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Outline 

I. Bile acids and S1PR2 in hepatic 

lipid metabolism 

II. Bile acids and TGR5 in glucose 

metabolism 
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Which Gαi-coupled GPCR is 

responsible for conjugated bile 

acid-induced ERK1/2 activation in 

hepatocytes? 

QUESTION #1 



Phylogenetic Tree of the Lipid-Activated  

G Protein Coupled Receptors 

Coupled to Gαs   LCA > DCA > CDCA > CA 

Not expressed in 

hepatocytes  
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Chronic Bile Fistula Rat Model 



Effect of JTE-013 on TCA-induced 

Activation of ERK1/2 and AKT as well 

as SHP Expression in Bile Fistula Rats 
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Does TCA-mediated activation of 

ERK have any effect on hepatic 

SphK2 Activation?  

QUESTION #2 



Chronic Bile Fistula Rat Model 
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Is TCA-induced SphK2 activation 

mediated by S1PR2? 

QUESTION #3 

WT 
S1PR2

-/-
 



A 

W
T -/-

S
1P

R
2

0.0

0.5

1.0

1.5

*

R
e
la

ti
v
e
 m

R
N

A
 l

e
v
e
ls

(S
p

h
K

2
) SphK2 

WT S1PR2 -/- 

SphK1 

β-tubulin 

B 

W
T -/-

S
1P

R
2 W

T -/-

S
1P

R
2

0.0

0.5

1.0

1.5

2.0
SphK2SphK1

*

R
e

la
ti

v
e

 d
e

n
s

it
y

 o
f

 i
m

m
u

n
o

b
lo

ts

C 

SphK1  

SphK2  

β-tubulin 

      WT S1PR2 -/- 

MPH 

D 

0 2.5 5 10 20 30
10

15

20

25

WT

S1PR2
-/-

Time (min)

S
p

h
K

1
 a

c
ti

v
it

ie
s

S
1

P
 (

p
m

o
l/
m

g
/m

in
)

0 2.5 5 10 20 30
0

2

4

6

8

10

WT

S1PR2-/-

*

*

* *

#*

*

Time (min)

S
p

h
K

2
 a

c
ti

v
it

ie
s

S
1

P
 (

p
m

o
l/
m

g
/m

in
)

E F 

Role of S1PR2 in TCA-induced 

Activation of Hepatic SphK2  



0

20

40
200

400

600 **

*

WT     S1PR2-/-

Vector          +     -      +    -
S1PR2          -     +      -    +

R
el

at
iv

e 
m

R
N

A
 le

ve
ls

(S
1P

R
2)

0

5

10

15

20
WT

S1PR2-/-+S1PR2

WT+S1PR2

S1PR2-/-

SphK1                           SphK2

***

**
R

el
at

iv
e 

m
R

N
A

 l
ev

el
s

(S
p

h
K

s)

Overexpression of S1PR2 Up-

regulates SphK2 in Hepatocytes  



PLCβ i Src 

MMP 

Pro-EGFR 

Ligand 

EGFR 

Ligand 

EGFR 

PI3K 

P-AKT 

CBA 

P-ERK1/2 

Insulin 

Nutrient 

metabolism 

Summary #2 

S1PR2 

JTE-013 

SphK2 

HDAC 

S1P 

Sph 

AC 

Nucleus 

GENE TRANSCRIPTION 



What is the physiological function 

of bile acid-induced activation of 

S1PR2 and SphK2 in vivo? 

QUESTION #4 

WT S1PR2
-/-
 

WT SphK2
-/-
 



WT 

S1PR2-/- 

ND HFD-CA 

N
D

H
FD

-C
A

 N
D

H
FD

-C
A

0

50

100

150

200

250
WT S1PR2

-/-

*

*

L
iv

e
r/

b
o

d
y
 w

e
ig

h
t 

ra
ti

o
 (

%
)

WT 

S1PR2-/- 

ND HFD-CA ND HFD-CA 

WT 

S1PR2 -/- 

A 

D 

B 

C 

200 µm 200 µm 

Phenotype of S1PR2
-/-
 Mice  



B A 

D 
C 

WT 

SphK2-/- 

ND HFD-CA 

N
D

H
FD

-C
A

N
D

H
FD

-C
A

0

50

100

150

200

250

L
iv

e
r/

b
o

d
y
 w

e
ig

h
t 

ra
ti

o
 (

%
)

*
*

WT SphK2
-/-

WT 

SphK2-/- 

ND HFD-CA ND HFD-CA 

WT 

SphK2-/- 

200 µm 200 µm 

Phenotype of SphK2
-/-
 Mice  



2015; 61(4):1216-26. 



2015; 62(1):135-46 

Hepatic overexpression of SphK2 activates 

fatty acid oxidation, decreases hepatic lipid 

accumulation via activation of AKT. 
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Outline 

I. Bile acids and S1PR2 in hepatic 

lipid metabolism 

II. Bile acids and TGR5 in glucose 

metabolism 



Therapeutic Potential of TGR5 Agonists 

Hope or hype? 
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Expression of TGR5 in Pancreatic β Cells  

and Human Islets 
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NF449 

U73122 

BAPTA-AM 

PKA inhibitor has no effect on TGR5-induced insulin release. 

Signaling Pathways of TGR5-mediated 

Insulin Secretion in Pancreatic β Cells 



 TGR5 activation increases hyperglycemia-induced PC1 expression in 

pancreatic α cells, but has no effect on PC2 expression. 

Proglucagon Glucagon 
PC2 

Proglucagon GLP-1 and GLP-2 
PC1 

A earlier study reported that proglucagon can be processed to GLP-1 in pancreatic α 

cells. This process is upregulated by elevated glucose, activation of TGR5 and β-cell 

destruction. ( Whalley NM, et al. J Endocrinol. 2011 Oct;211(1):99-106.) 
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INT-777 increases GLP-1 release in human and mouse islets and αTC1-6 cells 

under hyperglycemic conditions via Epac in a PKA-independent mechanism.  
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Summary 

 In pancreatic β cells, activation of TGR5 induced insulin release via  

 activation of cAMP-Epac/PLCε/IP3 signaling pathway. 

 TGR5 is expressed in both pancreatic β cells and α cells. 

 In pancreatic α cells, activation of TGR5 enhanced hyperglycemia-

induced PC1 expression via activation of PKA. 

 In pancreatic α cells, activation of TGR5 promoted GLP-1 release  

 via activation of Epac/PLCε/IP3 signaling pathway. 

 TGR5 activation mediates cross-talk between α and β cells by 

switching from glucagon to GLP-1 to restore β cell mass and 

function under hyperglycemic condition. 



CONCLUSIONS 

S1PR2 and TGR5 are important players in 

bile acid-mediated regulation of lipid and 

glucose metabolism.  

Targeting S1PR2 and TGR5 could be 

leveraged as novel therapeutic strategies to 

treat fatty liver diseases and type 2 diabetes 

mellitus. 
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