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Endoplasmic Reticulum Dysfunction an A Possible
Therapeutic Target for Cerebral Ischemia
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Disruption of endoplasmic_reticulum (ER) homeostasis interferes with protein folding and
leads to the accumulation of unfolded and misfolded proteins in the ER lumen. Evidence
obtained in recent years has demonstrated that the ER plays an important role in the
pathogenesis of stroke. Therefore, targeting the ER may provide a therapeutic approach for
blocking the pathological process induced by cerebral ischemia, In this research, I focused
‘on ER dysfunction as a possible therapeutic target for cerebral ischemia and investigated the
protection of agents on ER dysfunction induced by ischemic injury and new therapeutic
target for ER dysfunction.

Sodium 4-phenylbutyrate (4-PBA) is a low-molecular weight fatty acid that has been used
for treatment of urea cycle disorders in children, sickle cell disease and thalassemia. It has
recently been demonstrated that 4-PBA can act as a chemical chaperone by reducing the load
of mutant or mislocated proteins retained in the endoplasmic reticulum (ER) under
conditions associated with cystic. fibrosis and liver injury. In the present study, we
demonstrated for the first time the neuroprotective effect of 4-PBA on cerebral ischemic
injury. Pre- or post-treatment with 4-PBA at therapeutic doses attenuated infarction
volume, hemispheric swelling and apoptosis, and improved neurological status in a mouse
model- of hypoxia-ischemia. Moreover, 4-PBA suppressed ER-mediated apoptosis by
inhibiting elF-2a phosphorylation, CHOP induction and caspase-12 activation. In
neuroblastoma neuro2a cells, 4-PBA reduced caspase-12 activation, DNA fragmentation and
cell death induced by hypoxia/reoxygenation. That agent protected against ER
stress-induced but not mitochondria-mediated cell death. Additionally, 4-PBA inhibited the
expression of inducible nitric oxide synthase (iNOS) and TNFo and IL-IB in primary
cultured glial cells under hypoxia/reoxygenation. These results indicate that 4-PBA could
protect against cerebral ischemia through inhibition of ER stress-mediated apoptosis and
inflammation. Therefore, the multiple actions of 4-PBA may provide a strong effect in
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treatment of cerebral ischemia and its use as a chemical chaperone would provide a novel
approach for therapy of stroke.

Moreover, we found that edaravone (3-methyl-1-phenyl-pyrazolin-5-one), a free radical
scavenger, can protect against ER damage induced by hypoxia/i‘schemia. Moreover,
edaravone suppressed ER stress-mediated apoptotic signals. In mouse primary cultured
glial cells, edaravone attenuated ER stress as evidenced by inhibition of the induction of
GRP78 and CHOP and XBP-1 splicing under treatment with tunicamycin (Tm) which
induces ER stress. Tm did not induce the production of reactive oxygen species (ROS) in
primary cultured glial cells. In addition, the free radical scavengers NAC
(N-acetyl-L-cysteine) and ebselen (2-phenyl-1,2-benzisoselenazol-3(2H)-one) did not affect
ER stress response caused by Tm. Further, edaravone dose-dependently inhibited the
protein aggregation, suggesting its chaperone-like activity. These results demonstrated a
novel action of edaravone which can protect against ER dysfunction in cerebral ischemia
through its possible chaperone-like activity.

In the next series, Hrdlp in yeast plays an important role in endoplasmic .
reticulum-associated degradation (ERAD). Hypoxia/ischemia induced a significant
increase in mRNA levels of genes including GRP78, CHOP and MyD116 in the brain, the
expression of which are specifically activated under conditions associated with ER
dysfunction. The level of mHRD1 mRNA in the brain was significantly increased after
ischemia. Interestingly, induction of mHRD1 was elevated at a later time point (12 to 48 h)
in the ischemic cortex, whereas it increased at an earlier time point (3 - 12 h) in the injured
striatum. We also examined the changes of mHRD1 mRNA expression in neuroblastoma
Neuro2a and primary glial cells exposed to hypoxia/reoxygenation. The expression of
mHRD1 mRNA was remarkably up-regulated in glial cells subjected to 24 h hypoxia,
whereas no  significant changes were observed in Neuro2a cells under
hypoxia/reoxygenation. In addition, the levels of mHRD1 mRNA were markedly elevated
in glial cells exposed to treatment with tunicamycin (Tm, an ER stress inducer). These
findings suggest that mHRD1 may play a role in ischemia-induced ER dysfunction.

Chemical chaperones, such as 4-PBA and edaravone, may be a novel therapeutic approach
for cerebral ischemia through targeting in ER. Further, application of chemical chaperone
may provide new insight into understanding mechanisms of diseases such as
neurodegenerative diseases and stroke, and developing therapeutic approaches. Therefore,
the present findings suggest that targeting ER will provide a novel therapeutic target for
treatment of diseases, such as stroke, Alzheimer’s disease and Parkinson’s disease.
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