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Introduction: Early-onset Alzheimer’s disease (AD) accounts for than less 1% of all AD cases, 

with large variation in the reported genetic contributions of known dementia genes. Mutations in 

the amyloid precursor protein (APP) gene were the first to be recognized as the cause of AD.

Methods: Here, a male patient with probable early-onset AD at the age of 55 years from 

Thailand was investigated by next-generation sequencing.

Results: A novel mutation in exon 14 of APP (c.1810C.T, p.V604M) was found. He initially 

illustrated the clinical manifestations of progressive nonfluent aphasia in 2011. However, he 

was finally diagnosed with AD presenting logopenic aphasia in 2013. The follow-up magnetic 

resonance imaging scan showed progression of hippocampal trophy compared with the initial 

image. A 3D protein structure model revealed that V604M exchange could result in significant 

changes in the APP protein due to the increased hydrophobicity of methionine in the helix, 

which could result in altering of the APP functions. 

Conclusion: Additional studies to characterize APP p.V604M are necessary to further under-

stand the effects of this mutation.
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Introduction
Alzheimer’s disease (AD) is the most common form of dementia in the elderly. AD can 

be categorized into two forms with age division: early-onset AD (EOAD) for before 

onset before 65 years of age and late-onset AD for onset at or after 65 years of age. 

Familial AD is associated with mutations in presenilin-1 (PSEN1) (MIM #104311), 

presenilin-2 (PSEN2) (MIM #600759), and the amyloid precursor protein (APP) (MIM 

#104760), which would sequentially be cleaved by the enzymes β- and γ-secretase 

to yield the amyloid β (Aβ) peptide.1 With at least 32 mutations in APP reported as 

pathogenic in the Alzforum database (www.alzforum.org/mutations), it has become 

the second most commonly involved gene after PSEN1. APP encodes the Aβ precursor 

protein, which would be processed by the β- and γ-secretase complex, leading to the 

production of the Aβ peptide, a key event in AD pathogeny. APP mutations, located 

within the Aβ1–43 region of the protein or adjacent to the N- or C-termini of the Aβ 

sequence, could contribute to a cascade of events of overproduction of Aβ and may 

lead to AD. Typically, the mutations adjacent to the N-terminus of the Aβ sequence 

led to an increased production of all Aβ species, while the ones near the carboxyl 

terminus led to an increase in the Aβ42/Aβ40 ratio.2,3 However, the discovery of APP 

mutations in EOAD launched many functional investigations of APP.4–6

No additional causative gene(s) were reported for AD except the above three 

genes, but additional possible risk factor genes were also discovered, such as ABCA7, 

SORL1, or CLU.7,8 In addition, the overlapping clinical and neuropathologic features 
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between AD and other neurodegenerative dementias: fron-

totemporal dementia (FTD), corticobasal degeneration, 

progressive supranuclear palsy, and Creutzfeldt–Jakob 

disease, led to a misdiagnosis in 17%–30% of AD cases.7–10 

This raised the question of whether the genetic risk factors 

in dementia could play a role in terms of their pathologies, 

clinical phenotypes and affected brain regions. Even though 

the standard sequencing was used widely, it may not be 

enough for extensive genetic analysis of patients with neuro-

degenerative dementias, due to the time and cost, especially 

with availability of the next-generation sequencing (NGS) 

technologies for the diagnosis.10

In this manuscript, the clinical and neuropathological 

phenotypes associated with a novel mutation (g.21,27284152, 

c.1810C.T; p.V604M) in the APP gene is presented. This 

mutation was found in a Thai male patient with EOAD at 

the age of 55 years with family history. Structural charac-

terization from the 3D protein prediction and gene ontology 

studies with other missense variants were also performed 

to understand the consequences and the characteristics of 

this variant.

Materials and methods
subjects
The study subject provided written informed consent allow-

ing genetic and clinical data to be used for research purposes. 

A diagnosis of probable AD according to the criteria of 

the National Institute of Neurological and Communicative 

Disorders and Stroke Alzheimer’ Disease and Related Disor-

ders Association.11 This study was conducted with approval 

from the Institutional Review Board of Seoul National 

University College of Medicine & Neurocognitive Behavior 

Center, Seoul National University Bundang Hospital, Korea 

(B-1302/192-006) and the Faculty of Medicine Siriraj 

Hospital, Mahidol University, Bangkok, Thailand. The study 

subject provided written informed consent allowing genetic 

and clinical data to be used for research purposes, and for 

the details to be published.

imaging scan
In 2011 (17/06/2011), brain magnetic resonance imaging 

(MRI) analyses were performed with following coronal 

T2-weighted turbo spin echo (T2W/TSE), and T1-weighted 

(T1W) 3D Sagittal for the comparison study. In 2013, MRI 

analyses with Axial T1W, T2W/TSE, T2W fluid-attenuated 

inversion recovery, diffusion-weighted imaging (DWI), and 

gradient echo techniques were performed, and the results 

were compared, including the data from 2011.

Family history
The proband’s family history was complex and included 

several family members affected by dementia (Figure 1). This 

case could be a familial case of mutation, since other family 

members (I-1; I-3, and II-1) presented similar symptoms. 

His father (I-3) had memory problems in late 50s and died 

at the age of 70 years. Remarkably, his uncle (I-1) also had 

memory problem after retirement at 60 and died at 80 years 

of age. The patient was one of the 4 siblings, comprising 

3 brothers and 1 sister. At the time of this study, the first 

brother (II-1) also had delusions and memory problems in 

late 50s and had been treated by psychiatrist, married with 2 

children, and displayed normal cognitive function. All living 

family members and relatives refused genetic testing, and 

declined to provide any additional information regarding 

their health.

Biomarkers
Cerebrospinal fluid (CSF) was collected from the proband 

patient in the morning into polypropylene tubes by following 

the standard operating procedures. The sample was aliquoted 

Figure 1 Family tree of patient (II-2) with APP V604M in his early onset 50s. 
Abbreviation: APP, amyloid precursor protein.
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in 1 mL each and frozen within 8 hours from the collection 

and stored at –80°C CSF until use. Total tau, phosphorylated 

tau, and Aβ42 were measured using ELISAs (Fujirebio Inc., 

Tokyo, Japan) by following the manufacturer’s instructions. 

Levels of protein and glucose in CSF were measured by fol-

lowing the standard operating procedures in the laboratory 

medicine. Red and white blood cells were counted.

genetic testing
Complex genetic screening investigation by NGS was per-

formed on the proband patient. Targeted NGS approaches 

were performed with a panel of 50 causative and risk factor 

genes in neurodegenerative diseases by Theragen Etex Bio 

Institute on IonProton device.10 The standard Sanger sequenc-

ing verified the NGS data by the BioNeer Inc. (http://eng.

bioneer.com/home.aspx, Bioneer Inc., Dajeon, Korea).12

in silico analysis, structure, and predictions
Variants were checked in the Korean Genome Reference 

Database (http://152.99.75.168/KRGDB/menuPages/

firstInfo.jsp) for their novelty, which provided the full 

genome sequences of 622 asymptomatic individuals by 

whole genome sequencing. In addition, variants were also 

monitored in larger genome reference databases, including 

the 1000 Genomes (http://www.internationalgenome.org/) 

and Exome Aggregation Consortium (ExAC; http://exac.

broadinstitute.org) databases.

Variants were screened by PolyPhen-2 (bulkiness, 

polarity or hydrophobicity (Kyte and Doolittle) index, http://

genetics.bwh.harvard.edu/pph2/), sorting intolerant from tol-

erant algorithm (SIFT; http://sift.jcvi.org/), and PROVEAN 

(http://provean.jcvi.org/index.php) softwares, which were 

simple and easy-to-use online tools. They provided the 

variant predictions on the possibly damaging properties of 

missense mutations.8 In addition, prediction of mutational 

change on the APP protein properties was also performed 

by using PyMOL programs at ExPASy server (https://www.

expasy.org/) based on bulkiness parameter. A 3D protein 

structure prediction model was determined by an online 

Raptor X software (http://raptorx.uchicago.edu/) and the 

APP variant was compared with the normal X-ray struc-

ture. Superimposed images of variant and normal proteins 

were processed by Discovery Studio 3.5 Visualizer software, 

designed by Accerlrys.13

Results
Clinical findings
The proband (II-2, Figure 1) was a 55-year-old male patient 

clinically diagnosed with EOAD, presenting with progres-

sive forgetfulness. He frequently forgot things, appointment, 

and the name of his friends. Language problems, which were 

non-fluent and naming difficulty. His fluency had decreased, 

and he could not name objects. Since his retirement at the 

age of 60 years, he became anxious and started to complain 

of insomnia. He occasionally needed lorazepam prescrip-

tions from his doctor. He was on rivastigmine from the 

memory clinic. Upon his neurologic examination, he had 

impairments in objects naming, auditory and visual memory, 

and verbal fluency and executive functions. Unremarkable 

general physical and neurological examinations, especially 

no evidence of primitive releasing signs.

An MRI scan of the proband’s brain showed diffuse 

marked brain atrophy, especially in the frontoparietal regions 

(Figure 2). In addition, MRI revealed slightly increased 

atrophy in his right hippocampus with increased atrophic 

changes from moderate to severe, whereas diffuse cortical 

Figure 2 Structural MRI sequences. (A) T1-weighted MRI image of the patient with Alzheimer’s disease with sagittal view. (B) Coronal T2WI. (C) Axial T2WI. 
Note: The arrows point to the hippocampal atrophy.
Abbreviation: MRI, magnetic resonance imaging.
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brain atrophy seemed to be at the moderate degree. Abnormal 

signal intensity of brain parenchyma was absent. Microbleeds 

or white matter changes were not detected. The size of pitu-

itary glands was normal. The ventricular systems were not 

dilated. No midline shifting was detected. Posterior fossa, 

the mastoid, peripheral nervous system, and orbits were 

unremarkable.

Biomarkers
The Multimer Detection System is an enzyme-linked 

immunosorbent assay (ELISA) that is used for measuring 

Aβ oligomer in plasma as previously described.14 Levels 

of Aβ42, T-tau, and P-tau in CSF were 555, 285, and 

37 pg/mL, respectively. These values did not support the 

AD diagnosis clearly with the CSF biomarkers, since the 

cutoff values of Aβ42, T-tau, and P-tau were 550, 350, and 

60 pg/mL, respectively. Interestingly, the levels of Aβ42 

in normal healthy controls and patients with mild cognitive 

impairment were 800 and 600 pg/mL, respectively, the 

severe atrophy could not reveal the relatively high Aβ42 

in this patient.

Protein level in CSF was at 65 mg/dL, slightly higher than 

normal range between 15 and 60 mg/dL. Glucose level in 

CSF was at 67 mg/dL within normal range of 50–80 mg/dL. 

RBC counts were 7.4 million/Cumm, slightly higher than 

the normal range of 4.2–6.5 million/Cumm. WBC counts 

were 10,000/Cumm, which fell into the normal range of 

4,000–11,000/Cumm.

Mutation analysis
A heterozygous C.T substitution (chromosome 21, 

g.27284152, c.1810C.T) was identified and confirmed to 

occur in the APP coding region using both NGS and standard 

sequencing. This mutation caused the change from valine to 

methionine (c.1810C.T; p.Val604Met) substitution, located 

at exon 14 of APP gene, and in topological domain-II (TD-II) 

of the APP protein (Figure 3). The APOE genotype of the 

patient was ε3/ε3. APP Val604Met is likely a novel muta-

tion, as it was not included in either AD genetic databases 

(AD and FTD mutation database http://www.molgen.ua.ac.

be/admutations/; AlzGene database http://www.alzforum.

org/mutations), neither in the KRGDB, the ExAC, or 1000 

Genomes databases.

No additional pathogenic mutations were found in other 

dominant causative genes of AD, FTD, or other neurodegen-

erative diseases, such as PSEN1, PSEN2, PGRN, or MAPT. 

However, additional 22 missense variants from other AD risk 

factor genes, CR1, CTNNA3, SORL1, and ABCA7 genes, as 

well as in other dementia (such as PINK1, CSF1R, PRNP, 

and NOTCH), were found, as indicated in the Table S1.

Figure 3 NGS data identifying the APP p.V604M mutation in the proband.
Notes: NGS data quality was relatively high. The identified mutation was confirmed via standard sequencing.
Abbreviations: APP, amyloid precursor protein; Ngs, next generation sequencing.
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in silico predictions
Scores from PolyPhen2 analysis suggested this mutation 

as possibly damaging with HumVar score. SIFT also 

revealed V604M as tolerant variant with the score of 0.095. 

PROVEAN also revealed V604M as neutral, with the score 

of -0.72. ExPASy tools revealed that mutation could affect 

significantly the APP structure through bulkiness parameter. 

Scores of bulkiness dropped significantly due to V604M 

(17.008) compared with normal APP (17.599), and several 

amino acids nearby were also affected (Figure 4). The results 

revealed significant structural changes in the mutation spot, 

this also affected the neighboring residues from residue 

600 to 608. Hence, these analyses suggest that the APP 

Val604Met mutation could possibly be a strong damaging 

variant.

Comparing the mutant and normal proteins by structure 

predictions revealed significant changes in the TD helix, 

as well as amino acid interactions with neighboring residues. 

Differences between the normal and mutant protein were 

highlighted where valine was labeled with yellow whereas 

methionine with purple. Significant changes could be seen 

in the structure of mutant APP due to the charge differences 

between valine and methionine (Figure 5). Furthermore, the 

side-chains of Val and met 604 residues reveal noticeable 

changes of extending toward opposite direction. By this sound, 

a V604M mutation would probably result in disturbances of 

the helical structure by counter electrostatic interaction.

Discussion
In the current study, a novel mutation of APP Val604Met was 

discovered in a Thai EOAD patient with probable autosomal 

dominant inheritance pattern. No other pathogenic mutation 

has been reported at APP codon 604. PolyPhen-2, SIFT, 

PROVEAN, and ExPASY software analysis, predicted that 

V604M may not be a damaging mutation. However, the 3D 

structure revealed that valine and methionine are nonpolar 

and hydrophobic, while methionine is larger in size. The 

overall structures were similar. Perhaps, because the mutation 

is located in the TD-II structure, this exchange could result in 

extra stress inside the protein (Figure 5). This hydrophobic 

nature of the substituted amino acids was suggested to cause 

dysfunction, which can be further modulated by features, 

such as propensity of peptides to aggregate as oligomers 

and fibrils.6 All these findings confirmed the “extra stress” 

properties of methionine. Since the mutation V604M was 

not tested for levels of APP expressions, this variant could 

not be fully characterized as the genetic determinism of 

probable EOAD.

Approximately, 25 APP mutations were reported as 

pathogenic variants among 32 coding mutations in APP gene, 

and several of them presented in autosomal dominant pattern 

of EOAD.6,15 Overproductions of total Aβ or changes in 

the Aβ1–40:Aβ1–42 ratio toward formation of more toxic 

Aβ1–42 peptide were the results from the variants at or near 

the β- and γ-proteolytic sites.16 On the other hand, the variants 

Figure 4 Bulkiness profile of wild-type and p.V604M mutant APP proteins.
Notes: Dotted line represents the shift in the bulkiness around the mutant site. X axis represents amino acid sequence from N-to C-terminal. Y axis represents scores 
computed by each algorithm. The prediction was done by ProtScale program at ExPASy server.
Abbreviation: APP, amyloid precursor protein.
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within the region of Aβ could result in the formation of 

Aβ oligomers with increased propensity for aggregation.16 

Not only mutations located near the cleavage sites of β, 

and γ-secretase enzymes might be involved in the onset of 

AD, but also mutations near the cleavage site of γ-secretase 

(Glu693Lys, Glu693Gly, Glu693del, and Asp694Asn) might 

change the processing of APP, in enhancing the proteolytic 

resistance of Aβ peptide.17,18 In addition, mutations located 

in critical regions of APP, including the region that generates 

Aβ, cause familial susceptibility to AD,19–21 whereas several 

mutations outside the Aβ region, including the substituted 

amino acids at 595 and 596 also associated with familial 

Alzheimer’s have been found to dramatically increase pro-

duction of Aβ.22

Recent studies screened the entire sequence of APP, and 

several variants were found outside of amyloid processing 

area (exon 16–17).23–26 APP K496Q was found in a Cauca-

sian British patient diagnosed with AD ,65 years of age. 

However, no detailed clinical description was available on 

this patient. Mutation was missing among controls, and 

predicted as damaging in silico.25 Y538H mutation was also 

found in a 69-year-old AD patient, without any family history 

of disease.26 APP E599K appeared in AD and Parkinson’s 

disease (PD) patients.23,24,26 Schulte et al found this vari-

ant in 1 PD and 2 PD+ dementia cases, and its frequency 

seemed to be higher among patients than among controls. 

Neuropathology revealed Lewy bodies pathology with 

cerebral amyloid angiopathy.23APP P620A was discovered 

in a French EOAD patient, but was missing in controls. 

No detailed description is available on this patient.24 P620L 

also appeared in an EOAD patient, who developed disease 

at the age of 65 years. In silico prediction predicted it as 

non-damaging.26 None of these findings defined the exact 

association between neurodegeneration and APP mutations, 

outside of amyloid progression. However, several of these 

rare variants were missing in controls, but their role in AD 

may not be ignored. It may be possible that mutations, outside 

of exon 16–17 could act somehow in disease progression, for 

example, through altered APP expression, metabolism. It is 

unknown, whether APP Val604Met could be a damaging 

mutation. MRI of the proband patient (Figure 1) revealed 

hippocampal atrophy, especially in the frontoparietal regions. 

These results suggested that the p.Val604Met mutation may 

contribute to disease by a mechanism other than enhanc-

ing amyloid fibril formation, but a lot of further study is 

needed.

Among the variants (Table S1), reported in our patient, 

APP Val604Met could be the most dominant mutation, 

which could alternate the amyloid production, resulting in 

disease phenotype. The main limitation of this study was 

that no cell study was done for the mutation yet, which 

could definitely verify or refute its role in AD progression. 

In addition, segregation of mutation could not be verified, 

since all living relatives of patient refused to undergo genetic 

testing. Functional studies are definitely needed to verify, 

how APP p.Val604Met could be related and contribute to 

AD progression.

Conclusion
We suggest that APP p.Val604Met could be a novel probable 

pathogenic mutation, involved in EOAD. The patient was 

diagnosed with early-onset dementia at the age of 55 years. 

Figure 5 In silico 3D modeling for APP p.V604M.
Note: Differences between the normal and mutant protein were highlighted where valine was labeled with yellow, whereas methionine was labeled with purple.
Abbreviation: APP, amyloid precursor protein.
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Since no possible pathogenic mutations were found in the 

known AD-associated genes, APP p.Val604Met may be 

considered as a causative mutation in the proband. APP 

Val604Met mutation was a novel mutation, since it was miss-

ing in 622 asymptomatic Korean individuals from KRGDB 

database, and also in large international genetic variation 

databases, such as ExAC and 1000 Genomes. This case of 

mutation could be associated with a familial case of AD/

dementia, since several additional family members, affected 

with similar symptoms were described. Even though we 

could not perform in vitro functional studies, our in silico 

models revealed that mutation may affect the flexibility of 

APP TD-II region, which may be associated with the EOAD 

phenotype. Future cell studies will be performed to investi-

gate the role of mutation in disease progression, or whether 

it could affect the splicing of APP transcript.
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