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Exploring the factors causing remyelination arrest through

studying Cystatin F gene expression regulatory mechanism
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Summary (Abstract) of doctoral thesis contents

Demyelinating diseases (eg, multiple sclerosis) is a series of disorders that damage
the protective myelin sheath in the central nervous system. During the process of
demyelinating disease, demyelination is accompanied by remyelination at an early
phase forming the shadow plaque. But at a late stage, remyelination become arrested.
Cystatin F, a papain-like lysosomal cysteine proteinase inhibitor, and its main target,
cathepsin C, have been demonstrated to be crucial factors in regulating remyelination
arrest. It is found that the expression of cathepsin C and cystatin F are profoundly
elevated and matched with ongoing demyelination/ remyelination with different
kinetics. The balance of cystatin F level and cathepsin C level seems to be a crucial
factor to determine whether remyelination continues or not. We have been using a
chronic demyelination mouse model, named heterozygous proteolipid protein (PLP)
transgenic 4e (PLP**") mouse and to study cystatin F function, Flexible Accelerated
STOP Tetracycline Operator Knockin system was applied to generate gene
overexpression or knockdown mice. We found cystatin F upregulation from 2.5
months of age to 4 months of age and then decreased from 4 months to 8months of age
when remyelination is almost blocked. | addressed the reason of the remyelination
arrested in the chronic demyelinating disorders. | also clarified the mechanisms
decreasing the expression of the beneficial factor cystatin F accompanying the
remyelination arrest. If the cystatin F gene regulatory mechanisms are clarified, we
may be able to control cystatin F expression, thus overcoming remyelination arrest in
demyelinating disorders.

To clarify cystatin F gene regulatory mechanisms, | raised three potential pathways:
firstly, as cystatin F is expressed in microglia, decrease in microglia number may
result in cystatin F downregulation. Secondly, cystatin F gene expression may be
regulated through the decrease in the DNA promoter activity. Thirdly,
post-transcriptional regulation is another important regulatory site.

| counted the microglia number in PLP*’* mouse by c-fms in situ hybridization.
Microglia number was not decreased from 4 months to 8months in PLP*¢- mouse.
Secondly, DNA promoter activity influence on cystatin F expression was checked by
switching endogenous cystatin F gene promoter to tetO promoter by skillfully use of
FAST system. | surprisingly found that cystatin F expression was automatically
decreased in CysF-STOP-tetO::lba-tTA mouse from 3 weeks of age to 2.5 months of
age, which suggests cystatin F gene is regulated in post-transcriptional level instead
of transcriptional level. The reliability of this result was confirmed by the fact that
tTA was stably expressed during this period in CysF-STOP-tetO::1ba-tTA mouse.

Furthermore, | tried to characterize cystatin F mRNA destabilizing/ stabilizing



G 2)
(Separate Form 2)

factors. Data showed that the factors specifically regulating cystatin F gene
expression is present in microglia but not in astrocyte. The factor(s) seem to be
induced when cystatin F gene was expressed independent of mouse age.

Next, | searched for RNA stabilization/destabilization factors that match the above
criteria. Two kinds of factors were found to match these condition: one mRNA binding
proteins and the other non-coding molecular such as microRNAs. ELAVL-1 is an AU
rich elements binding protein that has the function in stabilizing mRNA. | found
ELAVL-1 was more abundantly expressed in the cerebellum white matter of
CysF-STOP-tetO::1ba-tTA 3 weeks mouse than in 2.5 months mouse. In PLP*¢- mouse
from 4 months of age to 8 months of age, ELAVL-1 expressed in the microglia was
significantly decreased in the thalamus. In vitro study also showed ELAVL-1 siRNA
downregulated cystatin F expression. MicroRNAs is another possible regulator of
cystatin F mMRNA. MicroRNAs cooperating with other factors (eg. Ago2, Not4p et al.)
form RNA- induced silencing complex (miRISC). The miRISC recognize the target
mRNA (usually 3’UTR) and repress gene translation. MiR29a is a member or miR29
family. Its sequence indicated that miR29a would hybridized with 3’UTR of cystatin F
mMRNA. In my study, | detected miR29a dramatically increased from 3 weeks to 2.5
months in CysF-STOP-tetO::1ba-tTA mouse. In PLP*®- mouse, miR29a was found to
be upregulated from 4 to 8 months old. However, in vitro, mouse NIH3T3 cells
transfected with miR29a precursor did not change cystatinF expression compared with
the control group. This is the first finding of the role of ELAVL-1 in cystatin F gene
regulation.

In summary, cystatin F gene regulatory pathways were explored in this research.
Cystatin F gene was post-transcriptionally regulated in PLP**- mouse. The characters
of cystatinF-mRNA stabilizing/ destabilizing factors were described in my work.
ELAVL-1 as ARE binding protein stabilized cystatin F mRNA. | demonstrated
ELAVL-1 decrease can lead to cystatin F gene downregulation in a
post-transcriptional manner. All of these may be useful to develop a new therapy
against demyelinating disorders by blocking the remyelination arrest.
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