
A link between gut microbiota, mucosal 

immunity and autoimmune arthritis  
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Microbes and Man 

!  The majority of microbes we encounter are gut 

microbiota that live mostly in harmony with their host 

Duodenum  

103-104 CFU/g 

Colon 

1010-1011 CFU/g 

Jejunum  

105-107 CFU/g 

Ileum  

107-108 CFU/g 

Stomach  

103 CFU/ml 
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Immune disorders: The new 

epidemic 
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Bach, NEJM 2002;  Round  et al. Nat Rev Immunol. 2009  

Gut microbiota: health and disease 

 

•  Human Microbiome Project (oral, skin, vaginal, gut, nasal/

lung)  

    Disease    Health 
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The ERA  of gut microbiota: 

Renaissance 
  

!  Diseases linked with altered 

microbiota 

! Obesity (Turnbaugh et al. Nature 2009; 

Vijay-Kumar et al. Science 2010) 

! inflammatory bowel disease (Frank 

et al. Proc Natl Acad Sci  2007; Mazmanian et 

al. Nature 2008) 

! Citrobacter infection 
(Ivanov I. et al, Cell 2009) 
 

! Colon Cancer (Wu et al. Nature Med 

2009) 
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Gut microbiota and autoimmune disease 

! inflammatory bowel disease 

! non-intestinal autoimmune diseases? 

  

! Metabolic roles 

 

! Defense roles: modulate host immune system 
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! Low disease concordance rate of monozygotic 
twins in RA (15%). 

Etiology of  rheumatoid arthritis (RA)??? 

!  Genetic vs. Environmental factors 

! Sulfasalazine and minocycline: effective in 
treating rheumatoid arthritis. 
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Hypothesis:  

Gut microbiota as environmental factors to control 

autoimmune arthritis 
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The tool: Germ free (GF) animals 

GF 
Specific pathogen 

free (SPF) 
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KRN T cell receptor Tg mice NOD mice 

Rapid, synchronized, robust 

K/BxN Tg model 

K/BxN serum 

transfer model 

K/BxN arthritis model 

Serum: Auto-antibody: anti-GPI Ab 

K/BxN 

B6, Balb/c, C3H, CBA, DBA/
1!!. 

Self-Ag GPI 

self antigen: Glucose-6-
phosphate-isomerase (GPI) 

Hsin-Jung Joyce Wu "Microbiota and man: the story about “us”



Anti-GPI  

B cell 

KRN 

T cell 

Anti-GPI auto-Ab 

APC 

Joint 

I-Ag7 

GPI 

Effector phase:  
Innate immune system 

IL-1, C3, C5 

TNF-α, FcγRIII 

Nφ, Mast cells 

GPI 
peptide 

Induction phase: 
Adaptive immune system 

I-Ag7 

K/BxN arthritis model: disease mechanism 

KRN 

T cell 
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Arthritis development: GF vs. SPF condition 

Accepted for publication in Immunity 
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Low anti-GPI titers in GF K/BxN explain their 

reduced arthritis 
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Reduction of  germinal center B cells in GF K/

BxN mice 

!  GF vs. SPF: Similar B cell 

percentage 
 

-mature, T1 and T2 B cells 

 

-follicular and marginal zone B 

cells 

gated on splenic B cells 
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Reduction of  Ab-secreting cells explain the low 

anti-GPI titers in GF K/BxN mice 
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What s the cause of the defect in B cells in GF K/BxN ? 
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Less GPI-specific T cell proliferation in GF K/

BxN mice 
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T-bet 

Gata-3 

Chow et al. Cell Host & Microbe 2009 

!   Find the difference between GF and SPF K/BxN T cells 
in a broad and non-biased fashion-Microarray assay 
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Th1, Th2 and Th17 signature genes and their 
expression in GF and SPF K/BxN mice 

i. Generation of Th1, Th2 and 

Th17 signatures  

 -The Gene Expression Omnibus 

(GEO) at the National Center for 

Biotechnology Information (NCBI)  

 -Th1=Th1/Th17 and Th1/Th2>2 

 

ii. Sort the GF and SPF CD4+ T 

cells for micorarray analysis 

 

iii. Overlay the signature genes 

on the K/BxN volcano plot 

  

Method: 

222 240 

124 83 

98 66 

K/BxN 

K
/B

x
N

 

Th2 

Th1 

Th17 

SPF K/BxN 

GF K/BxN 

>1: GF>SPF 

<1: SPF>GF 

Gene expression: 

L 

RHsin-Jung Joyce Wu "Microbiota and man: the story about “us”



Reduction of  IL-17 producing splenic CD4+ 

T cells in GF K/BxN mice 
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Anti-IL-17 treatment blocks arthritis 

development 

Why? 
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Anti-IL-17 treatment blocks the formation of 

GC B cells 
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Splenocytes 

 Recipient: BxN Rago/o 

IL-17 WT or KO B6g7 mice Arthritic K/BxN mice 
CD45.1/CD45.2 

2 wk 

Remove spleen 

for analysis 

Naïve B cells 

CD45.2 

or B B 

WT KO 

B T 

Hsin-Jung Joyce Wu "Microbiota and man: the story about “us”



Gated on total B cells 

Gated on GC B cells 

Direct effect of IL-17 on B cells to form GC B cells  

IL-17R WT IL-17R KO 

IL-17R WT IL-17R KO 
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Mechanism:  

How changes in gut flora affect inflammation of 

distal/non-intestinal organ, the joints? 

!  Gut: the main source of Th17 cells 

 

Atatashi K. et al, 2008 Nature 

Ivanov I. et al, 2008 Cell Host& Microbe 
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Organization of lymphoid structures in the gut 

Current Protocols in Immunology 3.19.1 

Th17 cells 
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Remove Peyer s patches and fat 

Cut intestine into 5-mm segments 

Digest gut with DNase, Liberase, 
Collagenase D to release LP T 

cells 

Remove intestine epithelial cell 
layer (containing IEL) with DTT 

and EDTA  

Cut intestine into 1-mm segments 

in vitro stimulation ION+PMA 

Isolation of  lamina propria (LP) T cells 

Hsin-Jung Joyce Wu "Microbiota and man: the story about “us”



The link between gut Th17 cells and K/BxN 
arthritis development 

SPF K/BxN GF K/BxN 

IL
-1

7
 

CCR6 gated on LP T cells 
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Can this gut IL-17 level lead to the expression 

of systemic IL-17 ?  Hsin-Jung Joyce Wu "Microbiota and man: the story about “us”



   2wk                     3wk                      4wk                       5wk 

LP 

Spleen 

IL
-1

7
 

Tight correlation between the appearance 

of  LP and splenic Th17 cells  

CCR6 Gated on CD4+ T cells 
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Link of  gut microflora and systemic 

expression of  IL-17 by T cells 

BXN KBXN 

α4β7 

IL
-1

7
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Identified a specific type of gut bacteria that can 

cause severe arthritis in SPF K/BxN mice 
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!  Segmented filamentous bacteria (SFB) can induce the 
appearance of lamina propria Th17 cells and was absent 

in Jackson Lab facility 

!  Attenuated arthritis was noticed when introducing the K/

BxN model into Jackson Lab 
 

Ivanov I. et al, Cell 2009 
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Phylochip: a powerful tool for the analysis of  

microbiota 

Ivanov I. et al, Cell 2009 

(SFB)  
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GF mice gavaged with SFB rapidly develop 

arthritis 

Days after birth 

SFB specific 
16sRNA 
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Colonization of  SFB triggers IL-17 production in LP 
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SFB drives the splenic expression of  IL-17 and 

increases the anti-GPI titer  

Control  SFB 

GF K/BxN 

control 

GF K/BxN 

SFB 
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!   Gut microbiota can drive an autoimmune disease – in 
particular, a non-gut autoimmune disorder.  

!   Arthritis was attenuated in GF K/BxN mice, reflecting 
reduced titers of auto-Abs, and Th17 cells. 

 

!   Introduction of SFB into the gut of GF K/BxN mice triggers 
arthritis, which is accompanied by the restoration of the 
Th17 cell population and auto-Abs titers. 

 

!   Antibiotics treatment can modulate arthritis development 
and TH17 expression in gut 

Conclusions 
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Germinal 
center SPLEEN 

SYSTEMIC 
RESPONSE 

3 

 5 

MUCOSAL 
RESPONSE 

IL-17 Th17 

GUT 

2 

α4β7 

1 

SFB 

α4β7 

IL-17 

IL-17R 

Model 

Th17 
B cell 

4 
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Open questions 

Bad bugs, good bugs?  

!   Components of bacteria that regulate autoimmune 
arthritis (e.g. ATP, Polysacchride A). 

!   The cell type that connect gut microbiota and LP T 
cells (e.g. IEC, DCs).  

 

!   Apply to human rheumatoid arthritis and other 
disease? 
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