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Summary. A histopathological study was carried out on 
the brains of eight ex-boxers (ages 56 to 83) using 
conventional histological staining methods and immu- 
nocytochemistry with antibodies to amyloid ~-protein 
and the PHF-rela ted tau protein. All cases showed a 
large number  of tau-immunoreactive neurofibrillary 
tangles and also ~-protein immunoreactive senile pla- 
ques in the cortex. In the areas with many neurofibril- 
lary tangles, neuropil threads with tau-immunoreactivi- 
ty were also observed, and some of the senile plaque 
lesions were surrounded by abnormal neurites with 
tau-immunoreactivity. Moreover,  three cases revealed 
~-protein-type cerebrovascular amyloid deposits on 
both  leptomeningeal  and cortical blood vessels. The  
present observations indicate that the cerebral patholo- 
gy of dementia  pugilistica is very similar to that of Alz- 
heimer 's  disease and suggest that these two disorders 
share some common etiological and pathogenic mecha- 
nisms. 
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Some ex-boxers who have experienced repeated head 
trauma show a degenerative brain disorder including 
psychosis, a progressive dementia  and Parkinsonism, 
which is known as dementia  pugilistica (DP) or "punch 
drunk" syndrome [25, 31]. A characteristic histopatho- 
logical finding of the brain in this syndrome is the diffuse 
presence of neurofibrillary tangles (NFTs) throughout  
the cerebral cortex (especially medial temporal  lobe) 
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and the brain stem [11]. These NFTs are morphologically 
and immunohistochemically indistinguishable f rom 
those observed in the brain in Alzheimer 's  disease (AD) 
[14, 27, 36, 46]. Fur thermore ,  recent immunocytochem- 
ical studies have revealed valuable new findings on 
brains with this disorder: many ~-protein-immunoreac- 
t i re  senile plaque-like lesions [37] and significant num- 
bers of NFTs with ~-protein immunoreactivity [2] have 
been described in some cases with DR suggesting 
etiological and pathological similarities between DP and 
AD. 

In the present study we have re-examined a number  
of ex-boxers' brains using recently developed histoche- 
mical and immunocytochemical  staining methods and 
report  previously unknown findings on the cerebral 
pathology in this disorder. 

Materials and methods 

Formalin-fixed brain tissues from the temporal lobe were obtained 
from seven of the ex-boxers' brains originally reported by Corsellis 
et al. [11], and one additional case (Table 1); each case had been 
previously investigated to establish details of the boxer's career, 
and had undergone extensive neuropathological examination at 
Runwell Hospital, UK. Paraffin-embedded sections were stained 
by hematoxylin-eosin, alkaline Congo red, modified Bielschows- 
ky's silver impregnation [50], and by immunocytochemical staining 
methods. Immunoperoxidase staining was carried out using the 
avidin-biotin peroxidase technique described previously [22]. The 
primary reagents were monoclonal antibody 4D12/2/6 raised 
against a synthetic peptide consisting of residues 8-17 of ~-protein 
[1], an affinity-purified rabbit antiserum to the amino-terminal 
octapeptide of human cystatin C (AG8206) [30], and anti-tau 
antiserum [21]. The sections were immunostained with either 
1:1000-diluted ascites fluid (4D12/2/6) or 1:500-diluted antisera 
(anti-cystatin C antiserum and anti-tau antiserum), and some 
sections were pretreated with 98 % formic acid to enhance the 
immunoreactivity of amyloid-related proteins [28]. The immuno- 
specificity of the staining produced by all three of these antibodies 
has been well characterized [1,21, 28].The lesions seen in all Congo 
red, silver impregnation and immunostained sections in each case 
were semiquantitatively estimated. 



Table 1. Semiquant i ta t ive  es t imat ion  of  neurofibri l lary changes  and (3-protein deposi ts  in eight  cases with dement i a  pugilistica 
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Case Age/sex  Congo- red  Silver impregna t ion  Immunos ta in  
(years) 

PL  N F T  C A A  PL N F T  B-protein Tau 

PL  N F T  C A A  N F T  NT 

1 56/M + +  + +  + +  + + +  + +  + + +  - + +  + +  + +  
2 61/M + +  + + +  + + +  + + + +  - + +  - - 
3 61/M - + + +  - - + + +  + + - + + +  + +  
4 63/M + +  + +  - + +  + + +  + - + + 
5 71/M - + + +  - + +  + + +  + +  + - + +  + 
6 75/M + +  + +  + +  + + +  + +  + + +  + + +  + +  + +  
7 77/M - + + +  - - + + +  + + +  - + + +  + +  
8 83/M + +  + + +  - + +  + + +  + +  + - + + +  + 

PL,  senile p laque;  NFT, neurofibri l lary tangle;  C A A ,  cerebral  amyloid angiopathy;  NT, neuropi l  th read;  M, male  
The  following four  grades of  severi ty was observed  unde r  low power  magnif icat ion:  - ,  not  observed;  + ,  a few lesions were  seen,  but  
only af ter  extensive  search;  + + ,  a substant ia l  n u m b e r  of  lesions were  observed ,  but  some optic  fields were still f ree  of  lesions; 
+ + + ,  many  lesions were  visible in every field 

Results 

The results of Congo red, silver impregnation and 
immunohistochemical stainings are summarized in Table 
1. Numerous Congophilic and argyrophilic NFTs that 

were distributed widely throughout the cortex examined 
were seen in all eight cases (Fig. 1A, C). These lesions 
were invariably immunoreactive to anti-tau antiserum 
(Fig. 1A, B), and some NFT-bearing neurons showed 
several tortuous apical and basal dendrites with tau 

Fig. 1 A - D .  Represen ta t ive  pictures of  neurofibri l lary tangles  
(NFTs) and their  re la ted  lesions seen in case 7. A En t i r e  t empora l  
cor tex showing a large n u m b e r  of  t au- immunoreac t ive  NFTs. Insert 
reveals a few NFTs with [3-protein immunoreac t iv i ty  seen  in the  
f r amed  area. B Magnif ied pic ture  of  the  NFTs in tensely  immuno-  
s ta ined by ant i - tau-ant i serum.  C Some NFT-bear ing  neurons  
(arrowheads) showing argyrophil ic neurona l  processes  that  are 

ident i f ied as dendr i tes .  D In addi t ion to nerve  cells wi th  s t rong 
tau- immunoreact ivi ty ,  there  are some short  f ibers (neuropi l  
threads)  with the  same immunohis tochemica l  reactivity. Insert is an 
immunolabe l l ed  neu ron  with t au- immunoreac t ive  tor tuous  apical 
dendr i tes .  A ,  B, D Tau immunosta in ing ,  C Silver impregnat ion .  
Bars A - C  = i00; D = 50 ~tm 
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immunoreactivity (Fig. 1D, insert). Additionally, in 
areas with many NFTs there were substantial numbers of 
tau-immunoreactive abnormal neurites closely resem- 
bling the structures called "neuropil  threads" which have 
been described in brains with AD [3, 4]; however, these 
pathological neurites were not greatly kinked or curled 
and appeared shorter  than those reported in A D  (Fig. 
113). 

These eight cases also revealed variable numbers of 
morphologically diverse senile plaques in an extensive 

area of cortex (Fig. 2A, C), and three of them showed 
cerebrovascular amyloid deposits in both leptomenin- 
geal and cortical blood vessels (Fig. 2A). Small vessels 
were heavily laden with amyloid deposits along the 
entire walls, which were frequently thickened, while 
amyloid deposits on the walls of large vessels were 
confined to the media or adventitia. The  vessels in the 
subarachnoid space were more frequently involved than 
those in the cortex (Fig. 2B). All these cerebrovascular 
and senile-plaque amyloid deposits seen in the present 

Fig. 2A-C. Representative pictures of cerebrovascular and senile 
plaque amyloid deposits. A and B are B-protein immunostaining. 
A Immunostaining with formic acid pretreatment shows cerebro- 
vascular amyloidosis and various forms o1 ~-protein-immunoreac- 
tive plaques (including early plaques and mature plaques) in case 1. 
Arrowheads show subpial band-like lesions with B-protein immu- 
noreactivity and insert is a polarized view of cortical amyloid 
angiopathy after congo red staining. B Severe [3-protein-immuno- 

reactive amyloid deposition on the leptomeningeal vessels seen in 
case 2. Note the different patterns of vascular wall amyloid 
deposition between large and small vessels. C Tau immunostaining 
reveals dystrophic neurites in the periphery o1 senile plaques. 
Insert is f3-protein immunostaining showing a typical mature plaque 
with a central amyloid core (a) and an early (diffuse) plaque (b). 
Bars A, C = 100; B = 200 ~m 



cases were consistently immunoreactive to anti-~- 
protein antibody (Fig. 2A, B, and insert of C) but were 
not stained by anti-cystatin C antiserum (data not 
shown). We could not find any close relationship 
between senile plaques and the vessels with amyloid 
angiopathy. However, three cases with cerebrovascular 
amyloidosis appeared to have a greater number of senile 
plaques with B-protein immunoreactivity than that seen 
in the remaining cases without cerebral amyloid angio- 
pathy. In addition, degenerating neurites associated 
with some senile plaques were stained by anti-tau 
antiserum (Fig. 2C), and a small number of NFTs with 
[3-protein immunoreactivity (the vast majority of them 
appeared to be extracellular tangles) were observed in 
six of these eight cases (Fig. 1A, insert). The detailed 
findings of ~-protein-immunoreactive NFTs seen in 
some of the present cases have been reported by other 
investigators [2] and the topographical relationship 
between ~-protein and tau-protein epitopes in NFTs has 
recently been described in AD [40, 49]. 

Discussion 

It is well known that DP seen in some retired boxers who 
have experienced many fights might be caused by 
repeated head trauma [12, 25, 31], and early pathologi- 
cal studies of the brain in this disorder emphasized the 
presence of a large number of NFTs with the relative 
absence of senile plaques [11]. However, some recent 
immunohistochemical studies have revealed important 
new information on the cerebral pathology of DE 
Abundant cerebral e-protein deposits resembling early 
[23] or diffuse [47] senile plaques [37] together with 
[3-protein-immunoreactive extracellular NFTs [2] are 
common in this disease but there is no mention of 
neuropil threads or cerebrovascular amyloidosis in these 
reports. 

NFTs and related lesions 

The present study showed that the morphology and 
immunohistochemical properties of NFTs in DP are very 
similar to those reported in AD [14, 27, 36, 46]. 
Additionally, previously undescribed tau-immunoreac- 
tive abnormal structures were also observed in DP 
brains; these included neuropil threads and degenera- 
ting neurites located in the periphery of classical pla- 
ques. The former lesions (sometimes termed "curly 
fibers") have been described previously in AD [3, 4, 21, 
29, 34, 48] where their distribution and number were 
found to correlate with those of NFTs [29, 35, 42]. 
However, in the present DP cases with many NFTs the 
degree of formation of neuropil threads seemed to be 
less prominent than that reported in AD cases [21, 29, 
48], and any constant morphological relationship 
between neuropil threads and senile plaques was not 
observed. Accordingly, it seems likely that the patholo- 
gical events involved in the formation of neuropil 
threads and the neuritic component of senile plaques 

283 

might be different, although both lesions are composed 
mainly of bundles of the paired helical filaments con- 
taining tau-protein as a major antigenic component. 

Cerebral arnyloid angiopathy 

Cerebral amyloid aniopathy (CAA) is observed in a 
variety of brain degenerative diseases [5], of which 
B-protein-type CAA [17] is the most common form seen 
in aged individuals including patients with AD [5]. In the 
present DP brains with a large number of NFTs and 
senile plaques, B-protein-type CAA was demonstrated 
in three of eight cases. It is well established that 
substantial numbers of typical senile plaques and/or 
CAA appear in the brains of aged non-demented 
individuals [13, 15, 43-45], and these age-related brain 
amyloids are also composed of [3-protein [8, 9, 24]. 
However, two of the present three cases with CAA were 
aged 56 and 61, respectively, and both CAA and senile 
plaques rarely occur in these age-matched controls [15, 
43-45]. It is concluded, therefore, that cerebrovascular 
amyloidosis with the abundant and diffuse presence of 
senile plaques seen in these three cases is not an 
incidental finding but a pathological condition asso- 
dated with DR 

Pathological similarities in DP and AD brains 

The present study clearly demonstrated that an exten- 
sive cortical involvement with neurofibrillary changes 
(NFTs, neuropil threads and degenerating neurites) and 
[~-protein deposits (senile plaques and CAA) is a 
common pathological change in DP brains. In addition, 
all of the morphological and immunocytochemical find- 
ings described above indicate the many similarities in 
pathology between DP and AD. The detailed patholog- 
ical mechanisms leading to the formation of NFTs, senile 
plaques and CAA in AD brains remain unclear. How- 
ever, in DP patients with a long fighting career, repeated 
violent forces on the brain are considered to be the most 
important pathogenic factor that results in a demented 
state with Alzheimer's pathology; neurons injured by 
mechai~ical shearing of axons and/or dendrites develop 
NFTs with neuropil threads [41]. Similarly, ~-protein 
precursors [26] in serum might leak into the brain 
parenchyma through a damaged blood-brain barrier 
[18]. Alternatively, on the basis of the idea of a neuronal 
derivation of ~-protein [32], injured neurons could be 
potential sources for ~-protein precursors. 

It is uncertain whether or not head trauma is a direct 
causative factor in most cases of AD. However, some 
epidemiological studies [19, 33] have showed that there 
is a significantly greater incidence of head injury in 
patients with AD than controls, and a few cases [6, 7, I0, 
20, 39] who insidiously developed AD after a single head 
trauma have also been reported, suggesting that head 
injury is one of the predisposing factors in development 
of AD. Although several etiological theories have been 
proposed for the pathobiology of AD [16], the present 



284 

s tudy in conjunc t ion  with previous  repor ts  [2, 7, 37, 38] 
demons t ra t e s  tha t  invest igat ions of  D P  with a pa tho log-  
ical r esemblance  to  A D  can provide  useful  in fo rmat ion  
in consider ing the pa thogenes i s  of  A lzhe imer - type  
dement ia .  
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