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Abstract We have studied microtubule-associated pro-
tein 2 (MAP2) expression in anterior horn neurons in the
cervical and lumbar spinal cords of 19 cases of adult-on-
set sporadic amyotrophic lateral scerlosis (ALS) using im-
munohistochemistry. Specimens from 7 patients without
neurological disease served as controls. MAP2 expression
decreased in the anterior gray horn of all ALScasesandin
the intermediate gray of several ALS cases. Such reduc-
tion correlated with the degree of degeneration or neu-
ronal lossin anterior horn cells and with the clinical symp-
toms of limb weakness. Cytopathologically, the MAP2 im-
munoreactivity decreased corresponding to the occur-
rence of individual signs of neuronal degeneration, such
as chromatolytic neurons, shrunken neurons and pig-
mented neurons. MAP2 expression was relatively well
preserved in the specimens in which spheroids are con-
spicuous. Thefindings of this study demonstrate MAP2 to
be an excellent marker for the detection and quantification
of anterior horn degeneration in ALS.

Key words Amyotrophic lateral sclerosis -
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Introduction

Amyotrophic lateral sclerosis (ALS) is a human motor
neuron disease that is characterized by a degeneration of
motor neurons in the spinal cord, brain stem, and motor
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cortex. Typical symptoms consist of a degeneration of the
motor neurons leading to denervation atrophy of the
skeletal muscles and ultimately to paralysis and death.
The etiology of the degeneration of the motor neurons in
ALS is unknown. There are currently several theories re-
garding the pathogenesis of ALS [9], such as the excito-
toxic hypothesis, the calcium channel autoantibody hy-
pothesis, the oxidative stress hypothesis and the cy-
toskeletal hypothesis. Several immunohistochemical stud-
ies have been carried out on anterior horn cells in ALS
[12], but until recently little immunohistochemical re-
search has been done using microtubulue-associated pro-
tein 2 (MAP2) to estimate the somatic or dendritic changes
in ALS.

MAP2 is one of the most abundant neuronal micro-
tubule-associated proteins [36]. MAP2 promotes tubulin
polymerization into the microtubules, and microtubule as-
sembly or reassembly. MAP2 is a stringent marker for neu-
rons. In the central nerve system, MAP2 is found specifi-
cally in the neuronal cell bodies and dendrites.

Here we report that MAP2 immunostaining markedly
decreased in the anterior gray horn in ALS. Using im-
munohistochemical methods, we analyzed the neurond
change, axonal change and inclusion bodies, and com-
pared the histological changes with clinical symptoms
such as duration and muscle power in ALS.

Materials and methods
Tissue source

This investigation was carried out on the spinal cords obtained at
autopsy from 19 cases of adult-onset sporadic ALS (average age
62.1 years) and 7 control cases (average age 67.1 years) (Table 1).
The postmortem interval ranged from 2 to 21 h (average 5.4 h).
Clinical involvement in the bulbar sign (BS), upper limb muscle
strength (UL) and lower limb muscle strength (LL) of ALS cases
are summarized in the Table 1. The limb muscle weakness was
graded as follows: 0, muscle strength was almost completely pre-
served at 1 month before death; —1, muscle strength was mildly de-
creased but the patients could work throughout the clinical course;
and —2, muscle weakness was so severe that the patients were bed-
ridden. The bulbar sign was assessed at the advanced stage of the
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Table 1 Summary of clinical data and immunohistochemical re-
sults. Clinical grade (were scored as: 0 normal; —1 moderately af -
fected; —2 severely affected; and the pathological grade (as: 0 no
change; —1 mild changes of neuronal loss, gliosis and volume loss;
—2 moderate changes; —3 severe changes) MAP2 immunoreactivity
is given in relative optical density; for C: 0 > 0.7; =1 0.5-0.7; -2
0.3-0.5; -3<0.3; and for L: 0 > 0-6; -1 0.4-0.6; -2 0.2-0.4; -3 <
0.2. Spheroids are graded as: 0 none; +1 afew; +3 many; +2 be-

tween +1 and +3. [UL upper limb weakness, LL lower l[imb weak-
ness, BS bulbar sign, D dementia (— or +), LMN lower motor neu-
ron, UMN upper motor neuron, C cervical spinal cord, L lumbar
spinal cord, MAP2 microtubulue-associated protein 2, |G interme-
diate gray, MAG medial division of the anterior gray horn, LAG
lateral division of the anterior gray horn, CRF chronic renal fail-
ure, HCC hepatocellular carcinoma, LC liver cirrhosis, DM dia-
betes mellitus]

Case Age/ Duration Clinica Pathological MAP 2 Spheroids
no. sex  (months)
UL LL BS D LMN UMN C L C L
C L C L IG MAG LAG IG MAG LAG MAG LAG MAG LAG

ALS
1 60/F 11 -2 o -2 0 -1 -1 -1 -4 0o - -1 0 - -1 +1 +1 +3 +3
2 59M 13 2 2 -1 0 =2 4 0 0 o -1 -1 -1 o0 0 0 0 +2 43
3 67//M 18 -2 41 -2 0 3 -1 -3 =3 0 - -1 -1 2 -2 +1 +1 +2 +2
4 55/[F 24 -2 2 -2 0 3 3 3 3 =2 =3 -3 -3 2 -2 0 0 0 0
5 83IF 25 2 2 2 0 3 3 3 3 2 =2 =3 41 =2 =2 0 0 0 0
6 7UF 26 2 =2 2 0 3 41 3 3 2 3 =2 -1 o0 0 0 0 +1 +2
7 58/M 28 -2 O 2 0 3 2 3 =2 0 o -2 0O o0 0 +1  +1  +2 43
8 51/M 32 -2 o -1 + =2 414 -1 -4 0 - -1 0 -1 +1 0 +3 0
9 6LUF 36 -2 o 2 0 =2 41 -1 -4 0 - -1 0 0 -1 +1 +1 +3 +3
10 54/M 38 11 41 -2 0 3 2 3 3 =2 =2 -2 2 2 -1 0 0 0 +1
11 63/F 45 -2 -1 2 0 3 =2 3 3 1 -4 -1 0 -1 0 0 0 +1 +1
12 77/M 51 2 =2 2 0 =2 =2 -1 =2 0 0 0 0o -1 -1 0 0 O +1
13 6VYF 53 -2 2 2 0 3 3 3 =2 1 =2 -2 0 2 -2 0 0 +1 0
14 45/F 60 2 2 2 0 3 2 3 3 =2 =2 =2 0 O 0 0 0 0 0
15 60/F 72 -2 2 -2 0 3 3 3 3 -1 = -3 0 4 -2 0 0 0 0
16 53/M 72 -2 41 -1 0 3 3 -1 -1 -1 =2 -3 -1 -1 -1 0 0 +1 0
17 68/M 72 2 -1 -1 0 3 -1 0 0o -1 0 0o -1 -1 0 +1  +1 +3 43
18 69/F 79 2 =2 -1 0 -3 3 0 o -1 -1 -1 -1 -2 -3 0 0 0 0
19 65/M 108 -2 -1 2 0 3 -1 =2 =2 0 - -1 0 -1 -1 0 0 +2 +2

Control Causes of death
C-148/M CRF 0 O 0 0 0 0 0 0 -1 -1 +1 0 +1 0
C-261/M HCC, LC 0 O 0 0 0 0 0 0O o 0 0 0 0 +1
C-362/M HCC 0 O 0 0 0 0 0 0 O 0 0 +1 0 +1
C-469/F Gastric cancer 0 0 0 0 0o -1 -1 0 -1 0 0 +1 +1 +1
C-571/F CRF, DM 0 0 0 0 0 0 0 0 0 0 +1 0 +1 +2
C-6 73/M Lung cancer 0 0 0 0 0 0 0 0 0 -1 0 0 0 +1
C-786/F Lung cancer 0 0 0 0 0 -1 0 0 -1 0 +1 +1 +3 +3

disease, and was graded as follows: O, normal; 1, moderately af-
fected; and 2, severely affected. Dementia was recognized in one
patient (case 8). Case 4 was previously reported by Kondo et a.
[14].

The spinal cords were fixed for approximately 2 weeks in
buffered 10% formalin, and embedded in paraffin. After embed-
ding, 6-pm-thick sections were prepared. For routine neuropatho-
logical studies, the sections were stained with hematoxylin-eosin
(H&E), Bodian's stain and Kliver-Barrera’'s (KB) stain. The
pathological changesin thelower motor neurons were carefully as-
sessed for the degree of gliosis, neuronal loss and volume loss of
the anterior gray horn, and degeneration in the pyramidal tract was
carefully assessed by the the presence of vacuolation and macro-
phages infiltration. The morphological changes were graded from
O0to -3 (Table 1).

Antibodies

The following antibodies were used in the immunohistochemical
assays: mouse monoclonal antibodies (mAb) against MAP2 (clone

AP-20, Boehringer Mannheim, 5 pg/ml; clone HM-2, Sigma,
1:500: HM-2 reacts with all known forms of MAP2, i.e., MAP2a,
MAP2b and MAP2c, while AP20 recognizes an epitope on the
high molecular weight MAP2 forms, i.e.,, MAP2aand MAP2b, but
shows no reaction with MAP2c), a mouse mAb against phospho-
rylated neurofilament (NF; clone 2F11, DAKO, 1:500), a mouse
mAb against ubiquitin (Ub; Chemicon, MAB 1510, 1:1000) and a
rabbit antiserum against human cystatin C (Dakopatts; 1: 1000).

Immunohistochemistry

Immunohistochemical staining was carried out using the indirect
immunoperoxidase method. Anti-mouse or anti-rabbit 1gG conju-
gated with horseradish peroxidase (HRP) were purchased from
Vector laboratories (USA). The sections were deparaffinized in
xylene, hydrated in ethanol, and incubated with 0.3% hydrogen
peroxide in absolute methanol for 30 min at room temperature to
inhibit endogenous peroxidase. After rinsing the sections in tap
water, they were completely immersed in distilled water and then
were autoclaved for 10 min to enhance the immunoreactivities of



MAP2, cystatin C and Ub. After pretreatment, the sections were
incubated with a primary antibody diluted in 5% nonfat milk in
TBST (25 mM TRIS-HCI pH 7.6 containing 0.5 M NaCl, 0.05%
NaN;, 0.05% Tween 20) at 4°C overnight and then with an anti-
mouse or anti-rabbit 1gG antibody conjugated with HRP (1:200)
in phosphate-buffered saline for 3060 min at room temperature.
The colored reaction product was developed with 3,3'-di-
aminobenzidine tetrahydrochloride (DAB) solution (0.02% DAB,
0.003% H,0,, 50 mM TRIS-HCI pH 7.6). The sections were
counter-stained lightly with hematoxylin. Double immunostaining
was carried out as follows. The sections were incubated with anti-
MAP2 at 4° C overnight, and a brownish reaction product was de-
veloped with DAB. The sections were subsequently washed in
0.1 M glycine-HCI buffer, pH 2.2 for 2 h, water for 15 min and
50 mM TRIS-HCI for 30 min. The sections were then incubated
with the second primary antibodies: anti-phosphorylated NF, anti-
cystatin C or anti-Ub at 4°C overnight. After incubation with
HRP-conjugated secondary antibodies, color development was
performed with a mixture of 0.05% DAB, 0.01% cobalt chloride,
0.0003% H,0, in 50 mM TRIS-CHI ph 7.6 to give a dark-bluish
reaction product. Sequential sections were then stained with the
same pair of antibodies but in the reverse order.

Semiquantitative analyses

To measure MAP2 immunoreactivity, the cross sections of the
spinal cord at the cervical (C6) and lumbar (L3) were partitioned
into four areas as shown in Fig. 1. The images of the sections were
scanned by Scanjet Ilc (Hewllet Packard, USA) and Adobe Photo-

B

Fig.1 Schematic drawing of the cervical spina cord (A) and the
lumbar spinal cord (B) [IG intermediate gray, MAG medial divi-
sion of the anterior gray horn (whose neurons supply the truncal
muscle), LAG latera division of the anterior gray horn (whose
neurons apply the limb muscle), PG posterior gray horn, P poste-
rior column (whose density has been used for calibration of the
background density)]
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shop software version 3.0J. A densitmetric analysis was performed
using NIH image software version 1.60.

The quantity of MAP2-immunoreactive products was ex-
pressed as the optical density (OD). The relative amount of MAP2
in the intermediate gray (IG) was calculated as (OD,g — ODp) di-
vided by (ODpg — ODg), MAP2 in the medial division of the ante-
rior gray horn (MAG) was calculated as (ODyac — ODp) divided
by (ODpg — ODp) and MAP2 in the lateral division of the anterior
gray horn (LAG) was calculated as (OD pg — ODp) divided by
(ODpg — ODp), Where OD,, ODyac, OD| ac, ODp and ODp Stand
for the average OD per square in the |G area, in the MAG area, in
the LAG area, in the posterior column (P) area and in the posterior
gray horn (PG) area, respectively (Fig.1).

The data obtained were assessed by Student’s t-test and
Welch's t-test. We anayzed the both halves of the corss sections,
and since the values for each side were not significantly different,
we show here just the data for the right half of the spinal cord.

Results

The clinical data and immunohistochemical findings are
summarized in Table 1. Immunohistochemistry using two
distinct mAb against MAP2, consisting of clone HM-2
and clone AP20, gave identical results in the different
cases examined. Thus, we show only the immunohisto-
chemical findings for clone AP20 in the figures.

Controls

The gray matter of the spinal cords displayed diffuse, pos-
itive immunostaining for MAP2 (Fig.2A, D). The den-
drites and somata of the anterior horn cells stained
densely for MAP2. The white matter was not immunola-
beled. The OD patterns of MAP2 are shown in Fig.3.
MAP2 expression in the LAG area was relatively in-
creased in the controls.

The axon, spheroids and globules (the latter being
< 20 um in diameter) were labeled by the NF immunos-
taining. Only afew of the spheroids were seen in the con-
trols, especially in the elderly persons. The perikaryon
and dendrites were not immunostained by NF in most
cases.

Cystatin C-positive small granules were seen in the
normal neurons of the anterior horns, but no Bunina bod-
ies were detected. No ubiquitin-positive inclusion bodies
(Uhbl), such as skein-like inclusions and spherical inclu-
sions, were observed.

ALS cases

MAP-2 immunoreactivity in the anterior gray horn was
closely correlated with the preservation of the anterior
horn cells. In the patients with mild neuronal cell deple-
tion, MAP2 immunoreactivity was preferentially dimin-
ished in the lateral or ventro-lateral portion of the anterior
gray hornin comparison to that of the medial portion (Fig.
2B, E). On the other hand, the MAP2 immunoreactivity
was diffusely decreased in the anterior gray horn, mildly
decreased in the intermediate gray and only dlightly de-
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Fig.2 Comparative immuno-
histochemistry of the 6th cervi-
cal spinal cord (A—C), the 3rd
lumbar spinal cord (D—F) and
medulla oblongata (G, H) of
either control case (A, D, G) or
ALScases (B, C, E, F, H)
probed with monoclonal anti-
body against MAP2. Positive
immunoreactivity for MAP2 is
localized in the gray matter
from a control case (A and D,
case C-4). MAP2 immunoreac-
tivity of ALS with mild neu-
ronal depletion (B and E, case
10) is selectively decreased in
the lateral or ventrolateral por-
tion of the anterior gray horn,
compared with that of the me-
dial portion. MAP2 immunore-
activity of ALS with severe
loss of anterior horn neurons
(C and F, case 15) is severely
decreased in the anterior gray
horn, mildly decreased in the
intermediate gray and slightly
decreased in the posterior gray
horn. MAP2 immunoreactivity
in the hypoglossal nuclei is
markedly diminished in the
ALS case with bulbar symp-
toms (H, case 17) in compari-
son to anormal case (G, case
C-3) (ALSamyotrophic lateral
sclerosis, MAP2 microtubule-
associated protein 2). Bars

A (asofor B-F), G aso

for H) 1 mm

creased in the posterior gray horn in the severe cases of
ALS (Fig.2C, F). In general, MAP2 immunoreactivity in
the cervical spinal cords decreased more dramatically
than in the lumbar spinal cords (Fig.2B, C, E, F). When
the semiquantitative data of MAP2 immunoreactivity in
both the anterior gray horn and the intermediate gray were
compared, every ALS cases showed a significant de-
crease, especidly in the LAG area of both cervical (P =
0.0000019) and lumbar spinal cords (P = 0.0046) (Fig. 3).
MAP2 immunoreactivity in the PG area appeared to de-
crease dightly in some severe ALS cases, whereas the
semiquantitative data of the MAP2 in PG, when calcu-
lated as (ODpg — ODp), showed no significant difference
between the ALS cases and the control cases (cervica
spinal cord: P = 0.31, lumbar spinal cord: P = 0.56).
MAP2 immunoreactivity was markedly reduced in the hy-

poglossal nuclel in the ALS cases with the bulbar sign
(Fig.2G, H).

Cytopathologically, the appearance of the remaining
motor neurons in the ALS cases ranged from normal-ap-
pearing neurons (Fig.4C) to chromatolytic neurons (Fig.
4A), shrunken neurons (Fig.4C) and pigmented neurons
(Fig.4C) [11, 31]. MAP2 immunoreactivity was well pre-
served in the perikarya and dendrites of the normal-ap-
pearing neurons (Fig.4B, D, E), but was dlightly de-
creased in the perikarya and dendrites of the chroma-
tolytic neurons (Fig.4B) and moderately to severely de-
creased in both shrunken neurons (Fig.4D) and pig-
mented neurons (Fig.4E).

NF immunoreactivity probed with 2F11 antibody was
enhanced in the axons, globules, spheroids and some an-
terior horn cells. Numerous spheroids were seen particu-
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Fig.3 The relative amount of MAP2 immunoreactivity in the an-
terior gray horn and the intermediate gray of the cervical and lum-
bar spinal cords (control n =7, ALS n = 19), compared with con-
trols by Student’s t-test or Welch's test. * P < 0.05, ** P < 0.01.
MAP2 immunoreactivity decreased significantly in both the ante-
rior gray horn and the intermediate gray of the ALS cases, espe-
cialy in the lateral division of the anterior gray horn in both the
cervical (P = 0.0000019) and lumbar spinal cord (P = 0.0046) (1G
the intermediate gray, MAG the medial division of the anterior
gray horn, LAG the lateral division of the anterior gray horn,
C-cord cervical spinal cord, L-cord lumbar spinal cord)

larly in the lumbar spinal cords of cases whose lower [imb
muscle strength was preserved (LLMP cases: cases 1, 3,
7, 8, 9, 17, 19). When the semiquantitative data on the
MAP2 immunoreactivity were compared among the three
groups. the control cases, ALS cases with numerous
spheroids (ALS-NS: case 1, 2, 3,7, 8,9, 17, 19) and ALS
cases with paucity of spheroids (ALS-PS), the MAP2 im-
munoreactivity of the anterior gray horn of the ALS-PS
group was found to decrease significantly (P < 0.05), but
no significant difference was observed between the con-
trol cases and the ALS-NS cases except for the data of the
LAG areain the cervical spinal cords (Fig.5). Incase 9, a
few spheroids were rimmed by dense MAP2 immunostain-
ing, which seemed to represent a proximal axonal swelling
(Fig.6A, B). In case 4, MAP2 immunoreactivity increased
in the perikarya of the anterior horn cells containing a phos-
phorylated NF-positive inclusion (NFI), but no MAP2 im-
munostaining was seen in the inclusion itself (Fig. 6C).
Immunoreactivity for cystatin C was detected in Bun-
ina bodies, as reported by Okamoto et al. [25], and the
MAP2 immunoreactivity was mildly to severely decreased
in the perikarya of the anterior horn cells bearing Bunina
bodies (Fig.6D). Ub immunoreactivity was localized in
skein-like inclusions and spherical inclusions, while the
MAP2 immunoreactivity slightly decreased in the perikarya
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of the anterior horn cells containing Ubl (Fig. 6 E). Bunina
body and Ubl were not immunostained with MAP2 anti-
bodies as previously reported by Murayama et al. [24].

Discussion

Our study points to MAP2 as being an excellent marker
for the detection and quantification of the anterior horn
degeneration in ALS, which is difficult to visually esti-
mate by H& E and KB staining. By measuring the size of
the anterior horn cells, Oyanagi et a. [26, 27] demon-
strated that the degeneration of the anterior horn in ALS
occurred from the lateral devision of the anterior horn and
the intermediate gray and was aso affected in the ad-
vanced stage, while the degeneration of the cervical spinal
cord preceded that of the lumbar spinal cord. Some recent
studies have shown that synaptophysin immunoreactivity
decreased from the ventro-lateral portion of the anterior
horn of ALS [19, 29]. Our MAP2 immunohistochemical
results support these observations and allow usto quantify
them more easily. In addition, MAP2 immunoreactivity
decreased dlightly in the posterior gray horn in some se-
vere cases, which may imply that posterior horn was also
affected in ALS.

It has been reported that chromatolytic neurons can be
found in ALS with a rapid course, that shrunken neurons
may well have been an artifact and pigmented neurons
may result from the excessive accumulation of lipofuscin
[11, 31]. These pathologica findings were observed in a
mosaic pattern in the same sections of the ALS. However,
the pathological process shared in these cells and their lin-
eages are not clear. The present study demonstrated that
MAP2 immunoreactivity markedly decreased in the
shrunken neurons and pigmented neurons. As aresult, the
MAP2 immunoreactivity closely correlated with the indi-
vidual cytological alterations and also helped to character-
ize the distinct pattern of neuronal degeneration in the an-
terior horn cellsin ALS.

Bunina bodies and Ubl are intracytoplasmic inclusions
reported in the lower motor neurons of patients with ALS
[17]. These inclusions have been carefully investigated
because of the possibility that they may give us some
cluesto help resolve the pathogenic mechanisms involved
in the selective degeneration of the upper and lower motor
neuron in ALS. Our results indicate that many Bunina
bodies exist in the pigmented neurons. MAP2 immunore-
activity decreased more severely in the perikaryon con-
taining Burnina bodies than in the perikaryon containing
Ubl, but MAP2 immunoreactivity was not directly af-
fected by the appearance of these inclusion bodies them-
selves. Further cytopathological examinations are thus
called for to the clarify the mechanism of formation of
these inclusions.

In relation to the clinical symptoms, MAP2 immunore-
activity was better preserved in the LLMP cases than in
the other classical ALS cases. However, MAP2 im-
munoreactivity was not necessarily preserved in the long-
duration ALS cases. Hanyu et al. [10] demonstrated that
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Fig.4A-E The cytopathological findings and immunohistochem-
istry of the anterior horn cells of cases with ALS. A, C The ap-
pearance of the remaining anterior horn neurons ranges from nor-
mal-appearing neurons (C, arrowhead) to chromatolytic neurons
(A, arrow), shrunken neurons (C, small arrow) and pigmented
neurons (C, large arrow). The pigmented neuron stained dark blue
with Luxol-fast blue. MAP2 immunoreactivity is preserved in the
perikarya and dendrites of a remaining normal-appearing neurons
(B, D, E, arrowhead), but is slightly decreased in a chromatolytic
neuron (B, arrow), moderately decreased in a shrunken neuron
(D, arrow) and dramatically decreased in a pigmented neuron
(E, large arrow) in ALS case (case 1). Bar D (also for A-E)
100 pm

the number of large myelinated fibers of C6 and C8 de-
creased significantly in ALS cases, which aso correlated
with the muscle strength of the ipsilateral upper limb as
determined by manual muscle testing before death. Sobue
et al. [32] proposed that the loss of anterior horn cells and
the ateration of large myelinated fibers in ALS signifi-
cantly correlated with the muscle strength and duration of
symptoms. Furthermore, according to our results, anterior
horn degeneration correlated more closely with clinica
severity than with the clinical duration.




Normal
i B ALS-NS
1.0 |'| M ALS-PS

OD ratio

AAALIIIIAIIRNNNNNY

IG MAG LAG IG MAG LAG

C-cord L-cord

Fig.5 The relative optical density for MAP2 in the anterior gray
horn and intermediate gray of the cervical and lumbar spinal cord
[control n =7, ALS with numerous spheroids (ALS-NS) n= 8, ALS
with paucity of spheroids (ALS-PS) n = 11], in comparison to
the controls by Student’s t-test or Welch's-test. * P < 0.05,.
** P < 0.01. MAP2 immunoreactivity of the anterior gray horn of
the ALS-PS decreased significantly (P < 0.05). but not significant
difference is observed between controls and ALS-NS except for
the LAG (abbrevation asin Fig. 3)

F AR Y VNT
_.b‘.

19

In recent pathological studies, the alteration of the
Golgi apparatus [6, 21, 22, 34], synapse [19, 29], or den-
drites [13] has been reported, but one of the most notable
pathological findingsin either familial or sporadic ALSis
the abnormal accumulation or phosphorylation of NF in
the perikarya and proximal axons of the spinal motor neu-
rons. NF accumulation or phosphorylation has been con-
sidered to be a sign of degeneration [1, 16, 30], possibly
preceding cell death in ALS[18, 20, 23, 33]. Although the
accumulation or phosphorylation of NF is commonly ob-
served in the early stage of ALS, this phenomenon has

Fig.6 A—E Double immunostaining of the anterior horn cells in
the caseswith ALS. A Double immunostaining for MAP2 (grayish
blue) and phosphorylated NF (brown), the spheroid is strongly im-
munostained for NF (arrow) (case 9). B In serial sections, the
spheroid immunostained for NF (grayish blue) is rimmed with
dense MAP2 immunostaining (brown, arrow). C MAP2 im-
munoreactivity (brown) increased in the perikaryon of the anterior
horn cell containing a phosphorylated NF-positive inclusion (gray-
ish blue) (case 4). D Double immunostaining visualizing MAP2
(brown) and cystatin C (grayish blue). Bunina bodies are im-
munostained by cystatic C (arrow), and MAP2 immunoreactivity
is preserved in the mostly normal-appearing neuron (arrowhead),
whereas thisis mildly to severely decreased in the perikarya of the
anterior horn cells containing Bunina bodies (case 8). E Double
immunostaining visualizing MAP2 (brown) and ubiquitin (grayish
blue). A skein-like inclusion and a spherical inclusion (arrows) are
immunopositive to ubiquitin. MAP2 immunoreactivity is pre-
served in the mostly normal-appearing neuron (arrowhead), but is
dlightly decreased in the perikaryon containing ubiquitin-positive
inclusions (case 8). Bars A (also for B), C 25 um; D (aso for E)
100 pm




20

been widely viewed as a secondary effect of neurona de-
generation, thus reflecting a defective axonal transport [5,
7]. However, some recent investigations have also sug-
gested that the NF can play a causal role in ALS. Trans-
genic mice overexpressing NF proteins developed motor
neuron disease [2, 3, 15, 37]; in addition, some of the hu-
man SOD1 mutant mice showed an accumulation of NF
in motor neuorns [8, 28, 35]. Furthermore, variant alleles
of the NF heavy subunit gene have aso been found in
some human AL S patients [4]. Our findings are consistent
with the hypothesis that the alteration of NF is a crucial
event for the pathogenesis since MAP2 immunoreactivity
was relatively preserved in anterior horns which con-
tained either many spheroids or NFI.

In conclusions, MAP2 was found to be useful for de-
tecting and quantifying lower motor neuron degeneration
in ALS. MAP2 immunoreactivity in the anterior horns of
ALS was more closely related with clinical severity than
clinical duration. Regarding the cytopathological aspects,
MAP2 immunoreactivity was decreased especialy in the
shrunken neurons and pigmented neurons, some of which
contained Bunina bodies.
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