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Introduction

There are many types of diseases that damage myelin in the central nervous system
(CNS). Multiple sclerosis (MS) is the most common demyelinating disease in the CNS. In this
disorder, the immune system attacks the myelin sheath and causes inflammation and injury to
the sheath and ultimately to the nerve fibers that it surrounds. The results are multiple areas
of scarring (sclerosis), where premyelinating oligodendrocytes fail to remyelinate axon at
affected area. Studies on therapeutic attack on MS have been significantly increased in
number in recent years and improved therapeutic outcome. Animal models have been critically
important for addressing and establishing MS treatment. There are several animal models
that can be used for the study. In this study, the heterozygous transgenic 4e (pIp#¢”) mouse and
the experimental allergic encephalomyelitis (EAE) model were selected to study different
demyelination phases.

The chronic phase study used the p/p%” mouse, in which the proteolipid protein gene is
overexpressed. This mouse model starts demyelination accompanied by myelin regeneration
from 2 months old. The regeneration of myelin will stop at 6 months old but demyelination still
proceeds. At an early phase, Plp? mouse model shows pathology with no immune response
involvement, therefore the inductive event is different from that of MS. However, at later
phase, they have similar pattern of pathological events, in which premyelinating
oligodendrocytes fail to remyelinate axons. This is similar to the observation in chronic phase
of MS. We previously found that Cathepsin C (CatC) is upregulated in microglia of
demyelination models, especially in chronic demyelinated lesions in Plp#” mouse. Additionally,
its inhibitor Cystatin F (CysF), which is a cysteine protease inhibitor and is also induced
during early phase of demyelination, ceased expression in chronic demyelinated lesions. The
myelin oligodendrocyte glycoprotein (MOG) induced EAE is most commonly used as a
laboratory model for MS. Inductive phase of EAE shows pathology and progression of disease
similar to those observed in MS, but in the final phase mouse gain full recovery. Thus, I
selected EAE mouse to study acute demyelination phase. The study on the role of CatC and
CysF played in demyelinating diseases should be useful for development of effective new

therapeutic target of MS or other demyelinating diseases.



(GieeR= 2)
(Separate Form 2)

Materials and methods

To study the role of CatC and CysF in demyelinating disease, we generated mouse line
to manipulate CatC and CysF expression by using Flexible Accelerated STOP Tetracycline
Operator Knockin (FAST) system (Tanaka et al, 2010). The homozygous knock-in mouse
(Cat(CSTOPISTOP, Oy FSTOP/STOP) showed no expression of CatC or CysF, which can be considered
as CatC or CysF knockdown (CatCKD or CysFKD) mice. CatCKD and CysFKD transgenic
mice were crossed with /bat”™ and Plp?¢” mouse to overexpress CatC or CysF in microglia
(CatCOE and CysFOE) of Plp%’ mouse for the study in the chronic phase. For acute phase,
MOG-EAE model was used in the wild type, CatCKD and CatCOE mice. The MOG35-55
peptide (MVGWYRSPFSRVVHLYRNGK, 150 pg) emulsified in complete Freund’s adjuvant,
consisting of incomplete Freund’s adjuvant with 4 mg/ml Mycobacterium tuberculosis. Mice
were immunized subcutaneously with MOG/CFA into pelvic region followed by injection
intraperitoneally with 400 ng pertussis toxin immediately (Day 0) and 48 hours later (Day 2).

The severity of EAE was daily monitored and graded as the clinical score.

Result

To study the role of CatC and CysF in demyelinating diseases, we generated transgenic
mouse lines in which CatC or CysF expression can be manipulated by the FAST system in this
study. CatCKD, CysFKD, CatCOE and CysFOE mice were observed for any defects that arrise
from gene manipulation. None of the transgenic mice showed any physical phenotype or
clinical symptoms but showed activated microglia phenotype. From previous studies, CysF is
upregulated in ongoing remyelinating phase but CatC conversely tends to dominate CysF in
the chronic phase of PLP transgenic mouse. CysF plays a main role during early remyelinating
phase. In ongoing remyelination phase of Plp%” mouse at age 4 months, CysFKD mouse
significantly enhanced demyelination, while no effect were found in CatC deprived Plp?e”
mouse at the same time point of an early phase. I confirm this result by changing the balance
of CatC and CysF expression by overexpressing CatC in microglia of Plp?¢” mouse. I found that
CatCOE mouse also resulted in a similar phenotype with CysFKD mouse showing early
demyelination appearance. Conversely, during the chronic demyelination phase at age 8
months, CatCKD mouse diminished demyelination in the P/p?¢” mouse. CysF was expressed in
the activated microglia, M1 (pro-inflammatory) microglia, but not in M2 (anti-inflammatory)
microglia.

To further study towards clinical application, EAE was chosen as an experimental
model for the early phase of inflammatory demyelination. I found CatC mRNA-expressing cells
in the grey horn and anterior median fissure of spinal cord at an early phase of MOG-EAE
models. These CatC mRNA expressing cells were identified as microglia and neutrophils,
respectively. From this result, I concluded that CatC should have an important role in
pathogenesis of EAE because of their earlier expression at target sites than other molecules. In
the late phase of MOG-EAE, CatC was expressed at chronic demyelinating regions but not
CysF. CatCKD expression showed less demyelination in the EAE mouse. Conversely, CatC
overexpression in microglia significantly enhanced its demyelination. M1 cells were found to

accumulate at the demyelination area, which correlated with CatC expression. The result in
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MOG-EAE model was similar to the finding in the chronic demyelination model, PLP%" mouse.
Therefore balance of CatC and CysF expression plays an important role in demyelinating

diseases in both acute and chronic phases.

Discussion

In the chronic lesion of MS, remyelination process is inadequate, which results in
demyelinated lesion. This study demonstrated CysF and CatC are possible crucial factors and
the main trigger to inhibit myelin regeneration. During the late phase of chronic
demyelinating disease, CatC was found to dominate CysF and full activation is expected. CysF
indicates the occurrence of ongoing remyelination (Ma et al., 2011). This might cause impaired
myelin regeneration and appearance of naked axons in the Plp%¢” mouse (Kagawa et al. 1994).
I found CatC knockdown result in more intact myelin in the late phase of chronic
demyelination. This gives strong evidence that CatC is one of the main players to induce
demyelination. The conclusion of this study determined that balance of CatC and CysF
expression plays an important role in chronic demyelinating disease. Several studies revealed
important roleof microglia/macrophage activation into different cell types, referred to as
microglia/macrophage polarization, that results in cells with either pro-inflammatory (M1 cells)
or anti-inflammatory properties (M2 cells) (Samuel and Antje 2011). In the late phase Plp#”
mouse, microglia tends to polarize to pro-inflammatory M1 cells. CysF seemed to relate with
M1 polarization cells.

I also found CatC-CysF maintain expression along the progression of demyelination in
MOG-EAE. CatC was expressed at the chronic demyelination area, where myelin regeneration
process 1s terminated, but CysF was expressed at the edge of demyelination area, where
myelin still remains intact. CysF as endogenous inhibitor of CatC attenuate the activation of a
wide range of downstream serine proteases involved in inflammation and immunity (Hamilton
et al., 2008). CatC and CysF seem to be strongly related to the inflammatory demyelination.
This conclusion was confirmed in MOG-EAE-induced CatC knockdown and CatC
overexpression mice in this study. The absence of CatC result in easing the severity of EAE,
conversely the increment of CatC in microglia enhanced severity in MOG-EAE. These strongly
suggest CatC-CysF interaction have an important role in both pathogenesis of inflammatory
demyelination in EAE. EAE model is most commonly used as a model in research for
intervention therapeutic for MS or other demyelination diseases. The discovery of CatC-CysF
system strongly related to inflammatory demyelination might be the key molecules for further

development of the new treatment in the future.
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