CD169-DTR 
mice. These could be explained by the cell sorting result that 
CD11b+CD169+ macrophages expressed higher level of inflam-
matory factors directly. All these data strongly revealed the 
essential roles of CD169 expressing subset in mLNs on regulating 
mucosal inflammation.
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