
Regulation of inflammation

by microbiota

Microenvironment & Immunity Unit

Gérard Eberl



Bacterial symbionts of the adult gut

Ileum

AutoF Bact 16S DAPI

Colon

~1014 bacteria and ~1012 body cells



An choice between “tolerance” and “inflammation”

in the face of mutualists and pathogens



Or the immune system is just reacting…



A fundamental equilibrium 

between the multiple forces of immunity

(the Equilibrium Model of Immunity)
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Regulation of type 2 responses

by microbiota and RORgt+ cells

Caspar Ohnmacht

Type 3

Type 2

C. Ohnmacht, Science 2015



An equilibrium between Th17 and Treg cells

regulated by retinoic acid

Joo Hong Park

Type 3

C. Ohnmacht, Science 2015



RORgt+ Tregs in the intestine 

0 100 1000 10000 1x10
5

<FITC-A>

0

100

1000

10000

1x10
5

<
P

E
-T

e
x
a

s
 R

e
d

-A
>

6.94 17.9

6.5568.6
0 100 1000 10000 1x10

5

<FITC-A>

0

100

1000

10000

1x10
5

<
P

E
-T

e
x
a

s
 R

e
d

-A
>

0.68 1.46

943.9
0 100 1000 10000 1x10

5

<FITC-A>

0

100

1000

10000

1x10
5

<
P

E
-T

e
x
a

s
 R

e
d

-A
>

7.67 0.6

3.1188.6
0 100 1000 10000 1x10

5

<FITC-A>

0

100

1000

10000

1x10
5

<
P

E
-T

e
x
a

s
 R

e
d

-A
>

7.17 15.1

16.761

Thymus Spleen SI-LPL Co-LPL

RORgt/eGFP

F
o
x
p
3
/R

F
P

CD4+ T cells

C. Ohnmacht, Science 2015

9 weeks2 weeks 1 year

RORγt

C
e
ll 

n
u
m

b
e
r

2weeks old prewean Layout

8/16/13 10:57 AM Page 1 of 1 (FlowJo v9.4.10)

SSC-W, FSC-W subset

Specimen_001_Co1.fcs

Event Count: 51431

0 10
2

10
3

10
4

10
5

<V5-A>: CD4

0

10
2

10
3

10
4

10
5

<
F

IT
C

-A
>

: 
C

D
3

9.86

<<V5-A>, <<FITC-A> subset

Specimen_001_Co1.fcs
Event Count: 5073

0 10
2

10
3

10
4

10
5

<V5-A>: CD4

0

10
2

10
3

10
4

10
5

<
P

e
rC

P
-C

y
5
-5

-A
>

: 
F

o
x
p
3

10.9

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co1.fcs
Event Count: 553

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

7.23

<<V5-A>, <<PerCP-Cy5-5-A> subset
Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<APC-A>: GATA3

0

10
2

10
3

10
4

10
5

<
P

E
-A

>
: 

R
O

R
g
t

17.4 1.99

5.4275.2

<<FITC-A>, <<PerCP-Cy5-5-A> subset

old B6 and gt-ko mice_Co 1 year old.fcs

Event Count: 844

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

90.4

<<V5-A>, <<PerCP-Cy5-5-A> subset

cohouse and 1 yr old_Colon one year old.fcs

Event Count: 1577

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
ll
s

85.4

<<V5-A>, <<PerCP-Cy5-5-A> subset
Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

7.23

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co2.fcs

Event Count: 695

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

25

#
 C

e
lls

3.74

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 1.fcs
Event Count: 430

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

3

6

9

12

#
 C

e
lls

47

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 2.fcs
Event Count: 158

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

1

2

3

4

#
 C

e
lls

41.1

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 3.fcs

Event Count: 271

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

2

4

6

8

10

#
 C

e
lls

36.2

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 4.fcs
Event Count: 658

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

55.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset
Tregs TF factors_Co ctr_001.fcs

Event Count: 1244

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

71.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr_002.fcs

Event Count: 1490

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

40

50

#
 C

e
ll
s

79.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr.fcs

Event Count: 1150

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

75.1

<<PerCP-Cy5-5-A>, <<FITC-A> subset

RORgt Tregs_Co_004.fcs
Event Count: 1581

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

40

#
 C

e
lls

63.3

<<PerCP-Cy5-5-A>, <<FITC-A> subset

RORgt Tregs_Co_002.fcs

Event Count: 1227

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
ll
s

52.7

2weeks old prewean Layout

8/16/13 10:57 AM Page 1 of 1 (FlowJo v9.4.10)

SSC-W, FSC-W subset

Specimen_001_Co1.fcs
Event Count: 51431

0 10
2

10
3

10
4

10
5

<V5-A>: CD4

0

10
2

10
3

10
4

10
5

<
F

IT
C

-A
>

: 
C

D
3

9.86

<<V5-A>, <<FITC-A> subset

Specimen_001_Co1.fcs

Event Count: 5073

0 10
2

10
3

10
4

10
5

<V5-A>: CD4

0

10
2

10
3

10
4

10
5

<
P

e
rC

P
-C

y
5
-5

-A
>

: 
F

o
x
p
3

10.9

<<V5-A>, <<PerCP-Cy5-5-A> subset
Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

7.23

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<APC-A>: GATA3

0

10
2

10
3

10
4

10
5

<
P

E
-A

>
: 
R

O
R

g
t

17.4 1.99

5.4275.2

<<FITC-A>, <<PerCP-Cy5-5-A> subset
old B6 and gt-ko mice_Co 1 year old.fcs

Event Count: 844

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

90.4

<<V5-A>, <<PerCP-Cy5-5-A> subset

cohouse and 1 yr old_Colon one year old.fcs
Event Count: 1577

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
ll
s

85.4

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
ll
s

7.23

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co2.fcs

Event Count: 695

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

25

#
 C

e
ll
s

3.74

<<APC-A>, <<PerCP-A> subset
Specimen_002_Colon ctr 1.fcs

Event Count: 430

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

3

6

9

12

#
 C

e
lls

47

<<APC-A>, <<PerCP-A> subset
Specimen_002_Colon ctr 2.fcs

Event Count: 158

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

1

2

3

4

#
 C

e
lls

41.1

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 3.fcs

Event Count: 271

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

2

4

6

8

10

#
 C

e
lls

36.2

<<APC-A>, <<PerCP-A> subset
Specimen_002_Colon ctr 4.fcs

Event Count: 658

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

55.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr_001.fcs

Event Count: 1244

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

71.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr_002.fcs

Event Count: 1490

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

40

50

#
 C

e
ll
s

79.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr.fcs

Event Count: 1150

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

75.1

<<PerCP-Cy5-5-A>, <<FITC-A> subset

RORgt Tregs_Co_004.fcs
Event Count: 1581

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

40

#
 C

e
lls

63.3

<<PerCP-Cy5-5-A>, <<FITC-A> subset

RORgt Tregs_Co_002.fcs

Event Count: 1227

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

52.7

2weeks old prewean Layout

8/16/13 10:57 AM Page 1 of 1 (FlowJo v9.4.10)

SSC-W, FSC-W subset
Specimen_001_Co1.fcs

Event Count: 51431

0 10
2

10
3

10
4

10
5

<V5-A>: CD4

0

10
2

10
3

10
4

10
5

<
F

IT
C

-A
>

: 
C

D
3

9.86

<<V5-A>, <<FITC-A> subset

Specimen_001_Co1.fcs

Event Count: 5073

0 10
2

10
3

10
4

10
5

<V5-A>: CD4

0

10
2

10
3

10
4

10
5

<
P

e
rC

P
-C

y
5
-5

-A
>

: 
F

o
x
p

3

10.9

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
ll
s

7.23

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co1.fcs
Event Count: 553

0 10
2

10
3

10
4

10
5

<APC-A>: GATA3

0

10
2

10
3

10
4

10
5

<
P

E
-A

>
: 
R

O
R

g
t

17.4 1.99

5.4275.2

<<FITC-A>, <<PerCP-Cy5-5-A> subset

old B6 and gt-ko mice_Co 1 year old.fcs

Event Count: 844

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

90.4

<<V5-A>, <<PerCP-Cy5-5-A> subset
cohouse and 1 yr old_Colon one year old.fcs

Event Count: 1577

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

85.4

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
ll
s

7.23

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co2.fcs

Event Count: 695

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

25

#
 C

e
ll
s

3.74

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 1.fcs
Event Count: 430

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

3

6

9

12

#
 C

e
ll
s

47

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 2.fcs
Event Count: 158

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

1

2

3

4

#
 C

e
ll
s

41.1

<<APC-A>, <<PerCP-A> subset
Specimen_002_Colon ctr 3.fcs

Event Count: 271

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

2

4

6

8

10

#
 C

e
lls

36.2

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 4.fcs
Event Count: 658

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
ll
s

55.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr_001.fcs

Event Count: 1244

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

71.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr_002.fcs
Event Count: 1490

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

40

50

#
 C

e
lls

79.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset
Tregs TF factors_Co ctr.fcs

Event Count: 1150

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

75.1

<<PerCP-Cy5-5-A>, <<FITC-A> subset

RORgt Tregs_Co_004.fcs

Event Count: 1581

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

40

#
 C

e
lls

63.3

<<PerCP-Cy5-5-A>, <<FITC-A> subset

RORgt Tregs_Co_002.fcs
Event Count: 1227

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

52.7

2weeks old prewean Layout

8/16/13 10:57 AM Page 1 of 1 (FlowJo v9.4.10)

SSC-W, FSC-W subset

Specimen_001_Co1.fcs
Event Count: 51431

0 10
2

10
3

10
4

10
5

<V5-A>: CD4

0

10
2

10
3

10
4

10
5

<
F

IT
C

-A
>

: 
C

D
3

9.86

<<V5-A>, <<FITC-A> subset

Specimen_001_Co1.fcs

Event Count: 5073

0 10
2

10
3

10
4

10
5

<V5-A>: CD4

0

10
2

10
3

10
4

10
5

<
P

e
rC

P
-C

y
5
-5

-A
>

: 
F

o
x
p
3

10.9

<<V5-A>, <<PerCP-Cy5-5-A> subset
Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

7.23

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<APC-A>: GATA3

0

10
2

10
3

10
4

10
5

<
P

E
-A

>
: 
R

O
R

g
t

17.4 1.99

5.4275.2

<<FITC-A>, <<PerCP-Cy5-5-A> subset
old B6 and gt-ko mice_Co 1 year old.fcs

Event Count: 844

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

90.4

<<V5-A>, <<PerCP-Cy5-5-A> subset

cohouse and 1 yr old_Colon one year old.fcs
Event Count: 1577

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
ll
s

85.4

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co1.fcs

Event Count: 553

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
lls

7.23

<<V5-A>, <<PerCP-Cy5-5-A> subset

Specimen_001_Co2.fcs

Event Count: 695

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

25

#
 C

e
lls

3.74

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 1.fcs

Event Count: 430

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

3

6

9

12

#
 C

e
lls

47

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 2.fcs

Event Count: 158

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

1

2

3

4

#
 C

e
lls

41.1

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 3.fcs
Event Count: 271

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

2

4

6

8

10

#
 C

e
lls

36.2

<<APC-A>, <<PerCP-A> subset

Specimen_002_Colon ctr 4.fcs

Event Count: 658

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

5

10

15

20

#
 C

e
ll
s

55.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset
Tregs TF factors_Co ctr_001.fcs

Event Count: 1244

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

71.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr_002.fcs

Event Count: 1490

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

40

50

#
 C

e
ll
s

79.9

<<PE-Cy7-A>, <<PerCP-Cy5-5-A> subset

Tregs TF factors_Co ctr.fcs

Event Count: 1150

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

75.1

<<PerCP-Cy5-5-A>, <<FITC-A> subset

RORgt Tregs_Co_004.fcs
Event Count: 1581

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

40

#
 C

e
lls

63.3

<<PerCP-Cy5-5-A>, <<FITC-A> subset

RORgt Tregs_Co_002.fcs

Event Count: 1227

0 10
2

10
3

10
4

10
5

<PE-A>: RORgt

0

10

20

30

#
 C

e
lls

52.7

5 weeks

FoxP3+ T cells



Type 3 Tregs are induced by microbiota
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Type 3 Tregs are induced by Clostridia

Honda et al., 2012

C. Ohnmacht, Science 2015



Bactéries Segmentées Filamenteuses (SFB) 



Type 3 Tregs in the intestine 

M. Lochner, J. Exp. Med. 2008
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Retinoic acid favors Type 3 Tregs over Th17 cells
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An intestinal equilibrium between Th17 and Treg cells

regulated by retinoic acid at steady state

Type 3



Intestinal equilibrium between type 3 and type 

2 responses regulated by microbes
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Type 3 Tregs control type 2 responses

Heligmosomoides polygyrus infection
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Type 3 Tregs control type 2 responses

Oxazolone colitis (Type 2)
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Innate Lymphoid Cells

Eberl et al, Science, 2015
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