
Figure S1. Knockdown of STEAP1 does not induce apoptosis in liver cancer cell lines. (A) HepG2 and (B) Hep3B cells were 
transfected with non‑targeting control siRNA or siSTEAP1. Apoptosis was measured by flow cytometry using Annexin V/7‑AAD 
staining. Data are presented as the mean of triplicate measurements ± SD. siRNA, small interfering RNA; STEAP1, six‑trans-
membrane epithelial antigen of the prostate 1; N.S., not significant.



Figure S2. Pathways associated with high STEAP1 expression were derived from GSEA. GSEA was performed to explore the 
gene sets regulated by STEAP1 in hepatocellular carcinoma using the publicly accessible gene expression profiling dataset, 
GSE14520‑GPL3921. Four statistically significant pathways, namely (A) MTORC1_SIGNALING, (B) MYC_TARGETS_V1, 
(C) UNFOLDED_PROTEIN_RESPONSE and (D) REACTIVE_OXYGEN_SPECIES_PATHWAY, are represented as enrich-
ment plots. NOM P‑val, nominal P‑value; FDR Q‑val, false discovery rate Q‑value; GSEA, Gene Set Enrichment Analysis; 
NES, normalized enrichment score; STEAP1, six‑transmembrane epithelial antigen of the prostate 1.



Figure S3. Inhibition of STEAP1 suppresses c‑Myc downstream target genes in HepG2 cells. HepG2 cells were transfected with 
non‑targeting control siRNA and siSTEAP1. c‑Myc downstream target genes were evaluated using PCR array. The 84 genes are listed 
in a (A) chart and (B) heatmap. Blue/purple represents a decreased expression level, and yellow represents no change. The numbers are 
indicating fold changes. siRNA, small interfering RNA; STEAP1, six‑transmembrane epithelial antigen of the prostate 1.



Figure S4. ROS production is increased by STEAP1‑knockdown, but no statistical correlation between STEAP1 and NRF2 expres-
sion was observed in HCC. (A) HepG2 and (B) Hep3B cells were transfected with non‑targeting control siRNA or siSTEAP1. 
Cytosolic ROS levels were evaluated by flow cytometry using CellROX Deep Red. Data are presented as the mean of triplicate 
measurements ± SD. *P<0.05 vs. control. Correlation between STEAP1 and NRF2 expression in HCC samples using the publicly 
accessible gene expression profiling datasets, (C) GSE14520 and (D) GSE36376, and (E) TCGA. ROS, reactive oxygen species; 
NRF2, NF‑E2‑related factor 2; HCC, hepatocellular carcinoma; TCGA, The Cancer Genome Atlas; siRNA, small interfering RNA; 
STEAP1, six‑transmembrane epithelial antigen of the prostate 1.



Ta
bl

e 
SI

. L
is

t o
f e

nr
ic

he
d 

ge
ne

 se
ts

 d
er

iv
ed

 fr
om

 G
en

e 
Se

t E
nr

ic
hm

en
t A

na
ly

si
s 

in
 S

TE
A

P1
-u

pr
eg

ul
at

ed
 li

ve
r c

an
ce

r u
si

ng
 th

e 
pu

bl
ic

ly
 a

cc
es

si
bl

e 
ge

ne
 e

xp
re

ss
io

n 
pr

ofi
lin

g 
da

ta
se

t, 
G

SE
14

52
0-

G
PL

39
21

.

	
Si

ze
, b

p	
ES

	
N

ES
	

N
O

M
	

FD
R

	
FW

ER
	

R
an

k
G

en
e 

se
t				





P-

va
lu

e	
q-

va
lu

e	
P-

va
lu

e	
at

 m
ax

	
Le

ad
in

g 
ed

ge

H
A

LL
M

A
R

K
_M

Y
C

_T
A

R
G

ET
S_

V
2	

58
	

0.
69

20
77

76
	

1.
85

22
85

5	
0.

00
40

56
79

5	
0.

03
70

62
95

8	
0.

02
5	

26
09

	
ta

gs
=6

7%
, l

is
t=

20
%

, s
ig

na
l=

84
%

H
A

LL
M

A
R

K
_M

TO
R

C
1_

SI
G

N
A

LI
N

G
	

19
8	

0.
55

51
72

86
	

1.
71

84
76

7	
0.

00
97

08
73

8	
0.

11
26

50
27

5	
0.

13
	

33
99

	
ta

gs
=6

4%
, l

is
t=

26
%

, s
ig

na
l=

86
%

H
A

LL
M

A
R

K
_M

Y
C

_T
A

R
G

ET
S_

V
1	

19
9	

0.
54

85
84

7	
1.

69
11

35
	

0.
04

42
65

59
4	

0.
09

42
30

97
	

0.
15

7	
36

51
	

ta
gs

=5
7%

, l
is

t=
28

%
, s

ig
na

l=
79

%
H

A
LL

M
A

R
K

_U
N

FO
LD

ED
_P

R
O

TE
IN

_R
ES

PO
N

SE
	

11
1	

0.
49

01
00

47
	

1.
59

56
15

3	
0.

03
96

82
54

	
0.

18
29

51
58

	
0.

30
1	

27
34

	
ta

gs
=4

6%
, l

is
t=

21
%

, s
ig

na
l=

58
%

H
A

LL
M

A
R

K
_R

EA
C

TI
V

E_
O

X
Y

G
EN

_S
PE

C
IE

S_
PA

TH
W

AY
	

46
	

0.
51

54
81

95
	

1.
55

08
55

8	
0.

03
90

62
5	

0.
20

83
80

94
	

0.
36

7	
14

85
	

ta
gs

=3
3%

, l
is

t=
12

%
, s

ig
na

l=
37

%
H

A
LL

M
A

R
K

_S
PE

R
M

AT
O

G
EN

ES
IS

	
12

5	
0.

39
61

92
97

	
1.

40
34

89
7	

0.
06

03
62

17
	

0.
45

09
33

07
	

0.
66

	
21

42
	

ta
gs

=2
3%

, l
is

t=
17

%
, s

ig
na

l=
28

%
H

A
LL

M
A

R
K

_U
V

_R
ES

PO
N

SE
_U

P	
15

8	
0.

39
96

52
12

	
1.

40
12

07
7	

0.
02

50
96

52
5	

0.
39

19
57

82
	

0.
66

7	
24

67
	

ta
gs

=3
4%

, l
is

t=
19

%
, s

ig
na

l=
42

%
H

A
LL

M
A

R
K

_I
L6

_J
A

K
_S

TA
T3

_S
IG

N
A

LI
N

G
	

87
	

0.
48

07
61

02
	

1.
39

84
52

9	
0.

11
55

30
30

5	
0.

34
93

78
5	

0.
67

3	
20

83
	

ta
gs

=3
4%

, l
is

t=
16

%
, s

ig
na

l=
41

%
H

A
LL

M
A

R
K

_P
I3

K
_A

K
T_

M
TO

R
_S

IG
N

A
LI

N
G

	
10

2	
0.

35
23

15
37

	
1.

37
57

53
9	

0.
06

99
43

29
	

0.
35

34
30

66
	

0.
71

7	
26

77
	

ta
gs

=3
6%

, l
is

t=
21

%
, s

ig
na

l=
45

%
H

A
LL

M
A

R
K

_G
LY

C
O

LY
SI

S	
18

8	
0.

39
36

98
22

	
1.

35
16

05
4	

0.
04

51
86

64
	

0.
36

64
98

44
	

0.
76

3	
17

41
	

ta
gs

=2
9%

, l
is

t=
14

%
, s

ig
na

l=
33

%
H

A
LL

M
A

R
K

_G
2M

_C
H

EC
K

PO
IN

T	
19

8	
0.

51
25

28
7	

1.
31

97
97

4	
0.

22
13

27
96

	
0.

39
85

36
8	

0.
81

7	
29

61
	

ta
gs

=4
8%

, l
is

t=
23

%
, s

ig
na

l=
62

%
H

A
LL

M
A

R
K

_C
O

M
PL

EM
EN

T	
18

8	
0.

37
94

51
33

	
1.

23
43

26
1	

0.
19

16
50

85
	

0.
54

67
97

2	
0.

90
4	

30
21

	
ta

gs
=3

6%
, l

is
t=

24
%

, s
ig

na
l=

46
%

H
A

LL
M

A
R

K
_A

LL
O

G
R

A
FT

_R
EJ

EC
TI

O
N

	
19

9	
0.

45
00

34
56

	
1.

22
91

46
1	

0.
26

26
45

9	
0.

51
81

29
	

0.
91

2	
21

60
	

ta
gs

=3
3%

, l
is

t=
17

%
, s

ig
na

l=
39

%
H

A
LL

M
A

R
K

_I
N

FL
A

M
M

AT
O

RY
_R

ES
PO

N
SE

	
19

2	
0.

41
23

96
2	

1.
21

64
81

8	
0.

22
53

52
11

	
0.

50
71

91
7	

0.
92

1	
25

41
	

ta
gs

=3
2%

, l
is

t=
20

%
, s

ig
na

l=
40

%
H

A
LL

M
A

R
K

_E
2F

_T
A

R
G

ET
S	

19
0	

0.
50

35
38

25
	

1.
21

31
62

5	
0.

32
41

65
02

	
0.

48
07

73
1	

0.
92

4	
30

11
	

ta
gs

=5
1%

, l
is

t=
23

%
, s

ig
na

l=
66

%
H

A
LL

M
A

R
K

_I
L2

_S
TA

T5
_S

IG
N

A
LI

N
G

	
17

6	
0.

37
06

26
78

	
1.

20
19

32
9	

0.
15

01
90

11
	

0.
47

33
34

2	
0.

93
3	

19
02

	
ta

gs
=3

2%
, l

is
t=

15
%

, s
ig

na
l=

37
%

H
A

LL
M

A
R

K
_P

R
O

TE
IN

_S
EC

R
ET

IO
N

	
96

	
0.

35
89

92
16

	
1.

16
33

82
6	

0.
28

07
01

76
	

0.
52

06
05

44
	

0.
95

4	
28

55
	

ta
gs

=3
6%

, l
is

t=
22

%
, s

ig
na

l=
47

%
H

A
LL

M
A

R
K

_A
PI

C
A

L_
SU

R
FA

C
E	

34
	

0.
36

20
56

94
	

1.
12

07
22

	
0.

29
93

76
3	

0.
58

00
52

55
	

0.
97

6	
17

08
	

ta
gs

=2
4%

, l
is

t=
13

%
, s

ig
na

l=
27

%
H

A
LL

M
A

R
K

_C
H

O
LE

ST
ER

O
L_

H
O

M
EO

ST
A

SI
S	

62
	

0.
42

46
18

75
	

1.
10

76
32

3	
0.

34
17

96
88

	
0.

57
52

95
	

0.
98

	
29

27
	

ta
gs

=4
5%

, l
is

t=
23

%
, s

ig
na

l=
58

%
H

A
LL

M
A

R
K

_O
X

ID
AT

IV
E_

PH
O

SP
H

O
RY

LA
TI

O
N

	
20

0	
0.

34
02

05
43

	
1.

09
03

39
5	

0.
42

11
46

96
	

0.
58

11
46

66
	

0.
98

4	
36

21
	

ta
gs

=3
9%

, l
is

t=
28

%
, s

ig
na

l=
53

%
H

A
LL

M
A

R
K

_D
N

A
_R

EP
A

IR
	

13
9	

0.
31

36
20

12
	

1.
08

56
87

6	
0.

35
51

02
03

	
0.

56
31

50
47

	
0.

98
4	

32
69

	
ta

gs
=3

9%
, l

is
t=

25
%

, s
ig

na
l=

52
%

H
A

LL
M

A
R

K
_T

N
FA

_S
IG

N
A

LI
N

G
_V

IA
_N

FK
B

	
19

8	
0.

37
88

03
6	

1.
04

26
35

4	
0.

41
23

31
4	

0.
61

92
13

1	
0.

98
8	

13
80

	
ta

gs
=2

3%
, l

is
t=

11
%

, s
ig

na
l=

25
%

H
A

LL
M

A
R

K
_H

EM
E_

M
ET

A
B

O
LI

SM
	

20
0	

0.
26

36
96

43
	

1.
04

05
92

6	
0.

38
64

91
57

	
0.

59
63

99
	

0.
98

8	
25

46
	

ta
gs

=2
5%

, l
is

t=
20

%
, s

ig
na

l=
30

%
H

A
LL

M
A

R
K

_A
N

D
R

O
G

EN
_R

ES
PO

N
SE

	
10

0	
0.

29
54

93
75

	
1.

02
67

87
8	

0.
41

73
07

7	
0.

59
72

11
36

	
0.

99
	

23
45

	
ta

gs
=2

7%
, l

is
t=

18
%

, s
ig

na
l=

33
%

H
A

LL
M

A
R

K
_F

AT
TY

_A
C

ID
_M

ET
A

B
O

LI
SM

	
14

6	
0.

36
94

74
68

	
1.

01
93

53
3	

0.
45

72
49

08
	

0.
58

59
00

1	
0.

99
2	

23
10

	
ta

gs
=3

2%
, l

is
t=

18
%

, s
ig

na
l=

38
%

H
A

LL
M

A
R

K
_A

D
IP

O
G

EN
ES

IS
	

18
0	

0.
30

29
53

9	
1.

00
26

59
6	

0.
47

13
49

36
	

0.
59

42
08

24
	

0.
99

4	
22

68
	

ta
gs

=2
4%

, l
is

t=
18

%
, s

ig
na

l=
29

%
H

A
LL

M
A

R
K

_E
ST

R
O

G
EN

_R
ES

PO
N

SE
_L

AT
E	

19
9	

0.
27

94
80

1	
0.

99
88

75
9	

0.
43

79
69

92
	

0.
57

92
37

5	
0.

99
4	

20
04

	
ta

gs
=2

6%
, l

is
t=

16
%

, s
ig

na
l=

30
%

H
A

LL
M

A
R

K
_M

IT
O

TI
C

_S
PI

N
D

LE
	

17
8	

0.
30

66
86

4	
0.

98
11

84
5	

0.
48

48
48

5	
0.

59
06

94
5	

0.
99

6	
12

01
	

ta
gs

=1
7%

, l
is

t=
9%

, s
ig

na
l=

19
%

H
A

LL
M

A
R

K
_K

R
A

S_
SI

G
N

A
LI

N
G

_U
P	

19
6	

0.
29

80
65

54
	

0.
95

15
18

7	
0.

54
61

53
84

	
0.

61
71

56
9	

0.
99

7	
21

73
	

ta
gs

=2
7%

, l
is

t=
17

%
, s

ig
na

l=
31

%
H

A
LL

M
A

R
K

_I
N

TE
R

FE
R

O
N

_G
A

M
M

A
_R

ES
PO

N
SE

	
18

2	
0.

35
32

67
6	

0.
93

78
79

4	
0.

51
62

52
4	

0.
62

06
80

2	
0.

99
7	

23
77

	
ta

gs
=3

0%
, l

is
t=

19
%

, s
ig

na
l=

37
%

H
A

LL
M

A
R

K
_H

Y
PO

X
IA

	
19

5	
0.

29
01

39
85

	
0.

91
82

16
1	

0.
58

03
92

2	
0.

63
24

7	
0.

99
7	

15
93

	
ta

gs
=2

1%
, l

is
t=

12
%

, s
ig

na
l=

23
%

H
A

LL
M

A
R

K
_A

PO
PT

O
SI

S	
15

9	
0.

26
39

44
83

	
0.

88
10

24
8	

0.
62

06
22

6	
0.

67
72

35
8	

0.
99

9	
23

64
	

ta
gs

=2
6%

, l
is

t=
18

%
, s

ig
na

l=
31

%
H

A
LL

M
A

R
K

_I
N

TE
R

FE
R

O
N

_A
LP

H
A

_R
ES

PO
N

SE
	

83
	

0.
33

61
70

5	
0.

85
81

14
6	

0.
62

83
01

86
	

0.
69

52
21

54
	

1	
27

09
	

ta
gs

=3
4%

, l
is

t=
21

%
, s

ig
na

l=
42

%
H

A
LL

M
A

R
K

_P
53

_P
AT

H
W

AY
	

19
8	

0.
23

42
71

06
	

0.
84

21
30

3	
0.

76
85

00
9	

0.
69

97
48

7	
1	

19
11

	
ta

gs
=2

0%
, l

is
t=

15
%

, s
ig

na
l=

23
%

H
A

LL
M

A
R

K
_P

ER
O

X
IS

O
M

E	
99

	
0.

23
86

09
18

	
0.

70
55

71
	

0.
85

19
92

4	
0.

87
37

46
04

	
1	

27
21

	
ta

gs
=2

9%
, l

is
t=

21
%

, s
ig

na
l=

37
%

H
A

LL
M

A
R

K
_C

O
A

G
U

LA
TI

O
N

	
13

7	
0.

23
52

32
6	

0.
68

81
34

	
0.

90
58

38
	

0.
86

84
17

44
	

1	
16

13
	

ta
gs

=1
8%

, l
is

t=
13

%
, s

ig
na

l=
20

%

ST
EA

P1
, s

ix
-tr

an
sm

em
br

an
e 

ep
ith

el
ia

l a
nt

ig
en

 o
f t

he
 p

ro
st

at
e 

1;
 E

S,
 e

nr
ic

hm
en

t s
co

re
; N

ES
, n

or
m

al
iz

ed
 E

S;
 N

O
M

, n
om

in
al

; F
D

R
, f

al
se

 d
is

co
ve

ry
 ra

te
; F

W
ER

, f
am

ily
-w

is
e 

er
ro

r r
at

e.


