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Summary.  A blind study showing that serum from patients 
with Alzheimer's disease causes immunolysis of mammalian 
brain synaptosomes is reported. Control, aged-matched, sera 
were largely without effect. The immunolysis was directed 
mainly against cholinergic synaptosomes. The data presented 
support the hypothesis that autoimmune mechanisms may op- 
erate in the pathogenesis of Alzheimer's disease. 
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to lyse mammalian synaptosomes in the presence of comple- 
ment. This immunolysis is detected by the release of soluble 
cytoplasmic enzymes, such as lactate dehydrogenase and 
choline acetyltransferase, from the synaptosomes into the in- 
cubation fluid [11]. Immunolysis can only occur when the anti- 
bodies present recognise and bind to an antigen on the outer 
cell surface, thereby triggering the complement-mediated lyric 
action. The findings are discussed in terms of the significance 
of autoimmune factors in the pathogenesis of Alzheimer's dis- 
e a s e .  

Introduction 

Senile dementia of the Alzheimer type (SDAT) is a major de- 
menting disorder of old age, but the aetiology and pathogenesis 
of the disease remain obscure [23, 24]. Definitive diagnosis 
can only be made on histopathological evidence obtained at 
autopsy, or by biopsy, as highly characteristic pathological 
changes are seen in the disease [4, 26]. In particular, there is 
an abundance of neuritic plaques, neurofibrillary tangles and 
cerebrovascular amyloid deposits and neuronal loss in specific 
brain regions. Changes in a wide range of neurotransmitter 
systems have also been reported [17]. Various hypotheses 
have been proposed to explain the aetiology and pathology of 
Alzheimer's disease [17, 18]. However, to date no single 
hypothesis encompasses all known changes. The failure in the 
cholinergic system has been of particular interest and is linked 
to a loss of neurons in the basal forebrain and of cholinergic 
markers in the cerebral cortex [17, 24, 25, 29, 31]. The pres- 
ence of amyloid deposits and cortical plaques in post-mortem 
brain tissue has suggested a link between autoimmune re- 
sponses and the pathogenesis of the disease [18]. A blood- 
brain barrier deficit has been reported in many cases [2, 30], 
and amyloid deposits and neuritic plaques are often found as- 
sociated with blood vessels. Moreover, antibodies inhibiting 
choline acetyltransferase activity and specifically binding to 
cholinergic neurons have been reported in sera from patients 
with Alzheimer's disease [7, 13, 14, 21] and these observations 
have raised the question of whether autoimmune factors might 
play a part in the pathogenesis of the disease [18]. We report 
the presence of antibodies in sera, from groups of American 
and Swedish patients with Alzheimer's disease, which are able 
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Subjects and methods 

Serum from patients with Alzheimer's disease and controls" 

American patients' and controls. All patients met NINCDS- 
ADRDA criteria for the clinical diagnosis of probable Alz- 
heimer's disease [20]. The patients and controls were rated for 
clinical severity, employing the clinical rating scale of Reis- 
berg et al. [22], and controls were age matched to the patients. 
All patients had a rating greater than 4 on the Reisberg scale, 
which has the range 1-7. This scale correlates with the mini- 
mental scale [6, 15] used for the Swedish patients. The age 
range was 52-88 years for the ten patients (mean age 72.3, SD 
3.8 years, median 76 years). The mean duration of illness at 
the time of blood sampling was 3.5, SD 0.8 years, with a me- 
dian duration of 2.5 years. Controls were healthy, elderly vol- 
unteers (over 65 years old) and in the cognitive tests they all 
scored 1 on the Reisberg scale. 

Swedish patients" and controls. The patients with Alzheimer's 
disease were all diagnosed after an exhaustive clinical evalua- 
tion using the DSM III criteria [3] and were all of high severity 
(mini-mental state score less than 17 on a scale 0-30 [15]). The 
age range was 58-88 years (mean age 73, SD 3.3 years, me- 
dian 71.5 years for the eight patients). The duration of illness 
at the time of blood sampling was 6.6, SD 1.2 years, with a 
median duration of 6 years. Controls were aged matched to 
the patients and were also tested using the DSM III criteria. 
They showed mini-mental state scores greater than 25. 

Immunolysis test 

This test was based on the method of Docherty et al. [11]. One 
millilitre of synaptosomes prepared from cerebral cortex of 
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Sprague Dawley rats [5] was pre-incubated (approx. l mg 
synaptosomal protein/ml) at 37°C in oxygenated phosphate- 
buffered Krebs-glucose medium (mM): NaC1, 140; KC1, 5.0; 
MgCI2, 1.6; CaClz, 1.0; NazHPO4/NaHzPO4, 20.0; glucose, 
20.0) for 15 rain before addition of serum alone, guinea-pig 
complement alone, or serum plus complement. Incubations 
were continued for 60 rain, except where the time course was 
studied. Synaptosomes were then deposited by centrifugation 
(10000 g/30 s) and supernatants were decanted. The tissue 
fraction was resuspended and used to test levels of Na+-depen - 
dent high-affinity choline uptake, as well as lactate dehydro- 
genase (LDH) and choline acetyltransferase (CHAT) content. 
The levels of ChAT and LDH were measured in the superna- 
rant fraction. 

Control and patient sera were treated identically through- 
out. Serum samples with added azide (0.02% w/v) were 
stored at 0-4°C. Both serum samples and complement were 
dialysed against incubation medium (2 x 1000 vol.) for 3h 
under vacuum dialysis before use. Typically 100 ~tl serum sam- 
ple and 50 lal guinea-pig complement were added to 850 tal 
synaptosome suspension. Fifty to 200 gl serum was used in 
dose-response studies. No LDH or ChAT was detected in any 
of the serum samples. ChAT was measured by the method of 
Fonnum [16] and LDH by the method of Vassault [27]. Gluta- 
mate decarboxylase (GAD) and high-affinity choline trans- 
port were measured by the method of Docherty et al. [11] and 
dopamine-13-hydroxylase (DBH) by the method of Joh et al. 
[19]. 

All patients' sera were tested interspersed with control 
sera, one control and one (or more) serum from a patient with 
Alzheimer's disease being tested together. Beyond this pair- 
ing, all the tests were made blind in each series (i.e. the sera 
were not identified as being control or patient in origin). In 
each test series a triplicate set of "no addition" controls were 
also run; these contained neither control nor patients' sera. 
They acted as controls for the serum or complement alone ad- 
ditions. The difference between paired patient and control 
sera tested against a particular synaptosome preparation was 
selected as the index of lysis. 

The immunolysis test was found to be reproducible; a 
given serum produced the same degree of immunolysis when 
tested on separate occasions, even after several months' stor- 
age at 0-4°C. Triplicate samples gave very similar results. 

Statistics emp loyed  

The initial statistical analysis of the data summarised in Table 
1 was performed by using a Biomedical Data Processing Pro- 
gram 8V [8] to do a mixed models analysis of variance. This 
employed three between factors and one within factor (with 
fixed and random levels respectively), using each of the tripli- 
cate values in each analysis as a separate datum point. The 
analysis used the logarithms of each triplicate replication in the 
test groups as follows: (a) serum plus complement, (b) serum 
alone, (c) complement alone and (d) no addition, for both 
sera from patients with Alzheimer's disease and control sera. 
The logarithms of the triplicates were normally distributed. 
This analysis indicated that working with logarithms stabilises 
the variance and that none of the latter control conditions 
exerted a statistically significant effect on the parameters mea- 
sured. The F-values generated by the program are given in 
Table 1. 

Table 1. Summary of data on percentage choline acetyltransferase 
(CHAT) and lactate dehydrogenase (LDH) release and choline up- 
take inhibition (see Fig. 1) a 

ChAT release LDH release Choline uptake 

American sera 

Alzheimer (10) b 5.4 (2.8) 3.4 (2.3) ( - )  18.8 (9.2) 
Control (8) 0.2 (1.1) 0.5 (0.3) (+) 1.9 (4.0) 

Swedish sera 

Alzheimer (8) 12.8 (2.0) 5.1 (2.2) ( - )  23.4 (8.8) 
Control (7) 3.3 (2.1) 1.1 (1.0) ( - )  1.6 (7.3) 

Combined American and Swedish sera 

Alzheimer (18) 8.7 (2.0) 4.2 (0.9) ( - )  20.8 (4.8) 
Control (15) 1.6 (1.2) 0.8 (0.4) (+) 0.3 (3.9) 

F values c and statistical significance (two tailed) 
All sera 8.88 P < 2% 5.20 P < 5% 4.88 P < 5% 
American sera 4.88 P <  5% 8.17 P <  2% 8.88 P < 2% 
Swedish sera 10.49 P < 2% 7.18 P < 2% 7.78 P < 2% 

a The individual data for each serum are shown in Fig. 1. 
b Mean values (SEM) are given for the number of sera given in paren- 
theses and represent percentage total enzyme release, or choline up- 
take inhibition, as defined in the legend to Fig. 1. For choline uptake, 
( - )  indicates a diminished uptake, and (+) indicates an increased up- 
take due to serum addition 
°F values were calculated by taking logarithms of the data in order to 
stabilise the variance 

Results  

Basis f o r  immunolys i s  test 

In the present study the possible presence in human sera of 
antibodies to cholinergic neurons was investigated by attemp- 
ing to cause specific complement-mediated immunolysis of 
cholinergic synaptosomes in preparations of rat brain cere- 
brocortical synaptosomes. We have previously demonstrated 
such specific immunolysis of the cholinergic subpopulation of 
synaptosomes by the addition of antibodies which recognise 
CHAT, together with complement, to mixed synaptosome 
preparations [9-11]. Lysis was monitored by following the re- 
lease of the soluble enzymes ChAT and LDH, and by measur- 
ing changes in the extent of high-affinity choline transport by 
the synaptosomes after exposure to dialysed serum with or 
without complement, as described above. 

In the extensive studies of Docherty et al. [9-11], a maxi- 
mum of 10%-15% of the rat cerebrocortical synaptosomes 
was immunolysed by anticholinergic antibodies in the pres- 
ence of complement, indicating that 10%-15% of the whole 
synaptosome fraction is derived from cholinergic neurons. 

Act ion  o f  sera f r o m  patients  
with A l zhe imer ' s  disease and controls 

Ten sera from American patients with Alzheimer's disease 
were tested blind, randomly interspersed with eight American 
control sera, and sera from eight Swedish patients with SDAT 
were similarly tested blind with seven age-matched Swedish 
control sera. One control serum and one (or more) serum 
from a patient with Alzheimer's disease were tested together 
against a particular batch of freshly prepared rat cerebrocorti- 
cal synaptosomes. In these tests the action of serum plus com- 
plement was compared with that of complement alone. It can 
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Essentially the same pattern of L D H  and C h A T  release, 
and depressed choline uptake, was obtained when differences 
between the addition of serum alone and serum plus comple- 
ment  (instead of complement  alone and serum plus comple- 
ment) were analysed for both Amer ican  and Swedish sera. In 
this analysis of the data the differences in action between the 
two conditions were smaller (by about 20%). This was most 
likely due to the presence of residual active complement  in 
some of the serum samples, because sera were not heat  inacti- 
vated. It was for this reason that serum plus complement  was 
compared with complement  added alone, rather than serum 
plus complement  being compared with serum alone. Heat-  
treated sera were not used routinely, as there was an inhibit- 
ory effect (15%) on choline transport by heated control sera 
when added alone. 

Complement  or serum added alone had only small effects 
on the immunolysis parameters and these were not  additive, 
indicating that they exerted similar non-specific actions in 
common (Table 2). Moreover ,  "no addit ion" controls (see 
Subjects and methods) produced very small effects, commen-  
surate with those caused by serum or complement  added 
alone. 
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Fig. 1. Action of Alzheimer and control serum plus complement on 
choline acetyltransferase (CHAT) and lactate dehydrogenase (LDH) 
release, as well as on high-affinity choline uptake into rat cerebrocor- 
tieal synaptosomes, a American, b Swedish patients and controls. The 
action of patient (Z]) and paired control sera (El) are shown as histo- 
grams and assigned a number for identification in the other tests on 
this figure an in tests reported in Tables 2-4. The ordinates for each 
parameter measured represent the difference between the action of 
serum plus complement and complement added alone to rat cere- 
brocortical synaptosomes expressed as a percentage of total enzyme 
present in the preparation which is released, or percentage of choline 
uptake in the absence of additions. Negative values indicate a larger 
action for complement alone in releasing the enzyme. For choline up- 
take, negative values indicate the degree of inhibition of the uptake 
process. The sera are arranged in a left-to-right sequence of increasing 
action in causing release of CHAT. All tests were done blind, and sera 
from one or more patients were always tested with control sera 
against each synaptosome preparation. The choline uptake studies 
employed 1.0~M (3H)-choline (l~Ci/mt) to select high-affinity up- 
take. The absolute levels of parameters measured in control, un- 
treated, synaptosomes were: LDH: 1.68~mol/mg; ChAT 157pmol/ 
nag; choline uptake i21 pmoI/mg per 2 min 

Specificity 

The action of the sera appeared to be specifically directed 
towards cholinergic synaptosomes. Thus, neither G A D  nor 
D B H  were released after up to 2 h of incubation with selected 
Amer ican  or  Swedish S D A T  patients '  sera which effectively 
released C h A T  in the same test and were known to be among 
the most active in causing cholinergic immunotysis (Table 2). 
This indicates that neither G A B A e r g i c  nor noradrenergic 
synaptosomes are lysed by these sera. However ,  release of 
C h A T  and reductions of high-affinity choline transport indi- 
cate specific immunolysis of cholinergic synaptosomes. It 
should be noted that complement  or  serum added alone pro- 
duced relatively small effects (Table 2). These were commen-  
surate with those produced in samples where no complement  
or serum was added (data not shown). 

Dose-response correlation and time course of  immunolysis 

Increasing the amount  of selected sera from Amer ican  or  
Swedish patients with S D A T  from 50 to 200 ~tl during a 1-h in- 
cubation caused a small but detectable increase in release of 
L D H  and C h A T  (Table 3). Time-course studies over  the 
period 30-120 min showed that lysis was essentially complete  
after 60-90 min incubation for the selected Amer ican  S D A T  
patients '  serum studied but continued for Swedish S D A T  pa- 
tients'  serum as judged by the release of C h A T  and L D H  
(Table 4). Only one experiment  (in triplicate) was performed 
in each case using sera selected as being among the most ac- 
tive in causing immunolysis in other  tests. 

be seen from Fig. 1 and Table 1 that the majori ty of sera from 
patients with S D A T  caused greater  release of C h A T  and 
L D H  into the incubation medium than the paired control with 
which it was tested. The difference be tween the mean values 
for C h A T  or L D H  release by grouped Amer ican  S D A T  pa- 
tients or  Amer ican  control sera, without reference to pairing, 
also shows statistically significant enhanced release of the en- 
zymes into the incubation medium (Table i) .  

Correlation between actions of  sera 
on the three parameters measured 

The majority of sera from American  and Swedish patients 
with S D A T  caused some degree of immunolysis of synapto- 
somes compared with relatively few of the control sera, based 
on the three indices employed (e.g. Amer ican  S D A T  patients '  
sera 6, 8, 10; Swedish S D A T  patients '  sera 7). Nearly all of the 



Table 2. Specificity of immunolysis of synaptosome subfractions by sera from patients with Alzheimer's disease 

Serum Release of enzyme (% total released) 

ChAT GAD DBH 
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S + C  S C S + C  S C S + C  S C 

AA 27 (5.7) 0 (0.3) 0 (2.1) 1 (0.8) 0 (0.5) 1 (0.9) 11 (3.7) 6 (2.0) 4 (0.3) 

SA 12 (2.7) 4 (1.8) 2 (3.0) 3 (2.2) 1 (0.2) 1 (0.2) nm nm nm 

AC 2 (0.9) 1 (2.4) 3 (1.9) 2 (1.9) 4 (1.4) 2 (1.0) nm nm nm 

Rat cerebrocortical synaptosomes were incubated with the serum (100 gl) for 2 h at 37°C as described in Subjects and methods. Antibiotics 
(penicillin and streptomycin) were present (200 IU/ml). AA = serum from American patient no. 2 of Fig. 1; SA = serum from Swedish patient 
no. 7 of Fig. 1; AC = American control serum no. 2 of Fig. 1. 
Values are mean (SEM) of three determinations, nm = not measured; S = serum alone; C = complement alone; S + C = serum plus comple- 
ment, added; GAD = glutamate decarboxylase; DBH = dopamine-13-hydroxylase. 
All values were corrected for "no addition" controls 

Table 3. Dose-dependence of immunolysis of rat cerebrocortical synaptosomes by serum from patient's with Alzheimer disease 

Dose Serum 

AA SA Control sera CU 

LDH ChAT CU LDH ChAT CU LDH ChAT 

50gl 7.3 (0.4) 6.8 (1.9) 172 (14) 6.8 (2.4) 8.8 (2.1) 185 (13) 7.0 (1.9) 7.2 (0.1) 112 (20) 

100gl 8.2 (0.7) 9.3 (0.8) 138 (3) 8.7 (0.9) 10.7 (1.5) 149 (11) 8.1 (2.2) 7.5 (1.3) 138 (11) 

150gl 8.9 (2.9) 10.7 (2.8) 89 (12) 8.1 (2.8) 10.5 (2.4) 147 (11) 8.0 (2.2) 6.9 (1.4) 136 (16) 

200gl 10.8 (1.6) 13.2 (1.7) 125 (11) 10.3 (0.2) 9.0 (1.0) 97 (9) 7.2 (2.0) 6.4 (1.0) 150 (11) 

Rat cerebrocortical synaptosomes were incubated with serum (50-200 gl) plus complement for 60 min at 37°C described in Subjects and methods. 
Data for LDH and ChAT represent percentage of total present which was recovered in the incubation medium. The high-affinity choline uptake 
(CU) data represent picomoles of choline transported per sample per 2 min. Values represent difference between serum plus complement and 
complement alone. 

Data are mean +_ SEM from three determinations: AA = serum from American patient no. 2 of Fig. 1; SA = serum from Swedish patient 
no. 8 of Fig 1. Control sera were SC no. 3 and no. 2 of Fig. 1. The data for control are mean of results from these two sera 

Table 4. Time course of immunolysis of rat cerebrocortical synaptosomes by serum from patients with Alzheimer disease 

Min Enzyme release (% total release) 

A A  SA SC Complement only 

LDH ChAT LDH ChAT LDH ChAT LDH ChAT 

30 5.4 (1.8) 15.1 (1.9) 5.5 (0.5) 15.4 (2.2) 7.8 (11) 7.3 (0.3) 4.4 (0.3) 6.7 (0.4) 

60 7.0 (0.4) 13.5 (1.4) 8.0 (1.2) 13.8 (1.6) 7.0 (2.1) 6.8 (0.9) 5.3 (0.6) 6.4 (1.0) 

90 7.0 (0.8) 17.5 (0.4) 10.8 (0.4) 12.0 (0.4) 10.8 (0.4) 7.3 (1.4) 5.1 (1.1) 6.6 (0.9) 

120 7.5 (0.8) 17.0 (1.7) 16.1 (0.9) 18.3 (0.9) 7.3 (1.2) 6.2 (0.8) 5.4 (0.4) 7.1 (0.5) 

Rat cerebrocortical synaptosomes were incubated with the serum (100 gl) for the period indicated as described in Subjects and methods. Antibiot- 
ics (penicillin and streptomycin) were present (200 IU/ml). AA = serum from American patient no. 1 of Fig. 1; SA = serum from Swedish patient 
no. 3 of Fig. 1; SC = Swedish control serum no. 3 of Fig. 1. Values given in the first six columns represent the release obtained when synaptosomes 
were incubated with sera plus complement. Data are mean (SEM) of three determinations 

sera f rom pa t ien ts  wi th  A l z h e i m e r ' s  disease changed  one  or  
the  o the r  pa rame te r .  

Fo r  the  A m e r i c a n  group of  pa t ien ts  with  S A D T ,  the re  was 
a genera l  cor re la t ion  b e t w e e n  the  a m o u n t  of L D H  and C h A T  
re leased  by the  sera  and  the  ex ten t  of the  decrease  in high-af-  
finity chol ine  up take  (Fig. 1). Thus ,  six of the  t en  pa t ien ts  
showed  cor re la t ion  b e t w e e n  the  magn i tude  of  r e sponse  of all 
t h ree  pa rame te r s ,  whilst  four  showed  cor re la t ion  b e t w e e n  
only two pa ramete r s .  For  five of the  eight  Swedish pat ients ,  
all th ree  p a r a m e t e r s  cor re la ted ,  and  th r ee  pa t ien ts  showed  
only two p a r a m e t e r s  correlat ing.  

The  cor re la t ion  b e t w e e n  C h A T  re lease ,  chol ine  up take  
and  L D H  release was statistically assessed by  calculat ing 
S p e a r m a n  r ank  cor re la t ion  coefficients.  The  coeff icient  for  
the  cor re la t ion  b e t w e e n  C h A T  re lease  and  chol ine  up take  in- 
h ib i t ion  for  b o t h  A m e r i c a n  and  Swedish sera  t a k e n  toge the r  
was - 0 . 4 1 9  ( P <  0.05). B e t w e e n  C h A T  and  L D H  re lease  it 
was 0.409 (P  < 0.05) and  b e t w e e n  chol ine  u p t a k e  and  L D H  
release  it was - 0 . 2 6 2  (no t  significant) .  The  coefficients  of  de- 
t e rminacy  for  the  significant  cor re la t ions  are a b o u t  17%. 
Thus ,  for  a given pa t i en t ' s  se rum,  change  f rom n o r m a l  for  one  
p a r a m e t e r  was always accompan ied  by  change  in one  or  b o t h  



470 

of the other parameters, but the linear relationship between 
the parameters accounts for only 17% of the variability in the 
data. The significance levels quoted are for a two-tailed test. 

Discussion 

The data presented here suggest that the sera from groups of 
American and Swedish patients with SADT contain anti- 
bodies able to cause complement-mediated immunolysis of 
synaptosomes isolated from rat cerebral cortex and subse- 
quently incubated at 37°C. This immunolysis appeared to be 
principally of the cholinergic subpopulation of synaptosomes, 
since soluble ChAT was released along with LDH, and high- 
affinity choline uptake was substantially reduced. In contrast, 
soluble GAD and DBH, which are markers for GABAergic 
and noradrenic synaptosomes respectively, were not released. 
It has previously been shown that specific complement- 
mediated immunolysis of cholinergic synaptosomes is caused 
by adding complement together with antibodies which recog- 
nise ChAT [9-11], whilst the GABAergic subpopulation can 
be lysed with antibodies recognising GAD plus complement 
[10] and noradrenergic terminals with DBH antibodies plus 
complement [12]. Lysis of cholinergic synaptosomes with anti- 
ChAT released some 10% of total LDH present [9-11], which 
is close to the 10%-15% of LDH released by the more active 
sera in the present study. 

Immunolysis of synaptosomes by antibodies and comple- 
ment requires the corresponding antigen to be both present 
and accessible at the outer surface of the synaptosomes. In the 
present study, the nature of the antigen allowing specific 
immunolysis of the cholinergic subpopulations by sera from 
patients with Alzheimer's disease remains uncertain. How- 
ever, the effectiveness of ChAT antibodies in causing such 
immunolysis when added to brain synaptosomes [9-11] sug- 
gests that some form of ChAT itself could be the antigen that 
allows immunolysis to occur. It has previously been reported 
[13] that IgG antibodies in sera from the American patients 
with Alzheimer's disease are reactive with magnocellular (pre- 
sumed cholinergic) neurons in rat and human basal forebrain 
and can inhibit ChAT enzymatic activity. These findings sug- 
gest an autoimmune response to cholinergic neurons might be 
involved in the pathogenesis of the disease. Others have also 
reported the presence in the CSF of patients with Alzheimer's 
disease of antibodies which specifically recognise cholinergic 
neurons in rodent brain [21]. These were detected by immuno- 
cytochemistry and their binding was blocked by preincubation 
with anti-acetylcholine antibodies [21]. However, Watts et al. 
[28], using indirect immunofluorescence, were able to find no 
selective binding of antibodies in sera or CSF from patients 
with Alzheimer's disease to neurons in frozen brain sections. 
In another study [7] anticholinergic antibodies were detected 
in the sera of patients with Alzheimer's disease using ELISA 
assays and immunoblotting employing specific cholinergic 
antigens. 

Our own studies, using the very sensitive immunolysis 
assay technique, also indicate the presence of anticholinergic 
antibodies in sera from patients with Alzheimer's disease. 
This suggest that the blood-brain barrier may be breached in 
this disease [2, 30], perhaps in selected regions bearing 
plaques, since brain tissue is not normally accessible to im- 
mune responses when the blood-brain barrier is intact [18]. 
Antibodies recognising cholinergic nerve terminals, formed as 

a result, could act in an autoimmune fashion to cause further 
plaque formation in selected regions of cerebral cortex, hip- 
pocampus and amygdala, as cholinergic terminals are lysed 
[18]. This would correlate with the observed retrograde de- 
generation of cholinergic neurons [18] and could lead to the 
observed death of the cholinergic cell bodies in the nucleus 
basalis [24, 31] from which the lysed axons and terminals pro- 
ject. Evidence that autoimmune mechanisms involving anti- 
vascular antibodies may well play a key role in causing injury 
to the blood-brain barrier in Alzheimer's disease has recently 
been published [14]. 

The other neurotransmitter changes known to occur in 
Alzheimer's disease may be involved by similar autoimmune 
processes, or they could be related to other aspects of the pri- 
mary disease process [17, 18]. However, the degeneration of 
noradrenergic terminals seen in Alzheimer's disease [1, 17] 
does not appear to be associated with the appearance of anti- 
bodies recognising noradrenenergic neurons in the serum of 
the patients studied here, since no DBH was released during 
the observed immunolysis of cerebrocortical synaptosomes. 
This latter enzyme is specific to noradrenergic synaptosomes 
and is released during complement-mediated immunolysis in- 
duced by DBH antibodies in the presence of complement [12]. 

Acknowledgements. This work was supported by an MRC (UK) Pro- 
gramme Grant, the Swedish Medical Research Council and the Medi- 
cal Research Council of Swedish Life Insurance Companies. We ac- 
knowledge the extremely helpful consultations with Mrs. E.J. Snell 
about the statistical analysis of our data. We also thank Barbara 
Cowen for typing the manuscript and Daniel Bradford for thoughtful 
technical assistance. 

References 

1. Adolfsson R, Gottfries CG, Roos BE, Winblad B (1979) Changes 
in brain catecholamines in patients with dementia of Alzheimer 
type. Br J Psychiatry 135:216-223 

2. Alafuzoff I, Adolfsson R, Bucht G, Winblad B (1983) Albumin 
and immunoglobulin in plasma and cerebrospinal fluid, and 
blood-cerebrospinal fluid barrier function in patients with demen- 
tia of Alzheimer type and mulit-infarct dementia. J Neurol Sci 
60 : 465-472 

3. American Psychiatric Association (1980) Diagnostic and statistical 
manual of mental disorders, 3rd edn. Washington, pp 205-224 

4. Blessed G (1980) Clinical aspects of the senile dementias. In: 
Roberts PJ (ed) Biochemistry of dementia. Wiley, Chichester, pp 
1-14 

5. Bradford HF, Bennett GW, Thomas AJ (1973) Depolarizing 
stimuli and the release of physiologically active amino acids from 
suspensions of mammalian synaptosomes. J Neurochem 21 : 495- 
505 

6. Chang CH, Teng EL, Henderson VW, Moy AC (1985) Clinical 
subtypes of dementia of the Alzheimer type. Neurology 35 : 1544- 
1550 

7. Chapman J, Korczyn AD, Hareuveni M, Michaelson DM (1986) 
Antibodies to cholinergic cell bodies in Alzheimer's disease. In: 
Fisher A, Hanin I, Lachman C (eds) Alzheimer's and Parkinson's 
diseases: strategies for research and development. Plenum Press, 
New York, pp 329-336 

8. Dixon WJ (1983) (ed) Biomedical Data Processing Programm 
(BMDP), revised printing. University of California Press, Berke- 
ley 

9. Docherty M, Bradford HF (1986) A cell surface antigen of cholin- 
ergic nerve terminals recognized by antisera to choline acetyl- 
transferase. Neurosci Lett 70 : 234-238 

10. Docherty M, Bradford HF, Anderton BH (1982) Lysis of cholin- 
ergic synaptosomes by an antiserum to choline acetyltransferase. 
Biochem Soc Trans 10 : 368-369 



471 

11. Docherty M, Bradford HF, Wu J-Y, Job TH, Reis DJ (1985) Evi- 
dence for specific immunolysis of nerve terminals using antisera 
against choline acetyltransferase, glutamate decarboxylase and 
tyrosine hydroxylase. Brain Res 339:105-113 

12. Docherty M, Bradford HF, Joh TH (1986) Specific lysis of nor- 
adrenergic synaptosomes by an antiserum to dopamine-[3-hy- 
droxylase. FEBS Lett 202 : 37-40 

13. Fillit H. Luine VN, Reisberg B, Amador R, McEwen B,Zabriskie 
JB (1985) Studies of the specificity of antibrain antibodies in Alz- 
heimer's disease. In: Hutton JT, Kenny AD (eds) Senile dementia 
of the Alzheimer type. Liss, New York, pp 307-318 

14. Fillit HM, Kemeny E, Luine V, Weksler ME, Zabriskie JB (1987) 
Antivascular antibodies in the sera of patients with senile demen- 
tia of the Alzheimer's type. J Gerontol 42:180-184 

15. Folstein MF, Folstein SE, McHugh PR (1975) "Mini-mental 
state": a practical method for grading the cognitive state of pa- 
tients for the clinician. J Psychiatr Res 12:189-198 

16. Fonnum F (1969) Radio chemical microassays for the determina- 
tion of choline acetyltransferase activities. Biochem J 115:465- 
472 

17. Hardy J, Adolfsson R, Alafuzoff I (1985) Transmitter deficits in 
Alzheimer's disease. Neurochem Int 7 : 545-563 

18. Hardy J, Mann DMA, Wester P, Winblad B (1986) An integrative 
hypothesis concerning the pathogenesis and progression of Alz- 
heimer's disease. Neurobiol Aging 7:489-502 

19. Joh TH, Ross RA, Reis DJ (1974) A simple and sensitive assay 
for dopamine-[3-hydroxylase. Anal Biochem 62: 248-254 

20. McKhann G, Drachman D, Folstein M, Katzman R, Price D, 
Stadlan EM (1984) Clinical diagnosis of Alzheimer's disease: re- 
port of the NINCDS-ADRDA Work Group under the auspices of 
Department of Health and Human Services Task Force on Alz- 
heimer's Disease. Neurology 34 : 939-944 

21. McRae-Degueurce A, Booj S, Haglid K, Rosengren L, Karlsson 
JE, Karlsson I, Wallin A, Svennerholm L, Gottfries CG, Dagl- 
strom A (1987) Antibodies in cerebrospinal fluid of some Alz- 
heimer disease patients recognize cholinergic neurons in the rat 
central nervous system. Proc Natl Acad Sci USA 84:9214-9218 

22. Reisberg B, Ferris SH, De Leon MJ, Crook T (1982) The global 
deterioration scale for the assessment of primary degenerative 
dementia. Am J Pschiatry 139 : 1136-1139 

23. Roberts PJ (ed) (1980) Biochemistry of dementia. Wiley, Chich- 
ester 

24. Rosser MN, Svendsen C, Hunt SP, Mountjoy CQ, Roth M, Iver- 
sen LL (1982) The substantia innominata in Alzheimer's disease: 
an histochemical and biochemical study of cholinergic marker en- 
zymes. Neurosci Lett 28 : 218-222 

25. Sims NR, Bowen DM, Allen SJ, Smith CCT, Neary D, Thomas 
D J, Davison AN (1983) Presynaptic cholinergic dysfunction in pa- 
tients with dementia. J Neurochem 40 : 503-509 

26. Tomlinson BE (1980) The structural and quantitative aspects of 
the dementias. In: Roberts PJ (ed) Biochemistry of dementia. 
Wiley, Chichester, pp 15-52 

27. Vassault A (1983) Lactate dehydrogenase, UV method. In: 
Bergmeyer HU, Bergmeyer J, Grabi M (eds) Methods of enzyma- 
tic analysis, vol 3. Enzymes 1: oxido reductases, transferases. Vet- 
lag Chemie, Weinheim, pp 118-126 

28. Watts H, Kennedy PGE, Thomas (1981) The significance of anti- 
neuronal antibodies in Alzheimer's disease. J Neuroimmunol 1: 
107-116 

29. Wilcock GK, Esiri MM, Bowen DM, Smith CCT (1982) Alz- 
heimer's disease: correlation of cortical choline acetyltransferase 
activity with the severity of dementia and histological abnor- 
malities. J Neurol Sci 57 : 407-417 

30. Wisniewski HM, Kozlowski PB (1982) Evidence for blood-brain 
barrier changes in senile dementia of Alzheimer's type (AD/ 
SDAT): Alzheimer's disease. Down's syndrome and aging. Ann 
NY Acad Sci 386:119-129 

31. Wurtmann R J, Blusztajn JK, Maire J-C (1985) "Auto cannibalism" 
of choline-containing membrane phospholipids in the patho- 
genesis of Alzheimer's disease - a hypothesis. Neurochem Int 
7 : 369-372 

Received October 16, 1987 / Received in revised form June 3, 1988 / 
Accepted June 7, 1988 


