
NES -3.563
FWER <0.001

NES 2.789
FWER <0.001

NES -3.45
FWER <0.001

NES 2.98
FWER <0.001

Activated in ES Repressed in ES

B

0.0
-0.1
-0.2
-0.3
-0.4
-0.5

siNeg siFLI1

E
nr

ic
hm

en
t s

co
re

0.0
0.1
0.2
0.3
0.4
0.5
0.6

siNeg siFLI1

0.0
-0.1
-0.2
-0.3
-0.4
-0.5

siNeg siEWSR1

0.0

0.2

0.4

siNeg siEWSR1

E
nr

ic
hm

en
t s

co
re

E
nr

ic
hm

en
t s

co
re

E
nr

ic
hm

en
t s

co
re 0.6

Activated in ES Repressed in ES

Sen et al., EWS-FLI1 reprograms the metabolism of Ewing sarcoma cells
Figure S1

A

0.0

0.5

1.0

1.5 siNeg

siEWSR1

siFLI1

EWS-FLI1
NR0B1 EZH2 NKX2-27 - 97 - 7

R
el

at
iv

e 
m

R
N

A
 (A

C
TB

)

*** *** *********

*** *** *** *** ***

0

16

-3

3
0

-3

3
0

0

16

-10

10

0

-10

10

0

IGFBP3 TGFBR2 CDKN1A FOXO1 PHLDA1

siNeg
Log2 TPM

siEWSR1
ΔLog2 TPM

siFLI1
ΔLog2 TPM

NR0B1 EZH2 NKX2-2

siNeg
Log2 TPM

siEWSR1
ΔLog2 TPM

siFLI1
ΔLog2 TPM

Exon-level
expression
(RNA-Seq)

C



A

B

-3 -2 -1 0

Aminoacyl tRNA biosynthesis
RNA degradation

DNA replication
Glycine, serine and

threonine metabolism
Cell cycle

Pyruvate metabolism
Citrate cycle TCA cycle

Nucleotide excision repair
Cysteine and methionine metabolism

Mismatch repair
Oocyte meiosis

-3 -2 -1 0

Cell cycle

Fructose and mannose metabolism

Homologous recombination

Aminoacyl tRNA biosynthesis

RNA degradation

DNA replication

Citrate cycle TCA cycle
Nucleotide excision repair

Mismatch repair
Oocyte meiosis

Glycine, serine and
threonine metabolism

FWER
p-val

<0.001
0.001
0.001

0.001

0.002
0.003
0.008
0.008
0.009
0.017
0.04 0.034

0.021
0.019
0.013
0.010

0.008

0.005
0.003

<0.001
<0.001
<0.001

KEGG pathway GSEA
FWER
p-valKEGG pathway GSEA

siFLI1siEWSR1

TDO2

siNeg

siEWSR1

siFLI1 0

25
0

25
0

25

E
xp

re
ss

io
n

R
P

M

Exon-level expression (RNA-Seq)

Sen et al., EWS-FLI1 reprograms the metabolism of Ewing sarcoma cells
Figure S2



SKNMC

EWS-FLI1PHGDH PSAT1 PSPH SHMT2

** ** ** **** siNeg
siFLI1

0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

1.01.0 1.0

B

C

E

A

D

0.0

0.5

1.0

1.5

EWS-FLI1 SHMT2SHMT1

siNeg
siFLI1

*** ***

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

0.0

0.5

1.0

1.5

55

55

55

41

31

41

55

41

71

EWS-FLI1

PHGDH

SHMT2

PSAT1

PSPH

ACTB

1.0

1.0

1.0

1.0

1.0

0.01

0.3

0.04

0.1

0.2

0.3

0.01

0.5

0.3

0.01

siN
eg

siE
W

SR1
SKNMC

siF
LI1

KDa

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

HEK-293T
siNeg

siEWSR1

EWSR1PHGDH PSAT1 PSPH SHMT2

F

TC32

***

PHGDH

A673
Log2TPM

shEWS-FLI1
ΔLog2 TPM

0

6

0

-2

PSAT1

0

6

0

-2

PSPH

0

6

0

-2
SHMT2

A673
Log2TPM

shEWS-FLI1
ΔLog2 TPM

0

6

0

-2

SHMT1

0

6

0

-2

Exon-level
expression
(RNA-Seq)

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

TC32 SKNMC
** * *** ***** ** ** ** ****

EWS-FLI1 PHGDH PSAT1 PSPH SHMT2EWSR1 EWS-FLI1 PHGDH PSAT1 PSPH SHMT2EWSR1R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

siNEG

siEWSR1*** **

Sen et al., EWS-FLI1 reprograms the metabolism of Ewing sarcoma cells
Figure S3



EW
S-F

LI1
EZH2

ATF4
0.0

0.5

1.0

1.5
TC32

siNeg 

siFLI1 

R
el

at
iv

e 
m

R
N

A
 e

xp
re

ss
io

n

*** ***

ATF4

PHGDH
PSAT1

PSPH

SHMT2
0.0

0.5

1.0

1.5
TC32

siNeg

siATF4

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

***

A

B

C

ATF4

PHGDH
PSAT1

PSPH

SHMT2
0.0

0.5

1.0

1.5
***

SKMNC

55

41

ATF4

ACTB

siN
eg

siA
TF4

TC32

KDa

Ewing sarcoma cell lines
(EWS-FLI1 positive)

ad
re

na
l g

la
nd

bl
ad

de
r

ce
re

be
llu

m
ce

re
br

um
co

lo
n

he
ar

t
ile

um
ki

dn
ey

liv
er

lu
ng

m
us

cl
e

ov
ar

y
pa

nc
re

as
pr

os
ta

te
sp

le
en

st
om

ac
h

te
st

is
ur

et
er

ut
er

us

Expression
Log2 (TPM)

10.0 0.0

PHGDH

PSAT1

PSPH

SHMT2

SHMT1

Normal tissues
66

47
A6

73
C

H
LA

25
8

C
H

LA
9

C
H

LA
10

 
C

H
P1

00
L

ES
1

ES
2

ES
3

ES
4

ES
6

ES
7

ES
8

EW
8

R
D

ES
SK

ES
1

SK
N

M
C

SK
N

EP
1

SK
N

LO
 

TC
13

8 
TC

16
7

TC
17

TC
21

5
TC

23
3

TC
24

0
TC

24
4

TC
24

8
TC

25
3

TC
32

 
TC

48
TC

71
TT

C
47

5
TT

C
54

7

EWS cell lines
versus
normal 
tissues

***

***

***

***

n.s

TC32

R
el

at
iv

e 
fo

ld
-e

nr
ic

hm
en

t
an

ti-
FL

I1
/a

nt
i-I

gG

0.0

0.5

1.0

1.5

PHGDH PSAT1 SHMT2

siNeg
siFLI1

PSPH
exon 1

** *** *** *** ***

D

Sen et al., EWS-FLI1 reprograms the metabolism of Ewing sarcoma cells
Figure S4

PSPH
(intron 1 -
exon 2)



0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

DMSO

250 µM

100 µM

10 µM
AICAR 

24 72 h
TC32

R
el

at
iv

e 
ce

ll 
vi

ab
ili

ty

24 72 h
SKNMC

24 72 h
HCT116

DMSO

AICAR
250 µM

*** ***

R
el

at
iv

e 
ce

ll 
vi

ab
ili

ty

R
el

at
iv

e 
ce

ll 
vi

ab
ili

ty

A

B C

DMSO

AICAR
250 µM

Sen et al., EWS-FLI1 reprograms the metabolism of Ewing sarcoma cells
Figure S5



siEWSR1 siFLI1
SLC7A7
SLC7A6
SLC6A17
SLC44A2
SLC38A7
SLC38A5
SLC38A3
SLC38A2
SLC38A1
SLC26A6
SLC1A3
GLUL
GLUD1
GLS2
GLS
GFPT2
SLC1A5
SLC1A4

Log2Fold-charge (TPM)

−3 −2 −1 0 1 2 3

A

C

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

TC32 SKMNC

B

0.0

0.5

1.0

1.5
SLC1A5

siNeg

siEWSR1

*** *

41

71

55

si
N

eg
si

E
W

S
R

1

TC32

si
FL

I1KDa

55

71

EWS-FLI1

SLC1A5

ACTB

D

SLC1A4

SLC1A5

A673
Log2TPM

shEWS-FLI1
ΔLog2 TPM

0

6

0

-2

A673
Log2TPM

shEWS-FLI1
ΔLog2 TPM

0

6

0

-2

Exon-level
expression
(RNA-Seq)

SLC1A5

0.0

0.5

1.0

1.5

R
el

at
iv

e 
fo

ld
-e

nr
ic

hm
en

t
an

ti-
FL

I1
/a

nt
i-I

gG

***

siNeg

siFLI1

E

Sen et al., EWS-FLI1 reprograms the metabolism of Ewing sarcoma cells
Figure S6



MTHFD1

TC32 SKNMC
0.0

0.2

0.4

0.6

0

5

10

15

20

25

P
yr

uv
at

e 
(n

m
ol

/µ
l)

TC32 SKNMC

siNeg

siFLI1

H
ex

ok
in

as
e 

(n
m

ol
/m

in
/m

l)

C

A B

siNeg
Log2 TPM 9

siEWSR1
ΔLog2 TPM

siFLI1
ΔLog2 TPM

3

-1.5
0

3

-2
0

D

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

TC32

SKMNC
MTHFD1L MTHFD2

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

MTHFD1L MTHFD2

siNeg

siFLI1

R
el

at
iv

e 
m

R
N

A 
ex

pr
es

si
on

*** ***

** **

siNeg

siEWSR1

MTHFD1

MTHFD1L

MTHFD2

A673
Log2TPM

shEWS-FLI1
ΔLog2 TPM

0

6

0

-2

A673
Log2TPM

shEWS-FLI1
ΔLog2 TPM

0

6

0

-2

0

6

0

-2

Exon-level
expression
(RNA-Seq)

A673
Log2TPM

shEWS-FLI1
ΔLog2 TPM

0

MTHFD2 MTHFD1L

TC32

R
el

at
iv

e 
fo

ld
-e

nr
ic

hm
en

t
an

ti-
FL

i1
/a

nt
i-I

gG

0.0

0.5

1.0

1.5
siNeg

siFLI1
*** ***

Sen et al., EWS-FLI1 reprograms the metabolism of Ewing sarcoma cells
Figure S7

E


