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Introduction 

Despite active research on Alzheimer’s disease (AD), single nucleotide polymorphisms (SNPs) 

identified so far only partially, explain the heritability of AD. Here, our goal was to identify 

genetic variants of AD-related traits in Koreans through magnetic resonance imaging (MRI). 

 

Methods 

We conducted genome-wide association studies (GWASs) on the hippocampus, entorhinal, 

inferior parietal, middle temporal, and superior frontal regions in Koreans. GWASs were 

conducted with and without adjustment for effects of Apolipoprotein E (APOE). For significantly 

associated SNPs, they were replicated with the Alzheimer's Disease Neuroimaging Initiative 

(ADNI) and European Union AddNeuroMed and we compared the standardized uptake value 
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ratio using amyloid positron emission tomography (PET). We also summarized five cognitive 

traits by genotypes using the Seoul Neuropsychological Screening Battery (SNSB). 

 

Results 

For our discovery GWAS, we found that rs77359862 near SHANK-associated RH Domain 

Interactor (SHARPIN) was significantly associated with entorhinal and hippocampus traits (P = 

5.0 × 10−9 and 5.1 × 10−12, respectively). Gene-based analyses for SHARPIN with ADNI 

and AddNeuroMed data were consistent with the significant discovery analysis result (P = 0.002 

and 0.044, respectively). Furthermore, rs77359862 affects amyloid beta accumulation and has 

significant differences between carrier and non-carrier groups on frontal memory regions in the 

SNSB data. 

 

Discussion 

We found that SHARPIN was significantly associated with the entorhinal and hippocampus, 

indicating that SHARPIN may have an important role in the pathogenesis of AD.  

 

 

 

Keywords: Alzheimer’s disease, SHARPIN, GWAS, MRI, PET, replication analyses,  

Student Number: 2018-22968
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I. Introduction 

 

Alzheimer’s disease (AD), the most common type of dementia, has a multi-factorial nature 

and is known to be affected by genetics, age, family history, and lifestyle1. AD is highly heritable 

with an estimated 58–79% (h2) of the liability explained by genetic factors2. Furthermore, various 

genome-wide association studies (GWASs) have been conducted to identify causal single 

nucleotide polymorphisms (SNPs) associated with AD. A major genetic risk factor for AD 

is APOE genotype3, which accounts for approximately 35% of the genetic variance4. One of the 

largest meta-analyses of GWASs for AD employed a two-stage study design, and more than 20 

independent and associated loci other than APOE5 have been identified6. 

 

Genetic variance accounts for up to 30% of the phenotypic variance of AD, but over 75% of 

this phenotypic variance remains unexplained by the currently known AD genes7. There are 

many reasons for such missing heritability, which could be alleviated by GWASs of different 

ethnicities. For instance, most AD brain imaging studies considered only non-Hispanic 

Caucasians by using data from the Alzheimer’s disease neuroimaging initiative (ADNI)8-11. 

Therefore, few GWASs of East Asian populations have been published. Furthermore, there has 

been a lack of GWASs using brain imaging for various ethnic groups. The disease susceptibility 

loci (DSL) cannot be identified with GWASs unless common SNPs exist within the same LD 

block as the DSL. In such cases, GWASs with different ancestries other than non-Hispanic 

Caucasians can be useful. In this study, we conducted a GWAS with Korean populations. 
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Structural magnetic resonance imaging (sMRI) can be used to capture damaged brain regions 

and diagnose AD12. Previous GWASs about the features based on MRI scans of the brain 

revealed significant SNPs associated with AD13. Therefore, we performed a GWAS of AD-

related MRI traits to identify novel SNPs in Koreans. Furthermore, we used positron emission 

tomography (PET) and cognitive data from the Seoul Neuropsychological Screening Battery14 

(SNSB) to confirm whether the novel SNPs affected AD status. For AD-related MRI traits, we 

considered one subcortical volume and four regions: hippocampus subcortical volume15; and the 

entorhinal16, inferior parietal17, middle temporal18, and superior frontal regions19; respectively. 

 

II. Methods 

 

1. Study participants 

  

All subjects were collected by the National Research Center for Dementia (NRCD) at Chosun 

University in Gwangju, Korea. We enrolled 4563 Korean subjects, which consisted of 1157 

patients with AD, 1845 patients with mild cognitive impairment (MCI), and 1561 cognitively 

normal (CN) subjects. The clinical diagnosis of AD was made according to the National Institute 

of Neurological and Communicative Disorders and Stroke–Alzheimer Disease and Research 

Disorders Association (NINCDS-ADRDA) criteria20. CN subjects had no evidence of 

neurological disease or impairment in cognitive function or activities of daily living. Individuals 

who had a focal lesion on the brain MRI scan, a history of head trauma, or psychiatric disorder 

that could affect mental function were excluded. 
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2. Genotyping, quality control analyses of SNP genotype 

data, and imputation 

 

Our subjects were genotyped with Affymetrix customized SNP chip. We evaluated the quality 

of SNPs and subjects in the discovery dataset using PLINK21 and ONETOOL22. We eliminated 

SNPs if they satisfied any of the following conditions; genotype call rates <95%; Ps of Hardy-

Weinberg equilibrium (HWE) test are <1×10-5 23; Ps for significant differences between cases 

and controls by Fisher̀ s exact test24 were <1×10-5. We excluded subjects if they were duplicated; 

their covariates were missing; their X chromosome homozygosities were between 0.2 and 0.8, 

or not consistent with phenotypic sex; their genotype call rates were less than 95%; their 

heterozygosity rates of SNPs were outside the average of heterozygosity rate ±3 standard 

deviations; or their identity-by-descents (IBSs) >0.9. Finally, except subjects with outlying PC 

scores, 4563 subjects and 685,742 SNPs remained after the whole quality control process was 

finally completed. 

Genotype imputation was conducted by setting 1000 Genomes Phase 3 haplotypes as 

reference panels. Genotypes were first pre-phased by SHAPEIT and imputed by IMPUTE2. The 

imputed genotypes were filtered out if their INFOs were less than 0.5. After imputation, we had 

4563 subjects with 17,434,963 SNPs. Imputed SNPs were removed if the genotype call rates 

were less than 0.98, Ps for HWE were less than 1 ×10-6, and their minor allele frequency were 

less than 0.01. Subjects were filtered if their genotype call rates were less than 0.95. We also 

removed subjects with missing Apolipoprotein E (APOE) genotype. As a result, 4562 subjects 
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and their 3,930,740 SNPs remained. The detailed procedure for quality control is described in 

Figure 1. 

 

 

 

 

3. MRI phenotyping 

 

Among the genotyped subjects, MRI traits were available for 209 patients with AD, 1449 

patients with MCI, and 985 CN subjects. For 2643 subjects, the MRI traits of 1955 and 688 

subjects were measured with 3.0T and 1.5T scanners, respectively, and then preprocessed with 

FreeSurfer25 V.5.3. We selected AD-related MRI traits including one subcortical volume and 4 

regions: hippocampus subcortical volume15; and entorhinal16, inferior parietal17, middle 

temporal18, and superior frontal regions19, respectively. The specific information of these 

phenotypes is shown in Table 1. We observed a non-normal distribution and substantial 

differences among the MRI traits measured with the 3.0T and 1.5T scanners. Therefore, MRI 

traits for each group were standardized and then transformed by an inverse normal transformation. 

Descriptive statistics for the MRI analyses were performed on Rex (Version 3.0.3, RexSoft Inc., 

Seoul, Korea). 

 

 

 

4. GWAS without adjusting for APOE effects 
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A GWAS was conducted with linear regressions for five different MRI traits. To adjust the 

population stratification, principal component (PC) analyses were applied to a genetic 

relationship matrix, and PC scores were estimated26. We included the different PC scores as 

covariates, and found that three PC scores sufficiently adjusted the population stratification. 

Variance inflation factors for the GWAS are shown in Table 2. Figure 2 shows the 

multidimensional scaling plot, which indicates no population stratification. We also included age, 

sex, and log-transformed intracranial volume (logICV) as covariates. The genome-wide 

significance threshold was set to be P < 5 ×10-8, and GWASs were conducted with PLINK. We 

used LocusZoom27 to generate regional plots and R software v.3.6 (R Development Core Team, 

Vienna, Austria) were used to create the quantile-quantile (QQ) plots, Manhattan plots.  

 

 

5. GWAS after adjusting for APOE effects 

 

The effect of APOE on some MRI traits is substantial; therefore, we conducted association 

analyses after adjusting for the APOE effect. APOE was coded with three different strategies. 

First, APOE genotypes were coded in order of their relative risks: 1, 2, 3, 4, 5, and 6 for ε2/ε2, 

ε2/ε3, ε3/ε3, ε2/ε4, ε3/ε4, and ε4/ε4, respectively3. Second, we counted the numbers of ε2 and ε4 

for each subject, and both were included as two covariates. Third, six different genotypes and five 

dummy variables were defined. The three coding strategies were denoted by APOE1, APOE2, 

and APOE3, respectively, in the remainder of this article. The best coding strategy was chosen 

with the minimal Akaike Information Criterion (AIC)28 value, which was used for APOE effect 
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adjustments. Three PC scores, age, sex, and logICV were also included as covariates, and linear 

regressions were applied. 

 

 

6. Gene-based analyses 

 

Gene-based analyses were conducted to discover significant genes using the association 

analysis results. We performed SNP2GENE in FUMA, which includes functions such as 

characterization of genomic loci, annotation of candidate SNPs, functional gene mapping, and 

gene-based analysis29. The multi-marker analysis of genomic annotation (MAGMA)30 tool was 

used for gene-based analyses. 

 

 

7. Statistical analyses of amyloid PET and cognitive traits 

 

For the significant genome-wide SNPs, the association analyses were conducted with amyloid 

PET. Amyloid PET images were scanned for 77 patients with AD, 196 patients with MCI, and 

193 CN subjects. We calculated the cortical-to-cerebellum standardized uptake value ratio 

(SUVR) using amyloid PET data. SUVR was used for semi-automated quantitative analyses and 

was defined by the mean activity concentration of six predefined anatomically relevant cortical 

regions of interests (frontal, temporal, parietal, precuneus, anterior, cingulate, and posterior 

cingulate) with the whole cerebellum used as a reference region31. If the SUVR value was greater 

than 1.11, it was defined to be positive32 and coded by 1. Otherwise, it was defined to be negative, 
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and coded by 0. Significant genome-wide SNPs were coded as minor allele carriers and non-

carriers. Then, we applied the logistic regression for binary outcome with adjustments for age and 

sex. 

The SNSB cognitive data were available for all 2643 subjects used for our discovery GWAS, 

and we conducted association analyses of cognitive traits with the significant genome-wide SNPs. 

For SNSB, summary cognitive traits for attention, frontal, language, memory, and visuospatial 

were available. Those five cognitive traits are continuous and they were compared with T-test 

between minor allele carriers and non-carriers of the significant genome-wide SNPs. 

 

 

8. Replication analyses 

 

Significant genome-wide SNPs were replicated with the ADNI and AddNeuroMed33 data. 

Data from ADNI and AddNeuroMed included 1566 and 288 subjects, respectively. We applied 

the same GWAS and gene-based analyses that as was used for the discovery analyses to the 

ADNI and AddNeuroMed data. 

 

 

III.  Results 

 

1. Descriptive statistics of study subjects 
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Descriptive statistics for 2643 subjects are shown in Table 1. Our study subjects consisted of 

1071 (40.0%) males and 1572 (60.0%) females. and mean age was 72.9 ± 5.78 years. The 

summary statistics of entorhinal, inferior parietal, middle temporal, superior frontal, and 

hippocampus are also represented in Table 1. Considering the values of the MRI traits, AD was 

the smallest, followed by MCI, with CN being the largest. Analysis of variance (ANOVA) was 

conducted to confirm differences about phenotypes for three groups (Table 1). 

 

 

2. GWAS without adjusting for APOE effects 

 

We conducted a GWAS for five MRI traits. QQ plots for each phenotype are provided in 

Figure 3, which showed that our analyses preserved the nominal significance level. Significant 

SNPs are summarized for each trait in Table 3. According to our results, the entorhinal had 4 

genome-wide SNPs located in APOE (rs429358; P = 1.1 × 10−9), SHARPIN (rs77359862; 

P = 1.8 × 10−8) and APOC1 (rs12721051; P = 2.0 × 10−8). The rs56131196 SNP was 

closely located with rs12721051 and indicated the same association as rs12721051. The 

coefficients of all SNPs were negative, which indicated that smaller minor alleles were observed 

for subjects with the large entorhinal region. The rs77359862 SNP located in SHARPIN has not 

been clinically reported, and the significant genome-wide association of SHARPIN with the 

entorhinal region is novel. The inferior parietal region has four significant genome-wide SNPs, 

but all of them are located in APOC1 and APOE (the most significant SNP: rs56131196; P =

5.0 × 10−9). The middle temporal region had no significant genome-wide SNPs, though the 

most significant SNP was rs12721051 (P = 5.1 × 10−8) near APOC1. The superior frontal 
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region involves 3 significant genome-wide SNPs that are located in either APOE (SNP: rs429358; 

P = 1.3 × 10−8 ), or APOC1 (best SNP: rs12721051; P = 1.9 × 10−8 ). Lastly, the 

hippocampus had five significantly associated genes: APOE (rs429358; P = 1.0 × 10−15), 

APOC1 (rs56131196; P = 5.9 × 10−14), NECTIN2 (best SNP: rs6857; P = 6.0 × 10−12), 

TOMM40 (best SNP: rs11556505; P = 1.3 × 10−11), and SHARPIN (SNP: rs77359862; 

P = 5.4 × 10−11). Manhattan plots are shown in Figure 3. Since rs77359862 was discovered 

to be associated with the hippocampus subcortical volume and entorhinal region, we performed 

a logistic regression in order to confirm whether rs77359862 is associated with AD phenotype. 

We considered 209 patients with AD and 985 CN subjects, and the AD status was used as a 

response variable for logistic regressions with adjustments for age and sex. We found that 

rs77359862 was significantly associated with AD status (odds ratio = 3.07; P = 2 × 10−4). 

 

 

3. GWAS after adjusting APOE effects 

 

We conducted a GWAS after adjusting for APOE effects to remove SNPs associated with 

APOE. We found that AIC was minimized when APOE was coded using APOE3 method 

(Table 4), and it was used to adjust the APOE effect. QQ plots as shown in Figure 4 demonstrated 

that our model preserved the nominal significance. After adjusting for the APOE effect, SNPs 

located on chromosome 19 became non-significant (Table 5), but the significant association of 

rs77359862 in SHARPIN with the entorhinal region remained (P = 5.0 × 10−9 , β =

−0.59[s. e. = 0.10]). For the inferior parietal, middle temporal, and superior frontal regions, 

no significant SNPs were found. The hippocampus had two significant SNPs located in 



16 

 

SHARPIN (SNP: rs77359862, P = 5.1 × 10−12) , and near EPPK1 and PLEC (SNP: 

rs80120848, P = 2.3 × 10−8 ). Figure 5 provides regional plots of rs77359862 and 

rs80120848. This result may indicate that the signification association of rs80120848 may be 

attributable to rs77359862. Manhattan plots for each result are shown in Figure 4. 

 

 

4. Replication analyses 

 

We checked whether rs77359862 in SHARPIN was significantly associated with the 

hippocampus in different ethnic groups. We found that it was very rare in non-Finnish Europeans  

(minor allele frequency =0.00086)34 and cannot be tested. Alternatively, we conducted the gene-

based analyses for SHARPIN. In the ADNI data, SHARPIN had 86 SNPs at the gene boundary 

(±20 kb), and its P from the gene-based test was 0.002. In the AddNeuroMed data, SHARPIN 

had 93 SNPs at the gene boundary (±20 kb), and its P was 0.04. Figure 6 shows a regional plot 

about a top SNP (rs34173062) on SHARPIN in the ADNI results. 

 

 

5. Gene-based analysis of common variants 

 

There were 18,229 protein coding genes in the GWAS results for common variants, and the 

Bonferroni-adjusted genome-wide significance level was 2.7 × 10−6. Under a model without 

adjusting for the APOE effect, the hippocampus and entorhinal region had 4 significantly 

associated genes (HP: hippocampus P, EP: entorhinal P): APOE (6 SNPs in gene, HP = 5.6 ×
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10−12,  EP = 9.5 × 10−8) , TOMM40 (28 SNPs in gene, HP = 7.1 × 10−10, EP =

2.1 × 10−7 ), APOC1 (2 SNPs in gene, HP = 8.4 × 10−10, 𝐸𝑃 = 1.7 × 10−6) , 

SHARPIN (2 SNPs in gene, HP = 6.4 × 10−8, 𝐸𝑃 = 2.4 × 10−6). Under a model 

adjusted for the APOE effect, the hippocampus and entorhinal regions had one significant 

genome-wide gene: SHARPIN (2 SNPs in gene, HP = 1.7 × 10−8, 𝐸𝑃 = 1.0 × 10−6). 

Figure 7 shows the Manhattan plots and QQ plots for each result. 

 

 

6. Gene-based analysis for rare variants 

 

There were 18,950 protein coding genes with rare variants in the GWAS results; therefore, a 

rare variant association analysis was conducted. The Bonferroni-adjusted genome-wide 

significance level was 2.6 × 10−6 . The entorhinal region had no significant genes. The 

hippocampus had four significantly associated genes: PARM1 (208 SNPs in gene, P = 4.6 ×

10−8 ), GUCA1A (64 SNPs in gene, P = 4.9 × 10−7 ), RALB (150 SNPs in gene, P =

6.7 × 10−7), GABRR2 (108 SNPs in gene, P = 1.2 × 10−6). Under a model adjusted for 

the APOE effect, the entorhinal region had one genome-wide significant gene: COX7A2L (234 

SNPs in gene, P = 1.9 × 10−6). The hippocampus had three genome-wide significant genes: 

GUCA1A (64 SNPs in gene, P = 7.7 × 10−7), VIT (289 SNPs in gene, P = 7.8 × 10−7), 

and METTL6 (163 SNPs in gene, P = 1.9 × 10−6). 

 

 

7. Semi-automated quantitative analysis using SUVR 
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There were 163 and 303 subjects who had positive and negative SUVRs, respectively. Table 

6 shows the descriptive statistics according to SUVR status. The proportion of ε3/ε4 and ε4/ε4 

genotypes in subjects with positive SUVR was nearly three times higher than that of subjects 

with negative SUVR. The proportion of patients with AD who had positive SUVRs was five 

times higher than that of subjects with negative SUVR. The SUVR boxplots according to SUVR 

status and phenotype are shown in Figure 8. We conducted a logistic regression after adjusting 

for sex and age to determine whether rs77359862, which was a significant genome-wide SNP in 

the discovery GWAS, affects amyloid beta accumulation. The effect of minor allele carrier/non-

carrier of rs77359862 on SUVR was tested with a logistic regression, and the results are 

summarized in Table 7. We confirmed that rs77359862 significantly affects amyloid beta 

accumulation (P = 0.03, odds ratio = 2.67) (Table 7). 

 

 

8. Cognitive data analyses 

 

For rs77359862, we checked whether cognitive ability differs between the carrier and non-

carrier group. Attention, frontal, language, memory, and visuospatial regions were transformed 

by the inverse normality transformation. Violin plots for each trait are shown in Figure 9. The 

means between minor allele carriers and non-carriers were compared with two independent t-

tests. The P values for each trait were as follows: attention, P = 0.27; frontal, P = 0.05; language, 

P = 0.06; memory, P = 0.0003; and visuospatial, P = 0.29. The memory and frontal regions had 

significant differences in t-test results. Non-carriers had superior frontal and memory abilities than 
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carriers. We conducted linear regressions, and the coded genotypes of rs77359862 were included 

by a covariate. Sex and age were also included as covariates (Table 7). Memory and frontal 

abilities were significantly associated with rs77359862. 

 

9. rs77359862 functions on SHARPIN 

 

rs77359862 locates near the binding region of SHARPIN and RNF31, which encodes a E3 

ubiquitin-protein ligase and is involved in the SHARPIN-mediated activation of HOIP35 for the 

linear ubiquitin chain assembly. The sequence similarity of the reference protein sequence 

(NP_112236:SHARPIN [Homo sapiens]) to the mapped protein 5X0W_B, was 100.00% 

identical and covers 26% of the reference sequence. The rs77359862 SNP results in amino acid 

change of arginine, which has a charged side chain (hydrophilic), to tryptophan, which has 

hydrophobic side chain (NP_112236.3:p.Arg274Trp). The change in the chemical property is 

expected to have a significant effect in the binding of the E3 unit to SHARPIN. Figure 10 shows 

the location of rs77359862 in SHARPIN, and additional information is shown in Figure 11. 

 

IV.  Discussion 

 

Previous GWASs have revealed many genetic risk loci with genome-wide significance with 

AD, but they have not been consistently replicated. The case/control study designs in most 

GWASs have limitations such as the case group being susceptible to contamination by other 

neurodegenerative or cerebrovascular diseases and the control group may contain future cases 

due to advanced age. Therefore, both the clinical diagnosis of AD and quantitative phenotypes 
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using brain imaging should be considered in a GWAS, and new findings should also be 

interpreted as brain dysfunction in AD.  

 

In this respect, our study investigated GWAS signals on volume as well as regional changes 

in five brain MRI regions across the clinical spectrum of AD, MCI, and controls even after 

adjusting for an APOE effect. From our study design, rs77359862 in SHARPIN was discovered 

with genome-wide significant results (P < 5.0 × 10−8) in the entorhinal and hippocampus 

regions, besides the other significant SNPs related to APOE and APOC1 in our analysis that have 

been consistently reported to be associated with AD. Our findings also suggested that rs77359862 

in AD affects amyloid beta accumulation, which is crucially involved in AD as the main 

component of the amyloid plaques in PET images and is functionally related with frontal and 

memory regions. Therefore, our results successfully agree with the pathology of AD where 

neurons and their connections in parts of the brain involved in memory are destroyed by amyloid 

plagues, including the entorhinal cortex and hippocampus1. 

 

With the replication study using independent datasets from ADNI and AddNeuroMed, we 

failed to replicate rs77359862 using a SNP-based method because rs77359862’s minor allele 

frequency quite different between ethnic backgrounds. In 1000 Genomes database, its minor 

allele frequency is 0.04 for East Asian, while that of American or European is very few with 0.000 

or 0.001 respectively36. Therefore, we conducted a gene-based analysis instead of a SNP-based 

analysis to replicate the results using the SHARPIN gene. As a result, the SHARPIN gene was 

replicated with the same direction in both ADNI (1566 samples, 86 SNPs in the gene, P =

0.002) and AddNeuroMed datasets (288 samples, 93 SNPs in the gene, P = 0.043). However, 
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in the Korean gene-based results, only 2 SNPs (rs77359862, rs35844464) in SHARPIN may 

reduce statistical significance. In the future, GWAS with whole-genome sequencing (WGS) data 

could strengthen our evidence about the effects of SHARPIN.  

 

The suggested SHARPIN protein in our study is a component of the linear ubiquitin chain 

assembly complex (LUBAC)37, which consists of three proteins: HOIL-1 (RBCK1), HOIP 

(RNF31), and SHARPIN38. The LUBAC as the only ubiquitin ligase complex plays a key role 

in nuclear factor-κB (NF‐κB) activation by conjugating linear polyubiquitin chains to NF‐κB 

essential modulator (NEMO) and regulating of inflammation37,39-41. Linear ubiquitination 

mediated by the LUBAC complex interferes with tumor necrosis factor (TNF)-induced 

apoptosis and thereby prevents inflammation. According to Asanomi42, another SNP, 

rs572750141, that results in a rare missense variant (G186R) in SHARPIN was recently reported 

to have a high risk of late-onset AD in Japanese patients, where the functional study using the 

variant in HEK293 cells resulted in aberrant inflammatory and immune functions in the nervous 

system by altering NF‐κB activity. Moreover, amyloid beta accumulation related to SHARPIN 

in our study proved that SHARPIN is involved in AD pathogenesis43. Taken together, SHARPIN 

dysfunction in the brain possibly affects the development of AD.  

 

Rare variants with a minor allele frequency <0.01 have been suggested to have a large effect 

and be key to identifying missing heritable traits of AD7. In a gene-based test for rare variant in 

the GWAS results, GABRR2, which encodes the Gamma-aminobutyric acid (GABA) receptor 

subunit rho-2, was suggested as a significant gene in the hippocampus. GABA, the major 

inhibitory neurotransmitter in the brain, is very widely distributed in the neurons of the cortex, 
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and contributes to many cortical functions by binding the GABA receptors, which are ligand-

gated chloride channels. Therefore, GABRR2 is closely related to general cognitive ability44. 

 

Our study had several limitations. Longitudinal brain MRI data were not available due to the 

cross-sectional design, though amyloid PET images and SNSB data were used to confirm 

whether novel SNPs affected AD status. Our sample size had a limited power because of the 

small number of cases of ADs compared to cases of MCI and control subjects. Therefore, 

longitudinal changes in brain volume with more subjects could increase statistical power and 

allow for causality with additional discovery. Furthermore, functional genomic experiments to 

study the effects of rs77359862 on SHARPIN in brain cells were not implemented, and the 

mechanistic relationship between the variant of SHARPIN and amyloid beta accumulation in the 

brain was not elucidated in detail. Epigenetic and transcriptomic assessments of the genetic 

variant would also help to better understand the implication of SHARPIN-related pathways in 

AD pathogenesis. 

 

In conclusion, we performed a GWAS with Koreans by integrating their MRI, PET, SNSB, 

and genomic data. We discovered via MRI that rs77359862 in SHARPIN affects brain atrophy 

in the hippocampus and entorhinal regions. We also confirmed an accumulation of amyloid beta 

via PET. Moreover, SHARPIN was significant on a gene-based test and was replicated with 

ADNI and AddNeuroMed data. From these results, we provide insights into the roles of variants 

to better understand the pathophysiological mechanism of AD and predict potential risk factors 

for AD. In future research, we will use whole brain MRI and WGS data to discover novel genetic 

variants which affect AD.
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Figure 1. Data Quality control flow chart 
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Figure 2. Scatter plot of PC scores 
 

MDS plot were generated by pool of our discovery data and 1000 Genome project data. Grey 

dots represent 1000 Genome subjects and red dots show our discovery subjects. 
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Figure 3. QQ and Manhattan plots of GWAS without adjustment of APOE effect 

 

(a) Entorhinal                                   

   
(b) Inferior parietal 

  
(c) Middle temporal     

 
(d) Superior frontal 
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(e) Hippocampus 
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Figure 4. QQ and Manhattan plots of GWAS with adjustment of APOE effect 

  

(a) Entorhinal                                   

 
(b) Inferior parietal 

 
(c) Middle temporal 

 
(d) Superior frontal 
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(e) Hippocampus 
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Figure 5. Regional plots for GWAS with adjustment of APOE effect on 

hippocampus significant results (Genome build/LD population: 1000G Mar 2012 

ASN) 
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Figure 6. Regional plot for a top SNP (rs34173062) on SHARPIN in ADNI results 
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 Figure 7. QQ and Manhattan plots of common variants gene-based results 
(a) Hippocampus results without APOE adjustment  

  

(b) Hippocampus results with APOE adjustment 

  

(c) Entorhinal results without APOE adjustment 

  

(d) Entorhinal results with APOE adjustment 

  



32 

 

Figure 8. SUVR Boxplot by group and phenotype 

 

  

    (a) group                           (b) phenotype 
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Figure 9. Cognitive traits violin plots by rs77359862 
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Figure 10. NP_112236.3:p.Arg274 (rs77359862) location (red) mapped on 

PDBID:5X0W chain A (E3 ubiquitin-protein ligase RNF31) and chain B (blue: 

SHARPIN). 
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Figure 11. Extra information about rs77359862 in National Center for 

Biotechnology information (NCBI) 
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Table 1. Descriptive statistics according to AD status before transformation 

 

Variables 
Total 

mean[SD] 

AD 

mean[SD] 

MCI 

mean[SD] 

CN 

mean[SD] 

ANOVA 

(P value) 

Age (year) 72.96[5.78] 73.72[7.37] 73.19[5.77] 72.46[5.38] 0.001 

Sex(M/F) 1071/1572 88/121 605/844 378/607 0.222 

Entorhinal 

region (mm) 
6.75[0.79] 5.76[1.05] 6.76[0.76] 6.96[0.60] < 0.001 

Inferior 

parietal region 

(mm) 
4.53[0.36] 4.31[0.43] 4.53[0.36] 4.58[0.31] < 0.001 

Middle 

temporal 

region (mm) 
5.30[0.40] 4.95[0.55] 5.30[0.39] 5.38[0.34] < 0.001 

Superior 

frontal region 

(mm) 
5.09[0.30] 4.90[0.41] 5.09[0.30] 5.14[0.25] < 0.001 

Hippocampus 

volume (mm3) 
7533[1095.95] 6254[1166.10] 7500[1023.38] 7853[972.18] < 0.001 
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Table 2. VIF comparison for each phenotype 

 

GWAS 

Model 
Entorhinal 

Inferior 

parietal 

Middle 

temporal 

Superior 

frontal 

Hippo-

campus 

without APOE 

effect adjustment 
1.017 1.025 0.995 1.029 0.992 

with APOE 

effect adjustment 
1.023 1.029 1.002 1.03 0.992 
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Table 3. Results from GWAS without APOE effect adjustment 

 

PHENO CHR BP SNP 
M

A 
MAF 𝛃 SE P-value GENE 

Entorhinal 

19 45411941 rs429358 C 0.11 -0.25 0.04 1.1 × 10−9 APOE 

8 145154282 rs77359862 A 0.01 -0.57 0.10 1.8 × 10−8 SHARPIN 

19 45422160 rs12721051 G 0.11 -0.22 0.04 2.0 × 10−8 APOC1 

19 45422846 rs56131196 A 0.12 -0.22 0.04 2.8 × 10−8 APOC1 

Inferior 

parietal 

19 45422846 rs56131196 A 0.12 -0.23 0.04 5.0 × 10−9 APOC1 

19 45411941 rs429358 C 0.11 -0.24 0.04 5.2 × 10−9 APOE 

19 45422160 rs12721051 G 0.11 -0.23 0.04 6.0 × 10−9 APOC1 

19 45422946 rs4420638 G 0.12 -0.22 0.04 1.3 × 10−8 APOC1 

Superior 
frontal 

19 45411941 rs429358 C 0.11 -0.23 0.04 1.3 × 10−8 APOE 

19 45422160 rs12721051 G 0.11 -0.23 0.04 1.9 × 10−8 APOC1 

19 45422846 rs56131196 A 0.12 -0.22 0.04 2.5 × 10−8 APOC1 

Hippocampus 

19 45411941 rs429358 C 0.11 -0.29 0.03 1.0 × 10−15 APOE 

19 45422846 rs56131196 A 0.12 -0.27 0.03 5.9 × 10−14 APOC1 

19 45422160 rs12721051 G 0.11 -0.26 0.03 2.5 × 10−13 APOC1 

19 45422946 rs4420638 G 0.12 -0.25 0.03 7.0 × 10−13 APOC1 

19 45410002 rs769449 A 0.08 -0.30 0.04 1.0 × 10−12 APOE 

19 45392254 rs6857 T 0.10 -0.26 0.03 6.0 × 10−12 NECTIN2 

19 45388130 rs34342646 A 0.10 -0.26 0.03 1.3 × 10−11 NECTIN2 

19 45396144 rs11556505 T 0.10 -0.26 0.03 1.3 × 10−11 TOMM40 

19 45394336 rs71352238 C 0.10 -0.26 0.03 1.6 × 10−11 TOMM40 

19 45395909 rs34404554 G 0.10 -0.25 0.03 1.7 × 10−11 TOMM40 

19 45395619 rs2075650 G 0.10 -0.25 0.03 1.8 × 10−11 TOMM40 

19 45387459 rs12972156 G 0.10 -0.26 0.03 2.5 × 10−11 NECTIN2 

19 45387596 rs12972970 A 0.10 -0.26 0.03 2.5 × 10−11 NECTIN2 

8 145154282 rs77359862 A 0.01 -0.60 0.09 5.4 × 10−11 SHARPIN 

19 45415713 rs10414043 A 0.09 -0.25 0.04 4.4 × 10−10 
APOE and 

APOC1 

19 45415935 rs7256200 T 0.09 -0.25 0.04 1.0 × 10−9 
APOE and 

APOC1 
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Table 4. AIC comparison for each APOE control method 

 

Method Entorhinal 
Inferior 

parietal 

Middle 

temporal 

Superior 

frontal 
Hippocampus 

APOE1 7286.48 7422.72 7328.46 7421.83 6820.08 

APOE2 7282.10 7421.79 7327.53 7416.10 6811.52 

APOE3 7268.56 7419.06 7324.62 7414.81 6786.51 
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Table 5. Results from GWAS with APOE effect adjustment 

 

PHENO CHR BP SNP 
M

A 
MAF 𝛃 SE P value 

Closest 

genes 

Entorhinal 8 145154282 rs77359862 A 0.01 -0.59 0.10 5.0 × 10−9 SHARPIN 

hippocampu

s 

8 145154282 rs77359862 A 0.01 -0.62 0.08 5.1 × 10−12 SHARPIN 

8 144984345 rs80120848 A 0.01 -0.52 0.09 2.3 × 10−8 
EPPK1 

and PLEC 
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Table 6. Descriptive statistics by SUVR group 

 

Variable Total (N = 466) Positive (N = 163) Negative (N = 303) 

Age (mean[sd]) 72.42[6.49] 72.29[6.93] 72.5[6.25] 

Sex (M/F) 218/248 74/89 144/159 

SUVR (mean[sd]) 1.04[0.17] 1.31[0.14] 1.00[0.05] 

AD/MCI/NC 77/196/193 57/59/47 20/137/146 

ε2/ε2, ε2/ε3, ε3/ε3  3/34/283 1/7/70 2/27/213 

ε2/ε4, ε3/ε4, ε4/ε4 9/125/12 2/75/8 7/50/4 

A/A, A/G, G/G 

(rs77359862) 
2/19/445 1/11/151 1/8/294 
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Table 7. Association analyses with rs77359862 for SUVR status and cognitive traits 

 

Response Sample size 

(carrier/non-

carrier) 

Beta Std error T-value P-value Statistical 

Method 

SUVR 21/445 0.94 0.45 2.08 0.03 Logistic 

Attention  80/2480 -0.09 0.10 -0.887 0.375 Linear  

Frontal 79/2481 -0.21 0.10 -2.00 0.04 Linear 

Language 75/2470 -0.17 0.10 -1.66 0.09 Linear 

Memory 80/2492 -0.41 0.10 -3.86 0.0001 Linear 

Visuospatial 79/2477 -0.10 0.10 -0.98 0.32 Linear 
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초   록 

 
 

알츠하이머 질병에 SHARPIN이 연루되어 

있음을 보여주는 자기공명영상 특성을 

활용한 전장유전체 연관성 분석 
 

이 동 수 

서울대학교 보건대학원 

보건학과 보건통계학 전공 
배 경 

알츠하이머 질병에 대한 활발한 연구에도 불구하고 아직 알츠하이머와 관련된 

유전성에 대한 연구가 부족합니다. 더욱이 대부분 알츠하이머 질병에 대한 

연구들은 백인들 중심으로 이루어지고 있는데 한국인과 백인 사이에는 유전적 

변이에서 많은 차이를 보입니다. 그래서 한국인을 대상으로 하는 알츠하이머 

질병에 대한 유전적 연구가 필요합니다. 

 

방 법 

한국인의 알츠하이머 질병에 위험한 유전적 변이 요인을 찾기 위해서 알츠하이머 

질병과 관련된 MRI 형질을 이용하여 APOE 효과를 고려한 것/ 고려하지 않은 것 

두 가지 모형으로 전장유전체 분석을 시행했습니다. 추가적으로 희귀 유전체를 

대상으로 한 전장유전체 분석과 유전자기반 테스트를 수행했습니다. 마지막으론 
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유전적 변이가 아밀로이드 베타 축적에 영향을 주는지 확인하기 위해 양전자 단층 

촬영 데이터에서 표준화 섭취 계수를 계산한 후 확인했습니다. 

결 과 

APOE 효과를 넣지 않은 모형에서 APOE, APOC1, SHARPIN, NECTIN2, TOMM40 이 

유의한 것을 확인했습니다. APOE 효과를 넣은 모형에선 SHARPIN 과 EPPK1 이 

유의했습니다. 그리고 SHARPIN 은 ADNI 와 AddNeuroMed 데이터에서 유전자기반 

테스트로 해당 데이터에서도 유의함을 확인했고 뿐만 아니라 아밀로이드 베타 

축적에도 영향을 주는 것을 확인했습니다. 

논 의 

알츠하이머와 관련된 MRI 형질을 이용하여 한국인 대상으로 전장유전체 분석을 

시행한 첫 연구입니다. 최근 SHARPIN 이 알츠하이머 관련 유전자로 제기되고 있고 

제 연구도 이전의 연구들과 결과가 일치합니다. 또한 이 연구에선 SHARPIN 이 

아밀로이드 베타 축적에 영향을 준다는 것을 확인했습니다.  

 

주 요 어: 알츠하이머, SHARPIN, 전장유전체 분석, 자기공명영상, 양전자 단층 

촬영, 복제 분석 

학 번: 2018-22968 
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