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Identity % (AA) Similarity % (AA)

Hs. GPR65 vs. Dr.GPR65 39 58.8
Hs. GPR68 vs. Dr.GPR68 58.3 75.2
Hs. GPR4 vs. Dr.GPR4 74.1 85.2

Dr.GPR65 Dr.GPR68 Dr.GPR4
Dr.GPR65 100 28.04 30.61
Dr.GPR68 28.04 100 41.45
Dr.GPR4 30.61 41.45 100
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Figure S9

GBM Cells Species Sex TMZ sensi�vity Molecular subtype EGFR amplifica�on EGFR Muta�on TP53 LC50 (uM)

U87 Human M Sensi�ve (1) Mesenchymal WT (2) WT (2) WT (3) 0.75

U138 Human M Resistant (4) Mesenchymal WT(5) WT(5) MT (6) 0.92

913 (7) Human M Resistant (8) UNK Amplified (9) WT (9) MT (10) 0.45

08-387 Human UNK Resistant (11) UNK UNK UNK UNK 0.42

3691 Human UNK UNK UNK UNK UNK UNK 0.43

1079 Human UNK UNK UNK UNK UNK UNK 1.99

PDX-M6 (12) Human M Resistant (12) Classical (12) Amplified (12) VIII (12) WT (12) 2.7

PDZ-M28 Human M Resistant (12) UNK (12) WT (12) WT (12) LOSS (12) 0.73

PDX-M39 Human M Sensi�ve (12) Mesenchymal (12) Amplified (12) VIII (12) WT (12) 0.49

PDX-M59 Human F Sensi�ve (12) Mesenchymal (12) Amplified (12) VIII (12) LOSS (12) 0.55

PDX-M229 Human F Resistant (12) UNK (12) WT (12) WT (12) WT (12) 0.43

KT158-Luc Mouse UNK Resistant (13) UNK UNK WT UNK 0.78

GL261-Luc Mouse UNK Sensi�ve (13) UNK UNK WT UNK 0.39

(12)https://www.mayo.edu/research/labs/translational-neuro-oncology/mayo-clinic-brain-tumor-patient-derived-xenograft-national-resource

(7)Galli R, Binda E, Orfanelli U, Cipelletti B, Gritti A, De Vitis S, Fiocco R, Foroni C, Dimeco F, Vescovi A. Isolation and characterization of tumorigenic, stem-like neural precursors from human glioblastoma. Cancer Res. 2004 Oct 1;64(19):7011-21. 
doi: 10.1158/0008-5472.CAN-04-1364. PMID: 15466194.

(8)Xia S, Lal B, Tung B, Wang S, Goodwin CR, Laterra J. Tumor microenvironment tenascin-C promotes glioblastoma invasion and negatively regulates tumor proliferation. Neuro Oncol. 2016 Apr;18(4):507-17. doi: 10.1093/neuonc/nov171IF: 
Epub 2015 Aug 27. PMID: 26320116; PMCID: PMC4799677.

(9) Gao M, Fu Y, Zhou W, Gui G, Lal B, Li Y, Xia S, Ji H, Eberhart CG, Laterra J, Ying M. EGFR Activates a TAZ-Driven Oncogenic Program in Glioblastoma. Cancer Res. 2021 Jul 1;81(13):3580-3592. doi: 10.1158/0008-5472.CAN-20-2773. Epub 
2021 Apr 28. PMID: 33910930; PMCID: PMC8277712.

(10)Gampa G, Kenchappa RS, Mohammad AS, Parrish KE, Kim M, Crish JF, Luu A, West R, Hinojosa AQ, Sarkaria JN, Rosenfeld SS, Elmquist WF. Enhancing Brain Retention of a KIF11 Inhibitor Significantly Improves its Efficacy in a Mouse Model 
of Glioblastoma. Sci Rep. 2020 Apr 16;10(1):6524. doi: 10.1038/s41598-020-63494-7. PMID: 32300151; PMCID: PMC7162859.

(11) Tallman MM, Zalenski AA, Deighen AM, Schrock MS, Mortach S, Grubb TM, Kastury PS, Huntoon K, Summers MK, Venere M. The small molecule drug CBL0137 increases the level of DNA damage and the efficacy of radiotherapy for 
glioblastoma. Cancer Lett. 2021 Feb 28;499:232-242. doi: 10.1016/j.canlet.2020.11.027. Epub 2020 Nov 27. PMID: 33253788; PMCID: PMC7779703.

(1) Baer JC, Freeman AA, Newlands ES, Watson AJ, Rafferty JA, Margison GP. Depletion of O6-alkylguanine-DNA alkyltransferase correlates with potentiation of temozolomide and CCNU toxicity in human tumour cells. 
Br J Cancer. 1993 Jun;67(6):1299-302. doi: 10.1038/bjc.1993.241 PMID: 8512814; PMCID: PMC1968485.

(2)Liu F, Hon GC, Villa GR, Turner KM, Ikegami S, Yang H, Ye Z, Li B, Kuan S, Lee AY, Zanca C, Wei B, Lucey G, Jenkins D, Zhang W, Barr CL, Furnari FB, Cloughesy TF, Yong WH, Gahman TC, Shiau AK, Cavenee WK, Ren B, Mischel PS. EGFR 
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Figure S14

50 - α-Tubulin

HO-1

TFRC

28 -

0
2
4
6
8
10
12
14
16 TFRC

0
5
10
15
20
25
30
35 HO-1

A

R
el
at
iv
e

E
xp
re
ss
io
n

R
el
at
iv
e

E
xp
re
ss
io
n

1 
µM

 O
GM

3 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

1 
µM

 O
GM

3 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

1 
µM

 O
GM

3 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

50 - α-Tubulin

HO-1

TFRC

28 -

97 -

D

1 
µM

 O
GM

3 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

B C

97

E F

G

0
0.5
1.0
1.5
2.0
2.5
3.0
3.5

R
el
at
iv
e

E
xp
re
ss
io
n

TFRC

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

R
el
at
iv
e

E
xp
re
ss
io
n

HO-1

1 
µM

 O
GM

3 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

1 
µM

 O
GM

3 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

*** ***

***
***

**

**

*

*

15-

37- GAPDH

Cleaved caspase 3

2 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

2 
µM

 D
O

X

Caspase 3

15-

37- GAPDH

Cleaved caspase 3

2 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

2 
µM

 D
O

X

Caspase 3

I 2 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

2 
µM

 D
O

X

2 
µM

 O
GM

10
 µ

M
 O

GM

DM
SO

2 
µM

 D
O

X

C
le

av
ed

 c
as

p
as

e 
3

/ 
C

as
p

as
e 

3

C
le

av
ed

 c
as

p
as

e 
3

/ 
C

as
p

as
e 

3

0.0

1.0

2.0

3.0

4.0

5.0

0.0

1.0

2.0

3.0

4.0

H

J

31-

31-

***

***



U87 U138

C
e

ll
 c

o
u

n
t





Figure S17

0

5

10

15

20

25

30

Vehicl
e

ATF4
sg

RNA3

ATF4
sg

RNA4

ATF4
sg

RNA5

Vehicl
e

ATF4
sg

RNA3

ATF4
sg

RNA4

ATF4
sg

RNA5

Fo
ld

 C
h

an
ge

U87
ATF44

0

0.5

1

1.5

Vehicl
e

ATF4
sg

RNA3

ATF4
sg

RNA4

ATF4
sg

RNA5

Vehicl
e

ATF4
sg

RNA3

ATF4
sg

RNA4

ATF4
sg

RNA5R
el

a�
ve

 S
u

rv
iv

al

U138

**

0
0.2
0.4
0.6
0.8

1
1.2

Vehicl
e

ATF4
sg

RNA3

ATF4
sg

RNA4

ATF4
sg

RNA5

Vehicl
e

ATF4
sg

RNA3

ATF4
sg

RNA4

ATF4
sg

RNA5R
el

a�
ve

 S
u

rv
iv

al
U87

+2µM OGM +2µM OGM

***
******

***
***

**

**

A
n

=3

n
=3

0

2

4

6

8

10

12

Vehicl
e

ATF4
sg

RNA3

ATF4
sg

RNA4

ATF4
sg

RNA5

Vehicl
e

ATF4
sg

RNA3

ATF4
sg

RNA4

ATF4
sg

RNA5

Fo
ld

 C
h

an
ge

U138
ATF44

B

+2µM OGM +2µM OGM

*** ***
***

***

*** ***
***

***

U87

U87
A
T
F
4

A
T
F
44

U138

U138



0

5

10

15

20

25

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

U87

+2µM OGM

*** ***
***

***

***
***

***

0
0.5

1
1.5

2
2.5

3
3.5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

U138

***

+2µM OGM

* ***
***

***

0

2

4

6

8

10

12

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

U87

+2µM OGM

*** ***
***

***

***
***

***

0

1

2

3

4

5

6

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

U138

+2µM OGM

*** ***
***

***

*
**

**

0
2
4
6
8

10
12
14

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

U87

+2µM OGM

*** ***
***

***

***
***

***

0
1
2
3
4
5
6
7

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

U138

+2µM OGM

*** ***
***

***

**
***

***

0

2

4

6

8

10

12

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

U138

+2µM OGM

*** **
***

***

0

2

4

6

8

10

12

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Vehicl
e

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

U87
T
F
R
C

+2µM OGM

*** ***
***

***

***
***

***

A B

C D

E F

G H

T
F
R
C

C
H
A
C
1

C
H
A
C
1

S
LC
7A
11

S
LC
7A
11

H
M
O
X
1

H
M
O
X
1

Figure S18



Figure S20

Fo
ld

 C
h

an
ge

U87

Fo
ld

 C
h

an
ge

U138

Fo
ld

 C
h

an
ge

U87 U138

Fo
ld

 C
h

an
ge

U87 U138

U138
Fo

ld
 C

h
an

ge

U87

T
F

R
C

A B

C D

E F

G H

T
F

R
C

C
H

A
C

1

C
H

A
C

1

S
LC

7A
11

S
LC

7A
11

H
M

O
X

1

H
M

O
X

1

0

0.2
0.4

0.6

0.8
1

1.2
1.4

Untre
at

ed

dCas
9

ATF4
 sg

RNA1

ATF4
 sg

RNA2

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

0

0.2
0.4

0.6

0.8
1

1.2
1.4

Untre
at

ed

dCas
9

ATF4
 sg

RNA1

ATF4
 sg

RNA2

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

0

0.2
0.4

0.6

0.8
1

1.2
1.4

Untre
at

ed

dCas
9

ATF4
 sg

RNA1

ATF4
 sg

RNA2

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Fo
ld

 C
h

an
ge

0

0.2
0.4

0.6

0.8
1

1.2
1.4

Untre
at

ed

dCas
9

ATF4
 sg

RNA1

ATF4
 sg

RNA2

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

0

0.2
0.4

0.6

0.8
1

1.2
1.4

Untre
at

ed

dCas
9

ATF4
 sg

RNA1

ATF4
 sg

RNA2

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5
0

0.2
0.4

0.6

0.8
1

1.2
1.4

Untre
at

ed

dCas
9

ATF4
 sg

RNA1

ATF4
 sg

RNA2

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

0

0.2
0.4

0.6

0.8
1

1.2
1.4

Untre
at

ed

dCas
9

ATF4
 sg

RNA1

ATF4
 sg

RNA2

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5
0

0.2
0.4

0.6

0.8
1

1.2
1.4

Untre
at

ed

dCas
9

ATF4
 sg

RNA1

ATF4
 sg

RNA2

ATF4
 sg

RNA3

ATF4
 sg

RNA4

ATF4
 sg

RNA5

Without Cas9 Without Cas9

Without Cas9Without Cas9

Without Cas9Without Cas9

Without Cas9 Without Cas9

Fo
ld

 C
h

an
ge



VS Control Chi-squared T(X)

OGM 2 µM 1126.6259

ATF4 OE 1617.0035

OGM 2 µM

ATF4 OE

Control

U87

N
o

rm
al

iz
ed

 A
T

F
4

E
xp

re
ss

io
n

CHAC1

GAPDH

U138

ATF4

CHAC1

GAPDH

DMSO

2µ
M O

GM

10
µM

 O
GM

AT
F4

 O
E 

DMSO

2µ
M O

GM

10
µM

 O
GM

AT
F4

 O
E 

DMSO

2µ
M O

GM

10
µM

 O
GM

AT
F4

 O
E 

0

2

4

6

8

10

DMSO

2µ
M O

GM

10
µM

 O
GM

AT
F4

 O
E 

0

1

2

3

4

5

N
o

rm
al

iz
ed

 C
H

A
C

1
E

xp
re

ss
io

n

N
o

rm
al

iz
ed

 A
T

F
4

E
xp

re
ss

io
n

U138 U138

U87

DMSO

2µ
M O

GM

10
µM

 O
GM

AT
F4

 O
E 

7

6

5

4

3

2

1

0

N
o

rm
al

iz
ed

 C
H

A
C

1
E

xp
re

ss
io

n

U87

ATF4

0

0.2

0.4

0.6

0.8

1

1.2

Vector ATF4 OE

Vector ATF4 OE

VS Control Chi-squared T(X)

OGM 2 µM 845.15

ATF4 OE 1737.2526

OGM 2 µM

ATF4 OE

Control

U138

DMSO

2µ
M O

GM

10
µM

 O
GM

AT
F4

 O
E 

0

2

4

6

8

10

Liperfluo Intensity
1 2 3

C
o

u
n

t

200

0

50

100

150

Liperfluo Intensity
1 2 3

Liperfluo Intensity
1 2 3

C
o

u
n

t

200

0

50

100

150

Liperfluo Intensity
1 2 3

0

0.2

0.4

0.6

0.8

1

1.2

R
el

at
iv

e 
S

u
rv

iv
al

R
el

at
iv

e 
S

u
rv

iv
al

A B C

D E F

G H

I J

U87 ***

**

Figure S20



0

50

100

150

200

250

R
el

at
iv

e 
 S

u
rv

iv
al

R
e

la
ti

v
e

  
S

u
rv

iv
a

l

R
el

at
iv

e 
 S

u
rv

iv
al

R
el

at
iv

e 
 S

u
rv

iv
al

0

0.2

0.4

0.6

0.8

1.0

1.2

0

5

10

15

20

25

0

1

2

3

4

5

6

0
1
2
3
4
5
6
7
8
9

0

10

20

30

40

50

60

70

ATF4 ATF4

CHAC1 CHAC1

0

20

40

60

80

100

120

140

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

0

2

4

6

8

10

12

HMOX1 HMOX1

TFRCTFRC

0

0.2

0.4

0.6

0.8

1.0

1.2

0

0.2

0.4

0.6

0.8

1.0

1.2

0

0.2

0.4

0.6

0.8

1.0

1.2

R
e

la
ti

v
e

  
E

x
p

re
s

s
io

n
R

e
la

ti
v

e
  

E
x

p
re

s
s

io
n

R
e

la
ti

v
e

  
E

x
p

re
s

s
io

n
R

e
la

ti
v

e
  

E
x

p
re

s
s

io
n

R
e

la
ti

v
e

  
E

x
p

re
s

s
io

n
R

e
la

ti
v

e
  

E
x

p
re

s
s

io
n

R
e

la
ti

v
e

  
E

x
p

re
s

s
io

n
R

e
la

ti
v

e
  

E
x

p
re

s
s

io
n

U87 U87

U87

U87

U87

U87 U138

U138

U138

U138

U138 U138

+OGM+OGM

+OGM +OGM

+OGM+OGM

+OGM +OGM

CTL
dC

as
9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

CTL
dC

as
9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

CTL
dC

as
9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

CTL
dC

as
9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

A B

C D

dC
as

9

dC
as

9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

dC
as

9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

dC
as

9

dC
as

9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

dC
as

9

dC
as

9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

dC
as

9

dC
as

9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

dC
as

9

dC
as

9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

dC
as

9

dC
as

9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

sg
RNA4

Cha
c1

 sg
RNA5

dC
as

9

dC
as

9

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

Cha
c1

 sg
RNA1

Cha
c1

 sg
RNA2

Cha
c1

 sg
RNA3

Cha
c1

 sg
RNA4

Cha
c1

 sg
RNA5

dC
as

9

E

G

I J

H

F

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

***
***

***

***

***

***

***

***

***

***

***

***

***

***

Figure S21

+OGM+OGM



200

400

600

800

1000

1200

1400

1600

Hek
29

3
U87

U13
8

M
ay

o6

M
ay

o39

08
-3

87 91
3

R
el

at
iv

e 
E

xp
re

ss
io

n 
G

P
R

68

0
1
2
3
4
5
6
7
8
9

10

Figure S22


