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Purpose: APOE ε7 gene is a rare mutant form of APOE ε3. The mutation occurs in the 

lipid-binding domain of APOE. Based on the protein’s structure, APOE ε7 is expected to func-

tion in lipid and β-amyloid metabolism, similar to APOE ε4. However, unlike that for APOE 

ε4, the mechanisms responsible for Alzheimer’s disease (AD) cases associated with APOE 

ε7 expression have not been elucidated. The present study aims to investigate the association 

between APOE ε7 expression and cognitive impairment.

Methods: APOE was sequenced in DNA samples collected from 344 memory-complaint 

patients who visited the memory clinic, and from 345 non-memory-complaint individuals 

from the health promotion center. The protein structures of ApoE3, ApoE4, and ApoE7 

were predicted.

Results: Three ε3/ε7 heterozygote individuals who were all classified under the memory-

complaint group were identified. Of these, two subjects were clinically diagnosed with AD 

with small vessel disease, and the remaining individual was diagnosed with subjective cogni-

tive impairment. This study predicted the protein structures of ApoE3, ApoE4, and ApoE7 

and determined the three-dimensional structure of the carboxy terminus of ApoE7, which 

participates in an electrostatic domain interaction similar to that of APOE ε4. APOE K244 

or K245 mutations for APOE ε7 were not found in the Korean reference genome database, 

which contains information (http://152.99.75.168/KRGDB/browser/mainBrowser.jsp) from 

622 healthy individuals. 

Conclusion: As verified by the results of structural prediction, APOE ε7 could serve as another 

risk factor for cognitive impairment and is particularly associated with vascular disease. However, 

additional studies are required to validate the pathogenic nature of APOE ε7.

Keywords: apolipoprotein structure, Alzheimer’s disease, vascular cognitive impairment, 

small vessel disease

Introduction
Alzheimer’s disease (AD) is the most common form of dementia; it is characterized 

by progressive impairment in memory and other cognitive functions, which 

can be accompanied by additional symptoms, including behavioral changes. AD 

can be classified as either early onset (,65 years of age) or late onset (.65 years of 

age). The APOE ε4 gene allele has been found to act as a primary risk factor for both 

late- and early-onset AD.1,2 ApoE has been demonstrated to play a key role in lipid 

metabolism and is also involved in neuronal growth and development and in main-

taining synaptic integrity. The APOE gene that encodes the ApoE protein is located 

in the long arm of chromosome 19. ApoE is a major cholesterol carrier that facilitates 

lipid transport. Alleles ε2, ε3, and ε4 of ApoE are the most common sites for ApoE 

single-nucleotide polymorphism variations. ApoE3 contains a cysteine at position 112 
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and an arginine at position 158, whereas ApoE4 and ApoE2 

contain arginine and cysteine residues at positions 112 and 

158, respectively.2

APOE ε4 is associated with increased AD risk, but 

APOE ε2 is associated with reduced AD risk and later disease 

onset than APOE ε3. APOE ε3 is the most common allele in 

the human population and can naturally undergo mutations 

into the APOE ε7 variant, wherein two lysine residues replace 

glutamic acid residues at positions 244 (rs140808909) and 

245 (rs190853081) in the carboxyl terminus, in which the 

major lipid-binding region is located (residues 244–272).3

The APOE ε7 mutant is associated with hyperlipidemia 

and atherosclerosis and is reported to bind defectively to 

the low-density lipoprotein (LDL) receptor, to bind with 

high affinity to heparin, and like APOE ε4, to associate 

preferentially with very low-density lipoprotein (VLDL).4 

Therefore, it was hypothesized that similar to APOE ε4, 

APOE ε7 is a risk factor for AD, especially if it occurs with 

vessel disease. So far, there have been no reports of APOE ε7 

in the context of AD; the present study identified a female 

APOE ε7 heterozygote with an unreported case of AD with 

small vessel disease. It was hypothesized that the structure 

of this individual’s ApoE protein could be similar to that 

of ApoE4, which interferes with lipid5,6 and β-amyloid 

metabolism,7 thereby contributing to pathogenesis, leading 

to cognitive impairment.

Several methods have been developed to determine 

APOE genotypes, such as polymerase chain reaction (PCR)-

restriction fragment length polymorphism,8–10 PCR-single 

strand conformation polymorphism,11,12 and real time PCR.13 

Considering that these methods can misidentify APOE ε7 

alleles as ε3, an evaluation was performed via sequencing 

analysis to avoid such errors.13

The present study validated the frequency of APOE ε7 

occurrence in subjects who visited the memory clinic because 

of memory complaints and in members of the general popula-

tion who visited the health promotion center with no memory 

complaints and discussed their clinical significance herein.

Materials and methods
To verify the frequency of APOE ε7, genomic DNA was 

extracted from stored blood samples following standard 

procedures. All study subjects provided written informed 

consent allowing genetic and clinical data to be used for 

research purposes. This study was conducted with approval 

from the Institutional Review Board of Chung-Ang 

University Hospital (Approval No C2015255).

subjects
The subjects of this study included 745 people who visited 

the memory clinic or the health promotion center at the 

Chung-Ang University Hospital between June 2003 and 

December 2004 and had already requested APOE genotyping. 

Out of 745 total visitors, 400 individuals visited the memory 

clinic, in which 344 were categorized under the amnesia 

group, and 56 were excluded from the study because they 

did not have memory complaints (Figure 1). The amnesia 

group comprised subjects who complained of memory 

impairments, including dementia, mild cognitive impairment, 

and subjective memory impairment. Patients with memory 

Figure 1 enrollment, eligibility, and categorization of subjects.
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complaints were evaluated by a neurologist, who obtained 

detailed medical history and performed neurological exami-

nations, routine laboratory tests, and magnetic resonance 

imaging (MRI). A standardized mental status battery was also 

conducted, which included Korean Mini-Mental State Exami-

nation (MMSE), Clinical Dementia Rating (CDR) and CDR 

Sum of Boxes, Hachinski ischemic scale, geriatric depression 

scale, and Seoul Neuropsychological Screening Battery.14

The remaining 345 control subjects underwent rou-

tine health checkups and did not complain of memory 

problems.

APOe genotyping and sequencing analysis
Genomic DNA was isolated from peripheral blood 

samples, using Wizard Genomic DNA Purification Kit 

(Promega Corporation, Madison, WI, USA). APOE geno-

typing was performed using the Multiplex Amplifica-

tion Refractory Mutation System (ARMS), as previously 

described.15 Briefly, the following primer sets were used: 

Cys158/Arg158 (5′-ATGCCGATGACCTGCAGAATT-3′)/
(5′-ATGCCGATGACCTGCAGAATC-3′); Cys112/

Arg112 (5′-CGCGGACATGGAGGACGTTT-3′)/(5′-CGC 

GGACATGGAGGACGTTC-3′); and common primer 

(5′-GTTCAGTGATTGTCGCTGGGCA-3′). The common 

primer was paired with Arg158/Cys158 or Arg112/Cys112 

and had amplicon lengths of 588 and 451 bp, respectively. 

For the internal positive control, the 360-bp fragment of the 

α
1
-antitrypsin gene was co-amplified. The following PCR 

profile was used for amplification: initial denaturation at 

95°C for 4 minutes; 35 cycles of denaturation at 96°C for 

45 seconds, annealing at 66°C for 45 seconds, and extension 

at 72°C for 45 seconds; and final extension at 72°C for 

5 minutes. Amplicons were separated via 1% agarose gel 

electrophoresis at 100 V for 40 minutes, and DNA was 

stained with ethidium bromide. Multiplex ARMS method 

was designed to discriminate only among APOE ε2, ε3, and 

ε4 species; because of sequence homology with the target 

sequence in multiplex ARMS, APOE ε7 was assumed to 

be misidentified as APOE ε3. Therefore, an additional PCR 

step was performed to distinguish between APOE ε7 and 

APOE ε3. The oligonucleotide primer E9 (5′-CGTGAAT

TCGCATGGCTGCAGGCTTCGGCGTTC-3′) was used 

as a common primer. Two specific primers, namely, primer 

A/A (5′-GTGCGCGCCAAGCTGAAGA-3′) and primer 

G/G (5′-GTGCGCGCCAAGCTGGAGG-3′), were paired 

with the common primer E9 to generate 217-bp amplicons.5 

The following PCR profile was used for amplification: initial 

denaturation at 96°C for 10 minutes; 30 cycles at 96°C for 

30 seconds, 65°C for 30 seconds, and 72°C for 60 seconds; 

and final extension at 72°C for 10 minutes. PCR products were 

then electrophoresed as described above (Figure 2). To verify 

the correct APOE ε7 allele, the nucleotide sequence of the 

APOE gene was analyzed using the E7 primer (5′-CGTGAAT

TCGCATGGCTGCAGGCTTCGGCGTTC-3′) and the com-

mon primer E9, which covered exon 4 of the APOE.5,16–18

statistical analysis and structural 
prediction of Apoe7
The chi-squared test was performed to compare differences 

in the distribution of gender, APOE genotype, and allele 

Figure 2 Distinguishing between APOE ε7 and APOE ε3 by allele-specific PCR. 
Notes: PCR using the upstream primer A/A amplifies a region of exon 4 of the APOE gene only if the APOE ε7 allele is present (A). APOE ε7 sequence is confirmed via 
sanger sequencing analysis (B), and APOE ε7 is expected to contain transitions from the Apoe3 form from glutamic acid to lysine at positions 244 and 245 in the carboxyl 
terminus (C). 
Abbreviation: PCr, polymerase chain reaction.
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frequency among the subjects. The Mann–Whitney U-test 

was performed to compare the median age between the 

amnesia group and control group. Statistical significance was 

considered at P-value ,0.05. All statistical analyses were 

performed using SPSS Version 19.0 (IBM Corp, Armonk, 

NY, USA).

The three-dimensional (3D) structures of normal (ApoE3) 

and mutant (ApoE7) forms were generated using the RaptorX 

web server (http://raptorx.uchicago.edu/), a protein structure 

prediction server that takes amino acid sequences as inputs. 

Discovery Studio 3.5 Visualizer from Accelrys (San Diego, 

CA, USA) was used to display the attractive interactions 

between the relevant regions of the APOE protein (amino 

acids 1–299).

Results
Demographics in amnesia and control 
groups
The demographic features of a total of 689 subjects are 

summarized in Table 1. Whereas male and female subjects 

were evenly distributed in the control group, female patients 

were twice as many as the male patients in the amnesia 

group. The median age for subjects in the amnesia group was 

70 years (69 years for males, 71 years for females), which 

was higher than that of the control group.

APOe genotype frequencies
The frequencies of the genotypes and alleles of the APOE 

genes in the amnesia group and control group are compared 

in Table 2. In the control group, the genotype frequency 

and allele frequency were very similar to those previously 

reported in the literature.19 The amnesia group showed a 

higher ε3/ε4 frequency and lower ε3/ε3 frequency than those 

of the control group. The APOE ε4 allele frequency in the 

amnesia group was twice that of the control group. Among 

all subjects, only three individuals were identified to carry 

the APOE ε7 allele, all of which were ε3/ε7 heterozygotes. 

All three cases belonged to the amnesia group.

The first case was an 80-year-old female who visited the 

memory clinic because of forgetfulness regarding a recent 

event, slowness of thought, and delusions. Her daughter 

reported that she suffered from loss of energy, attention deficit, 

poor hygiene, and apathy, which had started 2 years prior and 

had progressed slowly. Her MMSE score was 11/30, the CDR 

was 2, and the score for the geriatric depression scale was 

18/30. Results of brain MRI reported moderate to severe white 

matter hyperintensities in both the periventricle and centrum 

semiovale, as well as multiple lacunar infarctions with diffuse 

brain atrophy. Clinical diagnostic impression was subcortical 

ischemic vascular dementia; however, the possibility of AD 

dementia with small vessel disease cannot be ruled out.

The second case was a 76-year-old man, who was referred 

to the memory clinic because of memory loss, frequent occur-

rences of getting lost, and poor verbal expression within the 

last 12 months. The patient was suffering from hypertension 

for the past 10 years. His MMSE score was 25/30 and CDR 

was 1. Results of formal neuropsychological assessment 

reported naming difficulty, visuospatial dysfunction, and 

impaired verbal memory. Brain MRI showed hyperintensi-

ties in both periventricular and deep white matter and diffuse 

brain atrophy with hippocampal atrophy. The first diagnostic 

impression was AD with small vessel disease.

The third case was a 61-year-old female managing 

a clothing store. She visited the memory clinic because 

of slowly progressive memory lapses over the past year 

concerning recent facts, prices, and sizes of clothes. In addi-

tion, she complained that she often misplaced things in her 

store and had difficulties with multitasking and calcula-

tions. However, no interference with daily functioning was 

reported. There was no family history of dementia or memory 

Table 1 Demographic and lipid features between the amnesia 
group and the control group

Control group Amnesia group P-value

numbers (%)
Male 162 (47.0%) 123 (35.8%)
Female 183 (53.0%) 221 (64.2%)

0.003†

Median age (Q1–Q4)
Male 54 (44–63) 69 (62–76) ,0.001‡

Female 55 (48–64) 71 (62–76) ,0.001‡

Total 54 (47–63) 70 (62–76) ,0.001‡

Note: Statistical significance tests performed included the chi-square test† and the 
Mann–Whitney U-test‡.

Table 2 APOE genotypes and allele frequency

Control group Amnesia group P-value

APOE genotypes
ε2/ε3 6.38% (22/345) 9.59% (33/344) 0.119
ε2/ε4 1.16% (4/345) 0.87% (3/344) 0.707
ε3/ε3 76.23% (263/345) 56.40% (194/344) ,0.001
ε3/ε4 13.91% (48/345) 29.07% (100/344) ,0.001
ε3/ε7 0.00% (0/345) 0.87% (3/344) 0.082
ε4/ε4 2.32% (8/345) 3.20% (11/344) 0.481

APOE alleles
ε2 3.77% (26/690) 5.23% (36/688) 0.190
ε3 86.38% (596/690) 76.16% (524/688) ,0.001
ε4 9.85% (68/690) 18.17% (125/688) ,0.001
ε7 0.00% (0/690) 0.44% (3/688) 0.082

www.dovepress.com
www.dovepress.com
www.dovepress.com
http://raptorx.uchicago.edu/


Clinical Interventions in Aging 2017:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1099

Apolipoprotein ε7 allele in memory complaints

loss, and neurological evaluation revealed no abnormalities. 

Her MRI results were normal and showed no hippocampal 

atrophy. Her MMSE score was 29/30, and a formal neurop-

sychological assessment showed normal performance. She 

was diagnosed with having subjective memory complaints. 

Thus, among the analyzed individuals carrying the APOE ε7 

allele, two had AD with small vessel disease, but one case was 

diagnosed with subjective memory complaints. In contrast, 

no one in the control group had the APOE ε7 allele.

This study also attempted to determine the APOE ε7 

allele frequency in the Korean reference genome database 

(KRGD) of Center for Disease Control and Prevention 

(http://152.99.75.168/KRGDB/browser/mainBrowser.jsp), 

which contains genetic information on 622 healthy individu-

als and 32 million variants. Neither APOE K244 nor K245 

was found in this database.

Comparison between the predicted 
structures of Apoe3 and Apoe7
Figure 3 shows the protein structures of ApoE3, ApoE7, and 

ApoE4 generated by the RaptorX 3D prediction program. 

Both ApoE3 and ApoE7 demonstrate an attractive electro-

static interaction between the residues Arg61 and Glu255. 

Whereas ApoE3 shows a repulsion between Glu49-50 and 

Glu244-245, ApoE7 has an attractive interaction between 

Glu49-50 and Lys244-245, which is due to the Glu → Lys 

mutations at positions 244 and 245 located in the major 

lipid-binding region of ApoE (residues 244–272). Similar to 

ApoE3, ApoE4 has an attractive interaction between Arg61 

and Glu255 and a repulsive interaction between Glu49-50 

and Glu244-245; however, in ApoE4, Arg112 participates 

in an attractive interaction with Glu255.

Discussion
The ApoE protein plays a crucial role in cognitive function, 

and the APOE genotype is one of the risk factors for AD. 

The association between AD and APOE ε4 has been well 

established,20 but alleles like APOE ε7 remain to be fully 

investigated. In this study, the APOE ε7 allele was identified 

only in patients under the memory-complaint group; other 

patients in the medical center were categorized under the 

control group. In addition to 345 control subjects, a search 

was also carried out for the occurrence of the APOE ε7 

allele in the KRGD (http://152.99.75.168/KRGDB/browser/

mainBrowser.jsp); however, no variants at positions 244 

and 245 were found to correspond to APOE ε7. Conse-

quently, no APOE ε7 allele was identified in the 967 control 

subjects. Two individuals in the memory-complaint group 

harboring the APOE ε7 showed features that were clinically 

compatible with AD with small vessel disease. Given that 

the third case was diagnosed as subjective cognitive impair-

ment and the individual was relatively young with normal 

Figure 3 Ribbon diagram depicting ApoE isoform-specific differences in domain interactions. 
Notes: Three-dimensional Apoe structures were predicted using the online software raptorX (http://raptorx.uchicago.edu/). A tertiary structural feature distinguishing 
Apoe4 from Apoe3 affects the conformation and orientation of its domains. In Apoe3, the cysteine at position 112 cannot interact with glu255. In Apoe4, the arginine at 
position 112 changes the conformation of the Arg61 side chain and can interact with glu255. similar to Apoe4, Apoe7 has an electrostatic interaction between Arg61 and 
Glu255. The mutations at positions K244–245 of the primary lipid-binding region of ApoE (residues 244–272) can influence the lipid-binding properties of ApoE7, which could 
result in a potential electrostatic domain interaction similar to that observed in Apoe4.
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cognition based on the formal neuropsychological test, 

a periodic follow-up on the case has been planned. Despite 

the small sample size, analysis of the cases suggests the 

possibility that APOE ε7 polymorphism is associated with 

cognitive impairment.

ApoE plays critical roles in various biological pro-

cesses, including transport of cholesterol and cholesterol-

like molecules, such as β-amyloid. ApoE has two defined 

structural domains, namely, an N-terminal domain (residues 

1–191) containing the LDL receptor-binding site (residues 

136–150) and a C-terminal domain (residues 216–299) 

containing the major lipid-binding site (residues 244–272) 

(Figure 3).21 The ApoE protein is encoded by the APOE 

gene, which is located on chromosome 19. ApoE has the 

following three well-studied alleles: APOE ε2 (frequency 

in populations, 5%–10%), APOE ε3 (60%–70%), and 

APOE ε4 (15%–20%).21 These study results also showed 

the highest APOE ε3 and lowest APOE ε2 frequencies in 

this study population.

The ApoE isoforms differ only at residues 112 and 158. 

ApoE3 has Cys112 and Arg158; on the other hand, ApoE4 

has arginine in both sites, whereas ApoE2 has cysteines in 

those sites. In the ApoE4 variant, Arg112 allows the side 

chain of Arg61 to extend away from the helical bundle,22 

resulting in an orientation different from the side chain 

of Arg61 in ApoE3 and ApoE2.23 Consequently, ApoE4 

domain interaction may be influenced by electrostatic 

binding between Arg61 and Glu255 and between Arg112 

and Glu255 (Figure 3).

ApoE7 is a naturally occurring mutant of ApoE3 in 

humans, with two lysine residues replacing glutamic acid 

at positions 244 and 245 in the carboxyl terminus. Some 

studies have suggested that the ApoE7 variant is associated 

with hyperlipidemia and atherosclerosis; furthermore, ApoE7 

is reported to bind defectively to the LDL receptor and to 

associate preferentially with VLDL.4 Although ApoE7 is 

a variant of ApoE3, analysis using the RaptorX 3D pre-

diction program showed that the tertiary structure of the 

ApoE7 carboxy terminus is more similar to that of ApoE4 

than ApoE3; as represented in E4 and E7 of Figure 3, these 

changes affect the conformation and orientation of their two 

primary domains. The electrostatic interaction between the 

amino-terminal and carboxy-terminal domains of ApoE7 

may be stronger than that of ApoE3 and more similar to that 

of ApoE4. Furthermore, the two glutamic acid residues at 

positions 244 and 245 of the C terminus of ApoE7 correspond 

to residues 244–272 of the carboxy terminal of ApoE3, 

which is in the major lipid-binding region of ApoE. This 

change may directly influence the lipid-binding properties 

of ApoE7.

One study suggested that the contribution of APOE ε4 to 

the risk of vascular cognitive impairment was independent of 

other vascular risk factors, including hypertension, dyslipi-

demia, and atherogenesis.24 A recent meta-analysis has shown 

that APOE ε4 increases the risk of vascular dementia than 

APOE ε3;25 therefore, the small vessel disease diagnosed in 

subjects complaining of memory impairment could be par-

tially explained by the presence of the APOE ε7 mutation.

β-amyloid is the protein primarily linked to AD and 

has been investigated because of its interaction with ApoE. 

Many in vitro studies have demonstrated that ApoE binds 

to the oligomeric form of β-amyloid; however, the ApoE-

binding site and the binding mechanisms remain unclear. 

ApoE3 and ApoE4 bind to β-amyloid at a different rate 

and influence β-amyloid aggregation.26–28 Analysis of the 

lipid-binding region at positions 244–272 indicates that 

ApoE4, preferentially in its oligomeric form,29 is involved 

in β-amyloid binding.30 ApoE7 is also similar to ApoE4 

in terms of electrostatic interaction properties and tertiary 

protein structure, which could be expected to contribute 

to the AD pathomechanism; however, this topic requires 

further investigation.

Limitations
The current study had certain limitations. First, AD diagno-

ses in the three cases were not confirmed using compatible 

biomarkers, such as amyloid positron emission tomography 

or cerebrospinal fluid β-amyloid. Diagnosis relied only on 

the clinical course and brain MRI results, in which two 

cases were diagnosed with AD and one was diagnosed with 

subjective cognitive impairment. Given that the analysis 

was performed using stored DNA samples and retrospec-

tive review of the patients’ clinical records, an additional 

biomarker study was not performed on these patients. The 

present study screened APOE ε7 in 689 (344 memory com-

plaints and 345 control) subjects and additionally searched 

the variant in position 622 in the KRGD. Consequently, 

results indicate that APOE ε7 is present only in the memory-

complaint group and not in control subjects and the KRGD 

database. Considering that APOE ε7 is not a common 

variant, further studies should be conducted with a larger 

sample size with well-characterized AD patients. In addition, 

future studies should validate the pathogenic properties of 

APOE ε7.
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Conclusion
In the present study, subjects visiting the medical center 

with the APOE ε7 variant were identified only in the 

memory-complaint group. The predicted protein struc-

ture of ApoE7 in these individuals shows an electrostatic 

domain interaction that is similar to that of ApoE4. These 

findings suggest the possibility that APOE ε7 is another 

risk factor for cognitive impairment, especially in cogni-

tive diseases that are associated with vascular disease. 

Therefore, the APOE ε7 allele must also be considered 

in performing APOE genotyping in dementia evaluation. 

However, additional studies are required to validate the 

pathogenic role of APOE ε7 in cognitive impairment, par-

ticularly in AD.
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