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In many neurodegenerative diseases such as Alzheimer's disease and Parkinson's disease,
accumulation of mutant or misfolded proteins is frequently and commonly observed in
affected neurons. Age-related decline of protein degradation system would cause this
accumulation. There are two major intracellular protein degradation system: the ubiquitin-
proteasome system (UPS) and autophagy-lysosome system. The latter is further classified
into macroautophagy (MA), microautophagy (mA) and chaperone-mediated autophagy
(CMA). Many researches have revealed that UPS and MA are involved in various
physiological functions and pathogenesis of various diseases. It remains unknown how CMA
and mA are related to them. However, (1) approximately 30% of cytoplasmic proteins are
degraded via CMA, (2) CMA exists only in mammalian cells, but not in yeasts and bacterias,
and (3) CMA is activated by oxidative stress. Therefore, it is possible that CMA is essential
for maintaining the homeostasis of mammalian cells by degrading oxidated or misfolded
proteins. Interestingly, CMA mediates the degradation of a-synuclein, which is accumulated
in Parkinson’s disease, and huntingtin, whose mutation triggers Huntington’s disease.
Therefore, impairment of CMA might be responsible for the pathogenesis of. Recently, it is
revealed that Hsc70, which is involved in CMA, also plays a fundamental role in
mammalian mA. has similar pathway via Hsc70 as well as CMA, mA may be involved in
maintaining homeostasis of intracellular proteins and disease pathogenesis. In the present
study, I aimed to establish a novel method to assess CMA and mA activities to elucidate the

involvement of CMA/mA activity in neurological diseases.

1. Establishment of a novel method to evaluate chaperone-mediated autophagy and

microautophagy activities

The absence of easy methods to assess CMA and mA activities hampered the progression of
studies about CMA and mA. I attempted to establish a novel method to assess CMA and mA
activities in cultured cells. I focused on GAPDH, which is recognized by Hsc70 and degraded
via both CMA and mA, and utilized GAPDH fused with HaloTag (GAPDH-HT) as an activity
marker for CMA/mA. When cells expressing GAPDH-HT were treated with HT ligand with
a fluorescent dye, only cytosolic GAPDH-HT was labeled. Thereafter, cytosolic GAPDH-HT
was transported and accumulated to lysosomes or late endosomes via CMA and mA. I
assumed this punctate accumulation of GAPDH-HT reflects CMA/mA activity. Then, I
attempted to assess CMA and mA activities separately by the knockdown of mA- and CMA-
related proteins, respectively. siRNA-mediated knockdown of LAMP2A, a CMA-related
protein, and TSG101, a mA-related protein, significantly, but partly, decreased the punctate
accumulation of GAPDH-HT. Chemicals that are reported to selectively activate CMA and
mA did not increase the number of GAPDH-HT puncta under LAMP2A and TSG101
knockdown, respectively. These results suggest that punctate accumulation of GAPDH-HT
represents mA activity under LAMP2A knockdown and CMA activity under TSG101

knockdown.



2. Effects of glucocorticoids on chaperone-mediated autophagy and microautophagy
activities

Glucocorticoids are secreted from the adrenal cortex, are upregulated by stress and regulate
stress responses. However, the persistent elevation of glucocorticoids by chronic stress
affects neural activities in the central nervous system, leading to mental disorders such as
depression. In addition, a recent report revealed that the autophagy-lysosome system is
disrupted in patients of mental disorders, suggesting that protein degradation system has
an important role in the pathogenesis of psychiatric disorders. In the present study, I
investigated the effect of dexamethasone (DEX), a potent agonist of glucocorticoid receptor,
on CMA/mA activities in AD293 cells and primary cultured neurons from rat cerebral cortex.
DEX significantly decreased both CMA and mA activities in AD293 cells and primary
cultured cortical neurons. This reduction was diminished by the pretreatment of RU-486, a
glucocorticoid receptor antagonist. Moreover, cortisol and corticosterone, endogenous
glucocorticoids, also decreased CMA/mA activity in AD293 cells and cortical neurons,
respectively. These findings suggest that the activation of glucocorticoid receptor negatively
regulates both CMA and mA activities.

3. Effect of CMA and mA impairment in cerebellar neurons on the motor function of mice.

My laboratory has revealed that CMA/mA activity is commonly impaired by several causal
proteins causing spinocerebellar ataxia (SCA), an autosomal dominant neurodegenerative
disorder. Therefore, I assumed that the decrease in CMA/mA activity of cerebellar neurons
would cause the motor dysfunction, a characteristic symptom of SCA. To validate this
hypothesis, I administered adeno-associated viral (AAV) vectors to express both GFP and
miRNA against LAMP2A or TSG101 in a neuron-specific manner to the cerebellar
parenchyma of mice. Beam walking test revealed that LAMP2A knockdown in cerebellar
neurons significantly impaired motor performances of mice 8 and 12 weeks after AAV
administration. On the other hand, TSG101 knockdown did not affect motor function.
Histological analyses revealed that GFP-positive neurons were mainly granule cells and
interneurons in the molecular layer, but were not Purkinje cells. However, severe
degeneration of cerebellar Purkinje cells, granule cells and interneurons were observed in
cerebellar sections of mice expressing LAMP2A miRNA 12 weeks after AAV administration.
These results indicate that the miRNA-mediated decrease in CMA activity causes
neurodegeneration of cerebellar neurons, leading to motor dysfunction.

In the present study, I first established a novel method to evaluate CMA/mA activity and
clarified the involvement of glucocorticoid in the regulation of CMA/mA, using this novel
method. In addition, I revealed that motor dysfunction of mice is caused by the decrease in
CMA activity via miRNA-mediated knockdown of LAMP2A. These findings suggest that the
decrease in CMA/mA activity may contribute to the pathogenesis of neurological disorders
such as depression and SCA.
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