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Abstract: Alzheimer’s disease (AD) is the most common form of dementia, which can be 

categorized into two main forms: early onset AD and late onset AD. The genetic background 

of early onset AD is well understood, and three genes, the APP, PSEN1, and PSEN2 have been 

identified as causative genes. In the current study, we tested three siblings from Malaysia who 

were diagnosed with early onset dementia, as well as their available family members. The fam-

ily history was positive as their deceased father was similarly affected. Patients were tested for 

mutations in APP, PSEN1, PSEN2, and PRNP. A novel variant, E280K, was discovered in exon 

8 of PSEN1 in the three siblings. In silico analyses with SIFT, SNAP, and PolyPhen2 prediction 

tools and three-dimensional modeling were performed, and the results suggested that the muta-

tion is probably a pathogenic variant. Two additional pathogenic mutations were previously 

been described for codon 280, E280A, and E280G, which could support the importance of the 

E280 residue in the PS1 protein contributing to the pathogenic nature of E280K. Additional 

ten family members were screened for the E280K mutation, and all of them were negative. Six 

of them presented with a variety of neuropsychiatric symptoms, including learning disabilities, 

epilepsy, and schizophrenia, while four family members were asymptomatic. A novel PRNP 

G127S mutation was found in a step-niece of the three siblings harboring the PSEN1 E280K 

mutation. In silico predictions for PRNP G127S mutation suggested that this might be possibly 

a damaging variant. Additional studies to characterize PRNP G127S would be necessary to 

further understand the effects of this mutation.
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Introduction
Alzheimer’s disease (AD) is a genetically heterogeneous disorder, and several genes 

were associated with the disease. AD could be defined as early onset AD (EOAD) and 

under 65 years of age and late onset AD, which could onset under and over 65 years 

of age, respectively. The genetic background of EOAD has been well defined. At 

least three causative genes have been reported for EOAD: amyloid precursor protein 

(APP), presenilin 1 (PSEN1), and presenilin 2 (PSEN2; http://www.alzforum.org/

mutations).1 The causative mutations in APP for EOAD were found in exons 16 and 

17, which were near the cleavage sites of beta and gamma secretases. PSEN1 is a 

part of gamma secretase, where the majority of causative mutations for EOAD were 

reported.1,2 Currently, more than 200 mutations were found in PSEN1, which may 

be involved in AD or in other disease phenotypes, such as frontotemporal dementia 

(FTD), Pick’s disease, parkinsonism, spastic paraparesis, or myoclonus. PSEN2 is also 

involved in gamma secretase cleavage. Initially, only a few mutations were described 

in PSEN2 for AD, but recent studies have discovered additional pathogenic or probable 

pathogenic variants causing other disease phenotypes such as FTD, dementia with 

Lewy bodies, and atypical dementias. In EOAD, the majority of mutations revealed a 
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positive family history in which the disease inheritance fol-

lowed a Mendelian pattern. However, several EOAD cases 

were described without any family history, suggesting de 

novo cases for EOAD.2,3

At least 30 pathogenic mutations have been described for 

the prion gene (PRNP; http://www.federationofscientists.org/

pmpanels/TSE/Priprogene.asp), which could also be involved 

in different disease phenotypes, such as Creutzfeldt–Jakob 

disease, familial fatal insomnia, Gerstmann–Straussler–

Scheinker disease, or kuru.4 Pathological similarities were 

found between AD and prion disease, as neurodegenerative 

diseases may be based on the aggregation of abnormal pro-

teins. The main signs of AD, cerebral deposits of amyloid 

plaques, and aggregated tau fibrils could also be present in 

prion diseases. There are no specific clinical or biochemical 

diagnostic markers for AD and prion diseases. The diagnosis 

of dementia is difficult, particularly in patients in the early 

presymptomatic stage in the absence of any significant neu-

rological signs. Postmortem histopathological analysis could 

also be important for the confirmation of clinical diagnosis.3 

Since AD and prion diseases have many similarities, patients 

with early onset dementia should be screened for mutations 

in both PRNP and the major causative genes of EOAD.5,6

In this manuscript, we reported the cases of three 

Malaysian siblings who were diagnosed with EOAD. They 

had a positive family history of the disease, as their deceased 

father had been similarly affected. A novel mutation, E280K, 

was described in the three siblings. Additional family mem-

bers with various neuropsychiatric manifestations such as 

learning disabilities, epilepsy, and schizophrenia were tested 

and found to be negative for PSEN1 E280K. Interestingly, 

however, genetic testing for PRNP revealed a novel prion 

mutation at G127S in one relative, that was suggested as a 

probable pathogenic variant based on the in silico predictions, 

but the confidence of these predictions might be low.

Materials and methods
Patients
Initially, we tested three siblings from Malaysia whose 

deceased father had been diagnosed with dementia. The first 

patient (III;10) was a 55-year-old female with the onset of 

symptoms at 48 years of age, beginning initially with mood 

and behavioral changes associated with progressive dementia. 

She also presented visual and auditory hallucinations (visual 

hallucination is not a part of AD clinical symptoms; we 

should consider this symptom as visual illusion or phantom 

border phenomenon) and myoclonic jerks. Cognitive decline 

worsened during the last 2 years with signs and symptoms 

of parkinsonism becoming obvious during the past year. The 

family history revealed that her two biological siblings (III;6 

and III;8), deceased father (II;3), and two deceased stepbroth-

ers (III;3 and III;5) from her father’s first marriage were also 

affected with some variation in their manifestations of the 

disease. She scored 11/30 in her mini-mental state examina-

tion and had fleeting eye contact with signs of parkinsonism. 

Biochemical profiles such as full blood count, liver function 

test, renal and coagulation profile, thyroid function test, 

Venereal Disease Research Laboratory, and vitamin B
12

 level 

were normal. The peripheral blood film was normal with no 

evidence of acanthocytes. An electroencephalogram showed 

mild-to-moderate encephalopathic changes with epileptiform 

spikes corresponding to myoclonus. There was generalized 

brain volume loss of the supratentorial region including the 

hippocampus on her cranial magnetic resonance imaging 

(MRI) imaging with no preferential pattern. Additionally, 

six symptomatic and four asymptomatic family members 

were also tested. The family pedigree and a summary of the 

clinical phenotypes are depicted in Figure 1 and Table 1,  

respectively. This research was approved by Internal Review 

Board at Seoul National University Budang Hospital, Sung-

namsi, South Korea. Patient consents were received at Kuala 

Lumpur Hospital, Kuala Lumpur, Malaysia.

Amplification of APP, PSEN1, PSEN2, and 
the coding region of PRNP
Blood samples were drawn into tubes containing ethylenedi-

aminetetraacetic acid (EDTA) as the anticoagulant and cen-

trifuged at 800× g for 30 minutes. Immediately following 

centrifugation, the white blood cells were separated, and 

the buffy coat was kept at -80°C prior to the analysis. DNA 

was isolated from the buffy coat using the GeneAll blood 

kit (Seoul, Republic of Korea) following the manufacturer’s 

protocol. Analysis based on polymerase chain reaction (PCR) 

was performed with the selected exons of APP, PSEN1, 

PSEN2, and the coding region of PRNP. For APP, exons 16 

and 17 were selected.7,8 For PSEN1, we screened exons 4, 5, 

6, 7, 8, and 11, where the majority of the mutations had been 

detected previously. For PSEN2, we selected exons 4, 5, 6, 7, 

and 12, where pathogenic mutations had been reported.9–11 For 

PRNP, the coding exon (exon 2) was tested.12 Patients were 

also screened for mutations in the microtubule-associated pro-

tein tau (MAPT) and progranulin genes (PGRN).13,14 PCR was 

performed with the selected primers as previously reported.

Single-strand conformation polymorphism
A simple and fast PCR-based mutation detection method 

was performed with PCR amplicons from the patients. PCR 

products were denatured by adding formamide solution 
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Figure 1 Family pedigree, III-6, III-8, and III-10 were the proband patients, who were diagnosed with dementia and behavioral changes and carried the PSEN1 E280K mutation. 
IV-7 was the only carrier of PRNP G127S mutation.
Abbreviation: PSEN1, presenilin 1.

Table 1 Summary of clinical phenotypes

Patient  
(pedigree)

Mutation Clinical characteristics

Dementia  
(age of onset)

Cognitive  
features

Neurologic  
features

Psychiatric features Seizures

III;6 PseN1 e280K + (55 years) UK Parkinsonism  
(62 years)

Mood + behavioral  
changes – repetitive  
and compulsive actions,  
hallucinations

UK

III;10 PseN1 e280K + (48 years) executive  
dysfunction  
Fluctuating cognition

Parkinsonism  
(54 years)

Mood + behavioral  
changes, hallucinations

Myoclonic jerk

III;8 PseN1 e280K + (57 years) UK UK Behavioral changes – 
aggression

UK

IV;19 – – Learning difficulty – – epilepsy
V;3 – – Learning difficulty – – epilepsy
V;10
V;6 – – Learning difficulty – – –
V;7 – – Learning difficulty – – –
IV;7 PrNP g127s – Attention deficit;  

learning difficulty
– Behavioral changes – 

aggression (teenage  
onset), promiscuity

epilepsy

IV;8 – – Learning difficulty – Behavioral changes – 
aggression (teenage  
onset), promiscuity,  
domestic violence

epilepsy

IV;1 – – – – – –
III;7 – – – – – –
IV;2 – – – – – –
IV;3 – – – – – –
III;3 Died, 72 years + (62 years) UK UK Behavioral changes UK

III;5 Died, 71 years + (60 years) UK UK Behavioral changes UK
II;3 Died, 71 years  

(unrelated cause – 
colorectal cancer)

+ (Uncertain) UK UK Behavioral changes – 
aggression, paranoia,  
domestic violence

UK

Note: Deceased (not tested).
Abbreviations: UK, unknown; PSEN1, presenilin 1.
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and heating (Figure 2A).15 After incubation for 10 minutes  

at 98°C, samples were cooled down (on ice or placed  

at -20°C in a freezer) for an additional 10 minutes. Native 

polyacrylamide gel electrophoresis was performed for 

17 hours at 100 V with the electrophoresis device on ice. 

The gels were stained with SYBR Gold (Invitrogen, Seoul, 

Republic of Korea) and visualized under light.

sequencing
Since the error rate of SSCP can be high and confirmations 

of the mutations would be needed for identification by direct 

sequencing of all PCR products (Figure 2B and C). Prior to 

sequencing, the GeneAllExpin PCR kit (Seoul, Republic of 

Korea) was used to purify the PCR products. Sequencing 

was performed by BioNeer Inc. (Dajeon, Republic of Korea). 

Sequencing reactions were set up using the BigDye Termina-

tor Cycle Sequencing kit and resolved on the ABI 3730XL 

DNA Analyzer (Bioneer Inc.). Sequences were aligned by 

NCBI BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) and 

screened with DNA Baser software (http://www.dnabaser.

com). Mutations and sequence variants were identified and 

compared against the NCBI Gene (http://www.ncbi.nlm.nih.

gov/gene) and UniProt (http://www.uniprot.org) databases.

Bioinformatic analysis
The damaging nature of missense mutations could be checked 

using a simple online software tool called PolyPhen2 (http://

genetics.bwh.harvard.edu/pph2). PolyPhen2 uses a clustering 

algorithm and performs a multiple alignment to select the 

sequences. The algorithm uses eight sequence-based and 

three structure-based features for the prediction, which are 

based on the comparison of wild type and mutant proteins. 

Two types of datasets can be used, HumDiv and HumVar 

data. HumDiv data should be used to find out the role of 

rare alleles in complex disease phenotypes and in natural 

selection. Alleles that might be less damaging should also 

be treated as damaging. HumVar data should be used in the 

diagnosis of Mendelian disorders, which requires the differ-

entiation of highly damaging mutations from less damaging 

variants.16 Sorting intolerant from tolerant (SIFT) algorithm 

(http://sift.jcvi.org/) predicts the potential effects of amino 

acid substitution on protein function. SIFT uses different 

protein databases, such as SWISS-PROT, SWISS-PROT/

TrEMBL, or protein databases of NCBI, and calculates the 

possibility on the pathogenic nature of mutations by compar-

ing the mutant and normal alleles. It scores the amino acid 

substitutions, and under and over the score of 0.05, mutations 

could be defined as deleterious or tolerated, respectively.17 

We also performed prediction with the “screening for non-

acceptable polymorphisms” (SNAP) algorithm, which uses 

sequence-based computationally acquired information for 

data analysis. This algorithm is network-derived tool, which 

predicts the structural and functional effects of variants. Two 

categories are available, such as nonneutral and neutral vari-

ant, depending on the potential effect on the protein functions. 

SNAP provides a reliability index (ranging between 0 and 9), 

Figure 2 Genetic analysis of PSEN1 E280K and PRNP G127S mutations.
Notes: (A) SSCP data of three Malaysian siblings with dementia (positions 2, 3, and 4), which showed different mobility in the polyacrylamide gel; (B) sequencing data of 
patients with PSEN1 E280K mutation; (C) location of E280K in PSEN1 protein; (D) sequencing data of patient; and (E) location of G127S in prion protein.
Abbreviations: PSEN1, presenilin 1; SSCP, single-strand conformation polymorphism.
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which reflects the level of confidence in the prediction. This 

algorithm identified ~80% of the nonneutral variants with the 

accuracy of 77%.18 The three-dimensional (3-D) structures of 

normal and mutant PSEN1 were constructed by the Raptor 

X web server (http://raptorx.uchicago.edu/), a protein struc-

ture prediction server using amino acid sequences. The full 

sequence of PSEN1 (amino acids 1–467) was analyzed, while 

the N-terminal fragment subunit of PSEN2 (amino acids 

1–297) was used for better structure prediction. Discovery 

Studio 3.5 Visualizer from Accelrys was used to display 

superimposed images (Figure 3).19

Results
Figure 1 reveals the family tree, and Table 1 shows the 

clinical phenotypes of examined patients and relatives. The 

proband patients were III-6, III-8, and III-10, who were diag-

nosed with dementia and personality changes. Parkinsonism 

and seizures could also be present in them. Their father 

(II-3) and two additional stepbrothers (III;3, III;5) were also 

affected with dementia phenotypes.

SSCP revealed differential mobility of the PSEN1 exon 

8 PCR products from each of the three siblings, suggesting 

the presence of a mutation (Figure 2A). Upon sequencing, a 

heterozygous G . A exchange was identified in PSEN1 exon 8,  

resulting in a GAA (E) . AAA (K) exchange at codon 280 

(Figure 2B and C). All three siblings with dementia carried 

this mutation (Table 1). This mutation did not appear in the 

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

be/ADMutations/) nor in the Alzheimer’s Research Forum 

(http://www.alzforum.org/mutations), which supported this 

mutation as a novel variant in PSEN1. PSEN1 (chromosome 

14, 73, 603, 142–173, 690, 399) E280K was also checked 

in the database of Korea Centers for Disease Control and 

Prevention ([KCDC]; http://www.cdc.go.kr) and the Exome 

Aggregation Consortium ([ExAC]; http://exac.broadinstitute.

org/about) dataset. In the KCDC, whole genome sequencing 

was performed in 622 control individuals. In ExAC, dataset 

sequence of 60,706 unrelated individuals were screened, 

which could be used in the various disease-specific and 

population genetic studies. PSEN1 E280K was absent in 

both of these databases, which also supports the novelty of 

the mutation.

E280 is located in the membrane-associated loop region 

(HL-VI) in the PS1 protein. In silico analysis with PolyPhen2 

and 3-D structure prediction suggested that E280K might 

be involved in AD or other dementia disorders. PolyPhen2 

scores for this mutation were 0.999 using the HumDiv data 

and 0.998 using the HumVar data. SIFT also predicted 

E280K as a damaging variant with the score of 0. SNAP 

results suggested that PSEN1 E280K is a nonneutral (prob-

ably pathogenic) variant, with the reliability index of three 

and with 78% of expected accuracy. Figure 3 shows the 

3-D model of PSEN1 with mutation, comparing to the nor-

mal PSEN1. Differences between the normal and mutant 

protein were highlighted in the black circle. Glutamic acid 

was labeled with blue since lysine was labeled with green. 

Significant changes could be seen in the structure of mutant 

PSEN1 due to the charge differences between glutamic acid 

and lysine. In the mutant PSEN1, extra helices could be seen 

due to the loop region due to the lysine. An E280K mutation 

would result in disturbances of the helical structure by counter 

electrostatic interaction (Figure 3).

Additional family members agreed for the genetic test 

(Figure 1 and Table 1), of them, six (IV;19, V;3, V;6, V;7, 

IV;7, and IV;8) were diagnosed with learning difficulties. 

Additional clinical phenotypes, such as epilepsy, behavioral 

Figure 3 In silico 3-D modeling for PS1 E280K, comparing to the normal PSEN1.
Notes: In the black circle, the differences between the normal and mutant PSEN1 proteins were highlighted. Glutamic acid was labeled with green since lysine was labeled 
with blue. Our prediction suggested that the mutation might result in significant changes in PSENl by generating extra helices in the loop structure.
Abbreviations: PSEN1, presenilin 1; 3-D, three-dimensional.
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changes, and aggression, were also prominent. In addition, 

four asymptomatic relatives (IV;1, III;7, IV;2, and IV;3) 

also agreed for the genetic test. None of these family 

members who were tested carried the E280K mutation. 

The coding region of PRNP was also analyzed for each 

available family member (IV;7), and a novel PRNP G127S 

(GGC . AGC) mutation was found in one of the relative of 

the three patients (Figure 2D and E). This PRNP mutation 

was not reported in any of the PRNP mutation or Entrez 

databases. PRNP G127S mutation (PRNP locations: ch20. 

4, 667, 156-4, 682, 234) was also checked against the KCDC 

and ExCA databases. It was not found in the genomes of 

622 healthy individuals of KCDC database; however, it 

appeared in the ExAC database, with the frequency of 

0.000008273. G127S was suggested as “singleton variant”. 

PolyPhen2 analysis suggested that this mutation is likely a 

damaging variant with 1.000 and 0.999 HumDiv and Hum-

Var scores, respectively. SIFT prediction also suggested 

G127S as damaging variant with the score of 0, however, 

with low confidence. SNAP algorithm predicted G127S 

as a neutral variant with the reliability index of four and 

with 85% of expected accuracy. All screened patients and 

asymptomatic relatives were negative for any pathogenic 

mutations in PGRN MAPT genes.

Discussion
A PSEN1 E280K mutation was discovered in three Malaysian 

siblings (two sisters and one brother) whose father passed 

away at age 67 from colorectal cancer diagnosed at age 65. 

He had experienced apparent behavioral changes such as 

paranoia, aggression, and domestic violence associated with 

a decline in memory, but the age of onset was uncertain. 

In silico and 3-D structural analyses suggested that E280K 

would be a probable damaging mutation. As further strong 

evidence for this novel mutation on codon 280 having a 

pathogenic nature, two additional mutations for codon 280 

have been reported, E280A and E280G (Table 2).

The PSEN1 E280A variant was described in several 

patients and families, where E280A was one of the major 

causative mutations for EOAD (AD and FTD mutation 

database). This mutation is also called the “Paisa mutation”, 

since it was dominant in people from the Paisa region in 

Columbia.20 AD patients harboring the E280A mutation 

presented with memory deficits as early as their 30s, but the 

average age of AD onset was between 45 and 50 years. This 

mutation might be independent from the APOE genotypes. 

The symptoms in the patients with E280A showed the typi-

cal AD phenotype, such as progressive memory impairment 

and personality changes. However, additional symptoms 

could also be present, such as gait difficulties, headache, 

language impairment, seizures, or parkinsonism.21,22 This 

mutation was also detected in a Japanese family, where the 

mean age of onset was 57 years.23 In vitro studies revealed 

that E280A could increase the Aβ1–42/totalAβ (1.6*) ratio 

in APP co-transfected COS1 cells.24 Elevated Aβ1–42 (2.7*) 

levels were reported after the transfection of additional 

cell lines, such as Neuro2A mouse neuroblastoma cells 

glioblastoma cells.25

Table 2 Comparison of all mutations, discovered at codon 280 of PSEN1

E280A E280G E280K

Pathogenicity Pathogenic Pathogenic Probably pathogenic
Age of onset (years) 35–57 40–52 48–57
clinical phenotype(s) Typical aD aD aD

additional symptoms:  
language impairment,  
parkinsonism, seizures

additional phenotypes:  
myoclonus, spastic paraparesis

additional phenotypes:  
parkinsonism, myoclonic jerk,  
personality changes, hallucinationsUnique symptoms: internuclear  

ophthalmoplegia, spastic-ataxic  
quadriparesis, “cotton-wool  
plaques”, amyloid angiopathy

PolyPhen2 scores  
(humDiv)

0.999 (probably damaging) 1.000 (probably damaging) 0.999 (probably damaging)

Functional data increased the aβ42/total  
aβ ratio in COS1 cells (1.6*)

increased the aβ42/total  
abeta ratio in cOs1 cells (1.7*)

Not performed yet

increased the aβ42 levels (2.1*)  
and the aβ42/Aβ40 (2.1*) ratio  
in heK293 cells

increased the aβ42 levels (1.7*)  
and the aβ42/Aβ40 (1.5*)  
ratio in heK293 cells

increased the aβ42 levels (2.7*)  
and the aβ42/Aβ40 (2.4*) ratio  
in N2a cells

References acosta-Baena et al20 O’riordan et al28

Abbreviation: PSEN1, presenilin 1.
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The PSEN1 E280G mutation has been reported in 

AD patients of European descent, from countries such as 

France, Ireland, and the UK. In these patients, the disease 

onset occurred in their 40s or early 50s.26,27 E280G could be 

involved in EOAD. Myoclonus and spastic paraparesis with 

white matter abnormalities on cranial MRI were present. 

Unique symptoms, such as internuclear ophthalmoplegia, 

spastic-ataxic quadriparesis, and “cotton-wool plaques” 

with amyloid angiopathy on brain biopsy or white matter 

abnormalities, were also present.28 MRI analyses were used 

to diagnose patients for ischemic leukoencephalopathy due 

to amyloid angiopathy affecting meningocortical vessels.25 

PSEN1 with E280G was transfected into HEK-293 cell lines, 

showing both elevated A42 levels and an elevated A…42/

A…40 ratio (1.5*).24 Cotranfection with APP into COS1 cells 

revealed 1.7* elevation in the A…42/total A ratio.25 These 

results suggested that E280 could be an important residue in 

PSEN1, since two mutations were described previously and 

validated as being involved in EOAD.

Interestingly, a novel PRNP mutation (G127S) was also 

discovered in the step-niece of the three siblings with PSEN1 

E280K. This 38-year-old woman (IV;7) presented primarily 

with neuropsychiatric symptoms, namely, attention deficits, 

learning difficulties, epilepsy, behavioral changes such as 

aggression, which had begun during her teenage years, and 

promiscuity. Her deceased father (III;3) was the stepbrother 

of the three siblings, and they shared the same father. Her 

father, together with another deceased paternal uncle (III;5), 

also had behavioral changes and dementia, with the onset 

of symptoms occurring between the ages of 60  years and 

65 years, and subsequently passed away in their early seven-

ties. Her only two symptomatic female siblings presented 

with variable neuropsychiatric symptoms, and one of them 

(IV;8) was tested but was not found to carry the mutation. 

This is likely a novel mutation, since it did appear neither 

in the KCDC, neither in nor in the prion mutation data-

base (http://www.federationofscientists.org/pmpanels/tse/

priprogene.asp) or in the Entrez database. However, a low 

frequency was detected in the ExCA database. A missense 

variant, G127V (rs267606980), was reported for the residue 

127 in inhabitants of Eastern Highlands province in Papua 

New Guinea. Heterozygous G127V was suggested as a pro-

tective variant against kuru.29 In addition, for codon 127, a 

silent mutation was described (GGC . GGT; rs11538754). 

SIFT and PolyPhen2 scores suggested that PRNP G127S 

might be a probable damaging variant. However, SNAP 

prediction suggested that it might be a neutral mutation. 

Genetic prion disorders usually occur in adulthood, with the 

age of onset typically over 40–50 years. The PRNP G127S 

mutation might not directly cause a prion disorder. Further 

investigations would be needed to determine whether this 

novel mutation could be associated with any pathogenic 

phenotype, which could reveal a potential mechanism of 

pathogenesis. PRNP G127S might be a de novo mutation, 

since no additional family members have been shown to 

carry the mutation.

In conclusion, we suggest that PSEN1 E280K might be 

a novel, probably pathogenic mutation. Guerreiro et al30 

designed an algorithm for the novel mutations in the causative 

genes for EOAD. Different parameters were analyzed, such 

as segregation, and the family history of patients and the 

importance of mutant residue.30 PSEN1 E280K was missing 

in normal controls due to the KCDC and ExCA databases. 

This mutation seemed to segregate with the disorder, since 

it was found only in the three affected siblings with EOAD. 

The additional two pathogenic mutations for the glutamic 

acid at position 280 (E280G and E280A) could enhance the 

evidence on the importance of this residue and the patho-

genicity of E280K. Online predictions were suggested that 

E280K mutation could be a probably deleterious variant. 

However, we could not confirm the pathogenic nature of 

PRNP G127S. The patient did not show any prion disease 

associated phenotype and G127S also appeared in ExAC 

database. Additional studies are needed on for this variant 

since its pathogenic nature cannot rely on the in silico pre-

dictions. Combination of clinical and association studies, 

prediction and 3-D modeling softwares could enhance the 

estimation on the pathogenic nature of novel variants. How-

ever, in genetic studies, only in silico predictions cannot be 

used for the clinical prognosis.
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