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Summary. This  r e p o r t  conce rns  i m m u n o c y t o c h e m i c a l  
and  u l t r a s t ruc tu r a l  s tud ies  on  the  ba soph i l i c  inc lus ions  in 
two cases  of  s p o r a d i c  j uven i l e  a m y o t r o p h i c  l a t e r a l  
sclerosis  ( A L S ) .  T h e  inc lus ion  had  a g lobular ,  i r r egu la r -  
s haped ,  o r  s o m e t i m e s  f r a g m e n t e d  a p p e a r a n c e .  U l t r a -  
s t ructural ly ,  t he  inc lus ions  cons i s t ed  ma in ly  of  th ick  
f i l a m e n t o u s  s t ruc tu res  a s soc i a t ed  wi th  granules .  Foca l  
n e u r o f i l a m e n t o u s  a c c u m u l a t i o n s  were  occas iona l ly  ob-  
se rved  a m o n g  the  g r a n u l o f i l a m e n t o u s  s t ruc tures .  T h e  
ba s oph i l i c  inc lus ions  occas iona l ly  showed  g r a n u l a r  reac-  
t ion  p r o d u c t  d e p o s i t s  w i th  an  a n t i b o d y  to  ub iqu i t in .  T h e  
inc lus ions  d id  no t  r eac t  wi th  a n t i b o d i e s  to  p h o s p h o r y -  
l a t e d  n e u r o f i l a m e n t  and  to  t a u  p ro t e in .  
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Severa l  p a t h o l o g i c a l l y  d o c u m e n t e d  cases  of  m o t o r  neu-  
ron  d i sease  ( M N D )  wi th  an  o n s e t  be fo re  t h e  age  of  20 
have  b e e n  r e p o r t e d  as s p o r a d i c  j uven i l e  A L S  [2, 6, 8, 
29 -31 ,  37-39] .  C y t o p l a s m i c  ba soph i l i c  inc lus ions  were  
o b s e r v e d  as cha rac t e r i s t i c  f ea tu re s  in four  cases  [2, 29, 
31, 39]. U l t r a s t ruc tu ra l ly ,  t he se  inc lus ions  have  b e e n  
shown to consis t  o f  r a n d o m l y  i n t e r w o v e n  tubu les  wi th  
g r a n u l a r  e n d o p l a s m i c  r e t i c u l u m  [31]. Since  no  i n fo rma-  
t ion  is ava i l ab le  r ega rd ing  the  i m m u n o c y t o c h e m i c a l  
cha rac te r i s t i c s  o f  t he  basoph i l i c  inc lus ions  in j uven i l e  
A L S ,  we e x a m i n e d  two cases  wi th  this  d isorder .  

Materials and methods 

The spinal cord and medulla oblongata were obtained post- 
mortem from two patients with sporadic juvenile ALS. The first 
patient (case 1) was a 22-year-old woman with a 32-month interval 
between disease onset and death. Muscle weakness and atrophy 
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were first noted in the hypothenar muscles, and progressed to 
involve all limbs. A moderate degree of dementia, eye movement 
dysfunction and autonomic symptoms developed later. During the 
final few months she was artifically ventilated. The second patient 
(case 2) was a 23-year-old woman with a 6-month history, who first 
noticed weakness of her left arm. She had a history of delayed 
development but had no autonomic or extraocular muscle disor- 
ders. 

Neuropathological examination of both cases showed degener- 
ation of anterior horn cells and pyramidal tracts with characteristic 
basophilic intracytoplasmic inclusions in the anterior horn cells. In 
case 1, these inclusions were observed in other neurons of various 
locations within the central nervous system. Tissues were fixed in 
formalin and embedded in paraffin. Sections stained with hema- 
toxylin and eosin (H&E), modified Bielschowsky stain, Kl[iver- 
Barrera and methyl green pyronin were examined. 

Irnmunohistochemical studies 

The following antibodies were used in this study: a rabbit antibody 
to ubiquitin (donated by Drs. S.-H.Yen and H. Ksiezak-Reding) 
[19], a mouse monoclonal antibody to medium- and high-molecu- 
lar weight subunit of phosphorylated neurofilament (pNF) 
(SMI 31, Sternberger-Meyer, Inc.) and a mouse monoclonat 
antibody to tau protein (Tau-2, Sigma Chemical Co.) [3, 32]. 

Six-micrometer sections were mounted onto poly-L-lysine- 
coated slides. Sections were deparaffinized, hydrated and immu- 
nostained. The antibody to ubiquitin and Tau-2 were diluted 
1: 2000 with phosphate buffer saline (PBS) containing 3 % bovine 
serum albumin and SMI 31 was diluted 1:10000. Sections were 
incubated with primary antibodies overnight at 4~ Bound 
antibodies were detected by using the appropriate avidin-biotin- 
peroxidase complex (ABC) Kit (Vector Laboratories) [11]. Incu- 
bation times with biotinylated secondary antibody and ABC 
reagent were 50 min each at room temperature. Diaminobenzidine 
tetrahydrochloride was used as chromogen. The sections were 
lightly counterstained with hematoxylin. To obtain a comparison 
between H&E staining and immunostaining of the same section, 
several sections were first stained with H&E, photographed, 
decolorized with ethanol, and then stained for pNF or ubiqui- 
tin. 

Ultrastructural studies 

These were done on deparaffinized blocks (case 1) and formalin- 
fixed tissues (case 2)~ Specimens were posffixed in 1% osmium 
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tetroxide and embedded in epoxy resin. Ultrathin sections were cut 
and stained with uranyl acetate and lead citrate following standard 
procedures. 

The  inclusions stained intensely with cresyl violet and 
lightly purple with methyl  green pyronin. None  was 
argyrophilic when subjected to silver impregnation.  

Results 

The  basophilic cytoplasmic inclusions had various 
shapes,  somet imes  they exhibited a round,  elliptical, 
globular or irregular appearance ,  and some of them were 
foliated and f ragmented .  They  had no core or halo, and 
some inclusions had a vesicular appearance  (Fig. 1A).  

Irnmunohistochemistry 

When stained with anti-ubiquitin ant ibody the reaction 
products  appeared  as granular dot-like structures were 
observed in the gray and white mat ters  [7]. In  many  
instances the staining intensity of the basophilic inclu- 
sions did not  exceed the background level. However,  

Fig. 1. A Basophilic inclusion in the medulla. Case 1, Kltiver-Barera stain. B Granules in a basophilic inclusion in a lumbar anterior horn 
cell showing positive reaction with anti-ubiquitin antibody (arrow). Case 2, hematoxylin counterstain. A x 1,350; B x 1,220 

Fig. 2A-D. Basophilic inclusions of case 1. B Ubiquitinated granules; A same section stained with H&E. D Absence of positive reaction 
with anti-pNF antibody; C section stained with H&E. Ub: ubiquitin; Nf: neurofilament; A, B x 1,780; C, D • 1,740 
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Fig. 3A-C. The inclusion consists of a meshwork of thick filamentous structures associated with granules (A, C case 2 of sporadic juvenile 
ALS; B case 1). Focal neurofilamentous accumulation can be seen among the granulofilamentous structures (C). A x 7,300; B x 44,000; 
C x 34,000 

both cases had some basophilic inclusions which showed 
granular immunoreactivity (Figs. 1B, 2B). The reaction 
products were irregularly distributed in the inclusions. 
No ubiquitin-positive filamentous inclusions were found 

in the soma of anterior horn cells. The antibody to pNF 
labelled axons and globules, but did not stain the 
basophilic inclusions (Fig. 2D). The inclusions also 
failed to react with Tau-2. 
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Ultrastructure 

The ultrastructural appearances were similar in case 1 
and 2, consisting of a meshwork of thick filamentous 
structures associated with granules (Fig. 3A-C).  The 
inclusions had no limiting membranes and the granulo- 
filamentous profiles varied from being compactly 
arranged to a more loosely packed arrangement. Focal 
neurofilamentous accumulations were occasionally ob- 
served among the granulofilamentous structures in 
case 2 (Fig. 3C). Mitochondria and vesicles were also 
enclosed in the inclusions. At higher magnification, the 
filaments appeared to be straight or curved with a 
diameter ranging from about 13 to 17 nm. The granules 
measured approximately 20 to 30 nm in diameter. 

Discussion 

Basophilic cytoplasmic inclusions were observed in four 
cases of pathologically documented sporadic juvenile 
ALS [2, 29, 31, 39], and it has been suggested that this 
represents an entity distinct from sporadic adult ALS 
[29]. In several systematic surveys of adult-onset ALS 
cases, no basophilic inclusions have been observed [4, 
9], although Chou reported that such inclusions were 
frequently associated with Bunina bodies [5]. Recently, 
we reported an adult-onset case of sporadic MND with 
basophilic inclusions [17]. It has been shown that the 
basophilic inclusions are widely distributed in the central 
nervous system as well as somatic motor neurons [17, 29, 
31], and that they contain RNA-protein compounds [29, 
31]. 

Our electron microscopic study revealed that baso- 
philic inclusions are composed mainly of thick filaments 
and associated granules. The ultrastructural features of 
the inclusions described by Oda et al. [31] in a case of 
sporadic juvenile ALS are almost identical to those 
found in our two cases. Focal neurofilamentous accumu- 
lation was occasionally found in case 2 but few in case 1 
and the case reported by Oda et al. [31]. It should be 
noted that in the basophilic inclusions of an adult-onset 
case of MND, similar granule-associated filaments were 
seen [17]. 

The Lewy body-like hyaline inclusions in familial 
ALS with posterior column and spinocerebellar tract 
involvement have been reported to contain somewhat 
similar ill-defined coarse linear structures with a mesh- 
work of neurofilaments [10, 35]. Recent immunocyto- 
chemical studies have demonstrated the presence of 
epitopes of pNF [23, 24, 26, 27] and ubiquitin [24, 27], 
but not of tau protein [27]. In an immunoelectron 
microscopic study of familial ALS it was demonstrated 
that the granule-associated filaments were ubiquitin 
positive [27]. The Lewy body-like hyaline inclusions in 
sporadic ALS [15, 16, 28] and sporadic MND [33] have 
similar granule-associated filaments. However, there 
may exist differences between sporadic and familial ALS 
with respect to the abundance of neurofilaments [16, 
33]. These inclusions were also intensely ubiquitinated 
[13, 28, 33]. It is not still clear whether ubiquitin is 
present in entire inclusions [13], the core [27], or halo 

[24] of the Lewy body-like hyaline inclusions. Moreover, 
Murayama et al. [28] have postulated that ubiquitin- 
positive granule-associated filaments are commonly 
related to the degeneration of lower motor neurons in 
both sporadic and familial ALS. 

In neurodegenerative disorders other than motor 
neuron disease, intracytoplasmic inclusions with a simi- 
lar ultrastructure have been reported. These include 
cortical Lewy bodies [14], inclusions in generalized 
variants of Pick's disease [25] and argyrophilic inclusions 
in olivopontocerebellar atrophy (OPCA) [12]. The cor- 
tical Lewy bodies contain criss-crossing filaments with 
fuzzy deposits [14, 36] that react with antibodies to 
ubiquitin [1, 18] and pNF [1], but not with the antibody 
to tau [1]. Cytoplasmic inclusions in the generalized 
variants of Pick's disease are composed of straight 
filaments coated with granular material along most of 
their length [25] and stained poorly with antibodies to 
neurofilament [25]. Argyrophilic inclusions in OPCA 
are also composed of fibrils coated with granules and the 
entire inclusion is stained by the antibody to ubiquitin. 
By contrast, the basophilic inclusions in sporadic juve- 
nile ALS only occasionally had focal granular reaction 
products when stained for ubiquitin, and they did not 
react with antibodies to pNF and tau. Thus, the baso- 
philic inclusions of sporadic juvenile ALS show some 
unique characteristics which differentiate them from the 
Lewy body-like hyaline inclusions and other intracyto- 
plasmic inclusions. 

The presence of ubiquitin-immunoreactive filamen- 
tous inclusions in anterior horn cells has been demon- 
strated only in sporadic ALS [20-22, 28, 34], familial 
ALS with Lewy body-like hyaline inclusions [27] and 
Guamanian ALS [22]. It has been suggested that they 
reflect degenerative alterations of neurons and may be 
characteristic of these diseases. In this study, we detected 
no ubiquitin-immunoreactive filamentous inclusions in 
the perikarya of the anterior horn cells in the two cases 
studied. In juvenile ALS, atypical clinical features such 
as extraocular muscle disorders [38], autonomic signs 
[31] and mental disorder [6, 29] have been occasionally 
observed. The widespread presence of basophilic inclu- 
sions and absence of ubiquitin-immunoreactive filamen- 
tous inclusions in anterior horn cells may indicate that 
sporadic juvenile ALS represents a subgroup of MND 
different from adult-onset ALS. Further studies on more 
cases are required to clarify this point. 
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Addendum. After submitting this manuscript, immunohistochem- 
ical study of basophilic inclusions with two cases of juvenile ALS 
[32, 38] has been reported by Dr. H. Mizusawa (32th Japanese 
Conference of Neuropathology, Yamagata, Japan, May 1991). 
Basophilic inclusions were largely weakly immunostained with 
anti-ubiquitin antibody, and often showed focal granular immuno- 
reactivity in the inclusion; this is similar to our results. 


