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Figure S1. Association between IRF4 and obesity. A and B, The expression of IRFs in microarray
experiments using human skeletal muscle tissues from obese and lean subjects. The data were extracted
from GEO GSE474 (n=6-8, **p<0.01). C-F, The age, height, BMI and serum glucose of subjects with lean or
obesity (n=5, ***p< 0.001). G, The expression of Irf4 using human liver data from GEO GSE 126848 (n=11-
12). H, Western blot analysis of the expression of IRF4 in Liver of mice on HFD or chow diet. Protein
amount was quantified using Image J (n=6). I, Western blot analysis of the expression of IRF4 in Liver of
db/db mice and WT mice. Protein amount was quantified using Image J (n=3). All results are expressed as
means ± SEM BMI body mass indexmeans ± SEM. BMI, body mass index.
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Figure S2. Overexpression of IRF4 in skeletal muscle promotes DIO. A, The running time of male MOE and WT mice
(n=7‐12, *p<0.05). B, The body weight of male MOE and WT mice on 8‐week HFD (n=8). C, The relative mitochondria
DNA copy number of GAS in MOE and WT mice (n=6). D, Seahorse assays of OCR in the isolated mitochondria from
GAS of MOE and WT mice (n=11‐14). E and F, The basal and maximal OCR of mitochondria from GAS in MOE and WT
mice (n=11‐14). All results are expressed as means ± SEM. P, pyruvate; M, malate; GAS, gastrocnemius.
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Figure S3. Ablation of IRF4 in skeletal muscle attenuates DIO. A, The body weight of female MKO and Flox mice on
HFD (n=8‐10, *p<0.05). B, The body composition of female MKO and Flox mice on 12‐week HFD (n=8‐10, *p<0.05). C,
The running time of male MKO and Flox mice (n=10‐11, *p<0.05). All results are expressed as means ± SEM.
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Figure S4. IRF4 in skeletal muscle has no effects on food intake, RER or locomotor activity. A, Seahorse assays of
complex I OCR in the isolated mitochondria from GAS of MKO and Flox mice (n=11). B and C, The basal and maximal
OCR of mitochondrial complex I from GAS in MKO and Flox mice (n=11). D, Food intake of male MKO and Flox mice on
12‐week HFD (n=5). E, Respiratory exchange ratio of male MKO and Flox mice on 8‐week HFD (n=9). F, The locomotor
activity of male MKO mice and Flox mice on 8‐week HFD (n=9). G, The timeline of mice experiment. H, The body
weight of male MKO and Flox mice on 8‐week HFD (n=9). I, The body composition of male MKO and Flox mice on 8‐
week HFD (n=9‐10). J and K, The mRNA expression of thermogenic genes in BAT and iWAT of male MKO and Flox
mice (n=6) L The mRNA expression of BCAAs catabolic genes in BAT of MKO and Flox mice (n=5 *p<0 05) All resultsmice (n=6). L, The mRNA expression of BCAAs catabolic genes in BAT of MKO and Flox mice (n=5, *p<0.05). All results
are expressed as means ± SEM. P, pyruvate; M, malate; GAS, gastrocnemius; HFD, high fat diet; BAT, brown adipose
tissue; iWAT, inguinal white adipose tissue.
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Figure S5. IRF4 regulates macronutrients metabolism and mTOR pathway in skeletal muscle. A, GAS TG level (n=8).
B, qPCR analysis of lipolytic genes expression (n=5). C, The BCAA level in liver of MKO and Flox mice (n=10). D and E,
Serum and GAS BCAA level of MOE and WT mice (n=6‐10, *p<0.05). F, BCAAs metabolism pathway in skeletal muscle.
G, The relative BCKDH activity in GAS of male MKO and Flox mice on HFD (n=5‐6, *p<0.05). H, Western blot analysis
of BCAA catabolism and mTOR signaling pathway in GAS from MOE and WT mice on HFD (n=3, *p< 0.05). I, Western
blot analysis of mTOR signaling pathway in GAS from MKO and Flox mice on HFD. Protein amount was quantified
using Image J (n=3, *p< 0.05). J, The mRNA expression of Pgc1α in GAS of MKO and Flox mice (n=6). K, Western blot
analysis of the expression of PGC1α in GAS of MKO and Flox mice Protein amount was quantified using Image J (n =analysis of the expression of PGC1α in GAS of MKO and Flox mice. Protein amount was quantified using Image J (n =
3, *p< 0.05). L, Western blot analysis of the expression of PGC1α in GAS of MOE and WT mice (n=3, **p< 0.01). All
results are expressed as means ± SEM. GAS, gastrocnemius.



B

Figure S6

CA

BCATm

MKO+GFP MKO+-BCATm

GAS

e
ig

ht
 (

g
)

0 10

0.15

0.20

A
 le

ve
l (

fo
ld

) Bcatm (GAS)

150

200

250 *

o
u

nt
 (

A
U

) 

2

3 ****

F

AAV injection45

D E

β-actin

G
A

S
 w

0.00

0.05

0.10

Flox+GFP
MKO+GFP

R
el

a
tiv

e 
m

R
N

A

0

50

100

150

P
ro

te
in

 a
m

0

1

30
P+M

*

te
in

)

8 9 10 11 12 13 14 15 16

AAV injection

B
od

y 
w

ei
gh

t 
(g

)

Weeks of age

Flox+GFP
MKO+GFP
MKO+BCATm

0
5

10
15
20
25
30
35
40
45

B
od

y 
co

m
po

si
tio

n 
(g

)

Fat mass Lean mass
0

5

10

15

20

25
MKO+GFP
MKO+BCATm

0

10

20

B
a

sa
l O

C
R

(p
m

ol
es

O
2/

m
in

/μ
g 

pr
ot

Weeks of age

100

120

140

160

on
su

m
pt

io
n 

(m
l/h

r)

Flox+GFP
MKO+GFP
MKO+BCATm

0.5

0.6

0.7

0.8

y 
ex

pe
n

di
tu

re
 (

kc
al

/h
r)

Flox+GFP
MKO+GFP
MKO+BCATm

G H I

0

100

200

300

400
P+M

*

M
ax

im
al

 O
C

R
m

ol
es

 O
2/

m
in

/μ
g 

pr
ot

ei
n)

J

80O
2

c

0.4

E
ne

rg
y

120

140

o
n 

(m
l/h

r)

Flox+GFP
MKO+GFP
MKO+BCATm

K

0.6

0.8

1.0

ch
an

g
e 

ra
tio

Flox+GFP
MKO+GFP
MKO+BCATm

0

(p
m

3000y 

Flox+GFP
MKO+GFP
MKO+BCATm

60

80

100

C
O

2
pr

od
uc

tio

L

Light Dark
0.0

0.2

0.4

R
es

pi
ra

to
ry

 e
xc

Flox+GFP
MKO+GFP
MKO+BCATm

2000

2500

iv
ity

 
ks

)

0

1000

2000

Lo
co

m
ot

or
ac

tiv
ity

(b
ea

m
 b

re
ak

s)

Light Dark
0

500

1000

1500

Lo
co

m
ot

or
ac

t
(b

ea
m

 b
re

a k



Figure S6. BCATm contributes to IRF4‐induced metabolic phenotype. A, qPCR analysis of Bcatm in GAS of MKO+AAV‐
BCATm mice, MKO+AAV‐GFP mice, and Flox+AAV‐GFP mice (n=5, *p<0.05). B, Western blot analysis of the expression
of BCATm in GAS of MKO+AAV‐BCATm mice and MKO+AAV‐GFP mice. Protein amount was quantified using Image J
(n=4, ****p<0.0001). C, The weight of GAS in MKO+AAV‐BCATm mice, MKO+AAV‐GFP mice, and Flox+AAV‐GFP mice
on HFD on 8‐week HFD (n=8). D, The body weight of MKO+AAV‐BCATm mice, MKO+AAV‐GFP mice, and Flox+AAV‐
GFP mice on HFD (n=8). E, The body composition of MKO+AAV‐BCATm mice, MKO+AAV‐GFP mice, and Flox+AAV‐GFP
mice on HFD (n=5‐8). F and G, The basal and maximal OCR of mitochondrial complex I from GAS in AAV injected mice
(n=3) H J The energy expenditure oxygen consumption and carbon dioxide production of male MKO+AAV BCATm(n=3). H‐J, The energy expenditure, oxygen consumption, and carbon dioxide production of male MKO+AAV‐BCATm
mice, MKO+AAV‐GFP mice, and Flox+AAV‐GFP mice on 8‐week HFD (n=10‐12, body weight matched). K, Respiratory
exchange ratio of MKO+AAV‐BCATm mice, MKO+AAV‐GFP mice, and Flox+AAV‐GFP mice on 8‐week HFD (n=10‐12). L,
The locomotor activity of MKO+AAV‐BCATm mice, MKO+AAV‐GFP mice, and Flox+AAV‐GFP mice on 8‐week HFD
(n=10‐12). All results are expressed as means ± SEM. GAS, gastrocnemius.
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Figure S7. BCATm accounts for changed BCAAs metabolism and mTOR pathway in IRF4‐deleted skeletal muscle. A
and B, Western blot analysis of the expression of IRF4 and BCATm in C2C12 myoblast. Protein amount was quantified
using Image J (n=3, **p<0.01). C, Serum BCAA level of male MKO+AAV‐BCATm mice, MKO+AAV‐GFP mice, and
Flox+AAV‐GFP mice (n=6‐7, *p<0.05). D, Western blot analysis of mTOR signaling pathway in GAS of MKO+AAV‐
BCATm mice, MKO+AAV‐GFP mice, and Flox+AAV‐GFP mice. Protein amount was quantified using Image J (n = 4, *p<
0.05). E, The BCAA level in skeletal muscle of lean and obese subjects (n=5). All results are expressed as means ± SEM.


