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1   
 
1-1.  

 

 

β (Aβ) 

 (Grundke-Iqbal et al., 1986)

 (McKhann et al., 1984)

29 56.2  (65 15%) 

 ( 1)

 3 

 ( 2)

 (Haas, 2012) Aβ

 (Gold, 2017)  

 2

 ( )

 ( ) 10-15%

 (Klein, 2012)
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1.  
 

[  ( 29 ) ] 

 

 
2.  

 [  (  
) 25 3 ] 

 

 

80%  (Schulz et al., 2004)

A.  B.  
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1-2.  
 

 

 

 (Gilgun-sherki et al., 2001)

NADPH

 (H2O2)

I III

 H2O2 H2O2

 (CAT) 

H2O2  (  3)

H2O2

 (Muller et al., 2004; Valko et al., 2007)

 

 2%

 20%  (Johnson et al., 2012)

 (Zhichun et al., 2014)  
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3.  
[Burton et al., Oxidative stress, Best Pract Res Clin Obstet Gynaecol, 25, 287-299 (2011)

] 

 
 

 

 (SOD) 

CAT

 (GPx) 

 (Forman et al., 2014)

NF-E2 related factor 2-antioxidant 

response element (Nrf2-ARE) Nrf2

 (Slocum et al., 2011) Nrf2

1994 NE-E2

Nrf2 Kelch-like 

ECH-associated protein 1 (Keap1) Keap1

Nrf2 Nrf2  

(Kobayashi et al., 2014) Nrf2 ARE

Nrf2
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 (GCL) 2  (Zhang et al., 2007)

 (GS) SOD (Hasegawa et al., 2009) CAT (Zhu et al., 2005)

-6-  (G6PDH; Rangasamy et al., 2005) GPx (Thimmulappa et al., 

2002) S-  (Yao et al., 1998) 

 (Chen et al., 2005) Nrf2

 

 

 
 

4. Nrf2-ARE  

 
1-3.  

 

 

  (γ-Glu-Cys-Gly; GSH) 

0.5 10 mM

 (Shelly, 2013) GSH  (GSH)  

(GSSG) GSH 98%

 (Kaplowitz et al., 1985) GSH 80 85% 10 15%

 (Meredith et al., 1982)

γ-

α- γ-
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γ-  (GGT) 

GGT (Meister et al., 

1983)  GSH

GGT GSH 

GPx GSH GSSG H2O2

GSSG NADPH GSSG GSH

 ( 5)  

 

 
 

5.  
Hydrogen peroxide (H2O2), GSH peroxidase (GPx) , GSSG reductase (GR), Organic peroxides 
(ROOH), GSH S-transferase (GST), sulfenic acid (Prot-SOH), glutaredoxin (Grx) , sulfiredoxin 
(Srx), protein sulfhydryl (Prot-SH), mixed disulfide (Prot-SSG) [Meister et al., Glutathione, 
Annu Rev Biochem, 52, 711-760 (1983) )] 
 

 

 GSH γ-

γ- GSH 2

GSH 2 ATP
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 ( 6) GSH γ-  

(GCL) GCL  (GCLC, 73 kDa) 

GSH  (Seelig et al., 1984)

 (GCLM, 31 kDa) GCL

Km GSH Ki  

(Huang et al., 1993) GCLM GCLC

 GSH

 (Franklin et al., 2009)  

 

 

6. 2  

 
 GSH 2 GSH  (GS) 

GS 2  (118 kDa) GSH

 (Oppenheimer, 1979) GCL γ-

GS GCL GSH

GS GSH

GCL GSH  

(Grant et al., 1997) GSH

 

 

 

Glutamate-cysteine ligase (GCL)

GSH synthase
(GS)
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 GSH GSH

 (Maher, 2005)

GSH  (22 5 )  (20

2 )  (20 2 )  (50 60 20

30 )  (Aydin et al., 2010; Samarghandian et al., 

2015; Ungvari et al., 2011)  GSH

NMR  (MRS: Magnetic Resonance 

Spectroscopy)  (70 ) GSH

 (20 ) 30% (Emir, 2011)

 (60 75 ) GSH  (20

40 ) 50%

GSH  

 

γ-

 

 GCL GSH GSH

GSH  (Wang et al., 2003) GCL GCLC  

GCLM 1:1 GCLC

 (Krzywanski, 2004) GCL

Liu GCLC GCLM mRNA

GCL

 (24 6 ) (Liu, 2000) GCLM GCLC

 (Liu, 2002) GCL

 GSH GCLC

GCLC

 (Lu, 2013)

GCLC NF- B Sp-1

-1 (AP-1) AP-2  (MRE) ARE/EpRE  (Yang et 
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al., 2001; Shenvi et al., 2009; Lu, 2013)  

 

 

 GSH

 (Riederer et al., 1989; Wu et al., 2004; Gysin 

et al., 2007; Zeevalk et al., 2008) GSH N- GSH

GSH tert-

 (tBHQ) 15- Δ12,14- J2

 GCLC  (Urata et al.,1999; 

Dickinson et al., 2004; Biswas et al., 2005; Lu, 2013) GCLC

GSH

 (Lavoie et al., 2008; Berk et al., 2013; Bavarsad 

Shahripour et al., 2014)  

 

1-4.  

 

GSH

GSH GCLC GCLC

GCLC GCLC

GIF-2165X-G1 GIF-2165X-G1 GCLC
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2  -   
 

 
2-1.   

 GCL GSH GCLC GSH

 (Lu, 2009) NMYC (N-myc proto-oncogene 

protein) GCLC

 (Veas et al., 2010) GCLC X

 (RXR ) RXRα

t-  (Wu et 

al., 2004) GCLC

 

 GCLC GCLC

B (MAO-B) 

 (Azilect, Teva Pharmaceutical Co.) 

C-1 GIF-0726-r

GIF-0726-r

 (Hirata et al., 2018; Hirata et 

al., 2020) ROS

Ca2+

Nrf2-ARE

GIF-0726-r GIF-0726-r 200

GCLC

 

 

2-2.   

 

2-2-1.  (GIF ) 

 GIF
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-20°C  

 

2-2-2.  

 HT22 David Schubert  (The Salk Institute for Biological 

Studies, La Jolla, CA, USA) HT22 5% fetal bovine serum 

(FBS, HyClone, Logan, UT, USA) Dulbecco’s modified Eagle’s medium (Low glucose 

DMEM, , Osaka, Japan) 37°C 5% CO2

 

 

2-2-3. GCLC-HT22  

 GCLC −1764/+2 2.5 μg rat genomic DNA (Novagen, 

Madison, WI, USA) PrimeSTAR HS DNA polymerase (Takara Bio, Shiga, Japan) 

PCR denaturation 98°C 10 annealing 

58°C 5 extension 72°C 60 25-36

1 PCR pGL3-Basic (Promega Corporation, Madison, WI, 

USA) MluⅠ XhoⅠ  

GCLC(−1764/2)-pGL3 Basic pcDNA3.1/Hygro (Promega Corporation) Lipofectamine™ 

LTX  (Themo Fisher Scientific, Waltham, MA, USA, Cat#15338100)  

HT22 0.4 mg/mL

1   

 

1.  

 
 

2-2-4. GCLC  

 GCLC-HT22 2 × 104/well 48-well plate

CO2 incubator (37°C 5% CO2) 16

1 × Passive Lysis Buffer well 50 μL
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15 well

14000 rpm × 5 min 4°C Cell Lysate

Cell Lysate 5 μL Luciferase Assay System (Promega Corporation, Cat# 

E1500) 25 μL vortex Luciferase  

 

2-2-5.  

 GraphPad Prism 4 (GraphPad Software Inc., San Diego, CA, USA) 

ANOVA

 

 

2-3.   

 

2-3-1. GIF  

 Yang GCLC  (-1764/+2) 

 (Yang et al., 2001)

HT22 GCLC (-1764/+2) 

 (GCLC-HT22) GCLC

220 5 50 μM

GCLC  200% 16

150%  ( 7) 5 GIF-0726-r GIF-

0885-r GIF-2017 GIF-2127-r GIF-2165X-G1 8

HT22 GCLC

 ( 9) GCLC GIF-2165X-G1

GIF-2165X-G1  
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7. GIF GCLC-HT22  
GCLC-HT22 GIF  (50 μM) 16 Luciferase

( ±SD, n=4, *p 0.05, **p 0.01, ***p 0.001, ****p 0.0001) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. GIF-0726-r, GIF-0885-r, GIF-2017-r, GIF-2127-r GIF-2165X-G1  

 

GIF-0726-r GIF-0885-r

N
H

O

NMe2

F

GIF-2017

GIF-2127-r

S
HN

O

O
NMe2

GIF-2165X-G1
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9. GIF-0726-r, GIF-0885-r, GIF-2017-r, GIF-2127-r GIF-2165X-G1  
GCLC  

GCLC-HT22 GIF 16 Luciferase  (
±SD, n=4)  

 
2-3-1. GIF-2165X-G1 GCLC  

 GIF-2165X-G1

GCLC  ( 10)

10 μM GCLC GIF-2165X-G1 25

50 μM GCLC

10 25 μM 25 μM

HT22 25 μM 10
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10. GIF-2165X-G1 GCLC   
HT22

8 GIF-2165X-G1

16 ( ±SD, n=4, ****p 0.0001) 

 

2-4.   

 GCLC  (-1764/+2) HT22

GCLC

220 5 GIF-0726-r GIF-0885-r

GIF-2017 GIF-2127-r GIF-2165X-G1 HT22

GCLC  ( 7)

GIF-0726-r GIF-2165X-G1 HT22

6-

 (Hirata et al., 2020; Hirata et al., 2018) GIF-2165X-G1

- Aβ

 (Yang et al., 2005; Begum et al., 2008)

SOD GPx GST  (Biswas et al., 2005)

DNA

 (Jat et al., 2003) GIF-

2165X-G1 GIF-2165X-G1
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ARE-Nrf2-Keap1

HT22 25 μM

 

(Cole et al., 2004)  (0.1 1 μM) 

3 μM in vitro

mHTT (mutant huntingtin protein) 

 (Jana et al., 2004) 10 μg/mL

DNA

 (Cao et al., 2006

GIF-2165X-G1 25 50 μM

 GCLC 6

GIF-2165X-G1 GCLC

 

 

 

11. GIF-2165X-G1  
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3  GIF-2165X-G1 tBHQ GCLC  
 

3-1.   

 2  GCLC (-1764/+2) 

 GIF-0726-r GIF-0885-r GIF-2017 GIF-2127-r GIF-

2165X-G1 5 GCLC (-1764/+2)

GIF-2165X-G1 GCLC

GIF-2165X-G1 GCLC

tBHQ tBHQ Nrf2-ARE

GCLC

 (Urata et al., 1999) GIF-2165X-G1 GCLC PCR

GCLC mRNA GCLC

 

 

3-2.   

 

3-2-1. PCR 

 Total RNA TRIzol®  (Thermo Fisher Scientific) Total 

RNA (0.5 μg) 50 mM Tris-HCl (pH8.3) 75 mM KCl 3 mM MgCl2 10 U  RNaseOUT 

(Invitrogen Corporation)  0.5 mM  dATP dCTP dGTP  dTTP 10 mM DTT

0.5 μg  (dT) 12-18  (Thermo Fisher Scientific) 200 U  

SuperScript™ III RNaseH-  (Thermo Fisher Scientific)  20 μL

50°C 60 70°C 15

PCR 2

PlatinumTM SYBRTM Green qPCR SuperMix-UDG (Thermo Fisher Scientific, Cat# 

11733046) Applied Biosystems 7300 Real-Time PCR System (Thermo 

Fisher Scientific) 95°C 15 60°C 30 40

GAPDH  
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2. PCR  

 
 

3-2-2.  

 HT22 6-well plate 1 2 × SDS

5% 2-

100°C 5 γ-

DC Protein Assay Kit (Bio-Rad Laboratories, Hercules, CA, USA, Cat# 

5000111JA) 25 μg

SDS  (GE 

Healthcare Life Sciences, Bluckinghamshire, England) 

GCLC  (1:500, mouse monoclonal, Santa Cruz Biotechnology, Dallas, TX, USA, 

RRID:AB_2736837) GCLM  (1:1000, mouse monoclonal, Santa Cruz Biotechnology, 

sc-55586) NQO1  (1:1000, rabbit monoclonal, Abcam, RRID:AB_1603750)

GAPDH  (1:5000, mouse monoclonal, Acris Antibodies, San Diego, CA, USA, 

RRID:AD_1616730) IgG-HSP  (1:2000, Cell signaling Technology, 

Beverly, MA, USA, RRID:AB_2099233 ,RRID:AB_330924) 

enhanced chemiluminescence (GE Healthcare Life Sciences, Cat# RPN2106)

 Bio Image Intelligent Quantifer (Bio Image Systems, Jackson, MI, USA) 

 

 

3-2-3. GCLC  

 GCLC 2.5 μg rat genomic DNA (Novagen, Madison, 

WI, USA) PrimeSTAR HS DNA polymerase (Takara Bio, Shiga, Japan) 
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PCR denaturation  98°C 10 annealing 58°C

5 extension 72°C 60 25-36

1 1 PCR pGL3-Basic (Promega Corporation, Madison, 

WI, USA) MluⅠ XhoⅠ GCLC (-

3609/+2) GCLC (-3609/-1512) SacⅠ EcoT22Ⅰ

GCLC (-1764/+2)-pGL3-Basic GCLC (-5001/+2) 

GCLC (-5001/-3584) SacⅠ GCLC (-3609/+2)-pGL3-Basic 

NCBI Reference Sequence  

NC_005107.2.  

 

3-2-4.  (Transient transfection) 

 1.5×104/well 48-well plate HT22  Lipofectamine™ 

LTX  (Themo Fisher Scientific, Waltham, MA, USA, Cat# 15338100) 

 

pGL4.70[hRluc] (Promega Corporation, Madison, WI, USA) 20 ng pGL3-

180 ng 6-8

16 1 well

50 μL  1 × Passive Lysis Buffer (Promega Corporation) 

Dual-Luciferase Reporter Assay System (Promega Corporation Cat# E1500) 

 (RLA)  

 

3-2-5.  

 2-2-5  
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3-3.   

3-3-1. HT22, PC12 C6 GIF-2165X-G1 tBHQ GCLC

 

 GCLC GIF-2165X-G1  

GCLC HT22 PC12 (

)  C6 ( ) GIF-2165X-G1

GCLC mRNA Nrf2 tBHQ

GIF-2165X-G1 tBHQ HT22  10~25 μM  

GCLC mRNA PC12  C6 HT22

GIF-2165X-G1 tBHQ GCLC mRNA

GCLC mRNA  ( 12 A) GIF-2165X-

G1 GCLC

 

 HT22 GIF-2165X-G1

GCLC GCLM NQO1

GIF-2165X-G1  (

12B)  

 

A 
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12. (A) HT22 PC12 C6 GIF-2165X-G1 tBHQ  

GCLC mRNA  (B) GIF-2165X-G1  

A) GIF-2165X-G1 tBHQ 8 GCLC mRNA

PCR GCLC mRNA  

GAPDH  ( ±SD, n=4) B) GIF-2165X-

0 10 250

1

2

3

4

GIF-2165X-G1 (M)

G
CL

C 
pr

ot
ei

n 
(a

.u
.)

****

***

NQO1

GCLC

GAPDH

0 10 25

GIF-2165X-G1 ( M)

GCLM

0 10 250.0

0.5

1.0

1.5

2.0

GIF-2165X-G1 (M)

NQ
O

1 
pr

ot
ei

n 
(a

.u
.) **** ***

0 10 250

2

4

6

8

GIF-2165X-G1 (M)

G
CL

M
 p

ro
te

in
 (a

.u
.)

****
****

B 
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G1 24 GCLC GCLM NQO1

( ±SD, n=3, *p 0.05, **p 0.01, ***p 0.001, ****p 0.0001) 

 

3-3-2. GIF-2165X-G1 tBHQ GCLC  

 GCLC GIF-2165X-G1

5′  (-334/+2 -387/+2 -

1764/+2 -3609/+2  -5001/+2 13A)

HT22 GIF-2165X-G1 GCLC

GIF-2165X-G1

GCLC  

( 13 B) tBHQ GCLC tBHQ

3.6 kb GCLC GCLC (-

5001/+2) 1.6

 ARE  ( 13 C)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 
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B 

C 
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13. A) GCLC  

B, C) GCLC GIF-2165X-G1  

tBHQ  

HT22

8 GIF-2165X-G1 tBHQ

16 ( ±SD, n=4, 
*p 0.05, ****p 0.0001) 

 

 

3-4.   

 GIF-2165X-G1 GCLC PCR GCLC mRNA

GCLC

GIF2165X-G1 2 GCLC (-1764/+2) 

GCLC mRNA

 GCLC GIF-2165X-G1 GCLC

GCLM NQO1 GIF-2165X-G1 ARE

tBHQ Nrf2-ARE 

GSH

GCLC GIF-2165X-G1 GSH  

(Hirata et al., 2020) GSH GSH

GSH

GSH GSH

L-buthionine (S,R)-sulfoximine (BSO) GCL

BSO GCL GIF-2165X-G1 GSH

 (data not shown)  

 GCLC  -334/+2 -387/+2 -1764/+2 -3609/+2  -5001/+2 

GCLC

GIF-2165X-G

GCLC
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GCLC

 (Lu, 2013) GCLC NF- B Sp-1

-1 (AP-1) AP-2  (MRE) ARE/EpRE

(Yang et al., 2001; Shenvi et al., 2009; Lu, 2013) tBHQ 13 A

ARE3  (-5009/+2) GCLC GCLC

Nrf2-ARE GCLC  ARE3 

 -3 kb ARE1 ARE2

 (Li et al., 2009; Shenvi et al.,2009)

GIF-2165X-G1 ARE GCLC

GIF-2165X-G1 GCLC Nrf2-ARE
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4  GIF-2165X-G1 GCLC  
 

4-1.   

 3 GIF2165X-G1 GCLC

tBHQ GIF2165X-G1 GCLC Nrf2-ARE

Nrf2

HT22 GIF-2165X-G1 GCLC

GIF-2165X-G1 Sp1

 (-308/+2) GCLC  

 

4-2.   

 

4-2-1. PCR 

 3-2-1  

 

4-2-2. GCLC  

 GCLC 2.5 μg rat genomic DNA (Novagen, 

Madison, WI, USA) PrimeSTAR HS DNA polumerase (Takara Bio, Shiga, 

Japan) PCR denaturation  98°C 10 annealing

58°C 5 extension 72°C 60 25-36

1 1 PCR pGL3-Basic (Promega 

Corporation, Madison, WI, USA) Mlu Xho

 

 

4-2-3.  (Transient transfection) 

 3-2-4  

 

4-2-4.  

2-2-5  
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4-3.   

 

4-3-1. Nrf2-KO HT22 GIF-2165X-G1 GCLC  

 GCLC Nrf2-ARE Nrf2

HT22 (Nrf2-KO HT22)  (Hirata et al., 2020) 14 A

tBHQ GIF-2165X-G1 ARE Nrf2-KO HT22

Keap1-Nrf2-ARE Nrf2-KO HT22

Nrf2-KO HT22 HT22

GIF-2165X-G1 GCLC (-1764/+2) GIF-

2165X-G1 HT22 Nrf2-KO HT22 GCLC

 ( 14 A) GCLC mRNA Nrf2-KO 

HT22 GIF-2165X-G1 GCLC mRNA HT22

GCLCmRNA  ( 14B)

HT22 GIF-2165X-G1 GCLC Keap1-

Nrf2-ARE 2

-1 (HO-1) mRNA 

Nrf2  ( 14 B)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 
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14. Nrf2-KO HT22 GIF-2165X-G1 GCLC  

A) Nrf2-KO HT22 GIF-2165X-G1 tBHQ ARE GCLC (-1764/+2) 

HT22 Nrf2-KO HT22 ARE  

GCLC (-1764/+2) 

8 25 μM

GIF-2165X-G1 tBHQ 16 

B) Nrf2-KO HT22 GIF-2165X-G1 GCLC HO-1 mRNA

HT22 Nrf2-KO HT22 25 μM GIF-2165X-G1 8

GCLC HO-1 mRNA PCR (

±SD, n=4, vs Control, *p 0.05, **p 0.01, ***p 0.001, ****p 0.0001, #p 0.05, ###p 0.01, 

####p 0.0001, NS: not significant) 

 

4-3-2. Nrf2-KO HT22 GIF-2165X-G1 GCLC

 

 HT22 Nrf2-KO HT22 GCLC

HT22 Nrf2-KO HT22

Nrf2-KO HT22

GCLC (-5001/+2)  ( 15 A)

GIF-2165X-G1 GCLC

 ( 15 B) GIF-2165X-G1

B 



 
 

35 
 

GCLC (-

334/+2)  GCLC (-387/+2) 1/2  ( 15 B)  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

15.  HT22 Nrf2-KO HT22  

GCLC  

A 

B 
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A) 

8

B) 

8 GIF-2165X-G1 tBHQ

16 ( ±SD, n=4, ****p 0.0001) 

 

4-3-3. GIF-2165X-G1 GCLC Sp1  

 GIF2165X-G1 GCLC Sp1

GCLC Sp1

 ( 16 A) Sp1 GCLC (-334/+2) GIF-2165X-G1

Sp1 GCLC (-308/+2) 

 GIF-2165X-G1 GCLC

 ( 16 B)  

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 



 
 

37 
 

 
 
 
 
 
 
 
 
 
 
 

16. GIF-2165X-G1 GCLC Sp1  

A) GCLC 5’  (-387/+2)  B) Sp1 GCLC

GIF-2165X-G1 GCLC HT22

8 GIF-2165X-G1 16

( ±SD, n=4, vs Control, *p 0.05, ***p 0.001, ****p 0.0001, NS: not 

significant) 

 
4-4.   

 3 GIF2165X-G1 GCLC  GCLC

 tBHQ GCLC ARE3

Nrf2-ARE GIF2165X-G1

GCLC Nrf2-ARE

 Nrf2-KO HT22 GIF2165X-G1 GCLC Nrf2-ARE

GIF-2165X-G GCLC

 

  HT22 Nrf2-KO HT22 GIF-2165X-G HO-1 GCLC

mRNA PCR Nrf2-KO HT22 HO-1

mRNA GCLC mRNA

HT22  Nrf2-KO HT22 GCLC

GIF-2165X-G1 HO-

1 GCLC 2 Nrf2

B 
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HO-1 Nrf2

GCLC Nrf2

 GIF-2165X-G1 GCLC Nrf2-ARE

Lu TNF-α

GCLC NF- B AP-1 GCLC

 (Yang et al., 2005) NF- B

GIF-2165X-G1 GCLC GIF-

2165X-G1 NF- B

NF- B

NF- B I B GIF2165X-

G1 NF- B  (data not shown)  

 GIF2165X-G1 GCLC Sp1

GCLC  (-387 -308) Sp1

 (O’Connor et al, 2016) Sp1

 (5′-CCCGCCC-3’, -326 -318) GIF2165X-G1 GCLC

GCLC

GC GCLC

 (Kang et al., 2009)

GCL

 (Moskaug et al., 2005; Uddin et al., 2020) Sp1

 

 GSH Keap-1-Nrf2-ARE

Sp1

GIF-2165X-G1
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5    

 

GSH

GSH GCLC GCLC

GCLC

GCLC GIF-2165X-G1 GIF-2165X-G1

GCLC  

 GCLC  (-1764/+2) HT22

GCLC

220 5 GIF-0726-r GIF-0885-r

GIF-2017 GIF-2127-r GIF-2165X-G1 HT22

GCLC GIF2165X-G1

- GIF-2165X-G1

ARE-Nrf2-Keap

HT22

25 μM GIF-2165X-G1

25 50 μM GCLC 6

GIF-2165X-G1 GCLC

 

 GIF-2165X-G1 GCLC PCR GCLC 

mRNA GCLC GCLC

GIF-2165X-G1

GCLC mRNA

GCLC GIF-2165X-G1 ARE

Nrf2-ARE tBHQ
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GCLC ARE  (ARE3) 

GIF-2165X-G1 ARE GCLC

GIF-2165X-G1 GCLC Nrf2-ARE

Nrf2-KO HT22 GIF2165X-G1 GCLC

Nrf2-ARE Nrf2-KO GIF-

2165X-G1 GCLC  GIF-2165X-G1

GCLC Nrf2-ARE  

 GCLC Sp1

 (5′-CCCGCCC-3’, -326 -318) GIF2165X-G1 GCLC

GIF-2165X-G1 Sp1 GCLC

GSH Keap-1-Nrf2-ARE

Sp1

Sp1  

 -  

GIF2165X-G1 Nrf2 Nrf2-ARE  

Sp1 GCLC  ( 17)

GCLC 

 

 

17. GIF-2165X-G1 GCLC  
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