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Bulk RNA-seq of thymi of AAA-10-treated mice reveals 
Ccl21 as a target of secondary bile acid signaling

Gut bacteria metabolize host bile acids into
secondary (microbial) bile acids

Bile acids reach extraintestinal immune tissues at
physiologically relevant concentrations

Goal: Assess impact of secondary bile acid signaling on host immune compartments outside the 
gastrointestinal tract.
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Secondary bile acids can affect host immunity by modulating
CD4+ T cell differentiation

Treatment of germ-free (GF) mice with secondary bile acid DCA
induces Ccl21 expression in the thymus

BSH inhibitor AAA-10 inhibits secondary bile acid production in vivo 

Orally gavaged 13C-labeled bile acids reach extraintestinal immune 
tissues, including labeled secondary bile acids

1. Develop a working loss-of-function model 
using next-generation BSH inhibitors

2. Assess thymocyte populations in a loss-of-function 
and gain-of-function model for DCA signaling, in 

wildtype and TGR5-KO mice
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SPF B6 mice
1. Vehicle (PBS-captisol)
2. AAA-10 (30 mg/kg body 

weight)

Gavage AAA-10 or PBS @ 6pm
Daily for 3 days

Feces collection for 
BA profiling @ 9am

Day 1 Day 2 Day 3
0.0

0.2

0.4

0.6

0.8

Secondary BAs (proportion)

P
ro

po
rt

io
n 

of
 to

ta
l

AAA-10
Vehicle0.0879 0.0262 0.0104

Mmp19

Ccl21b

Tec

Cul4b

Barx2

Prrg1

LOC100503169

Spon2
1190007F08Rik

Plch2

Bmx

Reg3b

Gm6904

Retnlg

Wfdc2

Slc11a1 Sh2d7

Krtdap

Dmkn

Frmd7

Bpifa1

Pcdhga7

Ly6g6c

Tgm2

Slco2b1 Chi3l1

0

1

2

3

4

−5.0 −2.5 0.0 2.5 5.0
 Log2 fold change

 −
Lo

g 1
0 
P
ad

j

NS Log2 FC p−value p − value and log2 FC

Volcano plot (Thymus)

Vehicle AAA-10
0.0

0.1

0.2

0.3

0.4

Secondary BA (conc.)

pm
ol

/m
g 

w
et

 ti
ss

ue

0.0498

Vehicle AAA-10
0.0

0.2

0.4

0.6

0.8

Total BA

pm
ol

/m
g 

w
et

 ti
ss

ue

0.9299

Vehicle AAA-10
0

1000

2000

3000

4000

Ccl21b expression

N
or

m
al

iz
ed

 r
ea

ds

0.0502

Vehicle AAA-10
0

1000

2000

3000

4000

5000

Gm13304 (Ccl21f) expression
N

or
m

al
iz

ed
 r

ea
ds

0.0190

Day 4: 
sacrifice and 
collect tissues

Day 0

Add DCA-supplemented or 
control chow
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Primary conjugated bile acids

R = OH or H
R’ = taurine or glycine

bile salt hydrolase

Primary deconjugated bile acids

R = OH, cholic acid (CA)
R = H, chenodeoxycholic acid (CDCA)
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Secondary bile acids

R = OH, deoxycholic acid (DCA)
R = H, lithocholic acid (LCA)

other bacterial 
enzymes

Host + Bacteria BacteriaHost

• Bile acids are produced from cholesterol in the liver and 
secreted as taurine (for murine) or glycine (for humans) 
conjugates

• Aid in digestion (act as detergents) as well as important 
signaling molecules for many receptors

• Metabolized by bacteria in the gut (detoxification + liberation of 
amino acids)

• Primary and secondary bile acids can be recirculated back to 
the liver via enterohepatic recirculation and enter systemic 
circulation
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Bulk RNA-seq of thymus

Quantify BA 
profiles of each 
tissue via MS

SPF B6 mice
1. PBS control
2. 13C-CA (30 mg/kg)
3. 13C-CDCA (30 mg/kg)

Gavage

12am 8am

Sacrifice and 
collect tissues
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3. Test whether DCA signaling impacts fetal or 
neonatal thymic development

S. Hang et al., Nature (2019)
W. Li et al., Cell Host Microbe (2020)
D. Paik et al., Nature (2022)
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1. BSH inhibition in 

SPF mice

2. DCA treatment in 
GF mice

Measure 
thymocyte 

subpopulations

From Dr. Liz Jones

1. In vitro: T cell culture 2. In vivo: mice 3. In vivo: human IBD patients

Bulk RNA-seq of LI lamina propria
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A. Adhikari et al., ACS Chem. Biol. (2021)

GF B6 mice
1. Control chow
2. DCA-suppl. chow
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Bile acid receptor TGR5 is expressed proximal to CCL21+ mTECs

SPF Ccl21a-tdTomato mice
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microscopy
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