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Background: Dementia with Lewy bodies (DLB) is char-
acterized by early dementia and associated visual hallu-
cinations, parkinsonism, and fluctuations in cognition.
Few families with DLB have been described with de-
tailed clinical, pathological, and genetic assessments.

Objective: To investigate the clinical, neuropathologi-
cal, and genetic characteristics of families with 2 or more
autopsy-proven cases of DLB.

Design: Consecutive cases with the neuropathological di-
agnosis of DLB were reviewed as part of a case series. Fami-
lies included in this study have 2 or more autopsy-
proven cases of DLB available and a positive family history
of dementia. We obtained clinical and neuropathological
data on all first-degree relatives. Neuropathological evalu-
ations included �-synuclein immunostaining for Lewy body
detection. We conducted apolipoprotein E genotyping and
sequenced the �-, �-, �-synuclein, and parkin genes.

Setting: Subjects were selected from the neuropathol-
ogy core of the University of Washington’s Alzheimer’s
Disease Research Center.

Patients: The study investigated 2 families. Clinical in-
formation was obtained from 10 individuals in family 1

and 7 individuals in family 2. Neuropathological exami-
nations were conducted in 3 individuals in family 1 and
2 individuals in family 2.

Main Outcome Measures: Each subject was exam-
ined for the presence of clinical symptoms and neuro-
pathological findings consistent with DLB.

Results: While all affected individuals presented with
dementia in both families, only individuals in family 1
developed visual hallucinations and delusions. Parkin-
sonism, if present, occurred later in the course of ill-
ness. Neuropathological examination revealed Lewy bod-
ies in all patients, while 1 patient from each family also
met the neuropathological criteria for Alzheimer dis-
ease. All affected individuals carried at least 1 APOE (apo-
lipoprotein E) �4 allele, while there were no nucleotide
alterations in the synuclein or parkin genes.

Conclusions: Familial DLB exists, although there is sub-
stantial clinical and neuropathological heterogeneity
within and between families. Additional clinicopatho-
logic and genetic studies are necessary to further our un-
derstanding of DLB.

Arch Neurol. 2002;59:1622-1630

D EMENTIA WITH Lewy bod-
ies (DLB) is characterized
clinically by dementia, vi-
sual hallucinations, par-
kinsonism, and fluctua-

tions in cognition and attention.1 Recent
evidence1 suggests that Lewy body (LB)–
associated dementias may constitute the
second largest neuropathological sub-
group associated with dementing disor-
ders, after Alzheimer disease (AD). There
is substantial clinical and neuropathologi-
cal overlap between DLB and AD and be-
tween DLB and Parkinson disease (PD). Pa-
tients with DLB are frequently misdiagnosed
as having AD, although they are more likely
to exhibit hallucinations and/or delusions
earlier in the course of illness than pa-

tients with AD.2 Similarly, motor signs and
symptoms observed in patients with PD are
frequently found in patients with DLB.
However, parkinsonism (if present in pa-
tients with DLB) is often less severe than
in patients with PD. If DLB is a pathophysi-
ologically distinct entity, our ability to dis-
tinguish DLB from AD and PD has impor-
tant clinical and research implications.

The Consortium on Dementia With
Lewy Bodies1 has developed guidelines for
the clinical and neuropathological diag-
nosis of DLB. The guidelines for the clini-
cal diagnosis of DLB require the presence
of progressive cognitive decline and the
presence of at least 2 of the following core
features: (1) spontaneous parkinsonian
signs and symptoms, (2) visual halluci-

OBSERVATION

Author affiliations are listed at
the end of this article.

(REPRINTED) ARCH NEUROL / VOL 59, OCT 2002 WWW.ARCHNEUROL.COM
1622

©2002 American Medical Association. All rights reserved.



nations, and (3) fluctuations in consciousness early in
the course of illness.1 In addition, the DLB criteria stipu-
late that if parkinsonism precedes dementia by more than
1 year, the disorder is classified as PD with dementia. Al-
though the specificity (correctly not diagnosing DLB) of
these diagnostic criteria is high, the sensitivity (cor-
rectly diagnosing DLB) is modest.3-5 One of the reasons
for this finding may be the clinical variability observed
among patients with DLB. While all patients exhibit cog-
nitive decline, the presence of the other core features is
less consistent. In particular, it is unclear why some in-
dividuals develop hallucinations and/or delusions while
others do not.6 One way to address these questions is to
identify kindreds with familial DLB to investigate whether
core clinical symptoms aggregate within these families.

Several studies have described families with inher-
ited parkinsonism and dementia. However, most of those
families are characterized by parkinsonism preceding de-
mentia by many years.7,8 A few described families have
included some individuals who presented with demen-
tia, some of whom develop comorbid parkinsonism while
others never do.8-10 These families may be examples of
familial DLB. Unfortunately, there is a paucity of neuro-
pathological description in these families, with LB patho-
logical features confirmed at most in only 1 family mem-
ber.8 Therefore, it is difficult to assess whether all affected
individuals had the same disorder.

Molecular genetic studies have identified multiple
genetic risk factors in patients with AD11 and PD.12 How-
ever, few studies have investigated genetic risk factors
in patients with DLB. The association between the APOE
(apolipoprotein E) �4 allele and DLB has been inconsis-
tent.13-16 In addition, other studies17,18 have reported that
genetic risk factors associated with PD (eg, CYP2D6 and
�-synuclein) are not present in patients with DLB. Ad-
ditional linkage analysis and candidate gene studies in
patients with DLB are necessary. Eventual identification
of susceptibility genes in patients with DLB will im-
prove the classification of this disorder and our under-
standing of the underlying pathophysiological features.

To investigate clinical and neuropathological vari-
ability and the genetic risk factors in patients with DLB,
we identified several families with multiple affected in-
dividuals who presented with dementia and later devel-
oped parkinsonism. Instead of relying on the clinical di-
agnosis of DLB, we selected families based on the
neuropathological diagnosis of DLB in 2 or more family
members. Herein, we describe the clinical, neuropatho-
logical, and genetic characteristics of 2 families.

METHODS

Eight families at the University of Washington’s Alzheimer’s
Disease Research Center with at least 1 autopsy-proven case
of DLB and multiple other family members with dementia were
initially eligible for this study. Two families had 2 or more au-
topsy-proven cases of DLB (according to the neuropathologi-
cal criteria of McKeith et al1) and were included in the present
study.

As approved by the University of Washington’s Institu-
tional Review Board, we obtained informed consent from fam-
ily members who were willing to participate. Medical records
were obtained and systematically reviewed for the presence of

parkinsonian signs and symptoms, behavioral disturbances, and
cognitive decline. Detailed clinical histories were obtained from
the next of kin using a semistructured dementia question-
naire.19 Medical records were obtained for 10 individuals in fam-
ily 1 and 7 individuals in family 2. Because of inconsistent docu-
mentation and report of fluctuations in attention and cognition,
we could not reliably assess these symptoms. Two of us (D.W.T.
and J.B.L.) conducted in-person detailed neurological and be-
havioral assessments with 4 individuals in family 2.

Neuropathological examinations were performed in 3 in-
dividuals in family 1 and 2 individuals in family 2. All patients
underwent a standard neuropathological workup, including he-
matoxylin-eosin (H&E), modified Bielschowsky, and thiofla-
vine S staining. Of 5 autopsy cases, 4 had postmortem tissue
available for additional immunohistological studies. In these
cases, we performed �-synuclein immunostaining (antibody
LB509, dilution, 1:400; Zymol, San Francisco, Calif) and ex-
tranigral sampling to fully characterize LB pathological fea-
tures.20-22 A neuropathological review for the presence of LBs
in the substantia nigra (SN), hippocampus, parahippocampal
gyrus, amygdala, and cingulate gyrus was conducted. We de-
fined an LB “positive” case as one having either H&E-positive
LB inclusions in the SN or greater than 5 �-synuclein–positive
LB inclusions in an extra brainstem region. In addition, in the
absence of LB inclusions in the SN, cases with 6 or more
�-synuclein–positive cytoplasmic inclusions in the amygdala
would also be considered as positive for LB pathological fea-
tures. These latter cases would be classified as “amygdala pre-
dominant” DLB cases consistent with previous reports.22,23

Genomic DNA was extracted from lymphocytes or skin
fibroblast culture. DNA from 11 individuals were available for
APOE genotyping using the restriction digest methods of Hix-
son and Vernier.24 Genomic DNA from 1 affected individual
(randomly selected) in each family was screened for �-, �-, and
�-synuclein and parkin mutations. Polymerase chain reaction
(PCR), with the use of primers flanking each exon, was per-
formed. Primer sequences (including 3 new primers: A5R, A7-
2F, and A7-1R), expected product sizes, and annealing tem-
perature are described in detail elsewhere.25 The complete
genomic sequence encompassing the �-synuclein gene is avail-
able through GenBank (accession numbers AF163864 and
NT_006204; NCBI, Bethesda, Md). The �-synuclein comple-
mentary DNA (accession number XM_003494) is encoded by
6 exons and 1 alternatively spliced (1�) exon that span a ge-
nomic distance of greater than 116 kb. Polymerase chain re-
action products were purified using the QIA-quick purifica-
tion kit (QIAGEN, Valencia, Calif) before ABI PRISM BigDye
Terminator (ABI, Foster City, Calif) cycle sequencing on an ABI
377 sequencer. Both strands were sequenced. The �-synuclein
gene, encoded by 5 exons, encompasses a genomic distance of
approximately 12.8 kb (accession numbers AF053134-
AF053136 and NT_006725). Previously published primer sets
will be used for PCR amplification from genomic DNA.26 The
�-synuclein gene is similarly encoded by 5 exons and spans 46
kb (excluding promoter sequences) (accession number
AF044311). Primer pairs for genomic sequencing have been
published previously.27

The parkin gene is encoded by 12 exons. Mutation screen-
ing methods used primer sets published by Kitada et al,28 as
well as nested primers for sequencing and new primer pairs de-
signed to amplify genomic fragments containing a minimum
of 150 nucleotides of flanking intronic sequence for each exon.
The complete human genomic sequence for parkin is avail-
able through GenBank (http://www.ncbi.nlm.nih.gov), acces-
sion number NT_007122.29,30 Exons and flanking intronic splice
junctions were PCR-amplified, agarose gel–purified (Gene-
clean III; Bio101, Luton, Bedfordshire, England), and directly
sequenced by dye-terminator cycle sequencing (BigDye) us-

(REPRINTED) ARCH NEUROL / VOL 59, OCT 2002 WWW.ARCHNEUROL.COM
1623

©2002 American Medical Association. All rights reserved.



ing an ABI 377 sequencer. Both strands were sequenced. Gene
dosage analysis using real-time fluorescence-based PCR quan-
titation (ABI 7700 Sequence Detector) was performed to de-
termine parkin exon copy number. Parkin exons were ampli-
fied with 5� FAM/3�TAMRA (ABI) dual-labeled probes and
multiplexed with the amplification of an 84 base pair frag-
ment of a single copy human �-actin gene (chromosome 7; 5�-
VIC/TAMRA-3� [ABI] dual label probe) as an internal copy
number control. Standard curves were generated for each par-
kin exon and for �-actin using control human genomic DNA.
The number of PCR cycles required before the ABI 7700 de-
tects the parkin exon product was plotted against the parkin
standard curve, thus calculating a relative copy number for
each exon. Parkin exon copy number was then normalized to
the single copy actin gene within each multiplexed reaction
and to a normal reference individual, thus determining the
number of copies per genome. All experiments were per-
formed in triplicate.

REPORT OF CASES

FAMILY 1

In this family, there were 8 affected individuals in 2 gen-
erations (Figure 1). Their mean age of onset was 70.9
(SD, 5.4) years, with a mean age at death of 77.2 (SD,
3.9) years. All 8 affected individuals exhibited cognitive
decline as their first neuropsychiatric symptom. In ad-
dition, of the 8 individuals with dementia, 5 developed
subsequent parkinsonism (resting tremor, cogwheel ri-
gidity, and/or bradykinesia) and 4 exhibited psychotic
symptoms (2 of these 4 had visual hallucinations)
(Table 1). Brief descriptions of individuals in this fam-
ily follow.

I:1

This subject read daily and worked in his garden until
his death. There was no evidence of cognitive impair-
ment or parkinsonism.

II:1

This subject developed dementia at the age of 72 years.
She was unable to live on her own because of her forget-
fulness. Her judgment was impaired, and she inadvert-
ently started several stove fires. She did not have resting
tremor, bradykinesia, or gait disturbance.

III:1

This subject had cognitive decline beginning around the
age of 67 years. He could not manage his own finances. A
review of medical records indicates that he was unable to
comprehend directions during a physical examination. No
formal cognitive testing was conducted. He did not have
resting tremor, bradykinesia, or gait disturbances.

III:3

This subject was diagnosed as having AD with PD fea-
tures at the age of 81 years. He initially had difficulty keep-
ing track of his finances (at the age of 73 years) and had
poor executive function and judgment. Later, he devel-
oped bradykinesia, stooped posture, axial rigidity, and cog-
wheel rigidity. He did not have resting tremor. He also de-
veloped paranoid ideation and called the police on at least
1 occasion. When the police came to investigate, he stated

5

I:1

II:1

A A A

III:1 III:2 III:3 III:4 III:5 III:6 III:7 III:8 III:9 III:10 III:11

Unaffected

Dementia

Dementia and Parkinsonism

Dementia, Parkinsonism, and Psychotic Symptoms

Gender Not Specified

A Neuropathological Report Available

Proband

Figure 1. Pedigree from family 1. Circles indicate females; squares, males; and a slash through a symbol, deceased individuals.
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that a neighbor had actually made the telephone call. The
neuropathological report and additional tissue speci-
mens were available for this subject (Table 2).

III:5

This subject developed cognitive impairment at the age
of 79 years. He was unable to organize his home or com-
plete multistep tasks. The family reported an increase in
irritability and agitation. He has accused his family of “try-
ing to make me think I’m crazy.” He did not have resting
tremor, bradykinesia, or gait disturbances.

III:6

Thissubjectdoesnothaveanyevidenceofcognitivedecline.
Hecontinues tobephysically andmentally active.Hereads
regularlyandhikes4.8kmat leastonceaweek.Hedoesnot
have resting tremor, bradykinesia, or gait disturbances.

III:7

This subject developed cognitive decline around the age
of 77 years. He had difficulty remembering words and got
lost while driving in his hometown. He developed gait in-
stability and fell on several occasions. He also developed a
stooped posture and bradykinesia, but did not have rest-
ing tremor. The patient had visual hallucinations, re-
ported as seeing his deceased relatives. He believed that they
lived with him and routinely conversed with them.

III:8

This subject first showed signs of cognitive decline at the
age of 67 years. She became lost in her hometown and was
unable to balance her checkbook. On physical examina-
tion, there was evidence of increased muscle tone, mild
bradykinesia, and masked facies. She did not have resting
tremor but was diagnosed as having PD at the age of 74

Table 1. Clinical Characteristics, Source of Information, and APOE Genotypes in Families 1 and 2*

Subject No. Age of Onset, y Dementia Parkinsonism Psychosis Source of Information APOE Genotype

Family 1
I:1 . . . − − − Hx NA

II:1 72 + − − Hx NA
III:1 67 + − − Hx and Med Rec NA
III:3 73 + + + Hx and Med Rec �3/�4
III:5 79 + − − Hx �3/�4
III:6 . . . − − − Hx �3/�4
III:7 77 + + + Hx �3/�4
III:8 67 + + + Hx and Med Rec �3/�4
III:9 63 + + + Hx and Med Rec �3/�4
III:11 69 + + − Hx and Med Rec �4/�4

Family 2
I:1 83 + + − Hx, Med Rec, and PE �3/�4
I:2 76 + + − Hx, Med Rec, and PE �4/�4
I:3 80 + + − Hx and Med Rec �4/�4
I:4 63 + + − Hx, Med Rec, and PE �4/�4
I:5 58 + − − Hx and Med Rec NA
I:7 59 + − − Hx and Med Rec NA

*APOE indicates apolipoprotein E; −, absent; Hx, clinical history; +, present; Med Rec, medical records; PE, face-to-face physical examination; NA, data not
available; and ellipses, data not applicable.

Table 2. Clinical and Neuropathological Characteristics in 2 Families With DLB*

Subject No. Age of Onset, y

Clinical Features

Neuropathological Findings

Braak Staging†
(AD Changes)

LBs

SN
Amygdala

(AS Staining)Dementia PD Psychosis NFTs SPs H&E Staining AS Staining

Family 1
III:3 73 + + + III B + + +
III:8 67 + + + V C − − +
III:9 63 + + + III C + NA NA

Family 2
I:5 58 + − − III C + + +
I:7 59 + − − VI C − − +

*DLB indicates dementia with Lewy bodies; PD, parkinsonism; AD, Alzheimer disease; LB, Lewy body; NFT, neurofibrillary tangle; SP, senile plaque; SN,
substantia nigra; H&E, hematoxylin-eosin; AS, �-synuclein; +, present (in “Clinical Features” column) or positive (in “Neuropathological Findings” column); −,
absent (in “Clinical Features” column) or negative (in “Neuropathological Findings” column); and NA, data not available.

†For Braak staging, see Braak and Braak.31
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years. She also developed emotionally intense visual hal-
lucinations, reported as seeing chickens pecking at her eyes.
The neuropathological report and additional tissue speci-
mens were available for this subject (Table 2).

III:9

This subject presented with cognitive deficits at the age
of 63 years and was diagnosed as having AD at the age
of 69 years. She was unable to maintain her home and
developed problems with word finding. Physical exami-
nation findings were significant for mild cogwheel rigid-
ity. However, there was no evidence of resting tremor or
bradykinesia. She also developed paranoid ideations that
the neighbors across the street were spying on her. She
spent an extensive amount of time sitting by the win-
dow, making sure her neighbors would not bother her.
The neuropathological report was available for this pa-
tient, but additional tissue specimens were unavailable
for immunohistochemical staining (Table 2).

III:11

This subject developed cognitive impairment at the age
of 69 years and was diagnosed as having AD at the age of
75 years. He was unable to handle his finances and got lost
while driving in familiar neighborhoods. His wife re-
ported that he had progressive bradykinesia and devel-
oped a stooped posture. No resting tremor or cogwheel
rigidity was reported.

FAMILY 2

This family had 6 affected individuals in 1 generation
(Figure 2). Their mean age of onset was 69.8 (SD, 11.1)
years. All affected individuals presented initially with cog-
nitive decline. In addition, 4 of the 6 individuals had par-
kinsonism that either presented concurrently with demen-
tia or developed later in the disease. None of the affected

individuals developed hallucinations or delusions (Table
1). Brief descriptions of individuals in this family follow.

I:1

This subject had evidence of mild cognitive impairment on
neurological examination, with word recall difficulty at the
age of 83 years. On physical examination, there was evi-
dence of a mildly stooped posture, bradykinesia, and dif-
ficulty performing rapid alternating movements. S/he did
not have resting tremor or cogwheel rigidity.

I:2

This subject developed problems managing his/her fi-
nances at the age of 76 years. S/he subsequently became
lost in his/her own neighborhood. On physical exami-
nation, s/he had mild bradykinesia, stooped posture, mild
postural instability, masked facies, and hypophonia. S/he
did not have resting tremor or cogwheel rigidity.

I:3

This subject had mild cognitive impairment on neuro-
logical examination at the age of 80 years, difficulty with
word recall, and difficulty with sentence completion.
There was also evidence of gait instability, bradykine-
sia, and slowing of rapid alternating movements. There
was no resting tremor or cogwheel rigidity.

I:4

This subject developed cognitive disturbances at the age
of 63 years and was diagnosed as having AD at the age of
70 years. Initially, there was difficulty with word finding,
short-term memory, and managing his finances. On physi-
cal examination, there was bradykinesia, a slightly stooped
posture, and loss of facial expression. There was no rest-
ing tremor or cogwheel rigidity.

I:5

This subject first developed cognitive disturbance at the
age of 58 years with problems managing finances. S/he
was diagnosed as having AD at the age of 65 years and
died at a care facility. There was a long history of alco-
hol dependence, including withdrawal symptoms such
as delirium tremens. There was no evidence of resting
tremor, bradykinesia, or cogwheel rigidity. The neuro-
pathological report and additional tissue specimens were
available for this subject (Table 2).

I:6

Thissubjecthadnoevidenceofcognitiveimpairmentorfunc-
tional decline at the age of 74 years. There was no evidence
of resting tremor, bradykinesia, or cogwheel rigidity.

I:7

This subject had short-term memory loss at the age of
59 years. S/he subsequently became apraxic, exempli-

3

A

A A

I:1 I:2 I:3 I:4 I:6I:5 I:7

Unaffected

Possible Dementia

Dementia

Dementia and Parkinsonism

Gender Not Specified

Neuropathological Report Available

Proband

?

?

Figure 2. Pedigree from family 2. The pedigree has been altered to ensure
confidentiality. A slash through a symbol indicates deceased individuals.
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fied by his/her inability to use tools or utensils. The pa-
tient had a long history of alcohol abuse. S/he was ad-
mitted for alcohol detoxification several times. The medi-
cal history was significant for delirium tremens, with
reports of visual hallucinations of bugs and snakes. These
symptoms resolved once s/he was treated for alcohol with-
drawal. There was mild bradykinesia, but no resting
tremor or cogwheel rigidity. The neuropathological re-
port and additional tissue specimens were available for
this subject (Table 2).

NEUROPATHOLOGICAL FEATURES

Autopsies were performed on 3 affected individuals in fam-
ily 1 and 2 affected individuals in family 2. Neuropatho-
logical findings are summarized in Table 2. Brain tissue
from 1 individual (subject III:9 in family 1) was not avail-
able for �-synuclein immunohistochemistry. However, this
patient had definite LB pathological features in the SN on
H&E staining and was, therefore, classified as positive for
LB pathological features. Two patients from each family
had postmortem tissue available for additional �-synuclein
immunohistochemical studies.

Overall, 2 individuals in family 1 (subjects III:3 and
III:9) and 1 in family 2 (subject I:5) had typical LB in-
clusions in the SN on H&E staining (Table 2 and
Figure 3A). Two patients with additional tissue avail-
able (subject III:3 in family 1 and subject I:5 in family 2)

also had LB pathological features detected by �-synuclein
immunohistochemistry in the SN and amygdala (Table
2 and Figure 3B and C). One subject from each family
(subject III:8 in family 1 and subject I:7 in family 2) did
not have SN LBs detected with either H&E or �-synuclein
immunostaining. However, both had 6 or more
�-synuclein–positive cytoplasmic inclusions in the amyg-
dala (Table 2 and Figure 3D). These latter 2 patients are
similar to the amygdala-predominant patients de-
scribed by other investigators.22,23,32

Modified Bielschowsky silver staining for AD patho-
logical features showed that 1 individual from each fam-
ily (subject III:8 in family 1 and subject I:7 in family 2)
had sufficient senile plaque and neurofibrillary tangle patho-
logical features (Braak stage V-C and VI-C, respectively)
to meet the neuropathological criteria for high likelihood
of AD (per Reagan Institute Working Group on Diagnos-
tic Criteria for the Neuropathological Assessment of Alz-
heimer’s Disease/National Institute on Aging criteria).33 The
remaining 3 patients (subjects III:3 and III:9 in family 1
and subject I:5 in family 2) had moderate to frequent se-
nile plaques in limbic and cortical regions, but only mild
to moderate neurofibrillary tangle pathological features that
were limited to limbic structures (Braak stage III for all
3). These latter patients would fulfill National Institute on
Aging/Reagan Institute Working Group on Diagnostic Cri-
teria for the Neuropathological Assessment of Alzhei-
mer’s Disease criteria for intermediate likelihood of AD.

A B

C D

Figure 3. A, Lewy body (arrow) in a substantia nigra neuron of a patient with dementia with Lewy bodies (hematoxylin-eosin, original magnification, �500).
B, �-Synuclein immunostaining of Lewy bodies (large arrow) and Lewy neurites (small arrows) in the substantia nigra (original magnification, �500).
C, �-Synuclein–immunopositive inclusions (arrow) in the amygdala of a patient with additional brainstem Lewy bodies (original magnification, �250).
D, �-Synuclein–immunopositive inclusions (large arrow) and neuritic plaques (small arrow) in a patient without brainstem Lewy bodies (original magnification,
�250). Parts A, B, and C are from subject III:3 in family 1; part D, subject I:7 in family 2.

(REPRINTED) ARCH NEUROL / VOL 59, OCT 2002 WWW.ARCHNEUROL.COM
1627

©2002 American Medical Association. All rights reserved.



MOLECULAR GENETICS

Seven individuals in family 1 (6 affected and 1 at risk) and
4 individuals (all affected) in family 2 had DNA available.
In family 1, 5 affected individuals carried the APOE �3/�4
genotype, while the other affected individual had an APOE
�4/�4 genotype. One at-risk individual also had the APOE
�3/�4 genotype (Table 1). In family 2, 3 affected individu-
als had the APOE �4/�4 genotype, while 1 affected indi-
vidual had the APOE �3/�4 genotype (Table 1).

Genetic analyses showed that there were no nucleo-
tide alterations in the �-, �-, or �-synuclein or parkin genes
in 1 affected individual selected from each family. There
was no deletion or duplication in the parkin gene in the
individuals examined.

COMMENT

To our knowledge, most previously published stud-
ies7,8,34,35 of families with parkinsonism and dementia have
included individuals who presented with parkinson-
ism. Only 2 published reports8,9 included families with
individuals who presented with dementia. However, in
one family, only 1 autopsy was reported,8 while in the
other family, none of the individuals who presented with
dementia underwent an autopsy.9 Therefore, we are un-
able to determine whether affected individuals had clini-
cal and neuropathological DLB.

The present study describes the clinical, neuro-
pathological, and genetic characteristics of persons with
dementia in 2 families that included 2 or more autopsy-
proven cases of DLB. We found that substantial clinical
and neuropathological variability exists within each fam-
ily. All affected individuals exhibited cognitive decline
that either preceded or occurred concurrently with par-
kinsonism. However, not all affected individuals exhib-
ited hallucinations, delusions, or parkinsonism.

We observed the aggregation of hallucinations and/or
delusions in one family, but not in the other. These ob-
servations are consistent with previous findings that some
families with hereditary neurodegenerative disorders are
more susceptible to develop hallucinations and/or delu-
sions than other families with the same disorder. Sev-
eral reports suggest that some families with Huntington
disease,36,37 frontotemporal dementia,38 and AD39,40 have
a higher susceptibility to developing hallucinations and/or
delusions. Even though visual hallucinations and sys-
tematized delusions are part of the clinical criteria for the
diagnosis of DLB,1 to our knowledge, there are no re-
ports that hallucinations and/or delusions are more likely
to aggregate in some families with DLB. The present case
study provides preliminary evidence that some families
with DLB have an increased susceptibility to developing
hallucinations and/or delusions.

The mechanisms underlying the development of hal-
lucinations and delusions in patients with dementia are
not well understood. One previous study41 showed no
clear LB regional distribution associated with psycho-
sis. Others42 have suggested that selective loss of differ-
ent neuronal or neurotransmitter populations may be as-
sociated with prominent hallucinations and delusions.
Meanwhile, others postulate that differences in genetic

background may be associated with the development of
hallucinations and delusions. Several reports found an
association between a 5-hydroxytryptamine 2A recep-
tor polymorphism,43,44 dopamine D1 and D3 receptor poly-
morphisms,45 a serotonin transporter polymorphism, and
psychotic symptoms in patients with AD. Interestingly,
a different polymorphism close to the dopamine D2 re-
ceptor gene was associated with hallucinations in pa-
tients with PD.46 Additional genetic studies are neces-
sary to confirm these associations.

The APOE �4 allele is associated with familial and spo-
radic late-onset AD47,48 but not as clearly with PD.49,50 How-
ever, one recent study51 showed that the APOE �4 allele
may play a role in dementia associated with PD. The APOE
�4 allele is associated with an increase in the number of
neocortical LBs and amyloid plaques in patients with PD,
thus, possibly predisposing to the development of demen-
tia.52 Investigations14-16,53,54 of the APOE �4 allele as a ge-
netic risk factor for DLB have led to conflicting results. Some
investigations55 have attributed the association between the
APOE �4 allele and DLB to the presence of concomitant
AD pathological features in patients with DLB. However,
in a large sample of autopsy-proven cases of DLB without
substantial neurofibrillary tangle pathological features, Har-
rington and colleagues13 still found that the APOE �4 al-
lele frequency was higher (37%) compared with that of
normal control subjects (15%). An earlier case report56 de-
scribed an APOE �4 homozygous individual with wide-
spread cortical and subcortical LB pathological features in
the absence of severe neuritic plaque and neurofibrillary
tangle pathological features. In the present study, all 10
affected individuals with DNA available carried an APOE
�4 allele. Our findings support the hypothesis that the APOE
�4 allele may be an independent risk factor in the devel-
opment of LB pathological features. However, further de-
lineation of the molecular genetics of families with DLB
is necessary.

The discovery of mutations in the �-synuclein gene
in familial PD57 led to the development of highly specific
antibodies to this synaptic protein; these antibodies are
highly sensitive for detecting LB pathological features in
familial and sporadic PD.58 Investigations20,59 using
�-synuclein antibodies and extranigral sampling (specifi-
cally in the amygdala) have found a high frequency of LB
pathological features in familial and sporadic AD. These
results suggest that the use of �-synuclein immunostain-
ing in brainstem and extrabrainstem regions, along with
traditional H&E staining of the SN, is necessary to fully
evaluate whether LB pathological features exist.

In our study, the degree of AD pathological fea-
tures varied within both families, with some individuals
having sufficient pathological features for a diagnosis of
AD and others having only modest AD-related changes.
Although all affected individuals with autopsy results
available had LB inclusions, several had classic LBs in the
SN and amygdala while others had LB pathological fea-
tures only in the amygdala. The LB pathological fea-
tures were detected only with �-synuclein immunostain-
ing in the amygdala. By using less sensitive detection
methods, these patients would be classified as not hav-
ing LB pathological features. Interestingly, these pa-
tients with amygdala-predominant LB pathological fea-
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tures had severe AD pathological features. The clinical
and pathological significance of these patients with amyg-
dala-predominant DLB remains unclear. Further clini-
cal and neuropathological examinations in patients with
familial and sporadic DLB are necessary to investigate the
significance of this pattern of LB pathological features.

We identified 2 families who presented with de-
mentia and had evidence of LB pathological features in
all affected members with autopsy results. These fami-
lies may represent examples of familial DLB. Additional
clinical, neuropathological, and genetic studies in these
and other families are necessary to further clarify the eti-
ology of familial DLB. Studies in families with autopsy-
proven DLB can provide important insights into the patho-
physiological features of this increasingly recognized
disease. In particular, identification of the susceptibility
genes in patients with DLB could increase our under-
standing of the pathophysiological features of this dis-
order. This knowledge will help to differentiate DLB from
AD and PD.
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