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Abstract. The immunolocalization of  cathepsins B(CB), 
H and L and cystatins a(Ca) and fi(Cfi) were examined 
in the hippocampus of  cases of  sporadic Alzheimer's 
disease (12 cases), parkinsonism-dementia complex on 
Guam (eight cases), senile dementia of  Alzheimer type 
(two cases), aged subjects with marked senile change 
(one case) and controls (12 cases, including six normal 
subjects). CB was lower in most nerve cells in patients 
than in controls, but markedly increased at the sites of  
intracellular neurofibrillary tangles (NFTs) and degener- 
ative neurites and/or dendrites in and outside senile 
plaques (SPs), indicating its close involvement in the me- 
tabolisms of various proteins in N F T  and SPs. Abundant  
Ca and Cfl were demonstrated in SP amyloid, suggesting 
that they are amyloid constituents or co-exist with amy- 
loid. The present study indicated that CB, Ca and Cfl 
are closely involved in abnormal protein metabolism in 
NFTs  and SP amyloid and suggested that degeneration 
or denaturation of  intracellular proteins, including sub- 
strates for proteases and lysosomes, from some acquired 
cause, results in absolute and/or  relative overload for 
these proteolytic systems, including their inhibitors. This 
results in incomplete and/or  abnormal proteolysis relat- 
ed to N F T  and/or  amyloid formation. 
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Introduction 

Neurofibrillary tangles (NFTs) and senile plaques (SPs) 
are characteristic histological hallmarks of the brain in 
Alzheimer's disease (AD; Alzheimer 1907; Tomlinson 
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1992), in some degenerative disorders such as Down's 
syndrome (Wisniewski et al. 1985), and in the aged 
(Scheibel 1978; Tomlinson and Corsellis 1984). The ap- 
pearance of NFTs,  usually not in association with SP, 
is a characteristic finding in the brain in amyotrophic 
lateral sclerosis (ALS)-parkinsonism-dementia complex 
on Guam (PDC; Hirano et al. 1961) and some disorders 
such as tuberous sclerosis (Hirano et al. 1968), men- 
ingioangiomatosis (Halper et al. 1978) and massive cere- 
bral infarction (Kato et al. 1988). The presence of  SP 
alone has been observed in disorders such as diffuse 
Lewy body disease (Okazaki et al. 1961; Dickson et al. 
1989) and temporal lobe epilepsy (Munoz et al. 1990). 
These findings suggest that some factors are common 
to the formation of  both NFTs  and SPs, while others 
are not. 

Recent biochemical, immunohistochemical and mo- 
lecular genetic studies have clarified many characteristics 
of NFTs  and SPs, including the protein constituents of  
NFTs,  fl/A4 amyloid protein (AP; Glenner and Wong 
1984; Masters et al. 1985) and amyloid protein pre- 
cursors (APPs; Kang et al. 1987; Kitaguchi et al. 1988; 
Tanzi et al. 1988) in SP amyloid. However, the pathogen- 
esis of NFTs  and SPs is still unknown. 

We assume that abnormalities in the dynamic balance 
of protein metabolism in abnormal cells must be respon- 
sible for the formation of  abnormal proteinaceous struc- 
tures such as NFTs  and SPs. Proteolytic systems includ- 
ing some proteinases and inhibitors are involved in this 
abnormal protein metabolism, but little is known about 
the involvement of these agents in the metabolism of  
the protein constituents in NFTs  and SPs. There are 
no reports of  immunohistochemical studies on cysteine 
proteinases or their endogenous inhibitors in the various 
disorders in which NFTs  and/or SPs are formed. 

In the present study, we examined the immunohisto- 
chemical localizations of  cathepsins B(CH), H(CH) and 
L(CL), which are lysosomal cysteine proteinases, togeth- 
er with those of  cystatins ~(Ca) and fl(Cfl), which are 
endogenous inhibitors of  cysteine proteinases (Kirschke 
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and  Barret t  1987), in the h ippocampus  of  pat ients  with 
A D  and  related disorders.  The possible roles of  proteases 
and  the inhibi tors  and  the mechanisms  in degrada t ion  
a n d / o r  format ions  of  N F T s  and  SP amyloid  are dis- 
cussed. 

TRIS-hydrochloric acid buffer, pH 7.6, for 10 min, washed with 
PBS, counterstained briefly with Mayer's haematoxylin solution 
or methyl green solution, dehydrated in 95% and 100% ethanol, 
cleared in carboxylol solution and xylol, and mounted with Entel- 
lan (Merck). 

Materials and methods 

Studies were made on autopsy specimens of the hippocampus from 
12 patients with non-familial Alzheimer's disease (three men, nine 
women; age 75 95 years), eight with parkinsonism-dementia com- 
plex on Guam (five men, three women; age 35-68 years), two 
with senile dementia of Alzheimer type (SDAT; both women; age 
82 and 86 years), and one 94-year-old woman with marked senile 
change. After confirmation of histological findings by review of 
all sections stained with H&E and silver impregnation (modified 
Bielshowsky). Ten serial sections of formalin-fixed, paraffin-em- 
bedded or unfixed frozen materials were prepared. 

In addition, ten serial sections of formalin-fixed, paraffin-em- 
bedded or frozen specimens of histologically normal hippocampus 
from six subjects (four male, two female; age 6 months - 92 years) 
were examined as controls. Some of them were age matched. Fur- 
thermore, sections of two normal brains (cerebral cortex), one 
brain with fungal abscess, one brain with tuberculosis, three normal 
livers, two normal skins and one normal kidney were prepared 
to confirm the specificities of immunoreactions. 

Most of the sections of hippocampus of both patients and con- 
trols included temporal cortex and medulla, choroid plexus cells, 
ependymal cells, macrophages and neutrophils, which also served 
as controls for immunoreactions. 

CB, CH, CL and Cfl were purified from histologically normal 
fresh liver, and Ca was purified from histologically normal skin 
obtained at autopsy, according to previously reported methods 
(Kirschke et al. 1977; Towatari et al. 1979; Kominami and Katunu- 
ma 1982; Kominami et al. 1984; Bando et al. 1986). 

Polyclonal antibodies (IgGs) were obtained by immunizing rab- 
bits with these preparations. Anti-CB, -CH, -CL, -Ca and -Cfl 
antibodies were diluted to protein concentrations of 5, 10, 10, 10 
and 10 gg/ml, respectively, for immunostaining. We confirmed pre- 
viously that CB, CH and CL are immunochemically (Kominami 
and Katunuma 1982; Bando et al. 1986) and immunohistochemi- 
cally (Ii et al. 1985, 1986) distinct, as are Cc~ and Cfl (Kominami 
et al. 1984). 

Ten serial paraffin (4 gm thick) or frozen (8 gm thick) sections 
of each specimen were mounted on poly-L-lysine-coated slides. Sec- 
tions 1, 2 and 3 were immunostained for CB, CH and CL, sections 
4 and 5 for Ca and Cfl, while section 6 was stained with normal 
rabbit serum instead of a primary antibody as a control for each 
antibody. Sections 7-10 were reserved for use if the initial immu- 
noreactions were unsatisfactory. 

Paraffin sections were deparaffinized by warming them for 
30 min at 60 ~ C and rinsing them at room temperature three times 
in xylol, twice in 100% ethanol and then once in 90% ethanol 
and 80% ethanol for 5 min each time. Frozen sections were 
promptly fixed with 100% acetone for 5 min. 

Immunostaining was performed by the avidin-biotin peroxidase 
complex (ABC) method as follows: deparaffinized or acetone-fixed 
frozen sections were rinsed for 5 min in PBS (0.1 M phosphate 
buffer, pH 7.4, containing 0.85% NaC1), treated with absolute 
methanol containing 0.1% hydrogen peroxide for 30 min to block 
endogenous peroxidase activity, and washed with PBS. They were 
then treated with normal goat serum in PBS for 30 rain and reacted 
with rabbit anti-CB, -CH, -CL, Cc~, or -Cfl or normal rabbit serum 
overnight at 4~ in a moist chamber. They were then washed 
with PBS and treated with biotinylated goat anti-rabbit IgG serum 
(Vectastain ABC kit, Vector) for 30 min, washed with PBS, and 
treated with avidin-biotin-horseradish peroxidase complex (Vecta- 
stain ABC kit, Vector). After washing with PBS, they were treated 
with 0.03% 3,3'diaminobenzidine tetrahydrochloride in 0.05 M 

Results 

The immunoreac t iv i t ies  of  cathepsins and  cystatins in 
frozen and  formalin-f ixed mater ia ls  were similar, bu t  
somewhat  s t ronger  in the former.  In  specimens f rom 
both  controls  and  patients ,  immunoreac t iv i ty  for cathep- 
sins was demons t ra t ed  as fine granules  or vesicles of  
abou t  1-2 gm diameter ,  resembling lysosomes in struc- 
ture. In  contrast ,  immunoreac t iv i ty  for cystatins was dis- 
t r ibuted  diffusely in the cytoplasm. 

In  controls ,  nerve cells were most ly  s trongly reactive 
for CB (Fig. 1) and  var iously reactive for CL (Fig. 2) 
in their cell bodies,  bu t  no t  in their neu rona l  processes, 
inc luding the dendri tes  and  neurites (Fig. I). CH was 
no t  detectable in nerve cells. Astro-,  o l igodendro-  and  
microgl ia  were essentially unreact ive  for CB, CH and  
CL, a l though  very slight react ions were seen for CB in 
some ol igodendrogl ia  a nd  for CL in some microglia.  

Ca and  Cfl were no t  detectable in nerve cells or glial 
cells. Macrophages  present  wi th in  and  a r o u n d  b lood  ves- 
sels were strongly reactive for CB, CH,  CL, Ca and  
Cfl and  served as controls  for immunoreact iv i ty .  CB, 
CH, CL, Ca and  Cfl were present  in var ious a moun t s  
in certain cells such as those in the choroid  plexus and  
ependymal  and  endothel ia l  cells, and  these cells also 
served as positive controls  of  react ions for each ant igen  
in the sections. 

Fig. 1. Immunolocalization of cathepsin B (CB) in normal hippo- 
campus (CA1 region) as control. CB is abundant in nerve cells 
and not present in glial cells. ( x 700) 



Fig. 2. Immunolocalization of cathepsin L (CL) in the Vth layer 
of the temporal lobe in the same section of hippocampus of normal 
brain. CL is abundant in some nerve cells but scarcely present, 
if at all, in others. ( x 530) 
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These clearly different cell distributions of  individual 
cathepsins and cystatins indicate their different roles in 
the cells a n d  the different roles of  various cells in the 
brain in physiological conditions. Liver and renal tubu- 
lar epithelial cells were strongly reactive for CB, CH 
and CL, the reactivities showing different distributions, 
as reported previously for normal liver (Ii et al. 1985). 
These finding confirm the specificities of  the antibodies. 

Ca was abundant in epidermal ceils of the skin and 
present at lower level in neutrophils in a brain abscess. 
Macrophages and epithelioid cells in a tuberculous le- 
sion were also strongly or moderately reactive for CB, 
CH, CL, Ca and Cfl. These reactivities showed different 
distributions, again indicating the specificities of  the an- 
tibodies. Sections stained with normal rabbit serum in- 
stead of  the antibodies showed no immunoreaction 
products, confirming that the antibodies and the immun- 
oreactions were specific. 

In patients with AD, SDAT, PDC and elderly sub- 
jects with senile change, the numbers of  nerve cells were 
decreased to a varying extent. Many nerve cells with 
and without NFTs  appeared degenerative. The densities 
of astro- and microglia per unit field appeared to be 
increased variously in the hippocampus and temporal 
cortex relative to those in age-matched controls. Some 
glial cells in the corona of  SPs appeared somewhat de- 
generative. 

The immunoreactivities for cathepsins and inhibitors 
in nerve and glial cells varied to some extent from case 
to case but were basically similar. 

NFTs  were numerous in both AD and the case of  
PDC. Immunoreactivities for CB in most nerve cells with 
and without NFTs were impaired variously. Most intra- 

Fig. 3. Cathepsin B (CB) in the CA1 region of the hippocampus 
in Alzheimer's disease. CB is markedly increased in two intracellu- 
lar sites, one sectioned longitudinally (long arrow) and the other 
transversely (short arrow) of neurofibrillary tangles (NFTs), in two 
nerve cells. It is predominant in the periphery of NFT in the cross 
section and discernible in the senile plaques (thick arrows), mostly 
in dystrophic neurites. CB is decreased in other nerve cells without 
NFT formation and is undetectable in the glial cells. ( x 350) 

Fig. 4. High magnification of a nerve cell with a neurofibrillary 
tangle (NFT) in Alzheimer's disease. CB-positive granules are lo- 
calized almost exclusively on or along the NFT. ( • 1750) 
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Fig. 5. Cathepsin B (CB) in nerve cells in the CA1 region of the 
hippocampus in parkinsonism-dementia complex on Guam. CB 
is abundant at the site of a neurofibrillary tangle (NFT) within 
some nerve cells but scarcely detectable in other nerve cells with 
no NFT. ( x 700) 

Fig. 6. Immunoreaction for cathepsin B (CB) in a typical (classical) 
senile plaque (SP) in parkinsonism-dementia complex on Guam. 
Abundant CB is present at the end of the degenerated neuronal 
processes in the periphery of the SP. An amyloid, which is observed 
as a vitreous homogeneous mass in the centre of the SP (arrows), 
is negative for CB. (Frozen section, x 700) 

Fig. 7. Immunoreaction for cystatin c~ (Co 0 in a senile plaque (SP) 
in the CA1 region in a patient with senile change. The amyloid 
in the centre of the SP is strongly positive for Cc~. Ce is also 
present in the region adjacent to the amyloid mass. (Frozen section, 
x 700) 

Fig. 8. Cystatin e (Ce) localization in and around a senile plaque 
(SP) in the CA1 region in senile change. Several reactive astroglia 
surrounding the SP are strongly reactive for Ce. Amyloid is not 
detectable in this SP. (Frozen section, • 350) 
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Fig. 9. Immunolocalization of cystatin fl (Cfl) in two senile plaques 
(SPs) in the CA1 region in Alzheimer's disease. Abundant Cfl is 
present at the site of amyloid masses (top left and bottom right, 
arrows). The margin of an amyloid mass in the top left is smooth, 
while that of the other amyloid in the bottom right is irregular, 
indicating different stages of amyloid formation in SP. (Frozen 
section, x 700) 

cellular N F T  were very s t rongly reactive for CB in all 
diseases inc luding  A D  (Figs. 3, 4) and  P D C  (Fig. 5). 
Some N F T s  were weakly reactive for CL and  Cc~ bu t  
none  were reactive for CH or Cfl. E x a m i n a t i o n  at higher 
magni f ica t ion  showed that  the nerve cell cy toplasm was 
s trongly reactive near  the N F T s ,  bu t  that  the N F T s  
themselves were no t  reactive (Fig. 4). Extracel lular  
N F T s  were, however,  unreact ive for any  cathepsin  or 
cystatin.  

SPs were n u m e r o u s  in AD,  bu t  no t  present  in P D C  
except for all small  n u m b e r  in one elderly pa t ient  with 
PDC.  Degenerat ive neuri tes and /o r  dendri tes  in SPs 
were var iously reactive for CB (Figs. 3, 6). Most  astro- 
and /o r  microglia  wi thin  and  outside SPs were found  to 
have increased levels of  CB (Fig. 6) CH,  CL, Ca (Figs. 7, 
8) and  Cfl (Fig. 9) in their cytoplasm. Amylo id  masses, 
which were localized in the central  po r t ion  of  SPs and  
appeared as homogeneous  vi treous g lobular  masses, 
were strongly reactive for Ca (Fig. 7) and  Cfl (Fig. 9), 
bu t  no  react ion for CB (Figs. 3, 6). 

The  corona  of  SPs were diffusely reactive for CB, 
Ca and  Cfl (Figs. 3, 6, 7, 8). 

The immunoreac t ions  of these cathepsins and  cysta- 
tins were qual i tat ively similar in all N F T s  and  SPs in 
different individuals  regardless of the diseases, indica t ing  
that  they are no t  disease-specific bu t  lesion-specific. 

Unl ike  the controls ,  in pat ients  s t rong immunoreac -  
tivity for CB extended from the proximal  to the distal 
por t ions  of  neuri tes  in some degenerative nerve cells, 

Table 1. Summary of immunoreactions in patients and controls 

Immunoreaction intensity 

Cathepsin Cystatin 

B H L ~ fl 

In Patients 

Nerve cells 
Cell bodies 1 3 + - 0-3 1-2 + - 
Neurites (2-3) + -- + -- + -- + -- 
Dendrites (2-3) 0 + -- + - + -- 

Glial cells 
Astro- (2 3) 2-3 (2-3) 3 3 
Oligo- 1 2 + -  0 + -  0 
Micro- 3 3 2-3 § -- 3 

NFTs 4 + -- 1-2 1-2 + - 

SPs 
Amyloid 0 + - + -- (3) (3-4) 
Neurites 3-4 + - + -- + - + -- 
Dendrites + -- + -- + -- + - + -- 
Astroglia 3 3 2 3 3-4 
Oligodendroglia 0 + - 0 0 0 
Microglia 2-3 ~ 3  2 3 3 3 

In Controls 

Nerve cells 
Cell bodies 3 0 (2-3) 0 0 
Neurites + - 0 0 + - + - 
Dendrites 0 0 0 + - + -- 

Glial cells 
Astroglia + - + - + - + - + - 
Oligoglia + - 0 0 + - 0 
Microglia + - 0 3 + -- + -- 

NFTs a 

SPs a 

NFT, Neurofibrillary tangles; SP, senile plaques 
0, absent; + - ,  ambiguous; 1, weak; 2, intermediate; 3, strong; 
4, very strong 
Parentheses = focal immunostaining 
" not present in any sections 

indica t ing  its a b n o r m a l  intracel lular  local izat ion in these 
degenerat ive nerve cells. The immunoreac t iv i t ies  for CB 
and  CL in the cell bodies of the nerve cells o f  mos t  
cases were less than  those in n o r m a l  h ippocampus  and  
tempora l  lobes used as controls.  

Some or mos t  astroglia had increased levels of  CB, 
CH, CL, Ca and  Cfl, some ol igodendrogl ia  had  slightly 
increased levels of  CB, and  mos t  microgl ia  had marked ly  
increased levels of  CB, CH,  CL, Ca and  Cfl. The immu-  
noreact ivi ty  in the pat ients  is summar ized  in Table 1, 
by compar i son  with those in controls.  

D i s c u s s i o n  

CB, CH and  CL are k n o w n  to be lysosomal  cysteine 
proteinases.  Their  b iochemical  characteristics have been 



190 

studied extensively (Kirschke et al. 1977; Towatari et al. 
1979; Kirschke and Barrett 1987), but little is known 
about their roles in normal and pathological conditions 
in various organs, although we have reported their dif- 
ferent localizations in normal liver (Ii et al. 1985), and 
their participation in autophagy in a vacuolar myopathy 
(Ii et al. 1986). Ca and Cfi are assumed to regulate the 
activities of cysteine proteinases in vivo, although there 
is as yet no direct evidence for this (Katunuma and Ko- 
minami 1985), and little is known about their roles in 
physiological and pathological conditions. 

The different localizations of CB, CH, CL, Ca and 
Cfi observed in control brain in the present study indi- 
cate their different roles in normal brains. The localiza- 
tion of CB in nerve cells indicates its involvement in 
metabolism of proteins specific to nerve cells, such as 
various neuron peptides and neurofilamental and micro- 
tubular proteins. This immunohistochemical finding 
suggests that CB may be involved in processing APP 
as a secretase, because APP is localized in the perikarya 
of nerve cells (Schubert et al. 1991) and in lysosomes 
(Benowitz et al. 1989) and CB is biochemically assumed 
to be a secretase of APP (Tagawa et al. 1991). However, 
it is difficult to determine the true substrates of CB, 
because it has broad specificity as an endopeptidase, 
cleaving various sites of proteins, and a peptidase 
(Kirschke and Barrett 1987), and also acts as a hydrolase 
and a carboxydipeptidase (Katunuma and Kominami 
1985). Details of the localization of cathepsins and cysta- 
tins in normal brain will be reported separately. 

In this study on patients with AD and related dis- 
orders, the major abnormal findings were (1) a marked 
increase of CB at sites of NFTs and degenerative neu- 
rites in and outside SPs, (2) abundant Ca and Cfl in 
the amyloid core of SPs, (3) diffuse distribution of CB, 
Ca and Cfi in the corona of SPs, and (4) decrease of 
CB in most nerve cells. 

Little is known about the intracellular proteolytic sys- 
tems including lysosomal and non-lysosomal enzymes 
and inhibitors of proteases in nerve tissues. The marked 
increase of CB at sites of intracellular NFTs and dys- 
trophic neurites in and outside SPs indicates that the 
levels of normal and/or abnormal protein substrates of 
CB are increased in these sites. There are recent reports 
of the presence of tau (Ihara et al. 1986; Dickson et al. 
1989) and ubiquitin in NFTs and neurites of SPs (Perry 
et al. 1987; Dickson et al. 1989; Ito et al. 1991), tau and 
fl/A4 AP in NFTs in AD (Hyman et al. 1989), low mo- 
lecular weight proteins related or identical to those in 
amyloid filaments in paired helical filaments of NFTs 
(Selkoe et al. 1986), serum amyloid protein P in NFTs 
in AD (Coria et al. 1988), binding of APP to NFTs (Ya- 
maguchi et al. 1990), fi/44 AP and neurofilament deter- 
minants in the corona of SPs (Arai et al. 1990), fi/A4 
AP in the neurites of SPs (Yamaguchi et al. 1988), an 
epitope for NFTs in the N-terminus of the fl/A4 AP 
molecule and an epitope of SP cores and vascular amy- 
loid in the fl/A4 AP molecule (Masters et al. 1985), and 
APPs at the sites of plaques in AD (Arai et al. 1990; 
Cras et al. 1991). There are also reports of production 
of a complex set of C-terminal derivatives of APPs, in- 

cluding the potentially amyloidgenic forms in the endo- 
somal-lysosomal system (Golde et al. 1990), accumula- 
tion of APP in the lysosomal systems of dystrophic neu- 
rites in SP (Kawai et al. 1992) and degradation of ubiqui- 
tinated proteins in lysosomes (Doherty et al. 1989; Ueno 
and Kominami 1991). Therefore, the increase of CB ob- 
served in NFTs and dystrophic neurites suggests that 
CB is involved in the metabolism, production and/or 
degradation of these proteins, including tau, fl/A4 AP, 
APPs and ubiquitinated proteins. 

The high levels of Ca and Cfl observed in the amyloid 
core suggest that Ca and Cfi are also constituents of 
amyloid protein, that they co-exist with fl/A4 AP, that 
they share some common epitope(s) with fl/A4 AP, or 
that they adhere nonspecifically to amyloid. There are 
recent reports that not only fl/A4 AP, but a hydrophobic 
low molecular weight protein in extracellular amyloid 
filaments in AD (Selkoe etal. 1986), domains for 
Kunitz-type serine protease inhibitor in some forms of 
APP (Tanzi etal. 1988; Kitaguchi etal. 1988) and a 
variant of cystatin C (a cysteine proteinase inhibitor 
like Ca and Cfi) in hereditary cerebral haemorrhage with 
amyloidosis, Iceland type (Ghiso et al. 1986) also, are 
amyloid proteins in the brain, cd-Anti-chymotrypsin (cq- 
ACT), a plasma serine protease inhibitor (Travis and 
Salvensen 1983), is thought to coexist with fi/A4 AP 
in AD (Abraham et al. 1988) and disorders such as 
Down's syndrome, age-related cerebral amyloidosis, 
sporadic amyloid angiopathy, and hereditary cerebral 
haemorrhage with amyloidosis, Dutch type (HCHWA- 
D; van Duinen et al. 1987). Thus el-ACT may partici- 
pate in amyloid fibril production in AD (Miyakawa 
et al. 1992). It seems unlikely that Ca and Cfl share epi- 
topes with fl/A4 AP because of the differences between 
their amino acid sequences (Takio et al. 1983, 1984) and 
those of fi/A4 AP (Glenner and Wong 1984). Non-specif- 
ic adherence of Cc~ and Cfl to amyloid is also unlikely 
judging from their immunostainings. From these consid- 
erations, we think that Ca and Cfi are amyloid proteins 
or co-exist with amyloid. 

From the diffuse staining of the corona of SP for 
CB, Cc~ and Cfi, it is unknown whether these substances 
are released or secreted from nerve cells or glial cells. 
There are reports that CB is secreted by macrophages 
(Morland and Pederson 1979; Sloane et al. 1986), neu- 
trophils and some tumour cells (Sloane etal. 1986). 
Moreover, it is presumably released from cells together 
with the other lysosomal enzymes when the lysosomal 
system is stimulated (Kirschke and Barrett 1987). In the 
corona of SPs, the level of CB was decreased in the 
cell body but increased in the degenerative neurites and/ 
or dendrites, astroglia and microglia. CB has an acidic 
pH optimum and functions in an acidic environment 
in the lysosomes and may act in the microenvironment 
just outside the cells where the pH conditions are under 
direct cellular control (Graf et al. 1981). Ca and Cfi are 
intracellular type proteins (Katunuma and Kominami 
1985) lacking the signal peptides that are common to 
secretory type proteins (Takio et al. 1983, 1984). Thus 
Ca and Cfi in amyloid cores and diffusely distributed 
in the corona of SP may not have been secreted, but 



have leaked pathologically from degenerative glial cells 
in which their levels are increased. Their leakage may 
cause neuronal degeneration, because similar degenera- 
tion of neuronal processes to that in senile plaques in 
AD was induced after injection ofleupeptin, an inhibitor 
of various proteases, including CB, into rat brain (Tak- 
auchi and Miyoshi 1989; Nunomura and Miyagishi 
1993), and they are very stable to extremes of pH 
(Kirschke and Barrett 1987) and so are presumably sta- 
ble in the microenvironment just outside the cells. Thus, 
the present study indicates immunohistochemically that 
CB, Ca and C/~ are involved in amyloid formation and 
supports the idea that the corona of SPs may be the 
site of fragmentation of APPs (Arai et al. 1990). 

The decrease of CB in most nerve cells in the patients 
compared with that in controls, indicating impairment 
or dysfunction of protein metabolism. 

The four abnormalities described above were not dis- 
ease-specific, being observed in most diseases and in 
aged subjects, indicating that similar abnormalities in 
protein metabolism are common to most diseases and 
during aging. 

How can we understand these abnormal findings in 
relation to proteolysis in pathogenesis of NFTs and 
amyloid formation? Findings regarding the pathogenesis 
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of SP and/or NFT formation in AD using transgenic 
mice (Kawabata et al. 1991; Quon et al. 1991; Wirak 
et al. 1991) are now controversial (Marx 1992). We think 
that qualitative and quantitative abnormalities of both 
the substrates and the proteolytic system must be impor- 
tant in the pathogenetic background of abnormal find- 
ings in the present study. These abnormalities may be 
both congenital and acquired. 

Recent detection of amino acid substitutions of APP 
in some patients with familial AD (valine 7~7 to isolen- 
cine; Goate etal. 1991; Naruse etal. 1991) and in 
HCHWA-D (glutamate 619 to glutamine;' van Duinen 
et al. 1987), and amyloid formation by transfection of 
C-terminal peptides of APP into cells (Maruyama et al. 
1990) suggest that qualitative genetic (congenital) abnor- 
mality of APP as a substrate cause/q/A4 amyloid pro- 
duction because of cleavage by proteases at abnormal 
sites. 

Human trisomy-21 (the Down syndrome; Wisniewski 
1985) and mouse trisomy-16 (Richards 1990) suggest 
that genetically determined quantitative excess of pro- 
tease substrates are important for NFT and SP forma- 
tions, because the anaount of protein including APPs 
encoded by genes on the chromosomes in cases of tri- 
somy is expected to be 150% of the normal amount. 

Congenital (genetic) causes: 
Mutated substrates 
(APPs? etc.) for proteases 

Trisomy-21 
Other unknown causes? 

Acquired causes: 
Ischaemia?, 
Hypoxia?, / 
Toxic metabolites 
or substances?, 
Other unknown c a u s e s ~ ,  

----*Increases (induction)" // 
of p roteases (NC) / /  

*Increases (induction) / /  
of i~hibitors (GC) / /  

*Degeneration of GC / /  

4 . / ,  
*Leakage of Absolute overload 

inhibitors of proteolytic 
(corona of SP) system 

�9 . Cleavage by proteases - -  
at abnormal site (s) 

�9 - Overproduction of 
substrates for 
proteases 

~*Degeneration of NC: 
~ Intracellular 

proteins 
Cell membranes 
Proteases 
Lysosomes 

Disturbance of 
maturation, 
segregation and/or 
degradation 
of proteases 

Relative overload *Leakage of 
of proteolytic proteases 

system (corona of SP 

Dysfunction of 
proteolytic 

system 

Incomplete and/or abnormal " 
proteolysis 

*NFT and/or *amyloid formation 

Fig. 10. Possible mechanism of proteolysis in 
neurofibrillary tangle (NFT) and amyloid for- 
mation. APP, amyloid precursor protein; GC, 
Glial cells; NC, nerve cells; SP, senile plaque; 
*, shown in this study 
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Qualitative genetic abnormali t ies  o f  proteolyt ic  sys- 
tems are unknown.  It  is unlikely that  susceptibilities to 
A D  and abnormal  processing o f  APPs  are related geneti- 
cally with abnormali t ies  o f  the genes for CB, C H  and 
CL, because the ch romosomes  with genes encoding CB, 
C H  and CL (human  gene mapp ing  10, 1989) are differ- 
ent f rom those with the A D  gene in the early onset  fo rm 
(St. George-Hys lop  et al. 1987), the A D  gene in the late 
onset fo rm (Pericak-Vance et al. 1991) and the A P P  gene 
(Korenberg  et al. 1988), respectively. The sites o f  the 
genes o f  Ce and Cfi are unknown.  

The facts tha t  mos t  cases o f  A D  are sporadic and 
that  similar histological al terations occur in the aged 
and that  N F T  fo rmat ion  occurs in cerebral infarct ion 
(Kato  et al. 1988) indicate that  some acquired disease 
processes, such as ischaemia, are also impor tant .  We 
believe that  degenerat ion or dena tura t ion  o f  intracellular 
proteins and proteolyt ic  systems including lysosomal  
and non- lysosomal  protease systems are impor tant .  The 
former  cause increase o f  proteases in response to in- 
crease in their substrates. The excess yield o f  substrate 
beyond  the degrada t ion  capaci ty  m a y  cause incomplete 
or abnormal  proteolysis  as an absolute over load for the 
proteolyt ic  system. The latter m a y  cause incomplete or  
abnormal  proteolysis as a relative over load for  the pro-  
teolytic system following degenerat ion o f  proteases and 
lysosomes, especially in the nerve cells with impaired 
protease activity seen in the present study. We think 
that  this incomplete or  abnorma l  proteolysis,  including 
abnormal  processing and degrada t ion  o f  substrates for  
proteases, is responsible for N F T  and amyloid  forma-  
tion. Our  idea o f  the possible mechanisms o f  proteolysis 
in N F T  and amyloid  fo rmat ion  is summarized in the 
scheme in Fig. 10. 

There are few reports  o f  immunohis tochemica l  stu- 
dies o f  cathepsins in pathological  brains:  CB and C D  
(which is an aspart ic proteinase) have been found  in 
A D  (Cataldo and Nixon  1990; N a k a m u r a  et al. 1991), 
and CB in aged h u m a n  brain (Bernstein et al. 1990). 
There are no reports  o f  immunohis tochemica l  studies 
on CB in NFTs ,  or  on Ce and  Cfi in A D  and related 
disorders, and no reports  o f  compar i son  of  the locations 
o f  CB, C H  and CL  and Cc~ and Cfi. 

The present s tudy suggests a possibility o f  treating 
A D  and related disorders featuring N F T  and/or  SP for- 
ma t ion  with drugs that  can cont ro l  or  reduce abnormal  
proteolysis. 
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