
Non-NAFLD NAFLDA

B C

D E

F

C
S

E

Normal chow HFD

C
S

E

NC
HFD

H
2S

 p
ro

d
u

c
ti

o
n

 (
p

m
o

l/
m

in
/m

g
 p

ro
te

in
)

Normal chow HFD

61 KDa

33 KDa

42 KDa

44 KDa

CBS

3-MST

β-actin

CSE

Con OA

M
it

o
-H

S

61 KDa

33 KDa

42 KDa

44 KDa

CBS

3-MST

β-actin

CSE

Con OAG

L
ip

id
T

O
X

CSE CBS MST
0.0

0.5

1.0

1.5

2.0

2.5
Normal chow HFD

P=0.011

P=0.36

P=0.59

re
la

ti
v

e
 p

ro
te

in
e

x
p

re
s

s
io

n

NC
HFD

H
-S

co
re

 o
f 

C
S

E

non-N
AFLD

NAFLD

50

100

150

200

250 P<0.0001



0

5

10

15

20

25
P=0.0002

L
iv

er
 T

C
 (

m
g

/g
 t

is
su

e)

b
lo

o
d

 g
lu

co
se

 (
m

M
)

P
=

0.0002

0 15 30 60 90 120
3

6

9

12

15

18
CSELKO
CSELoxp

**

**
**

**
*

(min) 0 15 30 60 90 120
5

10

15

20

25 CSELoxp

CSELKO

b
lo

o
d

 g
lu

co
se

 (
m

M
)

*

** ** ** **

P
<

0
.0

0
0

1

(min)

L
O
X
P
L
K
O P

=
0

.0
1

3
4

L
O
X
P
L
K
O P

=
0

.0
0

0
9

L
O
X
P
L
K
O P

<
0

.0
0

0
1

A

C

D E F

SREBP-1c

ACC

FAS

SCD1

β-actin

SREBP1-
c

ACC
FAS

SCD1

PPARr

LXRa

DG
AT1

DG
AT2

PPARa

CPT1
M

CD

LCAD
UCP

CD36

PPARδ
-1

1

3

5

7

9

11 CSELoxp

CSELKO

FA synthesis TG synthesis FA oxidation FA uptake

✱✱ ✱✱
✱✱

✱✱ ✱✱

✱✱

✱✱

G H CSEloxp CSELKO

H
&

E
 s

ta
in

O
il 

R
ed

 O
 s

ta
in

CSELoxp CSELKO

G
ro

ss
 P

at
h

o
lo

g
y CSELoxp CSELKOB

S
ir

iu
s 

R
ed

 s
ta

in

CSELoxp

CSELKO



NC HFD

HFD+NaHS HFD+GYY

0.0

0.5

1.0

1.5

2.0

2.5
✱✱✱

0

1

2

3

4

S
er

u
m

 T
C

 (
m

M
)

✱

0

2

4

6

8 ✱✱✱✱

NC HFD

HFD+NaHS HFD+GYY

L
iv

e
r 

T
C

 (
m

g
/g

 t
is

su
e) ✱✱

N
o

rm
al

 c
h

o
w

H
F

D

H
F

D
+

N
aH

S

H
F

D
+

G
Y

Y

0 15 30 60 90 120

5

10

15

(min)

**
**

** ** **#
#

#
#

# #

0 15 30 60 90 120

10

20

30

b
lo

o
d

 g
lu

c
o

se
 (

m
M

)

(min)

P
<

0
.0

0
0

1

**
**

** **
**

#

#

0 15 30 60 90 120
3

7

11

15

(min)

**

**

**

#

# #
#

0

1000

2000

3000

A
U

C
 o

f 
O

G
T

T

✱✱✱✱

A B

C D

E

400

600

800

1000

1200 ✱✱✱✱

600

800

1000

1200

1400

1600

✱✱✱✱

F

SREBP1-c

FAS

SREBP2

β-actin

ACC

SCD1

G
NC HFD

HFD+
NaHS

HFD+
GYY

re
la

ti
v

e 
p

ro
te

in
ex

p
re

ss
io

n

✱✱✱✱ ✱✱
✱✱✱✱

H



CSE

FXR

β-actin

NC HFD
HFD+
NaHS

HFD+
GYY

FXR

β-actin

Scr
am

ble
d

si
-C

SE

Adv-
CON

Adv-
CSE

R
el

at
iv

e 
F

X
R

m
R

N
A

 (
fo

ld
s)

✱✱

✱✱

NC
HFD

HFD+N
aH

S

HFD+GYY

0

2

4

6

R
el

at
iv

e 
F

X
R

p
ro

te
in

  e
xp

re
ss

io
n ✱✱
✱✱

SREBP1-c ACC FAS SCD1
0

1

2

3

Scrambled
si-CSE

Adv-CON
Adv-CSE

✱

✱✱

✱

✱✱

✱✱

✱✱

✱

✱✱

SREBP1-c

FAS

β-actin

ACC

SCD1

scrambled si-CSE Adv-CON Adv-CSE

A B

DC

E F G

H

SREBP1-
c
ACC

FAS

SCD1

0.0

0.5

1.0

1.5

Adv-CON
Adv-CSE

**
**** *

SREBP1-
c
ACC

FAS

SCD1

0

1

2

3

4

re
la

ti
ve

 p
ro

te
in

ex
p

re
ss

io
n

scrambled
si-CSE

**
**

*

**

response to unfold protein

-l
o

g
10

 (
F

D
R

)

0.01 0.03 0.05 0.07
Gene Ratio

protein homodimerization 
activity 

oxidoreductase activity

lipid metabolic process

steroid biosynthetic process

steroid metabolic process

sterol biosynthetic process

cholesterol metabolic process

fatty acid biosynthetic process

TAP binding
Unsaturated fatty acid 
biosynthetic process

cholesterol biosynthetic  
process

FXR

β-actin

WT KO

W
T

KO

0.0

0.5

1.0

1.5

2.0

P=0.0015

R
el

at
iv

e 
F

X
R

 e
xp

re
ss

io
n



0

1

2

3

4

✱

L
en

V
co

n
+

N
aH

S

L
en

V
co

n
L

en
V

si
F

X
R

L
en

V
si

F
X

R
+

N
aH

S 0

1

2

3
✱

0

2

4

6

8
✱✱

0.0

0.5

1.0

1.5

2.0

2.5 ✱✱

b
lo

o
d

 g
lu

co
se

 (
m

M
)

A
U

C
 o

f 
O

G
T

T ✱
b

lo
o

d
 g

lu
co

se
 (

m
M

)

A
U

C
 o

f 
IT

T
✱✱

A
U

C
 o

f 
P

T
T

✱✱

b
lo

o
d

 g
lu

co
se

 (
m

M
)

A

B C

D

E

FXR

SREBP1-c

FAS

β-actin

ACC

SCD1

re
la

ti
v

e 
p

ro
te

in
ex

p
re

ss
io

n

✱
✱

✱✱

✱✱

✱✱

F

G

LenV-con + + - -
LenV-siFXR - - + +

NaHS - + - +

LenV-con LenV-con+NaHS LenV-siFXR LenV-siFXR+NaHS
H

&
E

O
il 

R
ed

 O



NaHS (100 μM) - + - +
DTT (50 μM) - - + +

NaHS (100 μM) - + - +
DTT (50 mM) - - + +

SYH-FXR

Input

SYH-FXR

Input

Control
NaHS

DTT
NaHS+DTT

SYH-FXR

SYH-FXR

Input

scrambled si-CSE

A B

C

scrambled

si-CSE

SYH-FXR

Adv-con Adv-CSE

SYH-FXR

Input

SYH-FXR

Input

D
CSEloxp CSELKO

**
NC

HFD
HFD+NaHS

HFD+GYY

SYH-FXR

**

NaHS - + - +
DTT - - + +

FXR

β-actin

FXR

H3

cy
to

p
la

sm
n

u
cl

ea
r

SREBP1-
c

ACC
FAS

HM
GCR

CYP7A
1

0

1

2

3

R
el

at
iv

e 
m

R
N

A
ex

p
re

ss
io

n

Con NaHS DTT NaHS+DTT

✱✱

✱✱

✱✱

✱✱

✱✱ ✱✱

✱✱

✱✱

✱✱ ✱
E F

co
ntro

l

NaH
S
DTT

NaH
S+D

TT
1.5

3.5

5.5

7.5

F
lu

o
re

sc
en

t 
d

en
si

ty ✱✱✱✱
G FXR Zn2+ Merge

co
n

tr
o

l
N

aH
S

H

Contro
l

NaH
S
DTT

NaH
S+DTT

B
S

E
P

 D
N

A
/i

n
p

u
t ✱✱✱✱

I



SYH-FXR

Input

WT  M1  M2  M3  M4  M1-4 WT  M1  M2  M3  M4  M1-4

FXR

β-actin

FXR

H3

cy
to

p
la

sm
n

u
cl

ea
r

SREBP1-c ACC FAS
0

1

2

3

4

WT M1 M2 M3 M4 M1-4

✱✱
✱✱

✱✱
✱✱ ✱✱

✱✱

W
T

M
1

M
2

M
3

M
4

M
1-

4

0

1

2

3

4
5

10
✱✱

✱

W
T

M
1

M
2

M
3

M
4
M

1-
4

0.0

0.5

1.0

1.5

B
S

E
P

 D
N

A
/I

n
p

u
t

✱✱
✱✱

A B

C

E

F G

D

F
X

R
Z

n
2+

 p
ro

b
e

M
er

g
e

WT M1 M2 M3 M4 M1-4

Contro
l
FXR M

1

0.0

0.2

0.4

0.6

0.8

1.0
P=0.0007

P=0.0011

0.0

0.2

0.4

0.6

0.8

1.0
P=0.0027
P=0.0022

Con FXR  M1  IgG 

IB:FXR

IB:RXR

IP:RXR

IB:RXR

IB:FXR

IP:FXR

55 kDa

55 kDa

53 kDa

53 kDa

NaHS (100 μM)



16696 381

W
T

K
O

W
T

M
u

ta
ti

o
n

Pid1

407kb

0

1.2

0

1.2

417kb

Creb5

0

1.7

0

1.7

Itpr2

397kb
0

1

0

1

7.1kb

spp1

0

0.8

0

0.8

PID1

251kb

0

0.4

0

0.4

530kb

CREB5

0

0.5

0

0.5

ITPR2

501kb

0

0.3

0

0.3

8.9kb

SPP1

0

0.2

0

0.2

-3.0 TSS  3.0 -3.0 TSS  3.0 kb -3.0 TSS  3.0 -3.0 TSS  3.0 kb

WT KO WT Mutation

25
1

3011 1764

Lipid and glucose metabolism fibrosis

KO 
enriched

lo
g

2(
F

o
ld

 c
h

an
g

e) Up-regulated Down-regulated 

Score [-log10 (P-value)]
mutation 
enriched

A B

C

D

189

212

700

1374

RNA-seq RNA-seq

-log(P value)

Mutation enriched 

0 2 4

cholesterol transport
intracellular lipid transport 

glucocorticoid receptor signaling 
fatty-acyl-CoA biosynthesis 

lipid homeostasis 
lipoprotein particle organization 

steroid biosynthetic process 
fatty acid biosynthesis 

response to insulin stimulus
glycoprotein transport

cellular glucose homeostasis
insulin receptor signaling

response to glucose
insulin secretion

IκB kinase/NFκB signaling
interleukin-4 production

alpha-beta T cell activation
cytotoxic T cell differentiation

ICAM-3 receptor activity
interleukin-8 receptor binding

mesenchymal epithelial transition
interleukin-13 production

mesenchymal cell development
complex of collagen trimers 
collagen metabolic process 

Lipid metabolism

Glucose metabolism

Immunity & inflammation

Fibrosis

KO enriched 

0 2 4
-log(P value)

Lipid metabolism

Glucose metabolism

Immunity & inflammation

Fibrosis

acylglycerol metabolic process
triglyceride metabolic process

fatty acid elongation
lipid transport

neutral lipid biosynthesis

insulin-like growth factor 
receptor signaling

glucose import
type B pancreatic cell proliferation

neutrophil chemotaxis
cell adhesion molecule production

interleukin-1 beta production
inflammatory response

myoblast differentiation

fibroblast proliferation

Card11

131kb

0

1

0

1

CARD11

141kb

0

0.35

0

0.35

inflammation


