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role of endoplasmic reticulum stress in acetaminophen-induced liver injury
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This study was conducted to evaluate the role of endoplasmic reticulum (ER) stress
in acetaminophen-induced liver injury in mice. We demonstrated the hepatic Xbpl mRNA splicing induction b
y APAP |n{ect|on using ERAI (ER stress activated indicator) transgenic mice. In addition, we proved that C
/EBP homologous protein, an ER stress related-transcriptional factor, null mice were protected from APAP i
nduced hepatotoxicity compared with wild-type mice. Furthermore, we also found that 4-phenylbutyric acid (
4-PBA), an ER stress suppressor, significantly attenuated the APAP-induced liver injury in mice. These res
ults indicate that ER stress plays_important role in the development of APAP hepatotoxicity in mice, and s
uggest that ER stress suppression is a promising therapeutic strategy against APAP-induced liver injury.

4-phenylbutyrate  4-PBA
CHOP



APAP

WHO
40 APAP 1

APAP
N- NAC APAP
N-acetyl-p-benzoquinone imine

NAC
NAC
2009-2010
APAP
A2
NAC
2010-250367
A2
APAP
DNA
CHOP
CHOP
-CHOP
Mol
Med.2010,16:254-61 J Immunol.
2006,176:6245-53 APAP
-CHOP

APAP

green fluorescence protein
GFP endoplasmic

activated indicator

APAP

reticulum stress

ERAI

CCAAT-enhancer binding protein
homologous protein CHOP

APAP

CHOP APAP

4-phenylbutyric acid 4-PBA

APAP 4-phenylbutyric acid
Solutol HS15 Sigma St.Louis ,
Missouri , USA CCls

Japan
C57BL/6Jjcl

ER stress activated indicator
ERAI

Chop
APAP
APAP APAP
400mg/kg PBS phosphate buffered
saline 60
CCla
CCl4 CCl4

0.025 — 1 mL/kg

CCly
CCl CCls 0.05
mL/kg

4-PBA
4-PBA 100, 200 mg/kg
HS 15 solution

7% in PBS

APAP

1mL SS-01T



26Gx1/2 S B TERUMO
corporation, Tokyo, Japan
30-50
12000g, 10
, 4
-80

ALT

™ GPT
SPOTCHEMTM EZ SP-4430
, Japan

commercial assay kits
Wako Chemical Industries,

Japan

Pure

H&E TUNEL

10%

3pm

hematoxylin and eosin H&E
terminal deoxynucleotidyl transferase
mediated 2'-deoxyuridine 5'-triphosphate
Nick-End Labeling TUNEL assay

KEYENCE
BIOREVO BZ-9000 Keyence ,
Osaka, Japan

5

GNU Image Manipulation Program
version 2.6.11 Image J 1.34s

/

4%

3pm

CHOP GFP

KEYENCE BIOREVO BZ-9000 Keyence
, Osaka, Japan

RT-PCR
APAP

mRNA

1g 10 mL. TRIzol Invitrogen
RNA
RNA total RNA
Gene Quant UV260 nm
1 2pg/pL
RNA RNA
High Capacity RNA-to-cDNA Kit Applied
Biosystems cDNA
StepOneTM PCR
Applied Biosystems , Forster City,
California, United States SYBRR
Green FAST L0Ct
mRNA RNA
cDNA PCR
B-actin
Mouse Chop
Forward

AGCTGGAAGCCTGGTATGAGGA
Reverse AGCTAGGGACGCAGGGTCAA
Mouse Bim

Forward CCGGAGATACGGATTGCAC
Reverse CAGCCTCGCGGTAATCATTTG
Mouse Ero-1a

Forward
TTAAGTCTGCGAGCTACAAGTATTC
Reverse
AGTAAGTCCACATACTCAGCATCG
Mouse GRP78

Forward CTCCACGGCTTCCGATAATCA
Reverse
TCCAGTCAGATCAAATGTACCCAGA
Mouse g-actin
ForwardCATCCGTAAAGACCTCTAT
GCCAAC

Reverse ATGGAGCCACCGATCCACA

APAP
ERAI APAP
APAP
Chop
mRNA
CHOP Chop”
WT APAP
ALT
Chop”
TUNEL



APAP
APAP
CHOP
WT Chop
CCly
CCly
CHOP
APAP 4-PBA

4-PBA 100 or 200 mg/kg APAP
1

APAP ALT
APAP
ALT
APAP 8 24
4-PBA 200 mg/kg
ALT
4-PBA APAP
1 APAP
ALT
4-PBA DNA
TUNEL
4-PBA APAP

CCls 0.025 or 1 mL/kg
ALT
4-PBA CCls 0.025
mL/kg
4-PBA CCly

APAP

11
1. Shimizu D and Ishitsuka Y, Miyata K, Iwawaki
T, Oike Y, Irie T et al., Protection afforded
by pre- or post-treatment  with
4-phenylbutyrate against liver injury induced
by acetaminophen overdose in mice,

Pharmacological Research, Accepted,

. Tanaka Y and Ishitsuka Y, Motoyama K,

Arima H, Matsuo M, Irie T et al., Influence of
Npcl genotype on the toxicity of
hydroxypropy! -[B-cyclodextrin, a
potentially therapeutic agent, in
Niemann-Pick Type C disease models,
Molecular Genetics and Metabolism Reports,
1, 19-30 (2014)

. Aritomi K and Ishitsuka Y, Kai H, Irie T et al.,

Evaluation of three-dimensional cultured
HepG2 cells in a nano culture plate system:
an in vitro human model of acetaminophen
hepatotoxicity, Journal of Pharmacological
Sciences, 124, 218-229 (2014)

. Ishitsuka Y, Hamasak N, Irie T et al.,

Comparative effects of phosphoenolpyruvate
(PEP), a glycolytic intermediate, as an organ
preservation agent with glucose and
N-acetylcysteine against organ damage
during cold storage of mouse liver and kidney,
ISRN Pharmacology, 2013, 375825 (2013)

. Tanaka K, Ishitsuka Y, Katsuki H, Irie T et

al., Comparative effects of respiratory
stimulants on hypoxic neuronal cell injury in
SH-SY5Y cells and in hippocampal slice
cultures from rat pups, Pediatrics
International, 55, 320-327 (2013)

. Tomishima Y and Ishitsuka Y, Ohdo S, Irie T

et al., A selective thromboxane A2 synthase
inhibitor, ozagrel hydrochloride, ameliorates
liver injury induced by acetaminophen
overdose in mice, BMC Gastroenterology, 13,
21 (2013)

. Kondo Y and Ishitsuka Y, Hamasaki N, and

Irie T et al., Phosphoenolpyruvate (PEP), a
glycolytic intermediates with antioxidant
activity; the potential for cellular and organ
protective application, Journal of Pharmacy
and Pharmacology, 65, 390-401 (2013)

. Somekawa-Kondo T, Yamaguchi K and

Ishitsuka Y, Irie T et al, Therapeutic doses of
aminophylline induce guinea pig hippocampal
neuronal cells under low-tidal volume
hypoxic conditions, Journal of Pharmacy and
Pharmacology, 65, 102-114 (2013)

. Kadowaki D, Ishitsuka Y, Narita Y, Irie T et

al., Effect of acetaminophen on the
progression of renal damage in adenine



10.

11.

induced renal failure model Life

Sciences, 91, 1304-1308 (2012)

rats,

Irikura M, Minami E, Ishitsuka Y, Kawase A,
Kondo Y and Irie T, Abnormal Movements
Following Treatment with Midazolam in
Japanese Neonatal Intensive Care Unit
Patients: Incidence and Associated Factors,
ISRN Pharmacology, 2012, 950603 (2012)

Kondo Y and Ishitsuka Y, Kadowaki D,
Kuroda M, Tanaka Y, Nagatome M, Irikura M,
Hirata S, Sato K, Maruyama T, Hamasaki N,
and Irie T, Phosphoenolpyruvic acid (PEP),
an intermediary metabolite of glycolysis, as a
potential cytoprotectant and anti-oxidant in
HelLa cells, Biological and Pharmaceutical
Bulletin, 35 606-611 (2012)

16
30
2013 12 7
in vitro
30 2013
12 7
30
2013 12 7
30
2013 12 7
38
2013 8 23

4-phenylbutyric acid

8 2013
6 1516
7.
PBL
tauroursodeoxycholic acid
bleomycin
133 2013 3 2730
8.
CCAAT/enhancer binding protein
homologous protein CHOP
2012 9
1
9.
2012/ 20
2012 7
14
10.
3
in vitro
2012/
20
2012 7 14
11.
CHOP
2012/ 20
2012 7 14
12.
15
2012 7
8
13. )
15
2012 7 8
14.



132 2012 3 28 31

15.
, 3D-HepG2
in vitro
64
2011 11 20
16.
in vitro , 36
2011 8 26 -27
0
o 0
o 0

http://www.pharm.kumamoto-u.ac.jp/Labs/d
cei/

(1)
ISHITSUKA, Yoichi

70423655

2

3)



