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Short report

Brain acetylcholinesterase activity is markedly reduced
in dominantly-inherited olivopontocerebellar atrophy
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SUMMARY The activity was measured of the acetylcholine catabolising enzyme acetyl-
cholinesterase (AChE) in brain after necropsy of seven patients from one established pedigree with
dominantly-inherited olivopontocerebellar atrophy (OPCA), a cerebellar ataxia disorder in which
neuropathological changes are assumed to be primarily restricted to cerebellum, lower brain stem
and spinal cord. Mean AChE activity was significantly reduced in cerebral (-51% to 65%) and
cerebellar (- 47%) cortex with a less severe change (- 377%) in the hippocampus. The magnitude of
the enzyme reduction in cerebral cortex was equal to or greater than that reported in brain of
demented Alzheimer's and Parkinson's disease patients having loss of AChE-containing nucleus
basalis cholinergic neurons. It is concluded that the data provide additional biochemical evidence
suggesting a cerebral cortical cholinergic denervation in OPCA.

Much circumstantial evidence suggests that an abnor-
mality of the brain cholinergic system may underlie
the cognitive dysfunction of Alzheimer's disease. In
this regard, reduced activity of the cholinergic
enzymes choline acetyltransferase (ChAT, E.C.
2.3.1.6.1 3) and acetylcholinesterase (AChE, E.C.
3.1.1.7.1 4-6) as well as decreased acetylcholine
synthesis7 have been convincingly demonstrated in
necropsied and/or biopsied Alzheimer's disease brain.
The results of neuropathological studies in
Alzheimer's disease have provided a morphological
explanation for the cholinergic enzyme reduction,
namely, a loss of cholinergic neurons emanating from
the nucleus basalis-septum-diagonal band of Broca
brain region, and terminating in cerebral cortex and
limbic subcortical areas.8 Taken together, the above
data provide circumstantial evidence for the
cholinergic hypothesis of Alzheimer's dementia.

Should the cognitive impairment of Alzheimer's
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disease dementia be fundamentally due to a brain
cholinergic dysfunction9 a cholinergic reduction in
brain of individuals afflicted with non-Alzheimer's
disease neurodengenerative disorders would also be
expected to be associated with dementia of
Alzheimer's type. In this regard, Perry and
coworkers' have recently reported a good correlation
between the degree of cognitive dysfunction and
extent of cortical ChAT loss in demented Parkinson's
disease patients. Interestingly, however, in this study
the severity of the cognitive impairment in the
demented Parkinson's disease patients was, on aver-
age, less than that observed in Alzheimer's disease
dementia despite having cortical cholinergic (ChAT
and AChE) reduction of similar magnitude. More-
over, the majority of the Parkinson's disease patients
examined did not have any of the cognitive deficits
(aphasia, apraxia and agnosia) often associated with
Alzheimer's disease.
We have recently described a cerebral cortical

reduction in the activity of the cholinergic marker
synthetic enzyme ChAT in the brain of patients from
five families afflicted with another non-Alzheimer's
disease neurodegenerative disorder, namely,
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dominantly-inherited olivopontocerebellar atrophy
(OPCA, 01, a cerebellar ataxia disorder in which neu-
ropathological changes are assumed to be restricted
to cerebellum, lower brain stem, and spinal cord."1
Although dementia is not considered to be a clinical
feature in patients from this OPCA pedigree12 we dis-
covered that the magnitude of the cortical ChAT
reduction in OPCA was comparable with that
reported in Alzheimer's disease brain.
The present investigation was undertaken to clarify

further biochemically the status of the cholinergic sys-
tem in OPCA brain through examination, in the larg-
est of the five families previously studied (Schut), of
the behaviour of a second cholinergic enzyme, AChE.
Although AChE is localised in both cholinergic and
non-cholinergic neurons,'3 a significant loss of
cholinergic neurons should be associated with
decreased AChE enzyme activity. Thus, loss of basal
forebrain (nucleus basalis-septum) cholinergic
innervation to cerebral cortex or limbic brain
resulting from either experimental lesions14 15 or
human neurodegenerative condition (Alzheimer's
disease' 46 16 17 elderly Down's Syndrome'8,

6.0j
5-0-

4.0-

3.0-

2.0-

1.2-

1 .0-

0 8-

0.6-

0.4-

0.2-

0

AChE activity

Parkinson's disease5 19) is consistently associated
with reduced AChE activity in the terminal regions.
Studies of brain AChE in human neurodegenerative
conditions may also be of interest in view of the recent
evidence that AChE, in addition to its role in acetyl-
choline catabolism, may have non-cholinergic
physiological actions including peptide metabolism
and regulation of nigrostriatal neuron activity.20

Patients and methods

Brain was obtained at necropsy from seven patients from the
Schut kindred. This kindred, which now spans eight gener-
ations, was originally described by Gray and Oliver2" and
has been continuously followed. The autosomal dominant
locus has been localised to a region 15 centimorgans telome-
ric of HLA-A on the short arm of chromosome 6.2223 The
diagnosis of dominantly-inherited OPCA was made on the
basis of clinical signs (limb and gait ataxia, dysarthria and
dysphagia), positive family history, and characteristic histo-
logical changes in cerebellum, pons and inferior olive.24 His-
tological analyses of extracerebellar brain areas conducted
on two (only) of the seven OPCA patients revealed an
absence of senile plaques, neurofibrillary tangles, or
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Fig Acetylcholinesterase (AChE, mmol/g protein/hour) and cholineacetyltransferase (ChAT, nmol/mg protein/lO min)
activity in brain of controls (solid bar) and OPCA (cross hatched bar) patients. Cerebral cortical areas are frontal
(area 10), temporal (area 21) and occipital (area 17). Values represent mean, S.E. *p < 005; **p < 0001;
Student's two-tailed t test.
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significant cell loss in cerebral cortex. Some. brain ChAT
data on three of the seven patients have been recently
described."0 Necropsy brains from nine control subjects
without neurological or psychiatric illness were also
obtained. Mean ages for the two groups (controls: 39, 4
years;. OPCA: 35, 2 years- (mean, SE)) did not differ
significantly (p > 0.05, Students' two-tailed t test). The
mean interval between death and freezing of the brain at
- 80°C did not differ significantly for the two groups (con-
trols: 12, 2 hours; OPCA: 9, 2; p > 0 05).

Total AChE was determined by minor modifications of
the procedures of Ellman et al2" and Bonham et al126
employing 1mM acetyl-beta-methylthio-choline as substrate
in the presence of 0-01 mM iso-OMPA (Sigma) a specific
inhibitor of butyrylcholinesterase. Blanks contained 0-01
mM BW284C51 (Sigma), a specific inhibitor of AChE.
ChAT activity was determined by the radiochemical method
of Fonnum.27

Results

As shown in the fig the activity of AChE in control
brain varied among the different areas examined, with
the cerebellar cortex having about ten-fold higher
activity as compared with cerebral cortex.
When compared with the controls mean AChE

activity in OPCA brain was markedly and statistically
significantly reduced in cerebral (-51% to -65%)
and cerebellar (-47%) cortex with the hippocampus
less severely affected (-37%).
Mean ChAT activity in OPCA was markedly and

statistically significantly reduced by 65 to 72% in cere-
bral cortex with the hippocampus again being less
affected (- 36%). In cerebellar cortex ChAT levels
were nonsignificantly (p > 0.05) elevated by 17%.

Discussion

Control levels and distribution
In control human brain regions the mean activity of
(total) AChE was similar in magnitude to the levels
reported by some groups5 16 28 but was about one-
tenth the values obtained by Davies.' In agreement
with the recent findings of Atack and co-workers28
enzyme activity in the cerebellar cortex was about
ten-fold higher than cerebral cortex whereas hippo-
campal values were about twice that of cerebral
cortex.

Cerebellum
Although the physiological function of acetylcholine
in cerebellum is not well understood, an immuno-
histochemical study in human brain indicates that
ChAT, the acetylcholine synthesizing enzyme,
appears to be exclusively localised in mossy fibres
(possibly originating in the pons) which terminate in
the granule cell layer.29 30 In contradistinction, the
results of histochemical staining studies of the acetyl-
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choline catabolising enzyme AChE demonstrate a
more diffuse distribution in both molecular and gran-
ule cell layers of the cerebellar cortex with possible
localisation to mossy fibres, Golgi cells, and
(especially in the human) granule cell termi-
nals.2931 32 Our observation in OPCA of a 45%
reduction in AChE in cerebellar cortical homogenates
is in agreement with neuropathological findings in a
single case with hereditary OPCA demonstrating
markedly decreased AChE activity in the molecular
layer of cerebellar cortex.32 In view of the possible
localisation of AChE to granule cell terminals in the
molecular layer, our data are also consistent with the
histological observations of Landis and co-workers33
demonstrating degenerative changes in granule cells in
(biopsied) cerebellar cortex of patients from our
pedigree.

In contrast to AChE, the activity of ChAT was not
significantly different from the controls in OPCA cere-
bellar cortex. In a previous study ofOPCA, cerebellar
ChAT levels were reported to be variable with values
ranging from 24 to 168% of controls.34 Since in
OPCA there is marked shrinkage of the cere-
bellum,"1 12 24 preservation of afferent terminals to
cerebellar cortex should result in artifactually above-
normal levels of neurotransmitter indices localised to
cortical nerve endings when expressed on a concen-
tration basis. Thus, our observation of normal or only
slightly elevated ChAT activity in the atrophic cere-
bellar cortex suggests an actual loss of ChAT-
containing (possibly mossy fibre) terminals.

Extracerebellar brain areas
To our knowledge this study describes, for the first
time, the behaviour of AChE in extracerebellar areas
ofOPCA brain. Our observation ofmarkedly reduced
cortical ChAT activity in a total of seven members of
the Schut pedigree confirms and extends our original
report (ref. 10, n = 3).
The biochemical demonstration in cerebral cortex

and, to a lesser extent, in hippocampus, of reduced
activity of both AChE and ChAT strengthens the
notion that an actual loss of cholinergic neurones
containing these acetylcholine metabolising enzymes
is present in OPCA brain. In this regard, in a recent
neuropathological study of the basal forebrain
cholinergic system in brain of a single patient from a
different OPCA family '(probable dominant inher-
itance) a significant (> 60%) neuronal loss was
observed in the magnocellular population of the basal
nucleus of Meynert,3s the brain region which provides
the major source of cholinergic innervation ascending
to neocortex.36 With respect to the present study, in
a preliminary (qualitative) histological investigation
of the nucleus basalis of patients from the Schut
OPCA pedigree we have also observed a marked



Brain acetylcholinesterase activity is markedly reduced in dominantly-inherited olivopontocerebellar atrophy 547

reduction in number ofAChE staining magnocellular
neurons with a less severe involvement of the smaller
neurons (Kish and Robitaille, unpublished obser-
vations; quantitative morphometric studies in
progress).
The magnitude of the cortical AChE reduction in

OPCA (-51 to -65%) was equal to or greater than
the enzyme deficit reported in brain of demented
patients with Alzheimer's disease (-30%,16 - 18 to
-51 %,5 -28 to -60%,6 Parkinson's disease (-30
to - 53%,5) or elderly Down's Syndrome (- 44%,18).
On average, in the extracerebellar regions the extent of
AChE loss paralleled the degree of ChAT reduction
with the reduction in AChE being slightly less than the
ChAT deficit. This observation is similar to the
neurochemical findings in necropsy brain studies of
other neurogenerative disorders having brain
cholinergic loss, namely Alzheimer's disease5 6 and
Parkinson's disease with dementia5 in which the cere-
bral cortical AChE activity (vs. ChAT) is less exten-
sively reduced. Most likely, this is explained by the
localisation of AChE to both cholinergic and non-
cholinergic neurons.37

Recent biochemical data suggest that the AChE
reduction in both Alzheimer's disease and Parkinson's
disease cerebral cortex is primarily due to a loss of one
particular molecular form (intermediate lOS) of the
enzyme which may be localised especially to choliner-
gic neurons.5 38 In this regard it will be of special
interest to determine in future studies whether a
selective loss of this predominantly membrane
bound38 form of AChE also occurs in OPCA brain.

In conclusioq, the present investigation provides
additional ne*pchemical evidence suggestive of a
marked cortical cholinergic denervation in patients
from one well established hereditary OPCA family.
OPCA can now be considered to be one of many
neurodegenerative disorders, including Alzheimer's
disease,1 4-6 16 17 Parkinson's disease with
dementia5 and elderly Down's Syndrome'8 having a
brain cholinergic reduction. Neurobehavioural-
neuropathological-biochemical correlations in
prospective studies of affected patients from this
OPCA pedigree will be required to assess the clinical
significance of our findings. We further suggest that
the results of such investigations of non-Alzheimer's
disease neurodegenerative disorders having cortical
cholinergic deficiency may actually prove more fruit-
ful in providing a greater understanding of the patho-
physiological role of the cholinergic system in
dementia than studies devoted solely to Alzheimer's
disease.
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