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Abstract 
 

Alterations of CD103+ dendritic cells in autoimmune dry 

eye murine model 

Young Ho Jung 

Ophthalmology 

The Graduate School of Medicine 

Seoul National University 

 

Purpose : We aimed to investigate whether changes in antigen-presenting cell (APC) 

distributions are distinct in aging-dependent and autoimmune dry eye model. 

Methods : Corneal staining and tear secretion were evaluated in 8-week- and 20-month-old 

C57BL/6 (B6) mice and 5-week- and 24-week-old NOD.B10.H2b mice. In the cornea, lacrimal 

gland (LG), and mesenteric lymph node, MHC-IIhi B cells (CD45+CD11b-CD11c-

CD24+MHC-IIhi), CD11b- dendritic cells (DCs) (CD45+CD11b-CD11c+CD24+MHC-IIhi), 

CD11b+DCs (CD45+CD11b+CD11c+CD24+MHC-IIhi), and CD103+ DCs (CD45+CD11b+/-

CD11c+CD103+MHC-IIhi) were compared between young and aged mice. Changes of fecal 

bacterial genomic 16S rRNA sequences were compared. 
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Results: Corneal staining increased, but tear secretion decreased in both aged mice (P<0.001). 

In aged B6 mice, the percentage of corneal CD11b+ DCs was higher (P<0.05) than that in young 

mice. The percentages of mesenteric CD11b+ DCs and CD103+CD11b+ DCs in the aged mice 

were higher than those in young mice (P<0.05). In aged NOD.B10.H2b mice, the percentages 

of corneal CD103+CD11b- DCs and MHC-IIhi B cells in the LG were higher than those in young 

mice (P<0.05). The percentages of mesenteric CD103+CD11b+ DCs, CD103+CD11b- DCs and 

MHC-IIhi B cells were also higher than those in young mice (P<0.05). α-diversity increased in 

aged B6 mice. β-diversity showed a significant difference between aged and young mice 

(P<0.05). In the aged B6 mice, nine taxa in the family Lachnospiraceae increased, while eight 

taxa in the family Lactobacillaceae decreased.  

Conclusion:  Gut-related CD103+CD11b- DCs and MHC-IIhi B cells may be prevalent in 

aged autoimmune dry eye models, while CD103+ DCs are not predominant in aging-dependent 

dry eye model. 

Keywords : Autoimmune disease, dendritic cells (DCs), antigen-presenting cell (APC), dry 

eye, CD103 DC, MHC-IIhi B cell 
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1. Introduction 1 

 2 

Since Ralph Steinman and Zanvil Cohn discovered the dendritic cell (DC),1 DCs have 3 

been studied as key mediators of innate and adaptive immunity.2, 3 DCs can also activate 4 

regulatory T cells (Treg) and tolerize T cells to self-antigens.4, 5 Thus, DCs are being studied for 5 

their potential therapeutic benefits against autoimmune diseases.6 Specific DC subset functions 6 

change during aging or in a tissue-specific manner, and a breakdown in the balance between 7 

functions may lead to autoimmune diseases.7 Therefore, changes in DCs during aging should 8 

be studied. 9 

DCs are found both in lymphoid and in non-lymphoid organs such as the skin, muscle, 10 

lung, kidney, intestine, liver, and eye and each organ has different primary antigen presenting 11 

cells (APC).1, 2, 8-12 12 

  13 
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Table 1. Major antigen presenting cells in each organs 

Organ Author Disease APC 

Lung  Claire Mesnil11 Allergic sensitization CD11b+ DC 

Intestine  Tordesillas,L10  Oral tolerance CD103+ DC 

Brain Derkow, K13 Encephalomyelitis Plasmacytoid DC 

Retina Lehmann, U14 Retinal injury CD11b+ DC 

APC, antigen presenting cell; DC, dendritic cell 

 14 

Several studies have identified heterogeneous populations of corneal DCs,8, 15-18 which play 15 

immunogenic roles in dry eye syndrome, corneal allotransplant, and autoimmune diseases,18-23 16 

or exhibit tolerogenic properties.24 An imbalance in immunity contributes to the pathogenesis 17 

of dry eye diseases (DED).25, 26 Given its worldwide prevalence, especially in elderly 18 

individuals,27, 28 DED is a clinically relevant issue in today’s society. Recently, the kinetics and 19 

functions of DCs have been investigated in ocular surface inflammation with DED.29, 30 20 

 The characteristics of DCs in the ocular surface or lacrimal glands (LGs) have been 21 

investigated intensively in experimental dry eye models.20, 29, 31 However, a study on the DC 22 

distributions in the cornea or LG associated with an autoimmune model is currently under-23 

investigated. 24 
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Therefore, we investigated whether dry eye syndrome in aged NOD.B10.H2b mice (NOD 25 

mice), which mimic Sjögren’s syndrome-like changes was due to aging or autoimmunity. 32-34 26 

Aged C57BL/6 mice (B6) mice were used as the control group, and we conducted a study to 27 

find out which DC subsets are distinct in aged NOD mice. 28 

 29 

  30 
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2. Materials and Methods 31 

 32 

2.1. Ethics declarations 33 

The protocol was approved by the Institutional Animal Care and Use Committee of the 34 

Seoul National University Biomedical Research Institute (IACUC no. 20-0124-S1A1). Animal 35 

experiments were performed in accordance with the Association for Research in Vision and 36 

Ophthalmology (ARVO) statement for use of animals in ophthalmic vision and research and 37 

Animal Research: Reporting of In Vivo Experiments (ARRIVE) guidelines. 38 

 39 

2.2. Animals 40 

Eight C57BL/6 (B6) male mice and eight NOD.B10.H2b male mice (The Jackson 41 

Laboratory, Bar Harbor, ME) were used in this study. Eight-week-old (n=4) and 20-month-old 42 

(n=4) B6 mice were included as the young and aged B6 group, while five-week- (n=4) and 24-43 

week-old (n=4) NOD.B10.H2b mice were included as the young and aged NOD group. The 44 

mice were bred in a specific pathogen-free facility at the Biomedical Research Institute of Seoul 45 

National University Hospital (Seoul, Korea), maintained at 22–24°C with 55±5% relative 46 

humidity, and provided free access to food and water.  47 
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 48 

2.3. Clinical evaluation of the dry eye 49 

Corneal staining and tear secretion tests were performed under anesthesia (using a mixture 50 

of zoletil and xylazine at a ratio of 1:3). Corneal staining was blindly assigned by a single 51 

experienced ophthalmologist (Y. J.) using the National Eye Institute (NEI) scoring scheme. 52 

Fluorescein dye (0.25%) and Lissamine Green B (3%) (Sigma-Aldrich) were used for corneal 53 

staining in the B6 and NOD.B10.H2b mice, respectively.33, 35 54 

 55 

After placing one drop of dye on the conjunctival sac for 30 seconds, the ocular surface 56 

was gently washed with 1 mL of normal saline. Corneal staining was observed using a 57 

microscope (Olympus SZ61; Olympus Corporation, Tokyo, Japan). The B6 and 58 

NOD.B10.H2b mice were observed using cobalt blue and white light (LED) illumination, 59 

respectively.33, 35 For the tear secretion test, phenol red-impregnated cotton threads (FCI 60 

Ophthalmics, Pembroke, MA) were placed into the lateral canthus of mice for 60 seconds. 61 

 The old group weighed more than the young group (43.0±3.2 vs 22.7±0.5 in B6 mice, 62 

31.3±0.8 vs 25.2±1.3 in NOD mice). To compensate for the difference in tear secretion volume 63 

induced by body weight, the tear secretion values were corrected with body weight according 64 
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to the method in the previous studiese.36, 37 65 

 66 

2.4. Flow cytometry for analyzing immune cells 67 

After the mice were euthanized, the cornea and limbal tissue (Co), extraorbital LG, and 68 

mesenteric lymph node (MLN) were extracted and collected. Bilateral tissues were pooled for 69 

analysis. To obtain a single-cell suspension, the tissues were treated with 1 mg/mL collagenase 70 

type I (Worthington, Lakewood, NJ) for 30 min at 37°C and homogenized through a 70‐μm 71 

filter (BD BioSciences, San Diego, CA).  72 

A single cell suspension was prepared by mincing the tissue between the frosted ends of 73 

two glass slides in RPMI‐1640 medium (WelGENE, Daegu, Korea), 10% fetal bovine serum 74 

(FBS), and 1% penicillin-streptomycin. To sort dendritic cells (DCs), antigen-presenting MHC-75 

IIhi B cells, macrophages, and granulocytes, including neutrophils and eosinophils, the cell 76 

populations were identified using the sequential gating strategy (Fig. 1). To exclude non-77 

immune cells in Co and LG, the cells were gated with CD45 and the percentage of APC subsets 78 

was calculated in the CD45+ parent population. The following antibodies were used for a subset: 79 

CD11b-PE-Cy7 (eBioscience, San Diego, CA), CD11c-PerCP-Cy5.5 (eBioscience), MHC-II-80 

FITC (eBioscience), CD24-PE (eBioscience), and CD45-APC (eBioscience). To identify 81 
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CD103+ dendritic cells (DC), CD103-PE (eBioscience) was applied to cells stained with 82 

CD11b-PE-Cy7, CD11c-PerCP-Cy5.5, MHC-II-FITC, and CD45-APC in the other subset. 83 

The stained cells were assayed using a FACSCanto flow cytometer (BD BioSciences, San Jose, 84 

CA). Data were analyzed using FlowJo software (version 10.7.1) (Tree Star, Ashland, OR).  85 

After forward-scatter and side-scatter gating, CD45+ cells were gated (Fig. 1). The cells 86 

were then further divided by CD11b and CD11c expression. Thereafter, each proportion was 87 

sorted by the expression of CD24 and MHC-II or by the expression of CD103 and MHC-II 88 

(Fig. 1). Antigens presenting MHC-IIhi B cells were identified with CD45+CD11b-CD11c-89 

CD24+MHC-IIhi (Fig. 1A).38 Antigen-presenting MHC-IIhi macrophages (MHC-IIhi MQ) or 90 

non-antigen-presenting macrophages were identified as CD45+CD11b+CD11c-CD24-MHC-91 

IIhi or CD45+CD11b+CD11c-CD24-MHC-IIlo (Fig. 1B and C).32 Within CD11b+ cells, 92 

neutrophils/eosinophils were isolated with CD45+CD11b+CD11c-CD24+MHC-IIlo (Fig. 1D).32 93 

Based on the expression of CD45, CD11c, CD24, and MHC-II as dendritic cells (DCs), DCs 94 

were further divided into CD11b- DCs and CD11b+ DCs (Fig. 1E and F).32 CD103+CD11b- DCs 95 

and CD103+CD11b+ DCs were gated based on CD45+CD11b-CD11c+CD103+MHC-IIhi and 96 

CD45+CD11b+CD11c+CD103+MHC-IIhi (Fig. 1G and H).39  97 
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 98 

  99 
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Figure 1. Gating strategy used to identify myeloid-cell and lymphoid-cell subsets. 100 

Following the exclusion of debris and cellular aggregates, forward-scatter and side-scatter gating were 101 

performed. The pan-hematopoietic marker CD45 was selected to distinguish immune cells from other 102 

corneal or lacrimal gland cells. A sequential gating strategy was used to identify populations expressing 103 

specific markers: (A) CD45+CD11b-CD11c-CD24+MHC-IIhi cells as antigen-presenting MHC-IIhi B cells, (B) 104 

CD45+CD11b+CD11c-CD24-MHC-IIhi cells as antigen-presenting MHC-IIhi macrophages (MHC-IIhi MQ), (C) 105 

CD45+CD11b+CD11c-CD24-MHC-IIlo cells as non-antigen-presenting macrophages (MHC-IIlo MQ), (D) 106 

CD11b+CD11c-CD24+MHC-IIlo cells as neutrophils and eosinophils, (E) CD11b-CD11c+CD24+MHC-IIhi cells 107 

as CD11b- dendritic cells (CD11b- DC), (F) CD11b+CD11c+CD24+MHC-IIhi cells as CD11b+ dendritic cells 108 

(CD11b+ DC), (G) CD45+CD11b-CD11c+CD103+MHC-IIhi cells as CD103+CD11b- DC cells, and (H) 109 

CD45+CD11b+CD11c+CD103+MHC-IIhi cells as CD103+CD11b+ DC cells. 110 

 111 

  112 
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2.5 16S Ribosomal RNA Analysis of fecal microbiota  113 

Fecal pellets were directly collected from the anus of each mouse by holding it and 114 

allowing defecation. The collected feces were immediately stored at -80˚C until they were 115 

referred to Chunlab, Inc. (Seoul, Republic of Korea) for analysis. V3 to V4 region of 16S 116 

ribosomal RNA (rRNA) analysis was performed in the same way as described previously.33, 40 117 

Compositional differences, α- and β-diversities (using UniFrac), and linear discriminant 118 

analysis (LDA) effect size (LEfSe) were evaluated. Only those taxa that showed a P-value<0.05 119 

and a log LDA score＞2 were ultimately considered for biomarker evaluation.33 120 

 121 

2.6 Statistical Analyses 122 

For comparing the two groups, independent t-test was used. Data are expressed as the 123 

mean ± standard error of the mean. Statistical analyses were performed using GraphPad Prism 124 

software (version 9.0; GraphPad Software, La Jolla, CA, USA). Differences were considered 125 

statistically significant at P < 0.05.  126 

127 



 

１１ 

 

3. Results 128 

Dry eye is manifest in aged B6 and NOD.B10.H2b mice 129 

In immunocompetent B6 mice, the average corneal stain scores of aged mice were 130 

significantly higher (13.63±1.51) than those of young mice (4.75±4.53) (P<0.001; Fig. 2A). 131 

Tear secretion was not significantly different between the groups (10.85±2.58 mm in young and 132 

7.45±3.78 mm in aged mice) (P=0.054). However, when body weight (BW) was adjusted, the 133 

corrected value was significantly lower in aged mice (0.17±0.09/BW) than in young mice 134 

(0.48±0.12/BW) (P<0.001; Fig. 2B). 135 

In autoimmune-susceptible NOD.B10.H2b mice, the corneal stain scores of aged mice 136 

were significantly higher (10.50±2.14) than those of young mice (2.88±2.10) (P<0.001; Fig. 137 

2C). A marked reduction in tear secretion was observed in aged mice. The tear secretion in 138 

young and aged mice was 4.86±0.47 mm and 3.44±0.35 mm, respectively (P<0.001). BW 139 

adjusted tear secretion was also significantly lower in the aged group (0.11±0.01/BW) than in 140 

the young group (0.19±0.03/BW) (P<0.001; Fig. 2D). 141 

  142 
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 143 

 144 
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Figure 2. (A) Representative images of corneal fluorescein staining of young C57BL/6 (B6) mice (8-week-145 

old; upper row) and aged B6 mice (20-month-old; lower low). (B) The National Eye Institute (NEI) corneal 146 

staining score was significantly higher in aged B6 mice than in young B6 mice (P<0.001). Body weight (BW) 147 

adjusted tear secretion was significantly lower in aged B6 mice than young B6 mice (P<0.001).  148 

(C) Representative images of corneal lissamine green staining of young NOD.B10.H2b mice (5-week-149 

old; upper row) and aged NOD.B10.H2b mice (24-week-150 

old; lower row). (D) The NEI corneal staining score was significantly higher in aged NOD.B10.H2b mice th151 

an in young NOD.B10.H2b mice (P<0.001). Tear secretion and BW adjusted tear secretion were significan152 

tly lower in aged NOD.B10.H2b mice than in young NOD.B10.H2b mice (P<0.001). B6(Y), young B6 mice;153 

 B6(O), aged B6 mice; NOD(Y), young NOD.B10.H2b mice; NOD(O), aged NOD.B10.H2 b mice. *P<0.05154 

, **P<0.01, ***P<0.001 155 

 156 

  157 
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Corneal CD11b+ DCs increased in aged mice 158 

In the cornea, the percentages of the CD45+ cell ratio showed no differences between the 159 

young and aged groups in both of two models (P=0.580 and P=0.301, respectively) (Fig. 3). In 160 

B6 mice, the percentage of corneal CD11b+ DCs (2.53±0.29%) was significantly higher in aged 161 

mice than in young mice (1.43±0.38%) (P=0.004). 162 

In NOD.B10.H2b mice, the percentage of corneal CD11b+ DCs in aged mice was also 163 

significantly higher (6.96±1.85%) than in young mice (0.54±0.48%) (P<0.001). By contrast, 164 

the percentage of corneal CD11b- DCs was lower in aged mice compared to young mice 165 

(7.28±3.43% vs 17.73±5.45%) (P=0.019; Fig. 3B). 166 

  167 



 

１５ 

 

 168 

Figure 3. Corneal immune cell subsets in B6 (A) and NOD.B10.H2b (B) mice. The total 169 

number of CD45+ cells was used as the denominator to compensate for the actual fraction of each subset. 170 

The percentage of CD11b+ DCs was higher in both aged B6 mice (A) (P=0.004) and aged NOD.B10.H2b 171 

mice (B) (P<0.001) than in young mice, while the percentage of CD11b- DCs was reduced in aged 172 

NOD.B10.H2b mice (P=0.019). B6, C57BL/6; MHC, major histocompatibility complex; DC, dendritic cell; 173 

B6(Y), young B6 mice; B6(O), aged B6 mice; NOD(Y), young NOD.B10.H2b mice; NOD(O), aged 174 

NOD.B10.H2b mice. *P<0.05, **P<0.01, ***P<0.001. 175 

 176 

  177 
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Changes in MHC-IIhi B cells in LG of aged NOD.B10.H2b mice 178 

The percentages of the CD45+ cell ratio in the LG showed no differences between the 179 

young and aged groups (P=0.161 and P=0.297, respectively) (Fig. 4). In aged B6 mice, LG 180 

CD11b+ DCs were significantly lower (18.26±4.14%) than in young mice (25.28±3.65%) 181 

(P=0.044; Fig. 4A). 182 

In the LG of NOD.B10.H2b mice, no marked change in the DC subsets was observed. 183 

However, the percentage of MHC-IIhi B cells was significantly higher in aged NOD.B10.H2b 184 

mice (7.84±2.52%) compared to young NOD.B10.H2b mice (11.70±0.36%) (P=0.023; Fig. 185 

4B). 186 

  187 
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 188 

Figure 4. Immune cell subsets of extraorbital lacrimal gland in B6 (A) and NOD. B10.H2b 189 

(B) mice. The total number of CD45+ cells was used as the denominator to compensate for the actual 190 

fraction of each subset. (A) The percentage of CD11b+ DC was significantly lower in aged B6 mice 191 

(P=0.044). (B) The percentage of MHC-IIhi B cells was significantly higher in aged NOD.B10.H2b mice 192 

(P=0.023). B6, C57BL/6; MHC, major histocompatibility complex; DC, dendritic cell; B6(Y), young B6 mice; 193 

B6(O), aged B6 mice; NOD(Y), young NOD.B10.H2b mice; NOD(O), aged NOD.B10.H2b mice. *P<0.05, 194 

**P<0.01, ***P<0.001. 195 
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Changes in APCs in MLN of aged mice 197 

The percentage of CD45+ cells in the MLN of aged mice did not increase compared to 198 

young mice (P>0.05; Fig. 5). The percentage of CD11b+ DCs was significantly higher in aged 199 

B6 mice (4.27±1.07%) than in young B6 mice (2.82±0.09%) (P=0.035; Fig. 5A), which 200 

corresponded with the changes in the corneal CD11b+ DCs. In NOD.B10.H2b mice, the 201 

percentage of MHC-IIhi B cells was significantly higher in the aged NOD.B10.H2b mice 202 

(1.96±0.42%) than in the young NOD.B10.H2b mice (1.30±0.26%) (P=0.038; Fig. 5B), which 203 

corresponded with the changes in MHC-IIhi B cells in the LG. 204 

  205 
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 206 

Figure 5. Immune cell subsets of mesenteric lymph node in B6 (A) and NOD. B10.H2b 207 

(B) mice. The percentage of CD45+ cells and the other subsets was calculated as the portion within total 208 

cells. (A) The percentage of CD11b+ DC was significantly higher in aged B6 mice (P=0.035). (B) The 209 

percentage of MHC-IIhi B cell was significantly higher in aged NOD.B10.H2b mice (P=0.038). B6, C57BL/6; 210 

MHC, major histocompatibility complex; DC, dendritic cell; B6(Y), young B6 mice; B6(O), aged B6 mice; 211 

NOD(Y), young NOD.B10.H2b mice; NOD(O), aged NOD.B10.H2b mice. *P<0.05, **P<0.01, ***P<0.001. 212 
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Changes of corneal and nodal CD103+ DC subsets  214 

in aged NOD.B10.H2b mice 215 

The percentages of CD103+CD11b+ DCs were significantly increased in the MLNs of 216 

both B6 and NOD.B10.H2b mice (P<0.05; Fig. 6A and 6B). Notably, the percentages of nodal 217 

CD103+CD11b-DCs (1.29±0.17%) and CD103+CD11b+ DCs (0.32±0.07%) were significantly 218 

higher in aged NOD.B10.H2b mice than in young mice (0.74±0.18%, P=0.004; vs. 0.11±0.05% 219 

P=0.002, respectively) (Fig. 6B). Correspondingly, the percentage of corneal CD103+CD11b- 220 

DCs was markedly higher in aged mice (8.13±1.63%) than in young mice (0.25±0.29%) 221 

(P<0.001). However, in B6 mice, no differences were observed in terms of CD103+ DCs in the 222 

cornea or LG (Fig. 6A), despite the increased frequency of nodal CD103+CD11b+DCs. 223 
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 224 
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Figure 6. CD103+ DC subsets of cornea (Co), lacrimal gland (LG), and mesenteric lymph 226 

node (MLN) in B6 (A) and NOD.B10.H2b (B) mice. In Co and LG, the percentage of subsets was 227 

calculated as the portion within CD45+ cells. In MLN, the percentage of subsets was calculated as the 228 

percentage within total cells. (A) In MLN, the percentage of CD103+ CD11b+ DC was significantly higher in 229 

aged than young B6 mice (P=0.025), while the other subsets revealed no significant difference. (B) The 230 

percentage of CD103+CD11b- DC was significantly higher in aged than young NOD.B10.H2b mice in Co 231 

(P<0.001). In MLN, the percentage of CD103+CD11b- DC and CD103+CD11b+ DC was significantly higher 232 

in aged NOD.B10.H2b mice (P=0.004 and P=0.002, respectively). B6, C57BL/6; MHC, major 233 

histocompatibility complex; DC, dendritic cell; B6(Y), young B6 mice; B6(O), aged B6 mice; NOD(Y), young 234 

NOD.B10.H2b mice; NOD(O), aged NOD.B10.H2b mice. *P<0.05, **P<0.01, ***P<0.001. 235 

 236 
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No proportional changes of corneal macrophages/granulocytes  238 

in aged mice 239 

No significant proportional changes were observed in the MHC-IIhi MQ or 240 

neutrophils/eosinophils (CD45+CD11b+CD11c-CD24+MHClo) in the cornea of both B6 and 241 

NOD.B10.H2b mice (Fig. 7). In both mice, the percentage of MHC-IIhi MQ of LG was lower 242 

in the aged group than in the young group (P<0.05) (Fig. 7). The percentage of 243 

neutrophils/eosinophils of LG was also lower in aged NOD.B10.H2b mice than in young mice 244 

(P=0.022) (Fig. 7). In contrast, MLN showed a considerably increased proportion of MHC-IIhi 245 

MQ in NOD.B10.H2b mice and the proportion of neutrophils/eosinophils in both aged mice. 246 

However, this was clinically negligible due to the very low proportion (P<0.05) (Fig. 7). 247 
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Figure 7. MHC-IIhi MQ (CD11b+CD11c-CD24-MHC-IIhi) and neutrophils/eosinophils 251 

(CD45+CD11b+CD11c-CD24+MHC-IIlo) in cornea (Co), lacrimal gland (LG), and mesenteric 252 

lymph node (MLN) in B6 (A) and NOD.B10.H2b (B) mice. In Co and LG, the percentage of 253 

subsets was calculated as the portion within CD45+ cells. In MLN, the percentage of subsets was calculated 254 

as the portion within total cells. (A) The percentage of MHC-IIhi MQ was significantly lower in aged than 255 

young B6 mice in LG (P=0.010). The percentage of neutrophils/eosinophils was significantly higher in aged 256 

B6 mice than young B6 mice in MLN (P=0.032). (B) The percentage of MHC-IIhi MQ and 257 

neutrophils/eosinophils in LG was significantly lower in aged than in young NOD.B10.H2b mice (P=0.024 258 

and P=0.022, respectively). However, the percentage of MHC-IIhi MQ and neutrophil/eosinophil in MLN was 259 

significantly higher in aged NOD.B10.H2b mice (P=0.039 and P=0.015, respectively). MQ, Macrophage; 260 

B6, C57BL/6; B6(Y), young B6 mice; B6(O), aged B6 mice; MHC, major histocompatibility complex; 261 

NOD(Y), young NOD.B10.H2b mice; NOD(O), aged NOD.B10.H2b mice. *P<0.05, **P<0.01, ***P<0.001. 262 

 263 

  264 



 

２６ 

 

Aging-dependent compositional changes of intestinal microbiome  265 

in B6 mice 266 

For α-diversity analysis, the number of operational taxonomic units (OTU), Chao1 index 267 

(indicating species richness), and Shannon diversity index were used. The Shannon index was 268 

significantly higher in aged B6 mice (P=0.029; Mann Whitney U test) (Fig. 8A); however, the 269 

number of OTU and Chao1 index did not differ between groups. The β-diversity of the genus 270 

and species analyzed by UniFrac principal coordinates analysis revealed a significant distance 271 

between the young and aged B6 groups (P=0.036; permutational multivariate analysis of 272 

variance) (Fig. 8B). 273 

Linear discriminant analysis effect size (LEfSe) exhibited significant biological taxonomic 274 

differences between groups (Fig. 8C). Nine microbial taxa in the aged B6 group, such as 275 

Lachnospiraceae (family), Helicobacteraceae (family), and Muribaculum (genus), were higher 276 

in abundance than in the young B6 group, whereas eight microbial taxa in the young B6 group, 277 

such as Lactobacillaceae (family), Prevotella (genus), Lactobacillus intestinalis (species), 278 

Lactobacillus reuteri (species), and Lactobacillus gasseri (species), were higher in abundance 279 

compared to the aged B6 group.  280 

  281 
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 282 

Figure 8. Microbiome analysis in B6 mice age-related dry eye model. (A) Results of α-283 

diversity analysis. Observed operational taxonomic unit (OTU) count, Chao1 index (indicating species 284 

richness), and Shannon diversity index were used. Shannon index was significantly higher in aged B6 mice 285 

(P=0.029; Mann Whitney U test). (B) β-diversity of genus and species analyzed by UniFrac principal 286 

coordinates analysis indicated significant distances between young and aged B6 mice (P=0.036; 287 

permutational multivariate analysis of variance). (C) Linear discriminant analysis (LDA) effect size (LEfSe) 288 

performed on the microbial community with cut-off LDA score >2.0. B6, C57BL/6; B6(Y), young B6 mice; 289 

B6(O), aged B6 mice. Bars indicate maximum and minimum values.   290 

 291 
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4. Discussion 293 

 294 

To the best of our knowledge, this is the first descriptive study of age-dependent APC 295 

changes in both immunocompetent and immunosusceptible mice. This study indicates that 296 

APCs involved in aging-dependent dry eye and autoimmune dry eye are different and gut-297 

related CD103+CD11b-DCs and MHC-IIhi B cells may be the prevailing APCs in the ocular 298 

surface–LG axis of aged NOD.B10.H2b mice. However, corneal CD11b+ DCs tended to 299 

increase in aged B6 mice.  300 

 301 

We focused on the changes in three subsets of DCs, namely CD11b+ DCs, CD11b- DCs, 302 

and CD103+ DCs.8, 41 CD103+ DCs act in self or foreign antigen recognition or in the induction 303 

of gut-related molecules on effector T cells.41 Interferon (IFN) -α-producing plasmacytoid DCs 304 

are pathogenic cells that enhance pro-inflammatory cytokine production in Sjögren’s 305 

syndrome.42, 43 CD11c+CD86+ and CD11b+CD11c- cells are involved in experimental dry eye 306 

models.20, 29 B cells detect and initiate their immune responses to antigens and present antigens 307 

to T cells.44-46 Given that B cells are crucial for the pathogenesis of Sjögren’s syndrome,47 DCs 308 

or antigen-presenting B cells may be responsible for aggravating the inflammatory responses in 309 
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either aged B6 or autoimmune Sjögren’s syndrome-like mice. 310 

Heterogeneous groups of APCs exist in the cornea and 23, 48 have been investigated for their 311 

role in different inflammatory corneal diseases.49-52 In this study, CD11b+ DCs were found to 312 

increase on the ocular surface in both aged B6 and autoimmune Sjögren’s syndrome-like mice. 313 

Among the APCs, conventional dendritic cells (cDCs) that express high levels of CD11c and 314 

MHC-II and low levels of F4/80 exhibited a superior capacity to present antigens to T cells.53 315 

cDC can be further sub-classified into type 1 cDC (cDC1) and type 2 cDC (cDC2).53 The former 316 

induces cytotoxic CD8+ T cell and T helper1 (Th1) responses, while the latter initiates Th2, 317 

Th17, and T regulatory (Treg) responses.53 cDC1 can be identified as CD4-CD8α+CD11b- and 318 

cDC2 can be identified as CD4+CD8α -CD11b+. In gut nonlymphoid tissues, cDC1s are 319 

classified as CD103+CD11b-CD11c+MHC-IIhi, whereas cDC2s comprise both 320 

CD103+CD11b+CD11c+MHC-IIhi and CD103-CD11b+CD11c+MHC-IIhi.53 Surprisingly, 321 

CD103+CD11b-DCs are remarkably increased in both the cornea and MLN in aged 322 

NOD.B10.H2b mice, suggesting an increase in the number of presumed CD103+ conventional 323 

DC1s. CD45+CD11b-CD11c+CD24+MHC-IIhi cells or CD45+CD11b+CD11c+CD24+MHC-IIhi 324 

cells are considered cDC1 (CD11b+ DC) or cDC2 (CD11b- DC). However, further detailed 325 

identification is needed using additional markers, such as CD8α and CD4. Nevertheless, this 326 
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outcome provides an insight into how the distribution of CD11b+/- DCs or CD103+ DCs changes 327 

in the cornea and LG depending on age and autoimmunity. In the present study, the mechanisms 328 

underlying the changes in the matured status of each type of APC were not evaluated. Given 329 

that the different distributions and maturity of APCs may have an effect on triggering immune 330 

responses, the different status of matured DCs should be investigated further using additional 331 

markers, namely CD86 or CD80. 332 

 333 

Recent evidence indicates that both B and T cells play a major role in the pathogenesis of 334 

Sjögren’s syndrome.54 NOD.B10-H2b mice exhibit many features of Sjögren’s syndrome, 335 

including exocrine gland dysfunction concomitant with leukocyte infiltration of the salivary and 336 

LGs.55 Recent studies have shown that both Sjögren’s syndrome patients and NOD.B10-H2b 337 

mice exhibit increased B lymphocyte survival, B cell hyper-reactivity, and hyper-338 

gammaglobulinemia with a high production of autoantibodies.55 In our study, antigen-339 

presenting MHC-IIhi B cells tended to increase in both LG and MLN with aging in NOD.B10-340 

H2b mice, suggesting that B cells may be an important factor, not only as an effector cell to 341 

produce antibodies, but also as an APC in autoimmune Sjögren’s syndrome-like dry eye. On 342 

the other hand, no changes in MHC-IIhi B cells were observed in aged B6 mice, indicating that 343 
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antigen-presenting B cells may not to be involved in the pathogenesis of immune competent 344 

dry eye. This change in the APCs in the LG is distinct from the change in corneal APC, 345 

suggesting that heterogeneous aging-dependent distributions of APC vary depending on the 346 

tissues. Given that gut dysbiosis has a significant impact on the maturation and differentiation 347 

of B cells.56 An increase in mesenteric nodal MHC-IIhi B cells may be gut-related. Considering 348 

that recent studies have shown that intestinal dysbiosis is related to autoimmune dry eyes.33, 57, 58 349 

the increase in LG MHC-IIhi B cells observed in the present study may correspond to changes 350 

in the gut. In primary Sjögren’s syndrome, CD27+ memory B cells, marginal zone B cells, 351 

plasmablasts, and plasma cells are the key subsets of B cells.47 To acknowledge the functional 352 

changes of effector B cells, further investigation should be performed using CD19, CD20, and 353 

CD38, or measured using antibodies.59 354 

 355 

Regarding the results of the intestinal microbiome, we found that the diversity of the 356 

intestinal microbiome increased in aged B6 mice. Microbiome composition was significantly 357 

different between the aged and young B6 mice, which was clearly observed in the principal 358 

coordinates analysis plot (Fig. 8B). Emerging evidence implies that the intestinal microbiome 359 

contributes to DC maturation and differentiation by modulating the intestinal epithelial barrier, 360 
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inhibiting pathogens, regulating systemic immune response, or secreting probiotic-derived 361 

factors.60-63 362 

In this study, aged B6 mice showed decreased family Lactobacillaceae, including 363 

Lactobacillus reuteri and Lactobacillus gasseri, and increased family Lachnospiraceae and 364 

Helicobacteraceae. Many species of Lactobacillus (probiotics) exert immunomodulatory 365 

functions in vitro and in vivo.62 Lactobacilli strains facilitate the production of short-chain fatty 366 

acids and induce tolerogenic DCs, which promote naïve CD4+ T cells into Tregs.64 The oral 367 

administration of Lactobacillus gasseri reduced CD11c+CD103+ cells in the lamina propria and 368 

enhanced oral tolerance by increasing regulator T cells.65, 66 Lactobacillus gasseri 369 

downregulated the production of interleukin-12 and tumor necrosis factor-α in mature DCs in 370 

vitro.66 In contrast, family Lachnospiraceae was increased in diabetic mice, and negatively 371 

correlated with splenic CD11b+CD11c+ tolerogenic DC and Treg.67 Family Helicobacteraceae 372 

belongs to phylum Proteobacteria, and is considered a microbial signature of intestinal 373 

dysbiosis. Family Helicobacteraceae increased in an acute colitis mouse model that showed 374 

lower CD11c+CD103+ tolerogenic DCs in the lamina propria, which decreased as colitis 375 

improved.9 In this study, CD11b+ DCs were increased in both the cornea and MLN of aged B6 376 

mice. However, the direct association between the intestinal microbiome and DC subsets could 377 
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not be analyzed because of the small sample size. Nevertheless, age-related intestinal dysbiosis 378 

seems to affect the DC subsets, which is distinct from the age-dependent changes of DC subsets 379 

in NOD.B10.H2b mice. In previous studies, abnormal composition of microbiome in autism 380 

and cancer was reported, and it was confirmed that the symptoms and treatment outcomes were 381 

improved through microbiota transplantation.68, 69 In our study, young group and old group 382 

showed a marked difference in microbiome composition, and further investigation is needed to 383 

confirm that dry eye syndrome is improved through fecal microbiome transplantation. 384 

 385 

This study has several limitations. First, only male mice were used because female 386 

NOD.B10.H2b mice tend to develop only sialadenitis instead of dacryoadenitis.70 Only B6 male 387 

mice were included to match the sex with NOD.B10.H2b mice. However, the female sex is one 388 

of the highest risk factors for dry eye syndrome, due to the effects of hormones on this disorder.71 389 

Therefore, it is not possible to apply female-associated dry eye. Second, because only a small 390 

number of animals was used, the results may not be statistically representative of each group. 391 

Third, a flow cytometry machine capable of sorting up to five channels were used. Therefore, 392 

the use of additional specific markers to differentiate between neutrophil and eosinophil, cDC1 393 

and cDC2, or mature DC and immature DCs was not possible.40 Lastly, only the changes in the 394 
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gut microbiome related to aging were analyzed, and no cause-and-effect relationship was 395 

observed. Further studies are needed to determine whether there are changes in the dendritic 396 

cells and the gut microbiome after treatment of dry eye. 397 

In conclusion, the results demonstrate that there is a distinct heterogeneous distribution of 398 

DCs in corneal and LG tissue between immunocompetent and autoimmune aging-related dry 399 

eye models. An increase in corneal CD103+CD11b- DCs and LG MHC-IIhi B cells may be 400 

accompanied by an increase in nodal CD103+CD11b- DCs and MHC-IIhi B cells in aging-401 

dependent Sjögren’s syndrome-like mice, whereas no differences of CD103+ DCs are observed 402 

in aging-related dry eye.   403 
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 549 

목적: 우리는 노화 및 자가면역성 건성안 쥐 모델에서의 특징적인 550 

항원표지세포의 분포에 대해서 연구하고자 이번 연구를 계획 하였다. 551 

 552 

방법: 노화 관련 건성안 쥐모델로 C57BL/6 (B6) 쥐를 선정하였고, 8주령 쥐를 553 

어린 쥐, 20개월령을 나이든 쥐로 설정 하였다. 자가면역성 건성안 쥐 모델로 554 

NOD.B10.H2b 쥐를 사용 하였고, 5주령을 어린 쥐, 24 주령을 나이든 쥐로 555 

정하였다. 각 군은 각막 염색 점수, 눈물분비량을 측정 및 비교 하였고, 각막, 556 

눈물샘, 장간막 림프절의 항원표지세포도 유세포 분석기를 통하여 분석하였다. 557 

또한 B6 쥐의 분변을 모아서 장내 마이크로바이옴의 구성도 비교 분석 하였다. 558 
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결과: 모든 군에서 나이든 쥐가 건성안 양상이 심해지는 것이 관찰되었다. B6 559 

쥐의 수지상 세포 분석에서 각막 CD11b+ 수지상 세포가 나이든 쥐에서 560 

유의하게 증가하였고 (P<0.05), 장간막 CD11b+ 수지상세포와 CD103+CD11b+ 561 

수지상세포가 유의하게 증가하였다 (P<0.05).  562 

NOD 쥐에서는 각막의 CD103+CD11b- 수지상세포와 눈물샘의 563 

MHC-IIhi B 세포가 노화에 따라 유의 하게 증가하였다. 장간막 564 

CD103+CD11b+ 수지상세포, CD103+CD11b- 수지상세포와 MHC-IIhi B 565 

세포도 유의하게 노화에 따라 증가한 양상을 보였다. B6 쥐의 장내 566 

마이크로바이옴 구성 분석에서, beta-diversity 분석에서 genus 와 species 567 

분석 시 양군간의 유의한 차이를 확인할 수 있었다. 대표적으로 나이든 쥐에서 568 

Lachnospiraceae 와 Helicobacteraceae 를 포함한 9개의 균주가 더 많이 분포했고, 569 

어린 쥐에서는 Lactobacillus 를 포함한 8개의 균주가 더 많이 분포 하였다.  570 

 571 

결론: 장 관련 CD103+CD11b-수지상세포 및 MHC-IIhi B 세포는 자가 면역 572 
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건성안 모델에서 많은 분포를 확인 하였지만, CD103+ DC의 경우 노화 관련 573 

건성안에서는 특징적인 분포를 확인 할 수 없었다. 574 

 575 

주요어 : 자가면역질환, 수지상 세포, 항원 표지세포, CD103 수지상세포, 576 

MHC-IIhi  577 
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