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Nrf2 Protects against Oxidative and Nitrosative PC12 Cell Death
through Up-regulation of -Glutamylcysteine Ligase and Heme
Oxygenase-1
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Oxidative and nitrosative stress induced by reactive oxygen/nitrogen species (ROS/RNS) has
been considered as a major cause of cellular injuries in a variety of neurodegenerative disorders
including Alzheimer’s disease (AD). Recently, considerable attention has been focused on
identifying redox-sensitive transcription factors and their target genes that are able to counteract
excess ROS/RNS, thereby protecting against oxidative and nitrosative cell death. In the present work
we have investigated the role of NF-E2-related factor 2 (Nrf2) in cellular defense against oxidative
and nitrosative cell death caused by B-amyloid (AB), HyO, or SIN-1 in cultured rat
pheochromocytoma PC12 -cells. Nrf2, which regulates transcription of genes encoding phase il
detoxifying enzymes and antioxidant proteins, blocks cell death induced by a wide array of death
signals. Ectopic expression of Nrf2 rescued PC12 cells from AB- or H;Oz-induced apoptosis and
intracellular ROS accumulation through up-regulation of y-glutamylcysteine ligase (GCL), a rate-
limiting enzyme in cellular GSH biosynthesis, and heme oxygenase-1 (HO-1), a rate-limiting
enzyme in heme degradation process. In another experiment, preincubation with 15-deoxy-A12‘14-
prostaglandin J, (15d-PGJ,), an endogenous ligand of peroxisome proliferator-activated receptor-y,
fortified an intracellular GSH pool and increased the expression of GCL and HO-1 thereby
preventing cells from H,0, or SIN-1-induced apoptotic cell death. Treatment of PC12 cells with
15d-PGlJ, resulted in increased nuclear translocation, DNA-binding and transcriptional activity of
Nrf2, leading to upregulation of GCL and HO-! expression. Epigallocatechin-3-gallate (EGCG), a
green tea polyphenol and resveratrol, a phytoalexin present in grapes elevated the expression of
antioxidant enzymes such as GCL and HO-1 by activating the Nrf2 signaling pathway and protected
PC12 cells from A B-induced apoptosis.

References:

1. Jang, J.-H. and Surh, Y.-J. (2004) Bcl-2 attenuation of oxidative cell death is associated with

upregulation of gamma-glutamate-cysteine ligase via constitutive activation of NF-kappa B. J.

138



Biol. Chem., 279: 38779-38786.

2. Lim, S.-Y., Jang, J.-H., Na, H.-K., Lu, S., Rahman, L, and Surh, Y.-J. (2004) 15-deoxy-A'>"-
prostaglandin J, protects against nitrosative PC12 cell death through up-regulation of intracellular
glutathione synthesis. J. Biol. Chem., 279: 46263-46270.

3. Jang, J.-H. and Surh, Y.-J. (2005) AP-1 mediates beta-amyloid-induced iNOS expression in PC12
cells via the ERK2 and p38 MAPK signaling pathways. Biochem. Biophys. Res. Commun., 331:
1421-1428 ‘ :

4. Jang, J-H. and Surh, Y.-J. (2005) beta-Amyloid-induced apoptosis is associated with
cyclooxygenase-2 up-regulation via the mitogen-activated protein kinase-NF-kappa B signaling
pathway. Free Radic. Biol. Med., 38:1604-1613

5. Chen, C.-Y., Jang, J.-H., Li, M.-H., and Surh, Y.-J. (2005) Resveratrol upregulates heme
oxygenase-1 expression via activation of NF-E2-related factor 2 in PC12 cells. Biochem. Biophys.
Res. Commun., 331: 993-1000

6. Li, M.-H., Jang, J.-H., and Surh, Y.-J. (2005) Nitric oxide induces apoptosis .via AP-1-driven
upregulation of COX-2 in rat pheochromocytoma cells. Free Radic. Biol. Med., 39: 890-899.

7. Jang, J.-H. and Surh, Y.-J. (2004) Bcl-2 protects against beta-amyloid-induced oxidative PC12 cell
death via potentiation of antioxidant capacity. Biochem. Biophys. Res. Commun., 320: 880-886.

8. Jang, J.-H. and Surh, Y.-J. (2002) beta-Amyloid induces oxidative DNA damage and cell death
through activation of c-Jun N-terminal kinase. Ann. NY Acad. Sci., 973: 228-236.

9. Jang, J.-H. and Surh, Y.-J. (2003). Protrective effect of resveratrol on beta-amyloid-induced
oxidative PC12 cell death. Free Radic. Biol. Med., 34, 1100-1110.

10. Jang, J.-H., Aruoma, O., Jen, L.-S., Chung, H.-Y. and Surh, Y.-J. (2004) Ergothionein rescues
PC12 cells from beta-amyloid-induced apoptotic death. Free Radic. Biol. Med., 36:288-299.

11. Jang, J.-H. and Surh, Y.-J. (2001) Protective effects of resveratrol on hydrogen peroxide-induced
apoptosis in rat pheochromocytoma (PC12) cells. Mutat. Res., 496: 181-190.

12. Jang, J.-H. and Surh, Y.-J. (2004) Possible role of NF-kappaB in Bcl-X; protection against
hydrogen peroxide-induced PC12 cell death. Redox Report, 9:343-348.

13. Jang, J.-H. and Surh, Y.-J. (2003) Commentary- Potentiation of cellular antioxidant capacity by
Bcl-2: implications for its antiapoptotic function. Biochem. Pharmacol., 66: 1371-1379.

14. Jang, J.-H. and Surh, Y.-J. (2004) Implications of inflammatory stress in Alzheimer’s disease. In:
Oxiadtive Stress, Inflammation and Health (Y.-J. Surh and L. Packer, eds.), CRC Press, 445-470.

139



