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Pathway of the detoxification of ROS
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Schema of mammalian PRDX family
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Human PRDX4 (hPRDX4) transgenic mice

The entire nucleic acid sequence was microinjected 
into the male pronuclei of one-cell C57BL/6 female 
mouse embryos.

BglII NotINotI

CMV enhancer/promoter
hPRDX4 cDNA
(Genebank accession 

no. NM_006406)

BGHPA

SmaI

Embryo

C57BL/6J (wild-type; WT) mouse



PRDX4 protects against NAFLD

WT Tg

P

C

P (門脈)
P

C

P

C

Gross

H&E
Low-power

H&E
High-power

NASH progression was significantly suppressed in Tg liver.

P
C

(中心静脈)

Yellow-whitish Pale5mm

400mm 400mm

80mm 80mm

The livers from Tg 

mice contained no or 

very few lipid droplets 

in hepatocytes, and no 

inflammatory foci.

5mm

HFrD+STZ model



Two- to Multiple-hits theory in NASH
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The roles in signal regulation by ROS 

on HCC initiation/progression





Sacrifice 

35 mg/kg, ip, weekly

(Diethylnitrosamine, DEN) 

25 weeks

Prdx4-/y hPRDX4+/+WT
(C57BL/6)

Tissues fixed in formalin 

Method ①
Animals and treatment



Rate of HCC development in WT, Prdx4-/y and hPRDX4+/+ mice 25 

weeks after DEN treatment or 24 months under natural condition

With tumor

Number (%)

Tumor-free

Number (%)
P

Saline-induced

WT 0(0) 5(100)

Prdx4-/y 0(0) 5(100) 1.0

hPRDX4+/+ 0(0) 5(100) 1.0

DEN-induced

WT 3(20) 12(80)

Prdx4-/y 12(80) 3(20) 0.0028

hPRDX4+/+ 1(7) 14(93) 0.598

Natural condition

WT 0(0) 10(100)

Prdx4-/y 3(43) 4(57) 0.0515

hPRDX4+/+ 0(0) 10(100) 1.0
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and hPRDX4+/+ mice treated with saline or DEN.
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Multiple tumor nodules in the liver of PRDX4-/y mice after DEN treatment
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Infiltrated neutrophils in the liver of mice exposed to DEN 
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HCC tumor 

specimens 
(from Department of 

Pathology, Kagoshima 

University hospital. 

n=86)

PRDX4

Immunochemistry

an original rabbit anti-rat 

PRDX4 primary antibody, 4℃, 
overnight

Cases with

High PRDX4 

expression

Cases with

Low PRDX4

expression

Method ②
Specimens from patients with HCC 



High expression

(n=42)

Number (%)

Low expression

(n=44)

Number (%)

P

Age 66.7±1.7 69.0±1.4 0.1536

Gender 0.909

Male 32 35

Female 10 9

HBV 0.247

(+) 7 13

(-) 35 31

HCV 0.29

(+) 21 16

(-) 21 28

Child-Pugh grade 0.615

A 37 36

B 1 3

NA 4 5

Tumor size 

(mm, mean SD)
32.0±2.9 58.2±6.5 0.0003

Number of tumors 0.909

single 32 35

multiple 10 9

Tumor differentiation 0.675

Well/moderately 38 37

Poorly 2 4

NA 2 3

Capsular formation 0.704

(+) 34 34

(-) 8 10

Capsular invasion

(+) 29 30 1

(-) 5 4

Portal vein invasion 0.046

(+) 8 17

(-) 34 27

Hepatic vein invasion 0.00952

(+) 5 17

(-) 37 27

Hepatic artery invasion 0.257

(+) 0 3

(-) 42 41

Bile duct invasion 0.137

(+) 0 4

(-) 42 40

PRDX4 expression and clinicopathologic factors in patients with HCC
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PLC/PRF/5 & HepG2

DMEM; 37℃; 5% CO2

1 to 7 days

COLLECTION

25 pmol PRDX4 siRNA (P) 

or Negative siRNA (N)

(HCC cell lines)

Method ③
Cell culture and translation
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PRDX4 expression in human HCC cell lines with siRNAs transfection ①



0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

N 1 2 3 4 5 6 7

h
P
R
D
X
4
/
1
8
S

P(day)

day 3 day 5 day 7day 1

hPRDX4

C

b-actin

N P N P N P N P

PRDX4 expression in human HCC cell lines with siRNAs transfection ②



0

0.5

1.0

1.5

2.0

2.5

24h 48h 72h

Nega siRNA

PRDX4 siRNA

O
D
 
4
9
0
n
m

*

PLC/PRF/5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

O
D
 
4
9
0
n
m

24h 48h 72h

Nega siRNA

PRDX4 siRNA

*

HepG2

PRDX4 expression and proliferation

in human HCC cell lines with siRNAs transfection



N
D
H
E

D
C
F

N P

0

10

20

30

40

50

60

N P

D
H
E
-
p
o
s
i
t
i
v
e
 
c
e
l
l
s

***

(%)

0

10

20

30

40

50

60

70

80

N PD
C
F
-
p
o
s
i
t
i
v
e
 
c
e
l
l
s

***

(%)

P

Oxidative stress in human HCC cell lines with siRNAs transfection 



N P

D
A
P
I

T
U
N
E
L

T
U
N
E
L
-
p
o
s
i
t
i
v
e
 
c
e
l
l
s
(
%
)
/
f
i
e
l
d

0

5

10

15

20

25

N P

***

(%)

PRDX4 Knockdown induced cell apoptosis ①



0

10

20

30

40

N P

Day 3

S
u
b
-
G
1
 
c
e
l
l
s

***

***

N P

Day 5

N P

Day 7

(%)

Day 3

N P

Day 5 Day 7

N P N P

PRDX4 Knockdown induced cell apoptosis ②



N P

b-actin

Caspase-3

Cleaved caspase-3

day 3 day 5 day 7

N P N P N P

PRDX4 Knockdown induced cell apoptosis ③



0

10

20

30

40

50

N P

C
Y
T
O
-
I
D
-
p
o
s
i
t
i
v
e
 
c
e
l
l
s

***

(%)

D
A
P
I

C
Y
T
O
-
I
D

N P

PRDX4 Knockdown induced cell autophagy ①



N

P

N

N

PRDX4 Knockdown induced cell autophagy ②



P

LC3-I

LC3-II

Atg4

b-actin

day 7

N P

day 5

N P

PRDX4 Knockdown induced cell autophagy ③



Oxidative stress

Hepatocarcinogenesis

DEN-induced HCC in mice Human HCC cell lines
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PRDX4 has an inhibitory effect in 

the initiation of HCC but a dual (inhibitory 

or promoting) role in the progression of 

HCC, suggesting the potential utility of 

PRDX4 activators or inhibitors as therapy 

for different stages and phenotypes of 

HCC.

Conclusion





We would like to be in advance 

with regenerative medicine research 

connecting between HCC therapy 

(e.g., partial hepatectomy) and 

promising antioxidant enzyme PRDX4.

Future studies


