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Abstract

Patients with dementia with Lewy bodies (DLB) commonly experience psychotic symptoms, most notably visual hallucinations.
Previously, it has been shown that visual hallucinations in DLB are associated with reduced cortical choline acetyltransferase activity, a
marker of cholinergic innervation, but not with predominantly postsynaptic muscarinic M1 receptor binding. In the present investigation,
nicotinic acetylcholine receptor (nAChR) levels in the temporal cortex (Brodmann’s areas [BA] 20 and 36) were measured in a group of 24
prospectively assessed DLB patients; comparisons were made between groups with or without visual and auditory hallucinations and
delusional misidentification. Visual hallucinations and delusional misidentification were associated with lower ['*°IJabungarotoxin binding
in areas 36 and 20 (P<.05), but not with changes in [*H]epibatidine binding. There were no significant associations with auditory
hallucinations. [> H]epibatidine, but not [Izsl]oabungarotoxin, binding for all DLB cases was reduced compared to controls (P <.001). Loss of
cortical a7 nicotinic receptors may contribute to hallucinations and delusional misidentification in DLB, with implications for treatment and
understanding the mechanisms of psychotic symptoms in dementia. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

Dementia is a disabling and distressing disorder that
affects 5% of the population over the age 65 and 20% of
those over 80 (Cummings and Benson, 1992) with substan-
tial emotional (Pearlin et al., 1990) and financial cost (Gray
and Fenn, 1993). The two most common forms of degen-
erative dementia are Alzheimer’s disease (AD), which
constitutes approximately 60% of cases, and dementia with
Lewy bodies (DLB), accounting for a further 10—15% of
sufferers (McKeith et al., 1996). Psychotic symptoms such
as hallucinations and delusional misidentification are fre-
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quent in patients with dementia. They are distressing for
patients (Gilley et al., 1991) and their carers (Rabins et al.,
1982) in whom they are associated with additional psychi-
atric morbidity (Deimling and Bass, 1986). Furthermore,
these symptoms often occur in conjunction with beha-
vioural disturbances such as aggression or agitation (Rock-
well et al., 1994). Dementia patients with psychosis,
particularly those experiencing visual hallucinations, have
a two- to threefold accelerated rate of cognitive decline
(Drevets and Rubin, 1989; Rosen and Zubenko, 1991,
Forstl et al.,, 1993; Chui et al.,1994), and a number of
studies have reported an association between psychotic
symptoms and admission to residential or nursing home
care (Steele et al., 1990; Haupt et al., 1996).

In DLB, psychotic symptoms, including visual halluci-
nations (>80%), delusional misidentification (>30%) and
auditory hallucinations (>30%), are more frequent, distress-
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ing and persistent than in other types of dementia such as
AD and vascular dementia (Ballard et al., 1995, 1999).
Whilst visual hallucinations and delusional misidentification
both appear to be related to abnormalities of visual process-
ing (Forstl et al.,, 1991), in DLB patients when auditory
hallucinations are present they usually co-occur with hallu-
cinations in the visual modality (Ballard et al., 1997b); the
close relationship of these three phenomena suggests the
possibility of a shared biological basis.

The clinical management of psychosis is particularly
problematic in patients with DLB, with extreme sensitivity
reactions (characterised by delirium, severe parkinsonism,
cognitive decline and often death) occurring in response to
typical and atypical neuroleptic drugs in 25—-50% of cases
(McKeith et al., 1992, 1995; Ballard et al., 1998). Identifying
novel, safe and effective therapeutic agents for psychosis in
DLB is thus imperative.

Traditionally, disturbances in dopaminergic transmission
have been considered to underlie psychotic phenomena,
including hallucinations, in people with dementia. However,
there is only limited evidence that r-dopa can exacerbate
hallucinations in Parkinson’s disease (Zoldan et al., 1996)
and there is no distinction between hallucinating and non-
hallucinating patients with respect to L-dopa treatment
(Haeske-Dewick, 1995), and increasing r-dopa is not asso-
ciated with increased frequency of hallucinations (Goetz et
al., 1998). Furthermore, studies directly evaluating the link
between psychosis and dopaminergic function in AD have
not identified any significant associations with dopaminer-
gic parameters (Zubenko et al., 1991).

There is very little specific information regarding the
impact of L-dopa upon visual hallucinations in DLB. How-
ever, previous analysis of autopsy brain tissue has identified
more extensive reductions of presynaptic cholinergic activ-
ity in DLB compared to AD (Perry et al., 1990b) and greater
cholinergic deficits in the cortex of hallucinating compared
to nonhallucinating DLB patients together with a relative
overactivity of the 5-HT system (Perry et al., 1990a),
indicating that although other factors such as L-dopa admin-
istration could possibly play an adjunctive role, acetylcho-
line is probably more important than dopamine as a
substrate of hallucinations in these patients. Consistent with
these observations, hallucinations can be induced by chol-
inergic antagonists acting on muscarinic receptors (Perry
and Perry, 1995), although whether nicotinic receptor antag-
onists have a similar hallucinogenic effect is unknown. In
addition, in preliminary studies visual hallucinations in DLB
patients are particularly responsive to anticholinesterase
therapy (Fergusson and Howard, 2000; Kaufer et al.,
1998; Shea et al., 1998: Levy et al., 1994). Similar results
have been reported for tacrine in Parkinson’s disease
patients with dementia (Hutchinson and Fazzini, 1996)
and for metrifonate in AD (Morris et al., 1998).

In view of previous studies indicating a link between
cholinergic deficits and visual hallucinations, there is a clear
need to examine specific components of the cholinergic

system in more detail. A recent study by our group did not
identify an association between changes in muscarinic
receptor subtypes and hallucinations (Ballard et al., 2000).
To date the potential role of nicotinic acetylcholine receptors
(nAChRs) in relation to psychotic symptoms in dementia
has not been examined. Two major subtypes of nAChRs are
present in human brain, those that bind nicotinic agonists
(such as nicotine, cytisine and epibatidine) with high affinity
and those that bind the antagonist abungarotoxin (aBGT),
and are considered to be associated with o432 and o7
receptor subunits, respectively (reviewed, Paterson and
Nordberg, 2000). In DLB, loss of nicotinic agonist binding
(PHlepibatidine and [*H]nicotine) has been observed in
parietal cortex (Perry et al., 1990b), hippocampal formation
(Perry et al., 1995) and, together with aBGT binding, in the
mid-frontal gyrus (Reid et al., 2000) compared to aged
matched controls. Reduced aBGT binding in DLB has also
been observed in the reticular nucleus of the thalamus
(Court et al., 1999). Recent genetic and autopsy studies of
schizophrenia, another condition with prominent delusions
and hallucinations, indicate that the o7 nicotinic receptors
and possibly o432 subtypes may also have an important role
(Freedman et al., 1995, 1997; Leonard et al., 1996; Court
et al., 1999, 2000; Guan et al., 1999; Durany et al., 2000).
Although the phenomenology of psychotic symptoms is
different in the schizophrenia and DLB (e.g., rarity of first
rank symptoms and predominance of visual hallucinations
in DLB and high frequency of first rank symptoms and
auditory hallucinations in schizophrenia), both subtypes of
nAChRs are potential candidates as neurochemical sub-
strates of hallucinations in DLB. The predominance of
visual hallucinations in DLB, as opposed to auditory in
schizophrenia, may reflect the different neural pathways that
are affected.

The relationship between nAChRs and both hallucina-
tions and delusional misidentification was evaluated in a
prospectively assessed series of patients diagnosed clinically
(with subsequent neuropathological confirmation) as having
DLB. Nicotinic receptor densities were examined in areas
temporal cortex (Brodmann’s areas [BA] 20 and 36),
adjacent to the hippocampus that have been implicated in
encoding complex visual and visual object recognition
(Ellerman et al., 1998), by postmortem autoradiography
using [*H]epibatidine and ['*’IJaBGT. Measurements in
DLB cases were also compared with age-matched normal
controls. We hypothesised that there would be a significant
association between loss of nAChRs in the temporal cortex
and visual hallucinations.

2. Methods
2.1. Cases

The study was been fully approved by a human subjects
ethical committee. Amongst a representative clinical cohort
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of 420 patients from hospital dementia case registers in
Newecastle (Institute for the Health of the Elderly, n=340)
and London (Institute of Psychiatry, n=280), 24 with a
clinical diagnosis of DLB (McKeith et al., 1996) were
followed to autopsy, 23 of whom had received detailed
prospective evaluation during life. Of the 24 cases, 16
(67%) were female, their mean age at assessment was
78.0+6.0, the average time from first assessment to death
was 5.2+ 1.3 years, the mean Mini-Mental State Examina-
tion (MMSE) at first assessment was 11.0+7.5 and the
mean MMSE closest to death was 6.6+ 8.8. There were no
differences in severity of cognitive impairment or gender
between the DLB subgroups with or without the various
psychotic phenomena, although patients with visual hallu-
cinations or delusional misidentification were slightly
younger (for visual hallucinations 76+5 vs. 83+6 and
delusional misidentification: 76+5 vs. 82=+6; cases
described in Table 1). None of the DLB patients smoked
tobacco within 6 months of death. These DLB cases were
compared with 10 controls with no evidence of cognitive
impairment, psychiatric or neurological disorder (based on
detailed evaluation of clinical cases notes), no significant
neuropathology (of neurovascular, Alzheimer, Parkinson
and DLB-type) and matched for age at death (80+10 and

Table 1

A summary of the DLB case details (at the time of last clinical assessment)

80+6, respectively) and postmortem delay (37+26 and
40£23 h, respectively). Four of the controls were confirmed
to be nonsmokers. Causes of death were predominantly
heart disease and respiratory failure in both controls and
DLB cases.

2.2. Neuropathological assessment

The right hemisphere was formalin fixed for at least
3 months for neuropathological assessment. The neuropa-
thological diagnosis of DLB was made according to the
international consensus criteria (McKeith et al., 1996). The
quantitative assessment of cortical Lewy body density
followed the consensus protocol (McKeith et al., 1996),
using ubiquitin (Daco), Tau2 (Sigma) and AT8 (Endogen),
together with a-synuclein (Novacastra) antibodies. The
densities of Lewy bodies and a-synuclein positive neurites
were assessed using a semiquantitative scale from 0 to 4
(0 nome, 1 few, 2 moderate, 3 high, 4 very high). The
evaluation of concurrent AD pathology was made using
quantitative techniques to determine plaque and tangle
densities (Perry et al., 1990c) and according to the Mirra
et al. (1991) (CERAD) criteria. Braak staging was com-
pleted for the Newcastle cases (Braak and Braak, 1991). A

Visual Delusional Auditory Dopaminergic Anticholinergic

Gender Age MMSE hallucinations misidentification hallucinations medication medication
F 77 22 Yes No No Yes® Yes®
F 78 22 Yes Yes Yes Yes® Yes®©
F 74 3 Yes Yes Yes No Yes®
F 70 12 Yes Yes Yes Yes® No
F 82 0 Yes Yes No No Yes®
M 75 15 Yes Yes No No No
F 70 6 Yes Yes Yes Yes® Yes®
F 81 12 Yes Yes Yes No Yes®©
F 81 14 Yes No Yes Yes? Yes®
F 88 8 Yes Yes No No Yes®©
F 75 11 Yes Yes Yes Yes® No
M 77 25 No No No No No
F 75 16 Yes Yes No No No
M 66 <10* Yes Yes No Yes*d Yes®
M 77 15 Yes Yes Yes Yes® No
F 72 9 Yes Yes Yes Yes?* No
M 77 0 Yes Yes Yes No No
F 78 1 Yes Yes No No Yes®©
F 92 0 No No No No Yes®
F 83 16 No No No No No
F 88 16 No No No No No
M 75 16 No No No No Yes®©
M 82 4 No No No No No

Anticholinergic medication: No patients received cholinergic antagonists.

MMSE values were not significantly different between those with and those without visual hallucinations (z=0.67, P=.5, Mann—Whitney). Postmortem delay
was also similar between those with and those without visual hallucinations (35+22 and 41436, respectively).

? L-Dopa.

® Tricyclic antidepressant.

¢ Neuroleptic.

4 Dopamine agonist.

* Patient refused MMSE, estimated score < 10.
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detailed description of the neuropathological characteristics
of the Newcastle patients is shown in Table 2.

2.3. Clinical/psychiatric assessment

Clinical assessments, repeated at annual intervals until
death, included: a standardised psychiatric history (History
and Aetiology schedule-HAS, Dewey et al., 1992); assess-
ment of cognitive function using the Cambridge Assessment
of Mental Disorders in the Elderly, Section B (Roth et al.,
1986); a standardised physical examination incorporating the
modified Unified Parkinson’s Disease Rating Scale (Ballard
et al., 1997a); assessment of psychosis using the Columbia
University Scale for Psychopathology in Alzheimer’s dis-
ease (Devanand et al., 1992). The definitions developed by
Burns et al. (1990) were used to determine the presence and
classification of visual hallucinations, auditory hallucina-
tions and delusional misidentification. Hallucinations were
defined as a percept in the absence of a stimulus (further
categorised according to modality). Delusional misidentifi-
cation included Capgras phenomena (the delusional belief
that a familiar person, or object, has been replaced by
an “impostor’’) as well as delusional misidentification of
television images, mirror images and photographs. It was
stipulated that all psychotic phenomena must have been
directly reported to the assessor or reported to the informant
by the patient, and not inferred from behaviour. For the
purposes of the current correlative study only persistent
psychotic symptoms, lasting longer than 6 months and
occurring in the year prior to death, were considered. None
of the DLB cases had schizophrenia prior to dementia.

2.4. Neurochemical analyses

At autopsy 1-cm coronal sections of the left hemisphere
were snap-frozen in liquid Arcton cooled in liquid nitrogen
and then stored at — 70 °C for 1 —6 years (mean 4.5 £ 1.1 years
for normal elderly controls and 3.8+1.6 years for DLB
cases). Cryostat sections (20 pm) from the temporal cortex,

Table 2
Summary of Newcastle DLB cases: neuropathological features

BA 20 and BA 36 were air-dried on Vectabond- (Vector
Laboratories) treated glass slides. For anatomical iden-
tification contiguous sections were stained for Nissl (Cresyl
fast violet).

Tissue sections were analysed for nicotinic receptors
using ['*’IJaBGT binding, which reflects the o7 subunits
(Clarke, 1992), and [*H]epibatidine, which binds with high
affinity to o432 receptors and possibly other nAChRs
containing additional subunits, e.g., a3 (Zoli et al., 1998).
For [*H]epibatidine binding, tissue sections were preincu-
bated in 50 mM Tris—Cl buffer pH 7.4 containing 8 mM
CaCl, at room temperature for 20 min to remove endogen-
ous ligands. Sections were then incubated in the presence of
1 nM [*H]epibatidine in the same buffer for 3 h at room
temperature. Nonspecific binding was assessed in the pres-
ence of 1 pM cytisine. After incubation, tissue sections were
washed for a total of 30 s in three changes of ice-cold buffer,
dipped in water, and dried rapidly under a stream of air at
room temperature. For ['**IJaBGT binding, tissue sections
were preincubated in 50 mM Tris—Cl buffer pH 7.4 con-
taining 1 mg/ml bovine serum albumin. Sections were then
incubated in the presence of 1.2 nM ['*’I]aBGT for 2 h at
room temperature. Nonspecific binding was assessed in the
presence of 2.5 mM nicotine. After incubation, sections
were washed for a total of 30 min in six changes of ice-cold
buffer, dipped in water, and rapidly dried as above. Sections
were opposed to *H-Hyperfilm for 5 days, and 3 months for
['*1]oBGT and [*H]epibatidine binding, respectively, and
images quantified using Lynx Densitometry Software
(Applied Imaging).

2.5. Statistical analyses

Comparisons between control and DLB groups were
evaluated (two-tailed student ¢ test) for each neurochemical
assay. Given the clinical overlap between visual hallucina-
tions, auditory hallucinations and delusional misidentifica-
tion, statistical evaluations were undertaken to evaluate the
relationship between parameters/areas of interest and recep-

CERAD probable/ DLB type DLB type Cortical Lewy body density a-Synuclein positive neurites
Braak stage definite AD (ubiquitin) (a-synuclein) in temporal cortex units in temporal cortex units
1 Y Neocortical Neocortical 3 3
2 N Limbic Neocortical 1 1
3 Y Neocortical Neocortical 3 3
3 N Neocortical Neocortical 3 4
2 Y Neocortical Neocortical 2 2
2 Y Limbic Neocortical 1 2
2 Y Neocortical Neocortical 3 3
2 Y Limbic Neocortical 2 1
2 Y Neocortical Neocortical 2 3
3 N Neocortical Neocortical 3 4
2 N Neocortical Neocortical 1 1
1 Y Neocortical Neocortical 2 3
2 N Neocortical Neocortical 3 2
4 Y Neocortical Neocortical 4 4
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tor binding using linear regression analyses. Age (as this
tended to be different between groups with and without
hallucinations), drug medication usage (L-dopa and neuro-
leptic medication) and MMSE (as this was variable within
patient groups) were also entered into the regression analysis
as potentially important confounders. Analysis was carried
out using SPSS computerised statistics package, release 6.0.

3. Results

3.1. Comparison of nAChR binding between DLB and
control cases

There were no significant differences between the DLB
cases and the control group in binding of ['*’I]aBGT, but
[*H]epibatidine binding was significantly reduced in BA 20
and 36 in the DLB compared with the control cases
(P<.001, Table 3). Tobacco smoking does not appear to
impact upon aBGT binding (Court et al., 1998), but can
potentially influence nicotine agonist binding. Since none of
the DLB patients smoked within 6 months of death, and for
6 out of the 10 control cases there was no smoking history, it
is possible that this apparent deficit of cortical [*H]epibati-
dine binding may reflect a high number of tobacco users in
the control group. However, this is not likely since the
values of [*H]epibatidine binding in the control group as a
whole (Table 3) were similar to that for the four controls that
were confirmed nonsmokers (3.4+1.9 and 4.5+2.1 in BA
20 and 36, respectively), indicating that the majority of the
control cases were likely to be nonsmokers.

3.2. Hallucinations and delusional misidentification in DLB

Detailed prospective clinical evaluations were available
for 23 of the DLB patients (summarised in Table 1).
Between the subgroups with or without delusional misiden-
tification, or auditory hallucinations, there were no substan-
tial differences in the numbers exposed to drugs with
anticholinergic drugs (8/17 and 4/6 with and without delu-

Table 3
Nicotinic receptor binding in the temporal cortex: comparison of DLB cases
and controls

Controls DLB Statistical evaluation
['#’IJaBungarotoxin binding
BA 20 2.0+0.54 (9) 2.4+0.90 (24) [120%] t=1.02, P=32
BA 36 1.9+0.76 (9) 2.2+0.81 (24) [116%] ¢t=0.71, P=48

[PHjEpibatidine binding
BA20 4.1£143(10) 2.5+0.84 (23) [139%]
BA 36 4.0+£1.65(10) 1.9+0.98 (23) [|52%]

Values are means = S.D. in femtomoles per milligram tissue; the numbers in
parenthesis are the number of determinations.

Values in square brackets indicate the mean percent difference in DLB cases
compared to controls.

t=—3.95 P<.001
t=—4.57 P<.001

sional misidentification, 5/10 and 5/13 with and without
auditory hallucinations, Table 1). There was a slight excess
of people taking drugs with anticholinergic properties in the
group with visual hallucinations (10/17 and 2/6 with and
without visual hallucinations, Table 1). All the patients
taking L-dopa (9/9) experienced visual hallucinations, com-
pared to 57% (8/14), who were not. It was also evident that
a higher proportion of patients taking rL-dopa experienced
auditory hallucinations (7/9 vs. 0/2) and delusional mis-
identification (7/9 vs. 0/2). There is clearly overlap amongst
the different psychotic phenomena. All 15 patients with
delusional misidentification also experienced visual halluci-
nations, although 2 of the patients with visual hallucinations
did not experience delusional misidentification. Similarly,
all of the patients with auditory hallucinations also had
visual hallucinations, although 7 of the patients with visual
hallucinations did not experience hallucinations in the
auditory modality.

3.3. Association of hallucinations and delusional misidenti-
fication with the levels of nAChR binding

Patients with visual hallucinations had 31% lower
['**T]aBGT binding in BA 20 and 36 of the temporal cortex
than those without (P <.05), but there were no significant
differences in [*H] epibatidine binding (Table 4). Differences
in ['**I]aBGT binding between hallucinating and nonhallu-
cinating DLB patients were also apparent amongst patients
who did not receive L-dopa therapy (21% lower in BA 36
and 19% lower in BA 20; ['*I]JaBGT binding in BA 36—
visual hallucinations: 2.3 £0.8 and no visual hallucinations:
2.9+ 1.0 fmol/mg tissue equivalent; BA 20 — visual hallu-
cinations: 2.6+0.9 and no visual hallucinations: 3.2+0.9
fmol/mg tissue equivalent). Differences in ['*1]aBGT bind-
ing amongst the subgroups were unlikely to be the result
of differences in postmortem delay as these were similar
for those with and without visual hallucinations (Table 1).

The subgroup of DLB patients with auditory hallucina-
tions also tended to have lower ['**I]JaBGT binding in BA
20 (26%) and 36 (21%) (Table 4), but these apparent differ-
ences were not statistically significant. There were also no
significant differences in [*H]epibatidine binding between
the subgroups with and without visual hallucinations.

DLB patients with delusional misidentification had lower
['*1]aBGT binding in BA 20 (30%) and 36 (30%) com-
pared to those without (P <.05, Table 4). These differences
between DLB patients with and without delusional misiden-
tification were similar amongst patients who did not receive
L-dopa therapy, with a reduction of 29% in BA 36 and 27%
in BA 20 (['*I]aBGT binding—BA 36 delusional mis-
identification: 2.2+0.6 and no delusional misidentification:
3.1£1.0 fmol/mg tissue equivalent; BA 20 delusional mis-
identification: 2.4+0.9 and no delusional misidentification:
3.3+1.0 fmol/mg tissue equivalent). No significant differ-
ences were seen for [*H]epibatidine binding and groups of
patients with or without delusional misidentification.
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Table 4

Comparison of nicotinic receptor binding in temporal cortex between DLB cases with and without visual hallucinations, auditory hallucinations and

delusional misidentification

Visual hallucinations

No visual hallucinations Statistical evaluation

[’ IJaBungarotoxin binding

BA 20 2.2+0.79 (17) [131%)]
BA 36 2.0£0.66 (17) [131%]
[*HJEpibatidine binding

BA 20 2.6+0.87 (17) [T4%]
BA 36 1.9+1.09 (17) [119%]

Auditory hallucinations

3.2+0.94 (5) t=2.41, P=.025
2.941.0 (5) t=2.56, P=.018
2.54£0.43 (4) t=0.25, P=281
1.6£0.41 (4) t=0.57, P=.58

No auditory hallucinations Statistical evaluation

[ I]aBungarotoxin binding
BA 20 2.0+0.53 (10) [|26%)]
BA 36 1.94+0.50 (10) [|21%)]

[’H]Epibatidine binding
BA 20 2.7+0.81 (10) [78%]
BA 36 1.9+1.09 (18) [119%]

Delusional misidentification

2.7+1.02 (13) t=1.98, P=.061
2.4+0.96 (13) t=1.60, P=.13
2.5+0.82 (12) t=0.33, P=75
1.6£0.41 (4) =0.56, P=.65

No delusional misidentification Statistical evaluation

['Z’IJaBungarotoxin binding
BA 20 2.1+0.71 (15) [130%)]
BA 36 1.9+0.58 (15) [130%)]

[’H]Epibatidine binding
BA 20 2.6+0.92 (15) [14%]
BA 36 1.9+1.16 (15) [|5%]

3.0+1.03 (7) t=2.46, P=.023
2.7+1.05 (7) t=2.41, P=.025
2.540.54 (6) t=0.45, P=.66
2.0+0.60 (6) t=0.25, P=281

Values are means + S.D. in femtomoles per milligram tissue; the numbers in parenthesis are the number of determinations and those in square brackets indicate
the mean percent difference in DLB cases with the psychotic feature compared to those without.

3.4. Evaluations using linear regression

In the linear regression analysis focussing upon
['*1]aBGT binding in BA 36, there was a significant
association between visual hallucinations and reduction of
aBGT binding (¢=2.5 P=.02), but neither auditory halluci-
nations (¢#=0.59 P=.56) nor delusional misidentification
(t=0.97 P=.35) were entered into the equation. In contrast,
the linear regression focusing upon ['*’IJaBGT binding in
BA 20 indicated that delusional misidentification was sig-
nificantly associated with reduced ['*’I]JaBGT binding
(t=2.5 P=.02), but neither visual hallucinations (¢=0.75
P=.46) nor auditory hallucinations (t=0.97 P=.35) were
entered into the equation. Medication usage, including
neuroleptic medication, and age were not entered into the
equation for either analysis. MMSE appeared to have a
weak effect on changes in ['?I]JaBGT binding (= —2.151,
P=.05 in BA 20 and t=—1.979, P=.063 in BA 36).

3.5. Separate comparison between controls and DLB
patients with and without visual hallucinations

DLB patients with visual hallucinations (n=18) had
similar levels of ['*’IJaBGT binding in the temporal cortex
to elderly controls (BA 36: 2.0£0.7 vs. 1.9£0.8 fmol/mg
tissue equivalent; BA 20: 2.2+0.8 vs. 2.0£0.5 fmol/mg
tissue equivalent). In contrast, nonhallucinators (n=135)

tended to have higher levels of ['*’IJaBGT binding (BA
36: 2.9+1.0 vs. 1.94+0.8 fmol/mg tissue equivalent, =1.9
P=.06; BA 20: 3.2+0.9 vs. 2.0+0.5 fmol/mg tissue equi-
valent, r=2.5 P<.05; Tables 3 and 4).

4. Discussion

The current study, which employed standardised pro-
spective clinical assessments at regular intervals until
death, has a methodological advantage over previous
retrospective reports examining the neurochemical corre-
lates of psychosis in dementia. This is the first study to
evaluate potential associations between nAChRs and
psychosis and the first to assess the neurochemical asso-
ciations of delusional misidentification and auditory hallu-
cinations. The number of patients investigated compares
favourably with other clinico-neurochemical studies; how-
ever, the sample is too small to provide definitive evidence
based on multiple comparisons. Nevertheless, the present
results, which should be considered preliminary, indicate a
potentially important association between lower nAChRs
of the a7 subtype in DLB and psychotic symptoms in the
visual modality.

Although there was no evidence of a change in cortical
o7 containing nAChRs, determined by ['*’IJaBGT, in the
overall cohort of DLB cases compared to elderly controls,
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a significant association was evident between reduced
['**I]aBGT binding in DLB patients with hallucinations
or delusional misidentification compared to those without
these psychotic symptoms. Further evaluation indicated that
levels of ['*’IJaBGT binding were similar in DLB cases
with hallucinations and elderly controls, but were signifi-
cantly elevated in nonhallucinators compared to control
cases. It is possible that this apparent up-regulation of o7
nAChRs in DLB cases not experiencing hallucinations may
be the result of a compensatory mechanism. It has been
previously reported that variable ability of DLB patients to
up-regulate dopamine D2 receptors may be associated with
severe neuroleptic sensitivity: cases that were particularly
susceptible to the adverse effects of neuroleptics were those
with an apparent relative inability to up-regulate D2 recep-
tors (Piggott et al., 1998). That o7 receptors may participate
in compensatory up-regulation in age-related neurodegener-
ative disorders is suggested by the higher levels of o7
mRNA (although not protein) expression in the hippocam-
pus of AD cases compared to age-matched controls reported
in one study (Hellstrom-Lindahl et al., 1999). If the relatively
reduced ['*’I]JaBGT binding in DLB cases with visual
hallucinations was simply a reflection of the greater loss of
cortical cholinergic innervation in this subgroup of cases,
consistent with the presence of these receptors on such
terminals (Sugaya et al., 1991), a significant loss in this
receptor would have also been expected in all DLB cases
compared with controls in parallel with the cortical choline
acetyltransferase deficit (Ballard et al., 2000).

In contrast, there was a significant reduction of recep-
tors with high affinity for epibatidine in DLB cases
compared to controls, but there was no association, how-
ever, between this receptor subtype and any of the psych-
otic phenomena. Although the observed loss of cortical
[*H]epibatidine binding in DLB is consistent with the
findings of Reid et al. (2000), the reduction of ['**[JaBGT
BGT binding that was observed by this group in the frontal
cortex in DLB, was not paralleled by the present observa-
tions in the temporal cortex. Differences in receptor
expression in diverse cortical areas may reflect variable
associations with different clinical symptoms and neuro-
pathological components of the disease, and further evalu-
ation of cohorts of patients with prospective psychiatric
and psychometric assessment may be worthwhile. It may
be that reduced cortical epibatidine binding in DLB is
related to another common clinical symptom in DLB, such
as fluctuations in consciousness.

The current observations indicate that specific alterations
in the a7 nAChRs may be a substrate of visual hallucina-
tions. Consistent with this are the findings that in schizo-
phrenia, another disease characterised by psychotic
symptoms, the a7 nicotinic receptor is implicated on the
basis of genetic linkage data (Freedman et al., 1997;
Leonard et al., 1996) and also reduced receptors and o7
protein expression in autopsy tissue (Freedman et al., 1995;
Court et al., 1999; Guan et al., 1999; Durany et al., 2000).

The current work also indicates the possibility of the a7
subunit being a novel potential target for the pharmaco-
logical treatment of hallucinations in dementia.

The data regarding delusional misidentification are more
difficult to interpret. The degree of overlap between visual
hallucinations and delusional misidentification was high.
Forstl et al. (1991) have previously highlighted the link
between delusional misidentification and visual agnosia,
emphasising the importance of visual processing as a risk
factor. A large degree of overlap and a shared chemical basis
between visual hallucinations and delusional misidentifica-
tion is therefore likely. The regression models did suggest
that loss of ['*’IJaBGT binding in BA 36 was predomi-
nantly associated with visual hallucinations, whereas loss of
['*1]oBGT in BA 20 was associated with delusional mis-
identification. Whilst it is plausible that the two symptoms,
both dependent upon visual processing, may be related to
loss of a7 nicotinic receptors in different areas of the visual
processing system, further studies are needed focussing
upon patients with only delusional misidentification or
visual hallucinations, although this is not straightforward
as such cases are unusual.

In DLB, but not AD, the majority of patients with visual
hallucinations also experience the hallucinated figures in the
auditory modality (Ballard et al., 1997b). It is, therefore,
likely that in DLB auditory hallucinations are largely an
epiphenomena of visual hallucinations.

Visual hallucinations only occurred in patients taking
L-dopa, but not all patients taking L-dopa had visual hallu-
cinations. Although the numbers were too small within the
L-dopa-treated cases for formal comparison, ['*°I]aBGT
binding still tended to be reduced in hallucinating patients
not taking L-dopa. Whilst this would be consistent with the
possibility that in DLB L-dopa may play an adjunctive role
in increasing vulnerability to visual hallucinations, it also
indicates that lower a7 nicotinic receptor expression in the
temporal cortex remains a predisposition to visual halluci-
nations in these individuals.

5. Conclusion

The results of the present study suggest that visual
hallucinations and delusional misidentification may be
associated with lower a7 nicotinic receptor binding in the
temporal cortex of individuals with DLB. This supports
previous work linking hallucinations to cholinergic deficits
in DLB patients and is consistent with a potential link
between psychosis in DLB and schizophrenia, where abnor-
malities of the a7 receptor have been reported. Further
work is warranted on larger groups of patients to enable
comparisons to be made between those with more and less
frequent visual hallucinations and delusional misidentifica-
tion, and to focus upon the possible additive effects of
neurochemical disposition and L-dopa therapy on the gen-
esis of visual hallucinations. Given the recent development
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of a7 specific drugs, there is the possibility of novel
treatments for hallucinations based upon manipulation of
the nicotinic system.
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