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NF-E2-related factor-2 (Nrf2), a basic leucine zipper transcription factor, is involved in the expression of
numerous detoxifying and antioxidant genes via the antioxidant response element (ARE). Keapl, a cytoplasmic pro-
tein, sequesters Nrf2 in the cytoplasm under normal conditions. Various stimuli, including electrophiles and oxidative
stress, liberate Nrf2 from Keapl, allowing Nrf2 to translocate into the nucleus and to bind to the ARE. Recently, there is
increasing evidence that compounds that stimulate the activation of the Nrf2-ARE pathway may become useful ther-
apeutic drugs for neurodegenerative diseases associated with oxidative stress. Apomorphine (Apo), a dopamine D;/D,
receptor agonist, is used for clinical therapy of Parkinson’s disease. On the other hand, Apo is a potent radical scavenger
and has protective effects on oxidative stress-induced cell death. We previously reported that pretreatment of human
neuroblastoma SH-SYSY cells with Apo enhanced the protective effects. In addition, we have recently demonstrated that
Apo stimulates the translocation of Nrf2 into the nucleus and the transactivation of the ARE. Our findings suggest that
not only the function as a radical scavenger, but also the function as an Nrf2-ARE pathway activator may be involved in
the neuroprotective effects of Apo on oxidative stress-induced neuronal cell death. In this review, our recent studies on
the mechanism underlying Apo-induced neuroprotection are summarized.
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Fig. 1. Mechanism of Activation of Keapl-Nrf2 System

ARE: antioxidant response element.
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Fig. 2. Apo Protects against 6-OHDA-induced Cell Death
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A: SH-SYSY cells were exposed to various concentrations of 6-OHDA for 24 h in the presence or the absence of Apo. *p<{0.05, ** p<<0.01 (vs. cells treated
with 6-OHDA alone) . B: SH-SYS5Y cells were pretreated with and without Apo for 24 h. After the medium was removed, the cells were exposed to 6-OHDA or vehi-
cle for 24 h in the presence or the absence of Apo. ** p<{0.01 (vs. cells treated with 6-OHDA alone) and ''p<0.01.
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Fig. 3. Preconditioning Effect of Apo on 6-OHDA-induced Cell Death

A: SH-SYSY cells were pretreated with various concentrations of Apo. After the medium containing Apo was completely removed, the pretreated cells were ex-
posed to 6-OHDA for 24 h in the absence of Apo. *p<{0.05, ** p<{0.01 (vs. cells treated with 6-OHDA alone) . B: Effect of dopamine receptor antagonists on neu-
roprotection by Apo. SH-SYS5Y cells were pretreated for 30 min with either SCH23390 (SCH: 10 um) or sulpiride (Sul: 10 um), and then Apo was added. Twenty-
four hours later, the medium containing the reagents was completely removed, and the cells were exposed to 6-OHDA for 24 h in the absence of Apo. *p<0.05, ** p

<0.01 (vs. cells treated with 6-OHDA alone) . NS: not significant.
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Fig. 4. Activation of Nrf2-ARE Pathway by Apo
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Apo IZEX D Nrf2 OEBITOMEESINDEZ N ED M E
UIAY T Oy MEERHWTHRFLELEZ A,
Apo IZ K% Nif2 O NNDBITHIER T E /-
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DR DIEMEALIE HO-1 72 E DHiEE LS >IN ED
W ZEFHEETHZ M5, Apo 7 HO-1 DF B %
FEHEITLMNEOIMERFTLEZEDA, ApoiZXD
REKFRIC HO-1 OFBUIITEL 2. Lol &
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A: Translocation of Nrf2 into the nucleus. Nuclear extracts were prepared from SH-SYS5Y cells treated with Apo (30 um) and tBHQ (50 um) for 3.5 h. Western
blot analysis was performed using anti-Nrf2 and anti-actin antibodies. *p<(0.05 (vs. control). B: Involvement of ROS in the activation of the ARE by Apo. SH-
SYSY cells were transiently transfected with the ARE-reporter plasmid, then treated with Apo (30 um) for 4.5 h in the presence or the absence of NAC (2 mm). **p
<0.01. C: Involvement of ROS in the induction of HO-1 mRNA by Apo. SH-SYS5Y cells were treated with Apo (30 um) for 24 h in the presence or the absence of
NAC (1 mm). **p<{0.01. D: Production of ROS by Apo. Serum-starved SH-SYSY cells were treated with Apo for 2 h. The cells were analyzed for DHE fluores-

cence by a FACScan.
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TOXYY A7) 2 OFHEERTH S NEPP1L, 2
F—ZX ST UTEOHWN SRS N bU IR
J A R EDE L DILEYIT Nrf2-ARE #£ & %
MU M REER NS D Z ENMEINT NS,
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