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Objective: To describe a novel missense mutation,
Asp678Asn (D678N), in the amyloid precursor protein
(APP) gene in a Japanese pedigree of probable familial
Alzheimer’s disease (FAD).
Subject: The proband was a women of 72. Symptoms of
dementia that fulfilled the criteria for probable Alzheimer’s
disease appeared at about 60 years of age, and slowly
worsened over more than 10 years without evident
cerebrovascular complications, either clinically or neuro-
radiologically.
Methods: Polymerase chain reaction single strand conforma-
tional polymorphism (PCR-SSCP) analysis followed by
sequence analysis was used to examine genomic DNA of
the proband for mutations in the APP gene exons 16 and 17.
Results: Analysis of the APP exon 16 in the proband showed
a GAC to AAC nucleotide substitution in codon 678 of the
APP gene, causing an amino acid substitution of Asp to Asn
(D678N). Heterozygosity of the APP D678N mutation was
found in the proband and in the demented elder sister.
Conclusions: The production and accumulation of mutated
Abeta (Asn7-Abeta) or the misfunction of D678N mutant
APP may have pathogenic properties for the development of
Alzheimer’s disease in this pedigree.

M
utations in three causative genes—amyloid precursor
protein (APP),1 presenilin 1 (PS1), and presenilin 2
(PS2),2 3—have been implicated in the pathogenesis

of familial Alzheimer’s disease (FAD). Mutations in the APP
gene located close to the b- and c-secretase cleavage sites lead
to early onset FAD, whereas the clinicopathological repre-
sentations of genes within the sequences coding for amyloid
b peptide (Abeta) sequence are variable—that is, hereditary
amyloid angiopathy with cerebral haemorrhage (HCHWA-D,
Dutch mutation; E693Q, Italian mutation; E693K),4

Alzheimer’s disease with repeated stroke (Flemish mutation;
A692G),5 dementia with severe amyloid angiopathy (Iowa
mutation; D694N), or Alzheimer’s disease without stroke
(Arctic mutation; E693G).6 7 Here, we describe a novel
APP mutation (D678N) in a Japanese-Tottori FAD (Jp-T)
pedigree. The D678 mutation replaces the aspartate (Asp; D)7
of Abeta with asparagine (Asn; N) and was clinically
linked to clinically diagnosed FAD without signs of vascular
involvement.

METHODS
Patients
The Jp-T pedigree consisted of three demented patients and
nine siblings (fig 1A). The proband (II-12) of this
pedigree (fig 1A) was admitted to our hospital at 65 years
of age, at which time he had been experiencing amnesia,

disorientation, loss of interest in previous household activ-
ities, and occasional aggressive behaviour for over six years,
without stroke-like episodes. Initial examination revealed
moderate intellectual deterioration, severe memory impair-
ment without focal neurological signs or parkinsonism. The
mini-mental state examination (MMSE) score at this time
was 9/30. Magnetic resonance imaging (MRI) showed mild
cortical atrophy of the bilateral medial temporal lobes and
parietal lobes. On 132I-IMP SPECT there was marked
hypoperfusion in the temporal and parietal cortices and
normal blood flow in the cerebellum, motor cortex, and basal
ganglia. The total tau protein and Abeta42 levels in the spinal
fluid were 738 pg/ml (normal ,250 pg/ml) and 295 pg/ml
(normal .700), respectively, consistent with the character-
istic findings of Alzheimer’s disease.8 9 The dementia syn-
drome gradually progressed over the next seven years.
Serial MRI at age 72 showed marked cortical atrophy

including the hippocampal region bilaterally, without focal
cerebral infarction or haemorrhagic lesions (fig 1B).
At the time of writing, her dementia symptoms had

progressed to such a degree that she required total assistance
in dressing, hygiene, and food intake. Her communication
skills had severely deteriorated and dyskinetic movements in
face and head without myoclonus were observed.
The proband’s elder sister (II-10) had been experiencing

amnesic symptoms that appeared when she was 60. Five
years after the onset of her symptoms, she was unable to
recognise her family. Over the next 15 years, she showed
slowly progressive cognitive decline without stroke-like
episodes. At age 75, she was severely demented, bed ridden,
and fully dependent for personal care, and oral dyskinesia
was observed. MRI at the age of 77 showed severe cerebral
atrophy with mild periventricular hyperintensity lesions in
the T2 weighted images but without focal cerebral infarction
or haemorrhagic lesions (fig 1, C). The mother had no
symptoms of dementia before she died at age 85. The father
died at age 64 from an accident and it is unclear whether he
was demented. It was reported that the eldest brother (II.1),
who died at age 69, had an almost identical medical history
of dementia beginning in his late 50s. The fourth to ninth and
the 11th siblings all died aged less than 50 years.

Genetic analysis
After obtaining informed consent (from relatives where
appropriate), genomic DNA was isolated from peripheral
white blood cells of three family members: patient 1, II-12;
patient 2, II-10; and a non-demented 68 year old member of
the family, III.1, who is a son of the eldest affected brother
(II.1). Mutation screening in APP exons 16 and 17, which
code the Abeta peptide sequence and the surrounding region,

Abbreviations: Abeta, amyloid b peptide; APP, amyloid precursor
protein; FAD, familial Alzheimer’s disease; PCR-SSCP, polymerase
chain reaction single strand conformational polymorphism
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were carried out by polymerase chain reaction single strand
conformational polymorphism (PCR-SSCP) analysis. The
primer sequences are as follows: APP exon16, APP Ex16Fw;
59-TAGAAAGAAGTTTTGGGTAGGCTTT-39 and APP Ex16-Rv;
59-AGAGTTAATAGGTCATTTGGCAAGACA-39, APP exon17,
APP Ex17-Fw; 59-AATGAAATTCTTCTAATTGCGTTT-39 and
APP Ex17-Rv; 59-TTCTCTCATAGTCTTAATTCCCACTT-39. PCR
was done using a Hot Start PCR kit (TaKaRa, Tokyo, Japan),

following the manufacturer’s instructions. For SSCP analysis,
the PCR products were denatured in formamide containing
buffer, and electrophoresed on 12% acrylamide gels with 10%
glycerol at 4 C̊ for 20 hours at 200 V, followed by visualisation
using silver staining. The PCR product showing abnormal
bands on SSCP analysis, predicting the presence of a mutant
allele, was purified and sequenced. Sequence analyses of PS1
and PS2 coding regions using the RT-PCR product from

Figure 1 Family tree, neuroimaging findings, and molecular analysis of the Japanese-Tottori pedigree. (A) The pedigree: the proband is indicated by
an arrow. Samples (*) were taken from three individuals for DNA analysis. (B) Axial and coronal magnetic resonance images (MRI) of the proband
(II.12) at age 71 showing diffuse and severe cortical atrophy predominantly in the internal portion of the temporal lobes, without focal cerebral
infarction or haemorrhage. (C) Axial MRI of the elder sister at age 71 showing marked cortical atrophy with mild periventricular hyperintensity lesions
in T2 weighted images. (D) Direct sequencing of APP exon 16 PCR product derived from patient 1 (II.12) demonstrates heterozygosity for GAC-to-AAC
nucleotide substitution in codon 678 of APP gene (APP770 numbering), that corresponds to an aspartic acid (Asp) to an asparagine residue (Asn)
(D678N). (E) Characterisation of the D678N missense mutation in the APP gene. Hinf I RLFP analysis shows that only the affected members (II.10, lane
2; II.12, lane 3) are heterozygous for the D678N mutation. C= control (lane 1). III.1 = a 68 year old non-demented family member (lane 4).
N= undigested PCR product (lane 5).
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cultured skin fibroblasts of patients 1 and 2 were also
undertaken. The APOE genotype was determined by a
standard PCR HhaI restriction enzyme digestion assay.10

RESULTS
PCR-SSCP analysis of APP exon 16 showed abnormal bands
in the proband sample (data not shown). Sequence analysis
of the APP exon 16 revealed a GAC to AAC nucleotide
substitution in codon 678 of the APP gene that causes an
amino acid substitution of Asp to Asn (D678N) (fig 1D). No
pathogenic mutations in APP exon 17 were detected in the
proband sample (data not shown). Because D678N mutation
abolishes the Hinf I restriction site, we looked for the
presence of this mutation by Hinf I restriction fragment
length polymorphism (RFLP) analysis of genomic amplicons.
Analysis of the samples from the two affected members
(patients 1 and 2) and a 68 year old unaffected member
showed that only the affected members were heterozygous
for the D678N mutation (fig 1E). The Hinf I RFLP analysis
also showed the absence of this mutation in samples from
215 patients with sporadic Alzheimer’s disease, five members
of another five independent early onset FAD pedigrees, and
102 age matched control subjects. These data indicate that
the D678N mutation is specific to the Jp-T pedigree. In
addition, all members of this pedigree tested had the
epsilon3/epsilon3 genotype of the APOE gene. Sequence
analyses of PS 1 and PS2 coding regions using the reverse
transcriptase polymerase chain reaction products from
cultured skin fibroblasts of patients 1 and 2 failed to identify
a pathogenic mutation (data not shown).

DISCUSSION
We report a novel D678N mutation in the APP gene identified
in a Japanese FAD pedigree. This mutation causes an amino
acid substitution of Asp at position 7 of Abeta (Asp7-Abeta)
with Asn (Asn7-Abeta). The clinical manifestations of the
mutations located close to the b- and c-secretase cleavage
sites—which directly affect the proteolytic processing of
APP—are those of typical early onset FAD.1 11–20 In contrast,
the mutations causing amino acid substitutions within
internal sequence of Abeta represent variable clinical and
pathological features, presenting with different degrees of
amyloid angiopathy or Alzheimer’s disease pathology—for
example, hereditary amyloid angiopathy with cerebral
haemorrhage (E693Q and E693K),4 Alzheimer’s disease with
repeated stroke (A692G),5 dementia with severe amyloid
angiopathy (D694N), or Alzheimer’s disease without stroke
(E693G).6 7 Although the pathological features of our D678N
mutant patients are still unknown, their clinical manifesta-
tions were those of typical Alzheimer’s disease, characterised
by progressive dementia without cerebrovascular complica-
tions in the clinical history and neuroradiological examina-
tion, fulfilling the NINCDS-ADRDA criteria for Alzheimer’s
disease.21

A recent report described the identification of novel APP
H677R mutation adjacent to the D678N mutation, which
causes an amino acid substitution of His at position 6 of
Abeta (His6-Abeta) with Arg (Arg6-Abeta).22 Because the
H677R mutation was present in one of two siblings with
pathologically proven Alzheimer’s disease in this report
(mean age at onset 55 years), the pathogenicity of this
intra-Abeta sequence variant needs to be clarified. However,
it is assumed that the APP D678N and H677R mutations have
a substantial impact on the pathomechanism of the devel-
opment of FAD.
Currently we are studying the APP metabolism in cells

transfected with D678N APP, as well as carrying out in vitro
fibrillisation assays using synthetic Asn7-Abeta, but we have
not seen increased production of Abeta (including Abeta42),

or acceleration of Abeta aggregation (Hashimoto T, Saido T C,
Iwatsubo T, unpublished observations). Alternatively, it has
been reported that Asp residues of Abeta peptide (Asp1,
Asp7, and Asp23) play an important role not only in fibril
production but also in protofibril formation and initial
a-helix formation. Artificial replacement from Asp residue
to Asn residue at position 7 of Abeta has been reported to
show altered fibrillogenesis kinetics (delayed helix forma-
tion) relative to wild type Abeta peptide.23 Another study
revealed that synthetic Asn7-Abeta peptide has the reduced
ability to activate the classical complement pathway activa-
tion compared with wild type Abeta, the implications of
which may also be relevant to the pathogenesis of
Alzheimer’s disease caused by this mutation.24

From these results, we postulate that D678N may be a
novel type of APP mutation linked to FAD, which may cause
Alzheimer’s disease by an as yet uncharacterised mechan-
ism—for example, alteration in fibrillogenic or catabolic
properties of mutated Abeta or misfunction of APP,
eventually leading to Alzheimer’s disease. We await further
structural modelling and Abeta metabolism studies, or in
vitro models such as animals that are transgenic for this
novel mutation.

ACKNOWLEDGEMENTS
We acknowledge the patients and their family, who made our study
possible. We thank all the clinicians who contributed to this work,
especially Dr M Shimoda and Dr T Ohshima. This work was
supported in part by a grant-in-aid for encouragement of young
scientists from Japan Society for the Promotion of Science, Japan
(YW), a grant-in-Aid for scientific research on priority areas (C),
advanced brain science project, from the Ministry of Education,
Culture, Sports, Science and Technology, Japan (KU), a grant-in-Aid
for scientific research on priority areas (C) from the Health and
Labour sciences research grants for clinical research for evidence
based medicine from Ministry of Health, Labour and Welfare of
Japan (KN).

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

Y Wakutani, Y Adachi, K Wada-Isoe, K Nakashima, Department of
Neurology, Institute of Neurological Sciences, Faculty of Medicine,
Tottori University, Yonago, Japan
K Watanabe, Watanabe Hospital, Tottori, Japan
K Urakami, Department of Biological Regulation, School of Health
Science, Faculty of Medicine, Tottori University, Yonago, Japan
H Ninomiya, Department of Neurobiology, School of Life Sciences,
School of Health Science, Faculty of Medicine, Tottori University,
Yonago, Japan
T Hashimoto, T Iwatsubo, Department of Neuropathology and
Neuroscience, Graduate School of Pharmaceutical Sciences, University
of Tokyo, Tokyo, Japan
T C Saido, Laboratory for Proteolytic Neuroscience, RIKEN Brain Science
Institute, Wako-shi, Japan

Competing interests: none declared

Correspondence to: Dr Y Wakutani, Department of Neurology, Institute
of Neurological Sciences, Faculty of Medicine, Tottori University, 36-1
Nishimachi, Yonago, 683-8504, Japan; ywaku@grape.med.tottori-u.
ac.jp

Received 21 January 2003
Revised 7 October 2003
Accepted 12 October 2003

REFERENCES
1 Goate A, Chartier-Harlin MC, Mullan M, et al. Segregation of a missense

mutation in the amyloid precursor protein gene with familial Alzheimer’s
disease. Nature 1991;349:704–6.

2 Sherrington R, Rogaev EI, Liang Y, et al. Cloning of a gene bearing missense
mutations in early-onset familial Alzheimer’s disease. Nature
1995;375:754–60.

D678N mutation in familial Alzheimer’s disease 1041

www.jnnp.com

http://jnnp.bmj.com


3 Rogaev EI, Sherrington R, Rogaeva EA, et al. Familial Alzheimer’s disease in
kindreds with missense mutations in a gene on chromosome 1 related to the
Alzheimer’s disease type 3 gene. Nature 199;376:775–8.

4 Levy E, Carman MD, Fernandez-Madrid IJ, et al. Mutation of the Alzheimer’s
disease amyloid gene in hereditary cerebral hemorrhage, Dutch type. Science
1990;248:1124–6.

5 Grabowski TJ, Cho HS, Vonsattel JP, et al. Novel amyloid precursor protein
mutation in an Iowa family with dementia and severe cerebral amyloid
angiopathy. Ann Neurol 2001;49:697–705.

6 Hendriks L, van Duijn CM, Cras P, et al. Presenile dementia and cerebral
haemorrhage linked to a mutation at codon 692 of the beta-amyloid precursor
protein gene. Nat Genet 1992;1:218–21.

7 Nilsberth C, Westlind-Danielsson A, Eckman CB, et al. The ‘‘Arctic’’ APP
mutation (E693G) causes Alzheimer’s disease by enhanced Abeta protofibril
formation. Nat Neurosci 2001;4:887–93.

8 Kanai M, Matsubara E, Isoe K, et al. Longitudinal study of cerebrospinal fluid
levels of tau, Abeta 1-40, and Abeta 1–42(43) in Alzheimer’s disease: a study
in Japan. Ann Neurol 1998;44:17–26.

9 Isoe K, Urakami K, Shimomura T, et al. Tau proteins in cerebrospinal fluid
from patients with Alzheimer’s disease: a longitudinal study. Dementia
1996;7:175–6.

10 McKhann G, Drachman D, Folstein M, et al. Clinical diagnosis of Alzheimer’s
disease: report of the NINCDS-ADRDA Work Group under the auspices of
Department of Health and Human Services Task Force on Alzheimer’s
Disease. Neurology 1984;34:939–44.

11 Ji Y, Urakami K, Adachi Y, et al. Apolipoprotein E polymorphism in patients
with Alzheimer’s disease, vascular dementia and ischemic cerebrovascular
disease. Dement Geriatr Cogn Disord 1998;9:243–5.

12 Pasalar P, Najmabadi H, Noorian AR, et al. An Iranian family with
Alzheimer’s disease caused by a novel APP mutation (Thr714Ala). Neurology
2002;58:1574–5.

13 Mullan M, Crawford F, Axelman K, et al. A pathogenic mutation for probable
Alzheimer’s disease in the APP gene at the N-terminus of beta-amyloid. Nat
Genet 1992;1:345–7.

14 Kumar-Singh S, De Jonghe C, Cruts M, et al. Nonfibrillar diffuse amyloid
deposition due to a gamma(42)-secretase site mutation points to an essential
role for N-truncated Abeta (42) in Alzheimer’s disease. Hum Mol Genet
2000;9:2589–98.

15 Ancolio K, Dumanchin C, Barelli H, et al. Unusual phenotypic alteration of
beta amyloid precursor protein (betaAPP) maturation by a new Val-715RMet
ßAPP-770 mutation responsible for probable early-onset Alzheimer’s disease.
Proc Natl Acad Sci USA 1999;96:4119–24.

16 De Jonghe C, Esselens C, Kumar-Singh S, et al. Pathogenic APP mutations
near the gamma-secretase cleavage site differentially affect Abeta secretion
and APP C-terminal fragment stability. Hum Mol Genet 2000;10:1665–71.

17 Eckman CB, Mehta ND, Crook R, et al. A new pathogenic mutation in the APP
gene (I716V) increases the relative proportion of Abeta 42(43). Hum Mol
Genet 1997;6:2087–9.

18 Murrell JR, Hake AM, Quaid KA, et al. Early-onset Alzheimer disease caused
by a new mutation (V717L) in the amyloid precursor protein gene. Arch
Neurol 2000;57:885–7.

19 Murrell J, Farlow M, Ghetti B, et al. A mutation in the amyloid precursor
protein associated with hereditary Alzheimer’s disease. Science
1991;254:97–9.

20 Chartier-Harlin MC, Crawford F, Houlden H, et al. Early-onset Alzheimer’s
disease caused by mutations at codon 717 of the beta-amyloid precursor
protein gene. Nature 1991;353:844–6.

21 Kwok JB, Li QX, Hallupp M, et al. Novel Leu723Pro amyloid precursor protein
mutation increases amyloid beta42(43) peptide levels and induces apoptosis.
Ann Neurol 2000;47:249–53.

22 Janssen JC, Beck JA, Campbell TA, et al. Early onset familial Alzheimer’s
disease: mutation frequency in 31 families. Neurology 2003;60:235–9.

23 Kirkitadze MD, Condron MM, Teplow DB. Identification and characterization
of key kinetic intermediates in amyloid beta-protein fibrillogenesis. J Mol Biol
2001;312:1103–19.

24 Velazquez P, Cribbs DH, Poulos TL, et al. Aspartate residue 7 in amyloid beta-
protein is critical for classical complement pathway activation: implications for
Alzheimer’s disease pathogenesis. Nat Med 1997;3:77–9.

1042 Wakutani, Watanabe, Adachi, et al

www.jnnp.com

http://jnnp.bmj.com

