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rebellar type (MSA-C). Methods: This retrospective study was carried out on autopsy
specimens of 17 patients with sporadic MSA-C and 10 normal individuals. Paraffin
sections of autopsied cerebella and pontes were immunostained with polyclonal an-
tibodies against CD3 ¢ epitope and oxidative modification to cysteine sulfonic acid of
cys''' in human copper-zinc superoxide dismutase (Ox-SOD1). With respect to the
areas of CD3-&-epitope expression, the immunohistochemical study and the quantit-
ative statistical analysis between the areas of CD3-¢-epitope expression in the sur-
viving Purkinje cells of MSA-C patients and their disease duration were performed.
Results: The cell bodies and dendritic arborization including primary, secondary, and
tertiary dendrites of normal Purkinje cells were intensely immunostained by the an-
tibody against CD3 ¢ epitope. Both the immunohistochemical study and the quantit-
ative statistical analysis revealed that the areas positive for CD3 ¢ epitope disappeared
in the order from tertiary dendrites, secondary dendrites, primary dendrites toward
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the cell bodies, along with the disease progression. In addition, Glial Cytoplasmic In-
clusions (GClIs) and Neuronal Cytoplasmic Inclusions (NCIs) were strongly positive
for CD3 ¢ epitope. The surviving Purkinje cells in MSA-C showed immunostaining
by the anti-Ox-SOD1 antibody, although normal Purkinje cells did not. Conclusion:
Based on the oxidative stress that the surviving Purkinje cells in MSA-C express
Ox-SOD1, the functions of morphogenesis and morphological maintenance related
to CD3-e-epitope expression of the MSA-C Purkinje cells are impaired from the pe-
ripheral dendrites toward the cell bodies as the center of the Purkinje cell system. In
addition, GCIs and NCIs that are pathological hallmarks of MSA also intensely ex-
press CD3 ¢ epitope.
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CD3 Epsilon (¢) Epitope, Glial Cytoplasmic Inclusion (GCI), Multiple System
Atrophy, Oxidative Stress, Purkinje Cell

1. Introduction

The pathogenesis of Multiple System Atrophy (MSA) currently remains unknown.
MSA is a single entity that includes olivopontocerebellar atrophy (OPCA), striatonigral
degeneration (SND) and Shy-Drager syndrome [1]. One type of MSA is characterized
by damage mainly to cerebellum, especially cerebellar Purkinje cells, and this type is
designated as Multiple System Atrophy-Cerebellar type (MSA-C) [2]. Neuropathologi-
cal findings in cases of MSA-C show the loss of Purkinje cells in the cerebellar cortex,
and not only do their numbers decrease, but abnormal morphological changes of Pur-
kinje cells also occur as part of the process of degeneration under MSA-C stress [1].
Golgi impregnation method has often been used in the study of morphological altera-
tions of cerebellar Purkinje cells from earlier studies [2]. However, Golgi impregnation
method itself includes the complexity of staining and its lack of accurate reproducibili-
ty. For example, there is the fact that not all normal cerebellar Purkinje cells are reliably
stained by Golgi impregnation method: some normal Purkinje cells are stained by Golgi
impregnation method, but others are not. Although there must be some molecular dif-
ference between Purkinje cells that are positive and negative for Golgi staining, as yet
this difference is incompletely understood. To date, a number of molecular markers for
the morphological and functional analysis of cerebellar Purkinje cells have already been
reported [3]-[13].

Cluster of Differentiation 3 (CD3) is a membrane protein of T lymphocytes that is
generally well known [14] [15]. We reported that human normal cerebellar Purkinje
cells of fetus at 21 weeks gestation became positive for CD3 ¢ epitope for the first time.
The CD3-¢-epitope positive area of Purkinje cells expanded from soma, through the
primary dendrites, the secondary dendrites to the tertiary dendrites during the normal
development of human cerebellum. The normal cerebellar Purkinje cells at one year

and six months of age revealed almost the same immunohistochemical expression pat-
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tern of cell bodies and dendritic arborization seen in normal adults. Based on the facts
that expression of CD3 ¢ epitope in human normal cerebellar Purkinje cells continued
on from the gestation age of 21 weeks to adulthood and that the expression area of CD3
€ epitope extended in the order of the soma, the primary dendrites, the secondary den-
drites, and the tertiary dendrites [16], we are convinced that CD3 ¢ epitope in human
cerebellar Purkinje cells could be involved with morphogenesis and morphological
maintenance of normal development stage of Purkinje cells [16] [17].

In MSA-C, on the other hand, cerebellar Purkinje cells exhibit morphopathological
degeneration and eventually disappearing due to cell death as a result of MSA stress of
unknown origin. We have analyzed the process of degeneration of cerebellar Purkinje
cells in MSA-C from the standpoint of morphodegeneration by using antibody to the
CD3 eepitope. We have also investigated whether or not oxidative stress is directly im-
plicated in the pathogenesis of MSA-C as one of the MSA-C stresses that induce Pur-

kinje cell death by using antibody against oxidized superoxide dismutase 1.

2. Materials and Methods

This retrospective study was carried out on brain tissues from 17 patients with sporadic
MSA-C. The main clinical characteristics in MSA-C patients were summarized in Ta-
ble 1. None of the patients had been placed on respirators. Autopsy specimens of 10
individuals (4 males and 6 female; aged 43 to 74 years) were also examined as normal
cases: all 10 cases showed no neurological sign. All cases were examined within post-
mortem 24 hours. Formalin-fixed, paraffin embedded cerebella and pontes were used.
Several serial 6 pm sections were prepared from each of the specimens. All paraffin sec-
tions were the sagittal sections which intersected cerebellar folia at an angle of 90 de-
grees. One section was stained with hematoxylin and eosin (H&E) and others were used
for immunohistochemical analyses. The following primary antibodies were used for the
immunohistochemical study: the polyclonal antibody against CD3 & epitope (Dako,
Glostrup, Denmark, 1:100 dilution) and the polyclonal antibody against oxidative mod-
ification to cysteine sulfonic acid of cys'"! in human copper-zinc superoxide dismutase
(Ox-SOD1, 1:1000 dilution) [18]. The avidin-biotin-immunoperoxidase complex (ABC)
method was used for epitope detection. Briefly, the paraffin sections were deparaffi-
nized and endogenous peroxidase was quenched by incubation for 30 min with 0.3%
H,0,. Normal sera homologous with the secondary antibodies were used as blocking
reagents. Sections were incubated with primary antibodies overnight at 4°C; sections
incubated with PBS were used as controls. Visualization of bound antibodies was done
with the respective Vectastain ABC kit (Vector Laboratories, Burlingame, Calif, USA)
following the manufacturer’s protocol. The final chromogen was 3, 3’-diami- nobenzi-
dine tetrahydrochloride. The protocols were approved by the Ethics Committee in
Tottori University Faculty of Medicine (No. 1246).

Quantitative analysis and classification of CD 3-&-epitope expression pattern in ce-
rebellar Purkinje cells of normal controls and MSA-C patients. All of the sections im-

munostained by the antibody against CD3 ¢ epitope were observed under a light mi-
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Table 1. Clinical characteristics and CD3-¢-epitope staining score of the patients with multiple
system atrophy-cerebellar type.

No. of Age Disease CD3-&-epitope staining score
case (years) Gender duration (years) Cause of death (mean + standard error)
1 41 F 1.33 pneumonia 2.83+£0.13
2 60 F 3 pneumonia 3.07 £0.11
3 66 M 3 pneumonia 2.50 £0.19
4 33 M 3 pneumonia 2.23+0.16
5 71 F 3 pneumonia 2.83+0.17
6 68 M 4 pneumonia 1.40 £0.16
7 66 M 5 pneumonia 1.97 £ 0.18
8 68 M 7 pneumonia 1.67 £ 0.22
9 71 M 7 pneumonia 243 +0.21
10 48 F 8 unknown 2.43 £0.20
11 71 F 8 sudden death 1.23 +£0.14
12 57 M 9 pneumonia 1.97 £ 0.18
13 57 F 9 pneumonia 2.00 £0.14
14 61 M 9 heart failure 1.17 £ 0.11
15 65 F 10 pneumonia 2.03 +£0.12
16 74 M 12 pneumonia 1.47 £0.13
17 62 F 23 urinary 0.83 +0.13
infection

M: male, F: female.

croscope (BX41: Olympus Corp., Tokyo, Japan) equipped with a 3CCD digital color
camera system (FX380: Olympus Corp.). Photographs of the cerebellar Purkinje cells in
each stained section were taken and the images were analyzed using image analysis
software (FLVFS-LS Ver. 1.12: Olympus Corp.). All Purkinje cells were classified into
five immunostaining patterns as follows (Table 2): Type 1 = the CD3 & epitope was not
expressed in the Purkinje cell body or any of the dendritic arborization, whether pri-
mary, secondary, or tertiary dendrites; Type 2 = the Purkinje cell body exhibited a posi-
tive reaction to immunostaining for the CD3 ¢ epitope. However, the primary, second-
ary, and tertiary dendrites were negative; Type 3 = the Purkinje cell body and primary
dendrites exhibited a positive reaction to immunostaining for the CD3 & epitope. How-
ever, the secondary and tertiary dendrites were negative; Type 4 = the Purkinje cell
body as well as primary and secondary dendrites exhibited a positive reaction to an-
ti-CD3 e-epitope antibody. However, the tertiary dendrites were negative; Type 5 = the
Purkinje cell body and all the dendritic processes, whether primary, secondary, or ter-
tiary dendrites, exhibited a positive reaction to anti-CD3 ¢ epitope antibody. The CD3 ¢

epitope staining patterns of cerebellar Purkinje cells from Type 1 to Type 5 were scored
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Table 2. Classification of CD3-&-epitope immunostaining patterns and staining score.

Type CD3-¢&-epitope positive area of one Purkinje cell Staining score
1 No positive-staining area 0
2 Cell body 1
3 Cell body and the primary dendrite 2
4 Cell body, the primary and the secondary dendrites 3
5 Cell body, the primary, the secondary and the tertiary dendrites 4

as follows: Type 1 scored 0; Type 2 scored 1; Type 3 scored 2; Type 4 scored 3; and Type
5 scored 4. The CD3-¢-epitope staining patterns of individual cerebellar Purkinje cells
from all normal control cases and all MSA-C patients tested were classified and scored
for quantitative analysis. In order to make a quantitative analysis of the CD3-&-epitope
staining patterns of cerebellar Purkinje cells in normal control cases and MSA-C pa-
tients, 30 individual Purkinje cells with an identifiable nucleus in the cell body were
counted, and the CD3-¢-epitope staining patterns of the individual cells were classified
and scored. The mean score for these 30 cerebellar Purkinje cells in each patient was
defined as that patient’s CD3-¢&-epitope staining score. We analyzed the correlation be-
tween the CD3-e-epitope staining score (Y) for each MSA-C patient and their disease
duration (X). Liner regression was done using Regression Program and its Pearson
correlation coefficient calculated. Statistical analysis was performed using the program:
Statistical Package for Social Sciences (SPSS: Version 20.0). All experiments were con-
ducted as a double blind study.

3. Results

The Purkinje cell layer in the cerebral cortex of normal adults comprised Purkinje cells
stacked in a single row. These normal cerebellar Purkinje cells showed large cell bodies
and dendritic arborization. The cell bodies of Purkinje cells showed the form of the
pear type. Primary and secondary dendrites are often seen, and even tertiary dendrites
are sometimes observed (Figure 1(a)). During the procedures of immunostaining,
when normal control tissue sections were incubated with PBS, no immunoreaction
products were seen. The cell bodies, the primary dendrites, the secondary dendrites,
and the tertiary dendrites of normal cerebellar Purkinje cells in adults strongly express
CD3 ¢ epitope (Figure 1(b)). The nuclei of normal Purkinje cells are negative. The
CD3-e-epitope staining score for Purkinje cells in normal adults was 4.0.

The cerebellar Purkinje cell count was lower in MSA-C patients with disease dura-
tion of < 3 years than in normal individuals. Although the residual Purkinje cells in
MSA-C patients were atrophic and the cell body size of the Purkinje cells slightly de-
creased in comparison with normal Purkinje cells, the soma shape of the Purkinje cells
still kept the form of the pear type. Primary and secondary dendrites were often seen
(Figure 1(c)). In the CD3-&-epitope immunostaining, the cell bodies, the primary den-

drites, and the secondary dendrites of the residual Purkinje cells expressed CD3 & epi
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Figure 1. Hematoxylin and eosin (H&E) staining and CD3-¢&-epitope immunostaining of human ce-
rebellar Purkinje cells from a normal individual and patients with multiple system atrophy-cerebellar
type (MSA-C: olivopontocerebellar atrophy: OPCA). (a). Normal cerebellar Purkinje cells of a
67-year-old female stained with H&E staining. The cell bodies of Purkinje cells show the form of the
pear type (arrowhead and PC). Primary (arrow and p) and secondary (arrow and s) dendrites are of-
ten seen, and even tertiary (arrow and t) dendrites are sometimes observed. (b). Serial CD3-&-epitope
immunostained section of H&E staining (Figure 1(a)), the cell bodies (arrowhead and PC), the pri-
mary dendrites (arrow and p), the secondary dendrites (arrow and s), and the tertiary dendrites (ar-
row and t) of normal cerebellar Purkinje cells strongly express CD3 ¢ epitope. The nuclei of Purkinje
cells are negative. (c). H&E staining in a patient with MSA-C after a clinical course of 3 years. Resi-
dual viable Purkinje cells (arrowhead and PC) are observed. Although these residual Purkinje cells
are atrophic and the cell body size of the Purkinje cells slightly decreases in comparison with normal
Purkinje cells (Figure 1(a)), the soma shape of the Purkinje cells still keeps the form of the pear type.
Primary (arrow and p) and secondary (arrow and s) dendrites are often seen. (d). Serial
CD3-¢-epitope immunostained section of H&E staining (Figure 1(c)). The cell bodies (arrowhead
and PC), the primary dendrites (arrow and p), and the secondary dendrites (arrow and s) of the resi-
dual Purkinje cells express CD3 ¢ epitope. Parts of the dendrites present the coiled form. (e). H&E
staining in a patient with MSA-C after a clinical course of 5 years. The number of the remaining Pur-
kinje cells (arrowhead and PC) decreases compared with the MSA-C patient after a clinical course of
3 years (Figure 1(c)). The cell bodies of Purkinje cells become atrophied. (f). Serial CD3--epitope
immunostained section of H&E staining (Figure 1(e)). The cell body (arrowhead and PC), the pri-
mary dendrite (arrow and p), and the secondary dendrites (arrow and s) of one remaining Purkinje
cell is positive for CD3 ¢ epitope. However, the secondary dendrites of the other Purkinje cells do not
express CD3 ¢ epitope. (g). H&E staining in a patient with MSA-C after a clinical course of 9 years.
The number of the surviving Purkinje cells decreases compared with the MSA-C patient after a clini-
cal course of 5 years (Figure 1(e)). The cell body of the surviving Purkinje cell becomes atrophied
and the shape of the cell body of the Purkinje cell shows a triangle-like shape (arrowhead and PC).
(h). Serial CD3-¢-epitope immunostained section of H&E staining (Figure 1(g)). The diamond-
shaped cell body (arrowhead and PC) of one surviving Purkinje cell express CD3 ¢ epitope, and the
primary dendrite (arrow and p) of the Purkinje cell weekly express CD3 ¢ epitope. (i). H&E staining
in a patient with MSA-C after a clinical course of 23 years. The number of the surviving Purkinje cells
decreases severely and only two surviving Purkinje cells (arrowhead and PC) can be seen. (j). Serial
CD3-¢-epitope immunostained section of H&E staining (Figure 1(i)). The only one surviving Pur-
kinje cell (arrowhead and PC) expresses CD3 ¢ epitope, and the dendritic arborization of the Purkinje
cell does not express CD3 ¢ epitope. (k). A higher magnification of the Purkinje cell indicated by ar-
row and PC in Figure 1(j). The cell body of the Purkinje cell becomes atrophied severely (arrowhead
and PC). Figures 1(a)-(f) (same magnification as Figure 1(a)): Scale bar = 100 um, 1G and 1H (same
magnification as Figure 1(g)): Scale bar = 20 um, Figure 1(i) and Figure 1(j) (same magnification as
Figure 1(i)): Scale bar = 100 um.

tope (Figure 1(d)). Parts of the dendrites presented the coiled form as one factor of
morphopathological degeneration. Most of the tertiary dendrites were negative for
CD3e¢ epitope. The CD3-&-epitope staining score in MSA-C patients with a disease du-
ration of < 3 years was lower, ranging from 3.07 + 0.11 to 2.23 + 0.16 (Table 1). Related
to the immunohistochemical finding that most of the tertiary dendrites of the residual
Purkinje cells were negative for the CD3 ¢ epitope, the width of the molecular layer was
narrower in MSA-C patients with the disease duration of <3 years than that in normal
adults.

The number of the remaining Purkinje cells of the MSA-C patients with the clinical
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courses of 4 - 7 years decreased in comparison with the MSA-C patients with the clini-
cal courses of < 3 years (Figure 1(e)). The cell bodies of the remaining Purkinje cells
became atrophied, and the form of cell bodies showed the oval-like shape (Figure 1(e)).
The cell body, the primary dendrites, and the secondary dendrites of some remaining
Purkinje cells were positive for CD3 ¢ epitope (Figure 1(f)). However, the secondary
dendrites of the most of Purkinje cells did not express CD3 ¢ epitope. For patients with
the disease duration of 4 - 7 years, the CD3-&-epitope staining score ranged from 2.43 +
0.21 to 1.40 £ 0.16, even lower than the scores for MSA-C patients with the disease du-
ration of < 3 years.

The number of the surviving Purkinje cells of the MSA-C patients with the clinical
courses of 8 - 12 years (Figure 1(g)) decreased compared with that of the MSA-C pa-
tients with the clinical courses of 4 - 7 years. The cell bodies of the surviving Purkinje
cells became atrophied and the shape of the cell bodies of the surviving Purkinje cells
showed the diamond-like or triangle-like shape. In the CD3-¢&-epitope immunostaining,
the atrophied cell bodies of the surviving Purkinje cells expressed CD3 ¢ epitope, and
the primary dendrites of the Purkinje cells weekly expressed CD3 ¢ epitope (Figure
1(h)). The CD3-¢-epitope staining score in MSA-C patients with the disease duration
of 8 - 12 years ranged from 2.43 + 0.20 to 1.17 + 0.11.

The number of the surviving Purkinje cells of the patient with MSA-C after a clinical
course of 23 years severely decreased (Figure 1(i)). The cell bodies of the surviving
Purkinje cells exhibited severe atrophy. Only the cell bodies of the surviving Purkinje
cells expressed CD3 ¢ epitope, and the dendritic arborization of the Purkinje cells did
not expresses CD3 ¢ epitope (Figure 1(j)). In close relation with the severe cell loss and
the serious atrophy in the surviving Purkinje cells in a patient with after a clinical
course of 23 years, the width of the molecular layer became very thin (Figure 1(j)).

The CD3 ¢epitope staining score for the MSA-C patient with a disease duration of 23
years was 0.83 + 0.13.

A statistical analysis between the CD3-¢-epitope staining score and disease duration
for all 17 MSA-C patients revealed that CD3-¢e-epitope staining score (Y) was correlated
with disease duration (X), with the regression line having the relation ¥ = 2.656 -
0.089.X; and the Pearson correlation coefficient R = —0.705 (p = 0.002) (Figure 2). As
disease duration increased, the CD3-¢-epitope staining score declined. Quantitative
analysis based on statistical methods thus demonstrated that the loss of CD3-&-epitope
reactivity started from the tertiary dendrites, which are the peripheral dendritic
processes, and gradually extended to the secondary and then the primary dendrites as
the disease progressed, with its expression finally lost from the cell body. Both immu-
nohistochemical study and quantitative statistical analysis therefore showed that the
loss immunoreactivity of the CD3 ¢ epitope started at the periphery of the dendritic
arborization of Purkinje cells and proceeded toward the cell body as the center of the
Purkinje cell system, along with disease progression.

Non-neuronal cytoplasmic inclusions, ie., the glial cytoplasmic inclusions (GClIs)
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CD3-¢-epitope staining score

0 5 10 15 20 25
Disease duration (years)
Figure 2. Correlation between CD3-&-epitope staining score of Purkinje cells and disease dura-
tion of MSA-C patients. CD3-¢&-epitope staining score (Y) is correlated with disease duration (X),

with the regression line having the relation ¥'=2.656 — 0.089.X; and the Pearson correlation coef-
ficient R=-0.705 (p =0.002).

were observed in all 17 MSA-C patients. GCIs appeared pale structure in H&E staining
(Figure 3(a)). All GCIs were strongly positive for CD3 ¢ epitope (Figure 3(b)). In ad-
dition, the neurons of pontine nuclei had neuronal cytoplasmic inclusions (NClIs) in 6
of the 17 MSA-C patients. These NCIs were relatively demarcated and appeared pale:
the nuclei were displaced to the cellular periphery in H&E staining (Figure 3(c)). All
NClIs were intensively recognized by immunostaining using antibody against CD3 &
epitope (Figure 3(d)).

Purkinje cells of the normal cerebellum did not show immunostaining by the anti-
body for Ox-SOD1 (Figure 4(a)). By marked contrast, almost of all of the surviving
Purkinje cells showed immunostaining by the anti-Ox-SOD1 antibody at varying in-
tensities, regardless of the disease duration of 17 MSA-C patients (Figures 4(b)-(d)).

4. Discussion

In normal adult cerebellar Purkinje cells, positive reactivity of the CD3 & epitope was
evident in all Purkinje cell bodies and their primary, secondary, and tertiary dendrites.
CD3-&-epitope expression in the cell membrane and cytoplasm of normal adult Pur-
kinje cells is involved in maintaining the morphology of Purkinje cell bodies and pri-
mary, secondary, and tertiary dendrites: namely, one mechanism in maintaining Pur-
kinje cell bodies and the arborization of their dendritic processes in normal adults is the
function of the CD3 gepitope [16] [17].

Our results of immunohistochemical study and quantitative statistical analysis be-

tween the areas of CD3-¢-epitope expression in the residual Purkinje cells of MSA-C
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Figure 3. Glial cytoplasmic inclusion (GCI) and neuronal cytoplasmic inclusion (NCI) in
patients with MSA-C. (a). H&E staining in a patient with MSA-C. GCI appears pale struc-
ture. (b). CD3-&-epitope immunostaining in a patient with MSA-C. GCI is strongly positive
for CD3 ¢ epitope. (c). H&E staining in a patient with MSA-C. NCI is relatively demarcated
and appears pale. The nucleus is displaced to the cellular periphery. (d). CD3-¢-epitope
immunostaining in a patient with MSA-C. NCI is intensively recognized by immunostain-
ing using antibody against CD3 & epitope. Figures 3(a)-(d) (same magnification as Figure
3(a) and Figure 3(c)): Scale bars = 10 pm.

patients and their disease duration revealed the following facts: in the early stages of
MSA-C, CD3-¢g-epitope expression was lost from the tertiary dendrites, which are the
most peripheral of the dendritic processes. As the disease progressed, CD3-&-epitope
expression was next lost from the secondary dendrites and then from the primary den-
drites, finally disappearing off the cell bodies of the residual Purkinje cells. When hu-
mans contract MSA-C, the Purkinje cells are affected by so-called “MSA-C stress,” the
pathogenesis of which remains unknown. The functional and morphological damage to
the Purkinje cells caused by this MSA-C stress starts at the periphery of the dendritic
processes. The degeneration damage goes on to the primary dendrites, which form the
trunks of the dendritic processes, and eventually MSA-C stress extends to the cell bo-
dies that comprise the central part of Purkinje cells. Namely, the degeneration impair-
ment of Purkinje cells affected by MSA-C stress occurs first at the periphery of the
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Figure 4. Immunostaining with antibody against oxidative modification to cysteine sulfonic acid

111

of cys''! in human copper-zinc superoxide dismutase (Ox-SOD1) in human cerebellar Purkinje

cells from a normal individual and patients with MSA-C. (a). Immunostaining with antibody
against Ox-SOD1 in human cerebellar Purkinje cells from a normal individual. Normal Purkinje
cells (arrowhead and PC) are not stained by antibody against Ox-SOD1. (b). Immunostaining
with antibody against Ox-SOD1 in a patient with MSA-C after a clinical course of 3 years. A re-
sidual Purkinje cell (arrowhead and PC) is positive for Ox-SOD1: cell body and major dendrites
express Ox-SODI. (c). Immunostaining with antibody against Ox-SOD1 in a patient with
MSA-C after a clinical course of 4 years. Remaining Purkinje cells (arrowhead and PC) express
Ox-SOD1 and some torpedes (arrowhead and tp) also express Ox-SOD1. (d). Immunostaining
with antibody against Ox-SOD1 in a patient with MSA-C after a clinical course of 8 years. Sur-
viving Purkinje cells (arrowhead and PC) are positive for Ox-SOD1. Figure 4(a), Figure 4(c) and
Figure 4(d) (same magnification as Figure 4(a)): Scale bar = 50 um and Figure 4(b): Scale bar =
50 pum.

dendritic processes and extends toward the cell body as the center of the Purkinje cell
system.

In the normal developmental process of Purkinje cells from the fetal period through
infancy and childhood to adulthood, the CD3 & epitope first appears in the Purkinje cell
body (as the center of the cell system) at 21 weeks gestation. As normal development
proceeds, it is expressed first in the primary dendrites, which form the trunks of the
dendritic processes, and then in the secondary and the tertiary dendrites in that order
[16]. Based on the fact that the functions of CD3 ¢ epitope in human cerebellar Pur-
kinje cell are involved with morphogenesis and morphological maintenance of normal
developmental stage of Purkinje cells [16], the MSA-C Purkinje cells are considered to
be impaired from the peripheral dendrites toward the cell bodies as the center of the
Purkinje cell system: the degeneration process in the MSA-C Purkinje cells is the oppo-

site process to that of the normal development.
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Cytosolic copper-zinc superoxide dismutase (SOD1) is the most symbolic and typical
antioxidant defense enzyme, which eliminates free radicals that cause Purkinje cell
damage: SOD1 prevents Purkinje cell damage from free radicals [8] [19] [20]. This is
the first report that the surviving Purkinje cells in MSA-C patients expressed Ox-SOD1:
even SOD1 in the MSA-C Purkinje cells is itself in a strongly-oxidized state.

Taken into the consideration that normal Purkinje cells did not express Ox-SODI,
the oxidative stress could be involved as one cause of the degeneration of Purkinje cells:
one of the pathogeneses of MSA-C stresses is an oxidative stress.

The accumulation of a-synuclein is considered to be one of pathogeneses in MSA-C
[1]. This consideration is based on the fact that a-synuclein accumulates in glial cytop-
lasmic inclusions (GCIs) [1] [21] and neuronal cytoplasmic inclusions (NCIs) [1] [22].
GCIs and NCIs have been considered histological hallmarks of MSA [1] [21] [22]. In
addition, MSA is characterized by neuronal loss, astrocytosis, and myelin pallor; the
most severe lesions are found in the cerebellar Purkinje cells. As for the pathogenesis of
the myelin pallor in MSA, GCIs are thought to play a significant role, and the forma-
tion of these GCIs may be the crucial event through which the oligodendroglia-mye-
lin-axon pathology causes neurodegeneration [23] [24] [25]. This hypothesis may be
supported by the reports about the widespread myelin degeneration in MSA [26] and
the loss of myelinated large fibers in corticopontine tracts [27]. In addition, the oli-
godendrocyte-myelin-axon-neuron relationship pathology would cause the neuronal
death [23].

Together with the possibility that a-synuclein could act as an important factor on the
basis of aggregation toxicity, we discuss new findings that GCIs and NCIs were strongly
positive for the CD3 & epitope. When oligodendrocytes are affected by a-synuclei-
nopathy, their morphogenesis is hypothesized to be damaged and the oligodendrocytes
begin to degenerate. In response to the degeneration stress, the oligodendrocytes could
upregulate the CD3 & epitope as a repair factor for morphological maintenance and
morphogenesis. As a result, the upregulated CD3 ¢ epitope is sequestered into the in-
clusions together with a-synuclein. This causes the specific staining in GCIs for the
CD3 e-epitope. Through the oligodendrocyte-myelin-axon-neuron relationship, a-
synucleinopathy stress on neurons causes NClIs to form. Since the same pathological
process as GCIs could apply to NCIs, NCIs were also intensively positive for CD3 &
epitope. However, the relationship between the inclusion formation and the intense

oxidative stress remains to be unknown.

5. Conclusion

We have showed that the surviving Purkinje cells in patients with MSA-C are subject to
severe oxidative stress by using the antibody to Ox-SOD1. We have discovered that the
MSA-C Purkinje cells are impaired from the peripheral dendrites toward the cell bodies
as the center of the Purkinje cell system by using the antibody against CD3 & epitope:
the functional impairment of morphogenesis and morphological maintenance related

to CD3-&-epitope expression of the MSA-C Purkinje cells follows the opposite order to
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that of the normal development. We have also demonstrated that the antibody against
CD3 ¢ epitope specifically recognizes GCIs and NCIs, which are pathological hallmarks
of MSA.
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