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Abstract

Toll-like receptors (TLRs) play a key role in B cell-mediated innate and adaptive immunity. It has 

been shown that interleukin 10 (IL-10)-producing regulatory B cells (B10 cells) can negatively 

regulate cellular immune responses and inflammation in autoimmune diseases. In this study, we 

determined the effect of TLR4 signaling on the CD40-activated B10 cell competency. The results 

demonstrated that LPS and CD40L synergistically stimulated proliferation of mouse splenocytes. 

The percentage of B10 cells in cultured splenocytes was significantly increased after CD40L 

stimulation but such increase was diminished by the addition of LPS. Such effects by LPS were 

only observed in cells from WT but not TLR4−/− mice. IL-10 mRNA expression and protein 

production in B10 cells from cultured splenocytes were significantly up-regulated by CD40L 

stimulation but were inhibited after the addition of LPS in a TLR4-dependent manner. This study 

suggests that LPS-induced TLR4 signaling attenuate CD40L-activated regulatory B10 cell 

competency.
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1. Introduction

B cells have been suggested to contribute to the pathogenesis of autoimmune disease 

through antigen (Ag)-specific autoantibody production [1]. This central role in provoking 

inflammation in autoimmune diseases has made B cell attractive therapeutic targets through 

the depletion of these cells [2] [3]. In the past decade, however, data from a number of 

laboratories have revealed that B cells can also play regulatory roles in the amelioration of 

inflammation through their interaction with effecter T cells and other innate cells [4]. 

Recently an IL-10-competent CD1d(high)CD5(+) B cell subset termed B10 cells has been 

identified in both mice and humans that can play regulatory functions during immune and 

inflammatory responses [5] [6]. In most autoimmune disease models studied so far, this 

suppressive or regulatory role of B cells is mediated by the production of IL-10, which 

inhibits both Th1 and Th2 polarization, Ag presentation and pro-inflammatory cytokine 

production by myeloid cells [7] [8]. It also has potent activity in limiting DC function in 

secreting IL-6 and IL-12, and thereby inhibits Th17 cells [9]. B-cell-derived IL-10 is 

essential for the regulatory function of B cells, as B cells isolated from IL-10 knockout mice 

failed to mediate the protective function in various autoimmune disease models, such as 

collagen induced arthritis [10], experimental autoimmune encephalomyelitis [7], non-obese 

diabetes [11], and inflammatory bowel diseases [12].

CD40 ligation plays a crucial role in B cell activation, T cell-dependent antigen-driven 

isotype switching and germinal center formation [13]. It has been reported that selective 

targeting of B cells with agonistic anti-CD40 is an efficacious strategy for the generation of 

induced regulatory B cells and for the suppression of autoimmune disease [14]. 

Furthermore, recent studies have shown that B cells express distinct TLRs that determine 

their ability to respond to microbial patterns, which underlines their direct involvement in 

the regulatory functions of B cells during autoimmune and infectious diseases [15]. 

Understanding how B10 cells can be regulated by TLR signaling is of considerable clinical 

relevance in designing strategies to expand such populations to augment the treatments of 

autoimmune diseases and overly aggressive inflammatory responses. In this study, we 

investigated how TLR4 signaling affects CD40-activated B10 cell expansion and IL-10 

production.

2. Materials and Methods

2.1. Mice Strain

Both groups of wild type (WT) and TLR deficient (TLR4−/−) mice (n = 10) were of 

C57BL/6 background and were used for these experiments. TLR4−/− mice backcrossed to 

the C57BL/6 background were a kind gift from Dr. Toshihisa Kawai (Forsyth Institute, 

Cambridge, USA). All the mice used in the study (8 – 10 weeks old) were maintained in 

specific pathogen-free (SPF) units of the Forsyth Institute Animal Facility. The mice were 

kept on a 12-hour light/dark cycle. The experimental protocols were approved by the 

Institutional Animal Care and Use Committee of the Forsyth Institute.
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2.2. Culture of Splenocytes

Mice were euthanized in a CO2 chamber and single-cell suspensions of splenocytes were 

obtained by dispersing spleen tissues through a 60-gauge stainless steel screen. Erythrocytes 

were removed by ACK lysing buffer (Lonza, MA). Isolated splenocytes were added into 96-

well plates (2.0 × 105/well) in 200 µl RPMI complete medium containing 10% FBS. CD40L 

(Thermo Scientific) and E. coli LPS (strain O55:B5, Sigma-Aldrich) were used as agonist. 

Splenocytes from WT and TLR4−/− mice were divided into 4 treatment groups: control; E. 

coli LPS (10 µg/ml); CD40L (1 µg/ml); E. coli LPS (10 µg/ml) + CD40L (1 µg/ml). Cells 

were cultured at 37°C in a humidified incubator with 5% CO2 for 2 days and then were 

collected for analysis.

2.3. Cell Proliferation Analysis

Isolated mouse splenocytes were added into 96-well plates (2 × 105/well) in 200 µl RPMI 

complete medium containing 10% FBS and were cultured for 2 days in the presence or 

absence of E. coli LPS (10 µg/ml) and/or CD40L (1 µg/ml). Cell proliferation was evaluated 

using a MTS reagent CellTiter 96 AQueous Assay (Promega Corp). After 4 hour incubation, 

the plate was read at OD 490 nm.

2.4. Flow Cytometry

At the termination of cell culture, splenocytes in the 96-well plates were washed with PBS 

followed by incubation with fluorescence conjugated antibodies, including FITC-conjugated 

anti-mouse CD19, PE-conjugated antimouse CD5 and Alexa Fluor 647-conjugated anti-

mouse CD1d, using mouse regulatory B cell (B10) flow kit (Biolegend). At least 20,000 

cells were counted for analysis and at least 100,000 cells were sorted from each sample for 

PCR and ELISA.

2.5. Reverse Transcription and Quantitative Real Time PCR

Total RNA was extracted from the cells using a Purelink RNA mini kit (Life Technology) 

following manufacturer’s instructions. Isolated mRNA (0.1 µg each) was reverse transcribed 

into cDNA using the SuperScriptII reverse transcription system in the presence of random 

primers (Invitrogen). Real-time PCR was carried out in a 20 µl reaction system using 

SuperScript III Platinum SYBR Green One-Step qRT-PCR Kit (Life Technology) in a 

Roche LightCycler 480 (Roche Diagnostics, Indianapolis, IN). Each RNA sample was 

loaded in duplicate into the plate with a template amount of 10 ng. Predesigned primers of 

GAPDH and IL-10 were from Sigma. The sequences of the primers used were: IL-10: 5’-

agcactcccgtctcaaagaa-3’ and 5’-tgacgaacatctctggcttg-3’ (106 bp); GAPDH: 5’-

ccccagcaaggacactgagcaa-3’ and 5’-gtgggtgcagcgaactttattgatg-3’ (162 bp). The real-time 

PCR conditions were: 50°C for 3 minutes, 95°C for 10 minutes, followed by 40 cycles of 

95°C for 10 seconds, 58°C for 10 seconds, 72°C for 15 seconds. Results were presented as 

fold changes relative to GAPDH reference.

2.6. ELISA

Cell culture supernatant were collected and IL-10 level in the supernatant was detected using 

a Mouse IL-10 ELISA MAX Standard kit (Biolegend).
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2.7. Statistical Analysis

All the quantitative data are expressed as means ± standard error. IL-10 gene expression by 

PCR, IL-10 production by ELISA were evaluated by the Student-Newman-Keuls (SNK) 

multiple comparison test following one-way analysis of variance (ANOVA). P values of 

<0.05 were considered statistically significant.

3. Results

3.1. LPS-Induced Proliferation of Mouse Splenocytes Was Enhanced by CD40L

Cultured mouse slpenocytes were treated with E. coli LPS and/or CD40L and the overall 

cell proliferation status was determined. The results demonstrated that E. coli LPS 

significantly promoted proliferation of splenoctes from WT mice but not those from 

TLR4−/− mice (Figure 1). Cell proliferation was not affected when cells were treated with 

CD40L alone, while LPS-induced cell proliferation was greatly enhanced by the addition of 

CD40L in WT but not TLR4−/− mice (Figure 1). These results suggested that CD40L 

enhances LPS-induced mouse splenocytes proliferation in a TLR4-dependent manner.

3.2. CD40L-Induced B10 Cell Expansion in Mouse Splenocytes Was Inhibited by LPS

After incubation with E. coli LPS and/or CD40L for 2 days, CD19+CD1dhiCD5+ cells in 

cultured splenocytes were detected by flow cytometry. The results showed that the 

percentage of CD19+CD1dhiCD5+ cells in cultured splenocytes was unchanged when cells 

were treated with LPS alone but was significantly increased after CD40L stimulation. Such 

CD40L-induced expansion of CD19+CD1dhiCD5+ cells was diminished when splenocytes 

were treated with LPS in addition to CD40L (Figure 2). However, addition of LPS did not 

inhibit the CD40L-induced expansion of CD19+CD1dhiCD5+ cells in splenocytes from 

TLR4−/− mice (Figure 2), substantiating that such suppressive effect of LPS is TLR4-

dependent.

3.3. CD40L-Induced IL-10 mRNA Expression by B10 Cells Was Inhibited by LPS

After incubation with E. coli LPS and/or CD40L for 2 days, CD19+CD1dhiCD5+ cells 

representing B10 cells in cultured splenocytes were sorted by flow cytometry. After RNA 

isolation, IL-10 expression levels in sorted B10 cells were detected by real-time PCR. The 

results showed that IL-10 mRNA level in B10 cells was not affected by LPS treatment but 

was significantly elevated after CD40L stimulation (Figure 3). Such increase was 

diminished when splenocytes were treated with LPS in addition to CD40L (Figure 3). 

However, addition of LPS did not inhibit the CD40L-induced up-regulation of IL-10 

expression in B10 cells from TLR4−/− mice (Figure 3).

3.4. CD40L-Induced IL-10 Protein Production by B10 Cells Was Inhibited by LPS

After incubation with E. coli LPS and/or CD40L for 2 days, CD19+CD1dhiCD5+ cells in 

cultured splenocytes were sorted by flow cytometry and IL-10 protein levels in sorted B10 

cells were measured by ELISA. The results showed that IL-10 protein level in sorted B10 

cells was not affected by LPS treatment but was significantly elevated after CD40L 

stimulation (Figure 4). Such increase was dramatically reduced when splenocytes were 
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treated with both CD40L and LPS (Figure 4). However, addition of LPS did not inhibit the 

CD40L-induced production of IL-10 in cultured splenocytes from TLR4−/− mice (Figure 4).

4. Discussion

TLR signaling play an important role in bridging innate and adaptive immunity mediated by 

B cells [16]. Although studies have suggested that agonists for TLR synergized with CD40 

stimulation for T cells, little is known about the effects of the CD40 pathway together with 

TLR-derived stimuli in B cells. Our results suggest that TLR agonists can interact with 

signals from adaptive immunity to regulate B cell function during host immune response. In 

particular, activation of TLR4 signaling by LPS together with activation of CD40 pathway 

by CD40L attenuated regulatory B cell (B10) competency.

It has been demonstrated that TLR agonists synergize with CD40L to induce either 

proliferation or plasma cell differentiation of mouse B cells [17]. However, how TLR 

agonists interact with CD40L to modulate the function of regulatory B cells is completely 

unknown. By performing multi-parametric analysis using CD19, CD5, CD1d antibodies by 

flow cytometry, we were able to accurately identify low frequency and phenotypically 

unique regulatory B10 cells and determine their responses to the TLR agonist (LPS) and 

CD40L. Our results indicated that cell proliferation and regulatory B cell (B10) function are 

differentially regulated by LPS/CD40L. CD40L synergistically stimulates LPS-induced 

splenocytes proliferation while LPS antagonize CD40L-induced B10 activations, namely 

IL-10 production. Previous studies have indicated that TLR-mediated activation of T cells 

can directly promote the development of autoimmunity and TLR-4-stimulation can activate 

the antigen presenting cells sufficiently to deliver the signals required to drive the 

pathogenic function of the T cell [18] [19]. More interestingly, recent data showed that 

treatment with LPS selectively promoted in the recipient mice the generation of IL-6-

producing activated B cells and mediated the differentiation of naive CD4 cells into Th17 

phenotypes [20]. Given the pivotal role of regulatory B cells in the control of autoimmunity 

[7] [8], our findings may provide novel mechanism of autoimmune pathogenesis via LPS-

associated suppression of CD40-activated regulatory B cells.

It is noted from our results that the level of IL-10 production detected by PCR and ELISA 

represent the IL-10 production by B10 cells in the context of cultured splenocytes, not 

purified B cells as others have demonstrated previously [6]. Yanaba et al. clearly showed 

that LPS as well as CD40 stimulation promotes B10 generation and that LPS, but not CD40, 

stimulation induces IL-10 secretion in purified B cells in vitro [6]. A possible explanation 

for the discrepancy between these findings and current findings could be that cellular 

components other than B cells, when responsive to the LPS/CD40L stimulation, are also 

contributed to the subsequent IL-10 production by B10 cells. B cell responses observed in 

this study are in the presence of other cellular components in cultured splenocytes, including 

T cells, dendritic cells and macrophages, which upon LPS/CD40L stimulation, provide 

potential co-stimulatory or counteractive molecules for the subsequent B cell activation. 

Therefore, the detected changes in B10 expansion and IL-10 production could be derived 

from both direct activation of TLR4 and CD40 on B cells and provisions of the co-

stimulatory molecules by non-B cells. Studies using purified B cells directly stimulated by 
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LPS/CD40L are warranted to verify if the observed B10 activation and IL-10 regulation in 

response to LPS/CD40L is solely contributed by and dependent on, intrinsic roles of B cell 

responses.

5. Conclusion

There is an emerging appreciation for the pivotal role played by B cells in several areas of 

human diseases including autoimmune diseases such as systemic lupus erythematosus (SLE) 

[21] and Sjögren’s syndrome [22]. Established B-cell-directed therapy such as Rituximab 

has provided a solid foundation for the assessment of the value of other B-cell-based 

approaches and to survey the range of B-cell involvement in human pathology [23]. The 

recent research advancement of regulatory B cells in human disease coincides with the 

vastly accelerated pace of research on the bridging of innate and adaptive immune system 

[24] [25]. It has been suggested that the ex vivo expansion of B10 cells through co-activation 

of innate and adaptive pathways and reinfusion of autologous B10 cells may provide a novel 

and effective in vivo treatment for severe autoimmune diseases that are resistant to current 

therapies [26]. Current study and our continued research may provide better understanding 

of the mechanisms that promote regulatory B10 cell function to counteract exaggerated 

immune activation in autoimmune as well as non-autoimmune conditions.

Acknowledgments

This work was supported by NIH Grant DE-021837 and DE-023807 from the National Institute of Dental and 
Craniofacial Research.

References

1. Lipsky PE. Systemic Lupus Erythematosus: An Autoimmune Disease of B Cell Hyperactivity. 
Nature Immunology. 2001; 2:764–766. http://dx.doi.org/10.1038/ni0901-764. [PubMed: 11526379] 

2. Dorner T, et al. Current Status on B-Cell Depletion Therapy in Autoimmune Diseases Other than 
Rheumatoid Arthritis. Autoimmunity Reviews. 2009; 9:82–89. http://dx.doi.org/10.1016/j.autrev.
2009.08.007. [PubMed: 19716441] 

3. Sanz I, Anolik JH, Looney RJ. B Cell Depletion Therapy in Autoimmune Diseases. Frontiers in 
Bioscience. 2007; 12:2546–2567. http://dx.doi.org/10.2741/2254. [PubMed: 17127262] 

4. Fillatreau S, Gray D, Anderton SM. Not Always the Bad Guys: B Cells as Regulators of 
Autoimmune Pathology. Nature Reviews Immunology. 2008; 8:391–397. http://dx.doi.org/10.1038/
nri2315. 

5. Iwata Y, et al. Characterization of a Rare IL-10-Competent B-Cell Subset in Humans That Parallels 
Mouse Regulatory B10 Cells. Blood. 2011; 117:530–541. http://dx.doi.org/10.1182/
blood-2010-07-294249. [PubMed: 20962324] 

6. Yanaba K, et al. The Development and Function of Regulatory B Cells Expressing IL-10 (B10 
Cells) Requires Antigen Receptor Diversity and TLR Signals. Journal of Immunology. 2009; 
182:7459–7472. http://dx.doi.org/10.4049/jimmunol.0900270. 

7. Fillatreau S, et al. B Cells Regulate Autoimmunity by Provision of IL-10. Nature Immunology. 
2002; 3:944–950. http://dx.doi.org/10.1038/ni833. [PubMed: 12244307] 

8. Rieger A, Bar-Or A. B-Cell-Derived Interleukin-10 in Autoimmune Disease: Regulating the 
Regulators. Nature Reviews Immunology. 2008; 8:486–487. http://dx.doi.org/10.1038/nri2315-c1. 

9. Moulin V, et al. B Lymphocytes Regulate Dendritic Cell (DC) Function in Vivo: Increased 
Interleukin 12 Production by DCs from B Cell-Deficient Mice Results in T Helper Cell Type 1 
Deviation. Journal of Experimental Medicine. 2000; 192:475–482. http://dx.doi.org/10.1084/jem.
192.4.475. [PubMed: 10952717] 

Lin et al. Page 6

Open J Immunol. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1038/ni0901-764
http://dx.doi.org/10.1016/j.autrev.2009.08.007
http://dx.doi.org/10.1016/j.autrev.2009.08.007
http://dx.doi.org/10.2741/2254
http://dx.doi.org/10.1038/nri2315
http://dx.doi.org/10.1038/nri2315
http://dx.doi.org/10.1182/blood-2010-07-294249
http://dx.doi.org/10.1182/blood-2010-07-294249
http://dx.doi.org/10.4049/jimmunol.0900270
http://dx.doi.org/10.1038/ni833
http://dx.doi.org/10.1038/nri2315-c1
http://dx.doi.org/10.1084/jem.192.4.475
http://dx.doi.org/10.1084/jem.192.4.475


10. Mauri C, et al. Prevention of Arthritis by Interleukin 10-Producing B Cells. Journal of 
Experimental Medicine. 2003; 197:489–501. http://dx.doi.org/10.1084/jem.20021293. [PubMed: 
12591906] 

11. Hussain S, Delovitch TL. Intravenous Transfusion of BCR-Activated B Cells Protects NOD Mice 
from Type 1 Diabetes in an IL-10-Dependent Manner. Journal of Immunology. 2007; 179:7225–
7232. http://dx.doi.org/10.4049/jimmunol.179.11.7225. 

12. Mizoguchi E, Mizoguchi A, Preffer FI, Bhan AK. Regulatory Role of Mature B Cells in a Murine 
Model of Inflammatory Bowel Disease. International Immunology. 2000; 12:597–605. http://
dx.doi.org/10.1093/intimm/12.5.597. [PubMed: 10784605] 

13. Castigli E, Young F, Carossino AM, Alt FW, Geha RS. CD40 Expression and Function in Murine 
B Cell Ontogeny. International Immunology. 1996; 8:405–411. http://dx.doi.org/10.1093/intimm/
8.3.405. [PubMed: 8671627] 

14. Blair PA, Chavez-Rueda KA, Evans JG, Shlomchik MJ, Eddaoudi A, Isenberg DA, et al. Selective 
Targeting of B Cells with Agonistic Anti-CD40 Is an Efficacious Strategy for the Generation of 
Induced Regulatory T2-Like B Cells and for the Suppression of Lupus in MRL/lpr Mice. Journal 
of Immunology. 2009; 182:3492–3502. http://dx.doi.org/10.4049/jimmunol.0803052. 

15. Shen P, Lampropoulou V, Stervbo U, Hilgenberg E, Ries S, Mecqinion A, Fillatreau S. Intrinsic 
Toll-Like Receptor Signalling Drives Regulatory Function in B Cells. Frontiers in Bioscience 
(Elite Edition). 2013; 5:78–86. [PubMed: 23276971] 

16. Ren M, Gao L, Wu X. TLR4: The Receptor Bridging Acanthamoeba Challenge and Intracellular 
Inflammatory Responses in Human Corneal Cell Lines. Immunology and Cell Biology. 2010; 
88:529–536. http://dx.doi.org/10.1038/icb.2010.6. [PubMed: 20125114] 

17. Boeglin E, Smulski CR, Brun S, Milosevic S, Schneider P, Fournel S. Toll-Like Receptor Agonists 
Synergize with CD40L to Induce Either Proliferation or Plasma Cell Differentiation of Mouse B 
Cells. PLoS ONE. 2011; 6:e25542. http://dx.doi.org/10.1371/journal.pone.0025542. [PubMed: 
21991317] 

18. Marsland BJ, Nembrini C, Grün K, Reissmann R, Kurrer M, Leipner C, Kopf M. TLR Ligands Act 
Directly upon T Cells to Restore Proliferation in the Absence of Protein Kinase C-θ Signaling and 
Promote Autoimmune Myocarditis. Journal of Immunology. 2007; 178:3466–3473. http://
dx.doi.org/10.4049/jimmunol.178.6.3466. 

19. Mellanby RJ, Cambrook H, Turner DG, O’Connor RA, Leech MD, Kurschus FC, et al. TLR-4 
Ligation of Dendritic Cells Is Sufficient to Drive Pathogenic T Cell Function in Experimental 
Autoimmune Encephalomyelitis. Journal of Neuroinflammation. 2012; 9:248. http://dx.doi.org/
10.1186/1742-2094-9-248. [PubMed: 23111144] 

20. Shi G, Vistica BP, Nugent LF, Tan C, Wawrousek EF, Klinman DM, Gery I. Differential 
Involvement of Th1 and Th17 in Pathogenic Autoimmune Processes Triggered by Different TLR 
Ligands. Journal of Immunology. 2013; 191:415–423. http://dx.doi.org/10.4049/jimmunol.
1201732. 

21. Dolff S, Abdulahad W, Bijl M, Kallenberg C. Regulators of B-Cell Activity in SLE: A Better 
Target for Treatment than B-Cell Depletion? Lupus. 2009; 18:575–580. http://dx.doi.org/
10.1177/0961203309102296. [PubMed: 19433456] 

22. Abdulahad WH, Meijer JM, Kroese FGM, Meiners PM, Vissink A, Spijkervet FKL, Kallenberg 
CGM, Bootsma H. B Cell Reconstitution and T Helper Cell Balance after Rituximab Treatment of 
Active Primary Sjogren’s Syndrome: A Double-Blind, Placebo-Controlled Study. Arthritis & 
Rheumatism. 2011; 63:1116–1123. http://dx.doi.org/10.1002/art.30236. [PubMed: 21225693] 

23. Herrera D, Rojas OL, Duarte-Rey C, Mantilla RD, Ángel J, Franco MA. Simultaneous Assessment 
of Rotavirus-Specific Memory B Cells and Serological Memory after B Cell Depletion Therapy 
with Rituximab. PLoS ONE. 2014; 9:e97087. http://dx.doi.org/10.1371/journal.pone.0097087. 
[PubMed: 24819618] 

24. Marcenaro E, Carlomagno S, Pesce S, Moretta A, Sivori S. Bridging Innate NK Cell Functions 
with Adaptive Immunity. Advances in Experimental Medicine and Biology. 2011; 780:45–55. 
http://dx.doi.org/10.1007/978-1-4419-5632-3_5. [PubMed: 21842364] 

25. Scotet E, Nedellec S, Devilder MC, Allain S, Bonneville M. Bridging Innate and Adaptive 
Immunity through γδ T-Dendritic Cell Crosstalk. Frontiers in Bioscience. 2008; 13:6872–6885. 
http://dx.doi.org/10.2741/3195. [PubMed: 18508701] 

Lin et al. Page 7

Open J Immunol. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1084/jem.20021293
http://dx.doi.org/10.4049/jimmunol.179.11.7225
http://dx.doi.org/10.1093/intimm/12.5.597
http://dx.doi.org/10.1093/intimm/12.5.597
http://dx.doi.org/10.1093/intimm/8.3.405
http://dx.doi.org/10.1093/intimm/8.3.405
http://dx.doi.org/10.4049/jimmunol.0803052
http://dx.doi.org/10.1038/icb.2010.6
http://dx.doi.org/10.1371/journal.pone.0025542
http://dx.doi.org/10.4049/jimmunol.178.6.3466
http://dx.doi.org/10.4049/jimmunol.178.6.3466
http://dx.doi.org/10.1186/1742-2094-9-248
http://dx.doi.org/10.1186/1742-2094-9-248
http://dx.doi.org/10.4049/jimmunol.1201732
http://dx.doi.org/10.4049/jimmunol.1201732
http://dx.doi.org/10.1177/0961203309102296
http://dx.doi.org/10.1177/0961203309102296
http://dx.doi.org/10.1002/art.30236
http://dx.doi.org/10.1371/journal.pone.0097087
http://dx.doi.org/10.1007/978-1-4419-5632-3_5
http://dx.doi.org/10.2741/3195


26. Yoshizaki A, Miyagaki T, DiLillo DJ, Matsushita T, Horikawa M, Kountikov EI, et al. Regulatory 
B Cells Control T-Cell Autoimmunity through IL-21-Dependent Cognate Interactions. Nature. 
2012; 491:264–268. http://dx.doi.org/10.1038/nature11501. [PubMed: 23064231] 

Abbreviations

TLR toll-like receptor

LPS lipopolysaccharide

CD40L CD40 ligand

IL10 interleukin 10
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Figure 1. 
Stimulation of mouse splenocytes proliferation by LPS and/or CD40L. Cultured mouse 

slpenocytes were treated with E. coli LPS (10 µg/ml) and/or CD40L (1 µg/ml) for 2 days and 

the overall cell proliferation status was determined by CellTiter 96 AQueous Assay 

(Promega Corp). The results are representative of at least six independent experiments in 

duplicates. Data are presented as mean ± SEM, n = 6. Student t-test, *P < 0.05, **P < 0.01.
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Figure 2. 
B10 cell expansion in mouse splenocytes after LPS and/or CD40L stimulation. Cultured 

mouse slpenocytes were treated with E. coli LPS (10 µg/ml) and/or CD40L (1 µg/ml) for 2 

days and CD19+CD1dhiCD5+ cells in the cultured splenocytes were detected using flow 

cytometry. At least 20,000 cells were counted for analysis. Data are presented as mean ± 

SEM, n = 6. Student t-test, *P < 0.05, **P < 0.01.
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Figure 3. 
IL-10 mRNA expression by B10 cells after LPS and/or CD40L stimulation. Cultured mouse 

slpenocytes were treated with E. coli LPS (10 µg/ml) and/or CD40L (1 µg/ml) for 2 days and 

CD19+CD1dhiCD5+ cells in the cultured splenocytes were sorted out using flow cytometry. 

Total RNA were isolated from sorted cells using a Purelink RNA mini kit (Life Technology) 

and IL-10 expression was determined by real time PCR. At least 100,000 cells were sorted 

from each sample for PCR. Data are presented as mean ± SEM, n = 6. Student t-test, *P < 

0.05, **P < 0.01.
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Figure 4. 
IL-10 protein production by B10 cells after LPS and/or CD40L stimulation. Cultured mouse 

slpenocytes were treated with E. coli LPS (10 µg/ml) and/or CD40L (1 µg/ml) for 2 days and 

CD19+CD1dhiCD5+ cells in the cultured splenocytes were sorted out using flow cytometry. 

Total protein lysate were collected from sorted cells and IL-10 production was determined 

by ELISA. At least 100,000 cells were sorted from each sample for ELISA. Data are 

presented as mean ± SEM, n = 6. Student t-test, *P < 0.05, **P < 0.01.
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