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Abs t rac t  Argyrophilic and tan-positive abnormal struc- 
tures occurring in glial cells are called glial fibrillary tan- 
gles. In the astrocyte, a conspicuous tau-positive structure 
is known to appear in progressive supranuclear palsy (PSP). 
In this report, another type of argyrophilic and tau-posi- 
tive astrocytes is reported. The morphology of this new 
type is quite different from that of  the previously reported 
tau-positive astrocyte in PSP and they are designated here 
as thorn-shaped astrocytes (TSA). TSA have an apparently 
argyrophilic cytoplasm with a few short processes and of- 
ten have a small eccentric nucleus, whose appearance re- 
sembles that of  a reactive astrocyte. Immunohistochemi- 
cally, TSA are positive to anti-tan antibodies but are neg- 
ative for ubiquitin. Simultaneous immunostaining revealed 
the coexistence of tau and glial fibrillary acidic protein 
epitopes in the same cytoplasm. Electron microscopically, 
bundles of  15-nm straight tubules were included in the 
cytoplasm together with abundant glial filaments. In the 
vicinity of a cluster of  TSA, related structures of  perivas- 
cular or subpial tau-positive linings, which correspond to 
astrocytic end-feet, are sometimes observed. In almost all 
cases, a few TSA are generally located in a confined area 
of  subpial and subependymal regions. Although TSA ap- 
pear to be intimately associated with some diseases, they 
are also found in a wide range of cytoskeletal disorders in- 
cluding the aged brain with neurofibrillary tangles. TSA 
are presumed to be a secondarily induced product in rela- 
tion to astrocytic reaction. 
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Introduction 

Recently, the observation of tan-positive abnormal struc- 
tures in glial cells, called glial fibrillary tangles (GFT), 
was reported in some cytoskeletal disorders [2, 13, 14]. 
GFT found in oligodendroglia are referred to as 'coiled 
bodies' [3] or 'oligodendroglial microtubular masses '  [16] 
and are reported to appear in considerable numbers in de- 
mentia with argyrophilic grains [3, 10], progressive supra- 
nuclear palsy (PSP) [16], corticobasal degeneration [9, 15] 
or subacute sclerosing panencephalitis (SSPE) [ t l ,  12]. 
Tan-positive astrocytes are also reported in PSP and have 
been described as 'tufts of  abnormal fibers ' [7] or 'star- 
like tufts of  fibers '  [17, 18] according to their conspicu- 
ous features. These tan-positive astrocytes are regarded to 
appear almost exclusively in PSP, with the frontal cortex 
or striatum as their preferential site. We noted another 
type of tan-positive astrocytes, which morphologically 
differ from 'tufts of abnormal fibers' .  Our survey of this 
new type of tan-positive astrocytes in various diseases re- 
vealed their presence in a wide range of cytoskeletal dis- 
orders. We conducted immunohistochemical and electron 
microscopical studies to clarify the features of this type of 
astrocytes. We designated this new type of tan-positive as- 
trocytes as thorn-shaped astrocytes (TSA), while we refer 
to 'tufts of  abnormal fibers'  as tuft-shaped astrocytes. 

Materials and methods 

Samples from TSA-positive cases were subjected to morphologi- 
cal examination. These included one each of postencephalitic 
parkinsonism of Economo-type (Economo) (84-year-old male), de- 
mentia pugilistica (77-year-old male), PSP (63-year-old male) and 
senile dementia of Alzheimer's type (SDAT) (77-year-old female). 
Formalin-fixed and paraffin-embedded 10-mg sections including 
TSA-positive areas were stained with hematoxylin-eosin (H & E), 
Holzer, conventional Bodian, and modified Gallyas-Braak (G-B) 
methods [4, 10]. Additionally, TSA were compared with another 
type of GFT, tuft-shaped astrocytes and coiled bodies in oligoden- 
droglia. The latter two types were found in cases of PSP. Morpho- 
logical information as to tau pathology was obtained from sections 
stained by procedures described below. 
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For immunohistochemical examination, a small brain block 
from the hippocampal-head region of one case each of PSP (66- 
year-old male) and of diffuse Lewy body disease (DLBD) (78- 
year-old male) was obtained at autopsy and fixed in 4% para- 
formaldehyde in 0.1 M phosphate buffer, pH 7.4 (postmortem de- 
lay 4 and 4.5 h, respectively). The block was cut into 30-gm sec- 
tions on a freezing microtome. The sections were incubated with 
the primary antibodies overnight and then incubated with a sec- 
ondary biotinylated antibody followed by the reaction with di- 
aminobenzidine (DAB) containing nickel ammonium sulfate. The 
primary antibodies for tan were: Alz-50 (1:200, mouse mono- 
clonal, 1-10); M4 (1 : 1000, mouse monoclonal, 231); human-tau 
(pool 2) (1:50000, rabbit polyclonal, 299-385); C5 (1:1000, 
mouse monoclonal, 396); and tau6 (1:500, rabbit polyclonal, 
420-429). M4 and C5 recognize the proline-directed phosphoryla- 
tion sites in tau. The last number inside the parentheses represents 
the amino acid sequence of each tan epitope according to the num- 
bering system of human tau presented by Goedert et al. [6]. Anti- 
bodies against ubiquitin (1 : 1000, rabbit polyclonal, Dako), DF2 
(1 : 200, mouse monoclonal to ubiquitin), glial fibrillary acidic pro- 
tein (GFAP; 1:10000, mouse monoclonal), neurofilament (NF) 
200K (1:50, rat monoclonal), microtubule-associated protein 
(MAP) 1 (1:1000, mouse monoclonal, Sigma), MAP 2 (1:1000, 
mouse monoclonal, Sigma), and MAP 5 (1 : 1000, mouse mono- 
clonal, Chemicon) were also used. Paraffin sections from one case 
each of Economo (midbrain section from the 84-year-old male) 
and dementia pugilistica (temporal section from the 77-year-old 
male) were also subjected to immunostaining using the series of 
tan antibodies. 

For double immunostaining, serial sections from the hippocam- 
pal-head region of the PSP case in the 66-year-old male were used. 
In the first cycle, sections were stained with Alz-50 (mouse IgM). 
The nickel-intensified DAB reaction yielded a dark-purple precip- 
itate in the first cycle. Following treatment with 0.5% HzO2 solu- 
tion in PBS for 30 min, sections were incubated with anti-GFAP 
(rabbit) or anti-C4d (mouse IgG) antibodies. The second immuno- 
histochemical cycle was carried out similarly to the first except 
that nickel ammonium sulfate was eliminated from DAB solution, 
yielding a yellow precipitate in the second cycle [1]. 

For electron microscopic examination, a small block from the 
hippocampal region in one case each of DLBD (78-years-old 
male) and Pick's disease (67-year-old male) was obtained at au- 
topsy and fixed with 0.05% glutaraldehyde, 3% paraformaldehyde, 
and 0.2% picric acid in 0.1 M phosphate buffer, pH 7.4 (post- 
mortem delay, 4 and 6 h, respectively). The blocks were cut into 
50-gin sections on a vibratome, and the sections with and without 
staining by the modified GaUyas-Braak method were embedded in 
epoxy resin. Sections of 30 gm in thickness from the same blocks 
were pretreated with 0.1% DMSO followed by 0.1% Triton X-100 
and then incubated with Alz-50 for 3 days at 4 ~ C, and visualized 
by avidin-biotin method using DAB as the chromogen. The sec- 
tions were osmified and embedded in Epon. Ultrathin sections 
with heavy mental staining were observed with a JEOL-100CX 
electron microscopy. 

For the survey of the incidence of TSA in various diseases, for- 
malin-fixed and paraffin-embedded 10-btm sections of cerebral 
hemisphere through the hippocampal region and, additionally, sec- 
tions of the involved area in each case, were subjected to study. 
Modified G-B method was used for the study because it most 
clearly revealed the TSA. The diagnosis (number of cases) was as 
follows: Alzheimer's disease (AD; 8 cases), SDAT (10 cases), de- 
mentia pugilistica (8 cases), Economo (4 cases), myotonic dystro- 
phy (1 case), SSPE with (2 cases) and without neurofibrillary tan- 
gles (NFT; 2 cases), PSP (8 cases), corticobasal degeneration (3 
cases), Pick's disease with (8 cases) and without Pick bodies (7 
cases), dementia with argyrophilic grains (3 cases), DLBD (4 
cases), Parkinson's disease (3 cases), hepatic encephalopathy with 
Alzheimer type II glia (3 cases), oligodendroglioma grade II (2 
cases), astrocytoma grade II (2 cases), herpes simplex encephalitis 
(3 cases), adrenoleukodystrophy (3 cases), tuberous.sclerosis (1 
case) and aged brain without central nervous system involvement 
(12 cases). 

The study of cases of dementia pugilistica was confined only to 
the temporal region. In all cases of Economo there was a clinical 
history of over 50 years. The diagnosis in all cases examined had 
been corroborated by the findings of neuropathological evaluation. 

Results 

M orpho logy  and dis t r ibut ion 

T S A  could be  v isua l ized  by  convent iona l  Bodian  method  
but  were  not  v i sua l ized  by  H&E.  Modi f i ed  G-B method,  
which  mos t  c lear ly  reveals  all  types  of  GFT, also c lear ly  
revea led  the as t rocyt ic  appearance  of  TSA.  T S A  showed 
conspicuous  cy top lasm with a few short  and th ick pro-  
cesses.  The  cy top lasm showed part ia l  or total  a rgyrophi l ia  
and often conta ined a re la t ive ly  clear  eccentr ic  nucleus 
(Fig. 1). Thus, the morpho log ica l  features r e sembled  those 
o f  react ive astrocytes.  Such an appearance  is quite differ- 
ent f rom that  of  tuf t -shaped astrocytes  in PSP, which  are 
character ized by  many  fine radia t ing fibers but  no appar-  
ent cy top lasm (Fig. 2). Many  argyrophi l ic  ' co i l ed  bod ies '  
[3], whose  appearance  also differed f rom that of  TSA,  
were  scat tered p redominan t ly  in the white  mat ter  in PSR 
These  have been  ident i f ied  as o l igodendrog l ia  by  s imul ta-  
neous immunos ta in ing  [16], and we also conf i rmed their  
o l igodendrogl ia l  or igin (see Fig. 6). Hitherto,  three types  
of  argyrophi l ic  and tan-posi t ive  ' t ang les '  could  be differ- 
ent iated in GFT. 

T S A  differ  f rom tuf t -shaped as t rocytes  not  only  in 
their  morpho logy  but  also in their  dis t r ibut ion in the brain. 
Excep t  for the occas ional  presence  in the deep cort ical  
layer, T S A  were  genera l ly  conf ined to the subpia l  and 
subependymal  regions of  the gray  and white  matter.  They  
were  frequent ly  found in the clefts of  gyr i  as wel l  as in the 
basal  brain and bra in-s tem (see Fig. 7). The occurrence  o f  
T S A  coincides  wel l  wi th  the dis t r ibut ion of  p rominen t  
margina l  gliosis.  Holzer  staining revea led  gl iosis  in the 
same areas in which  T S A  were distr ibuted.  In contrast ,  
tuf ts -shaped astrocytes  were  scat tered throughout  all  of  
the cort ical  layers  of  the frontal  lobe,  s tr iatum and other  
gray mat ter  in cases of  PSP, but  they were  found se ldom 
in the white matter.  

In the vic ini ty  of  a cell  c luster  of  TSA,  argyrophi l ic  
and tau-posi t ive  per ivascu la r  (Fig. 3) or subpia l  (Fig. 4, ar- 
rows) i r regular  l inings were  somet imes  observed.  Based  
on their  features,  these TSA- re l a t ed  structures are thought  
to cor respond to the as t rocyt ic  end-feet .  

Immunohis tochemis t ry  

Immunohis tochemica l ly ,  the T S A  were react ive  to all o f  
the anti-tau ant ibodies  examined ,  but  were  negat ive  for 
ubiquit in,  N F  200K and M A P  1, 2 and 5. Smal l  cells  pre- 
sented tau-posi t ive  cy top lasm with a few short  and th ick 
processes ,  and the react ive  site ranged f rom being  ubiqui-  
tous to represent ing only a part  of  the cell  bodies  and pro-  
cesses (Fig .4) .  Thus,  the tau-posi t ive  as t rocytes  showed 



Figs. 1-3 Micrographs of materials treated with modified Gallyas- 
Braak (G-B) method counterstained with Kernechtrot 

Fig. 1 Subependymal white matter of senile dementia of Alzhei- 
mer type. Thorn-shaped astrocytes (TSA) have prominent argy- 
rophilic cytoplasm and a few short processes with an occasional 
eccentric small clear nucleus, and their appearance resembles that 
of a reactive astrocyte, x 520 

Fig.2 Frontal cortex of progressive supranuclear palsy. Unlike 
TSA, tuft-shaped astrocytes exhibit no apparent cytoplasm but 
have tufts of argyrophilic long fine radiating fibers. • 520 

Fig.3 White matter in the vicinity of temporal horn of lateral yen_ 
tricle of postencephalitic parkinsonism of Economo type. In the 
vicinity of a cell cluster of TSA, perivascular irregular argyrophilia 
is sometimes observed, the features of which correspond to astro- 
cytic end-feet. • 260 

Fig.4 Cerebral peduncle of postencephalitic parkinsonism of 
Economo type. The many tau-positive TSA and subpial tau-posi- 
tive irregular linings (arrows) are consistent with the features il- 
lustrated by modified G-B method. Human-tan (pool 2) • 260 

Fig.5 Double immunostaining of TSA using Alz-50 and anti- 
GFAP antibodies reveals the purple-stained Alz-50 portion within 
the yellow-colored GFAP-positive area. x 1300 

Fig. 6 Double immunostaining of coiled bodies using Alz-50 and 
anti-C4d antibodies reveals that the purple-stained Alz-50-positive 
tangle within the yellow-colored C4d-positive area, which is con- 
firmed to represent complement-activated oligodendroglia, x 1300 

Fig. 7 Distribution of TSA in the mediobasal temporal cortex. The 
number of dots represents the incidence of TSA. They are also 
found in other regions with prominent gliosis (LV lateral ventricle, 
CP cerebral peduncle) 
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Fig. 8 A conventional electron micrograph reveals the coexistence 
of 15-nm straight tubules and intermediate filaments within the cy- 
toplasm of the same astrocyte, x 48 000 

Fig. 9 Silver particles specifically deposited on juxtanuclear 15- 
nm tubules, which are surrounded by the bundles of  glial fila- 
ments. (N nucleus, Electron microscopy treated by modified G-B 
method), x 72000 

Fig. 10 Higher magnification of a bundle of straight tubules of 
TSA showing silver particle deposition. • 120 000 

Fig. l l  The processes of a G-B-positive astrocyte protmde to a 
vessel wall and consist of end-feet. Modified G-B method applied 
electron microscopy. • 7200 

Fig. 12 Tau-positive astrocytic processes attached to the basal lam- 
ina of a vessel correspond to the perivascular end-feet. • 12000 
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an appearance similar to that seen on staining with the 
modified G-B method. The coexistence of Alz-50 and 
GFAP-positive epitopes in this cell type observed by si- 
multaenous immunostaining confirmed the TSA to be of 
astrocytic origin (Fig.5). In contrast, double immunos- 
taining using Alz-50 and C4d revealed tan-positive coiled 
bodies within the C4d-positive area (Fig. 6); C4d is known 
to recognize complement-activated oligodendroglia and 
its processes [16]. NFT observed in the same sections 
were also positive for all of  the examined anti-tan and 
some of the NFT were reactive to anti-ubiquitin antibod- 
ies. The main immunohistochemical difference between 
GFT and NFT lies in the reaction against anti-ubiquitin. 

The related structures of irregular argyrophilic linings 
of perivascular and subpial region presented the same im- 
munoreactivity as the TSA. 

Electron microscopy 

Observation with conventional electron microscopy re- 
vealed the coexistence of 15-nm straight tubules and in- 
termediate filaments within the cytoplasm of the same cell 
in the subpial white mater (Fig. 8). Application of modi- 
fied G-B method to Epon-embedded sections disclosed 
scattered G-B-positive cells, whose appearance coincided 
with that of TSA. The cell body and processes contained 
various degrees of G-B-positive staining. On electron mi- 
croscopy, silver particles were observed deposited on the 
bundles of 15-nm straight tubules (Figs. 9, 10), which co- 
incided with the tubules observed in the astrocytes exam- 
ined by conventional electron microscopy. Silver particles 
were sometimes recognized on amorphous substances but 
not on glial filaments. G-B-positive astrocytes often pre- 
sented processes with silver particles protruding to the 
vessel wall and composing perivascular astrocytic end- 
feet (Fig. 11). The sections subjected to immunoelectron 
microscopy from the same areas presented findings con- 
sistent with the G-B electron microscopy observations. A 
tan-positive structure was seen in both the astrocytic cyto- 
plasm and its processes. An identical tan-positive struc- 
ture was occasionally found attached to the basement 
membrane of the vessel forming the perivascular end-feet 
(Fig. 12). 

Disease specificity 

This survey of a variety of cytoskeletal disorders, some 
other diseases with non-cytoskeletal pathological glia, and 
control aged cases disclosed that the presence of a neu- 
ronal cytoskeletal abnormality seems to be a necessary 
condition for the formation of TSA. However, as no case 
of AD had any apparent TSA, the severity of the cy- 
toskeletal abnormality does not play an important role. 
Although TSA appear to be intimately associated with the 
Economo (4 positive cases out of 4 cases studied) and de- 
mentia pugilistica (5/8), they were also observed in some 
cases of SDAT (2/10), PSP (3/8), Pick's disease with Pick 

body (2/8), and DLBD (1/4) as well as in the aged con- 
trols (2/12). The two positive control cases also showed 
NFT in the hippocampal region. In other cases, including 
cases with non-cytoskeletal pathological glial cells, TSA 
could not be found. Except for in one case of Economo, a 
small number of TSA were always found in a confined 
area in each positive case. These results indicate that 
TSA, in contrast to tuft-shaped astrocytes, have no appar- 
ent disease specificity. 

Discussion 

Tau-positive TSA morphologically resemble the thorn- 
like astrocytes in PSP reported by Nishimura et al. [13], 
who were the first to refer to the argyrophilic and tau-pos- 
itive glial structure as 'glial fibrillary tangles (GFT)'. We 
have followed their designation and also refer to tau-pos- 
itive glial structures generically as GFT. 

The morphology and distribution of TSA are quite dif- 
ferent from those of tuft-shaped astrocytes in PSR Thus, 
at least two types of tau-positive astrocytes can be differ- 
entiated. Very recently, Feany and Dickson [5] have re- 
ported an unusual cluster of tan-positive fibers in corti- 
cobasal degeneration and termed it an astrocytic plaque. 
Astrocytic plaques also appear in some PSP patients 
(manuscript in preparation). Most astrocytes that form as- 
trocytic plaques lack detectable amout of GFAP, suggest- 
ing that they originate from protoplasmic astrocytes and 
are an entity more closely related to tuft-shaped astro- 
cytes. An important dissimilarity between TSA and tuft- 
shaped astrocytes is the specificity for diseases. Tuft- 
shaped astrocytes are reported to appear almost exclu- 
sively .in PSP [2], while TSA, although they seem to be 
somewhat more common in Economo and and boxer's 
brain, were also detected in other cytoskeletal disorders 
and in the aged brain showing a normal range of NFT. 
There was no relation between the degree of NFT and 
TSA, because GFT were rather sparse in AD and related 
diseases. In most positive cases, there were only a few 
TSA and these were found in a localized area. These ob- 
servations indicate that TSA are neither essential nor spe- 
cific to any cytoskeletal disorders. 

The role of TSA can be presumed to be based on their 
morphology and distribution. Except for the occasional 
presence in the deep cortical layer, the distribution of TSA 
is confined to the subpial or subependymal regions, where 
strong marginal gliosis is known to generally occur. TSA 
showed cytoplasm and short processes which resemble 
those of the reactive astrocyte. As noted in boxer's brain 
and other diseases, TSA tend to form in the cleft of the 
gyrus, where the damage due to cerebral edema would be 
more prominent than that at the crest of the gyrns. It can 
be deduced that the repeated mechanical damage probably 
provokes frequent cerebral edema and would result in 
gliosis in this region in dementia pugilistica. A similar hy- 
pothesis could also be applicable in Economo cases with 
long survival. In this disease, most TSA are found in the 
midbrain, but always in the marginal region where the 
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gliosis is most  prominent  [8]. In other diseases TSA are 
also generally confined to the marginal region of  the tissue. 
These observations indicate that the abnormally phospho-  
rylated tau are formed in the reactive astrocytes under the 
condition of  the presence of, to a greater or lesser degree, 
some cytoskeletal disorder. Unlike tuft-shaped astrocytes, 
TSA have the aspect of  a secondary product. GFT may  be 
produced by multiple genesis, as NFT formation is con- 
sidered to be a type of  degradation process caused by the 
aging process or viral, mechanical  or other involvements.  

Both the TSA and tuft-shaped astrocytes were strongly 
positive to all tau antibodies examined, f rom Alz-50 to 
tau-6, including the phosphorylat ion-dependant  tau mon-  
oclonal antibodies, but were negative to anti-ubiquitin. 
This result suggests that the full-length of  abnormally 
phosphorylated tau is an important component  o f  the as- 
trocytic tangles. The poor  ubiquit ination also seems to 
be, unlike the case in NFT, a c o m m o n  feature o f  tau-posi- 
tive structures reported in oligodendroglia,  i.e., the coiled 
bodies [12] and argyrophilic thread-like structures, which 
are presumed to be a tau-positive abnormality of  inner and 
outer loop of  ol igodendroglia [9]. However,  there is de- 
bate as to the ubiquitination of  GFT [13, 16], specifically 
of  the ultrastructure of  the tubules constituting GFT. TSA 
consist of  15-nm straight tubules and show an ultrastruc- 
ture similar to the astrocytic tangles in PSP reported by 
Nishimura et al. [13], as well as the astrocytic straight 
tubules in a case of  Pick 's  disease described by Yamazaki 
et al. [19], whereas coiled bodies are reported to consist o f  
25-nm smooth tubules in not only PSP [16, 17] but also in 
dementia with argyrophilic grains [10]. Yamada et al. [16] 
suspected a microtubule origin for astrocytic tubules 
based on the similarity of  the width. Wakabayashi  et al. 
[15], however,  reported that the oligodendroglial  inclu- 
sions in corticobasal degeneration comprised 15-nm 
smooth tubules and the coiled bodies observed in SSPE 
had irregular woven tubules of  approximately 14 ~ 25 - 
nm in diameter [11]. This information concerning GFT re- 
quires more detailed comparative studies in the various 
cytoskeletal disorders accompanying  GFT. Not  only the 
morphological  or histochemical  differences o f  GFT, but 
also the role as a possible glial counterpart o f  NFT, must  
be elucidated. 
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