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Abstract

Introduction: Our previous epigenome-wide association study (EWAS) of Alzheimer’s disease 

(AD) in human brain identified 71 CpGs associated with AD pathology. However, due to low 

coverage of the Illumina platform, many important CpGs might have been missed.

Methods: In a large collection of human brain tissue samples (N = 864), we fine-mapped 

previous EWAS loci by targeted bisulfite sequencing and examined their associations with AD 

neuropathology. DNA methylation was also linked to gene expression of the same brain cortex.

Results: Our targeted sequencing captured 130 CpGs (~1.2 kb), 93 of which are novel. Of the 

130 CpGs, 57 sites (only 17 included in previous EWAS) and 12 gene regions (e.g., ANK1, BIN1, 

RHBDF2, SPG7, PODXL) were significantly associated with amyloid load. DNA methylation in 

some regions was associated with expression of nearby genes.

Discussion: Targeted methylation sequencing can validate previous EWAS loci and discover 

novel CpGs associated with AD pathology.
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1 | INTRODUCTION

Alzheimer’s disease (AD) is the most common cause of dementia.1 Pathologically, AD 

is characterized by extracellular aggregation of amyloid β (Aβ) plaques and intracellular 

deposition of neurofibrillary tangles (NFTs) composed of phosphorylated tau proteins.2 

These neuropathological changes promote neuronal death and result in progressive cognitive 

decline in patients with AD dementia.3 However, clinical trials focusing on developing 

drugs for Aβ or tau clearance have largely failed, suggesting that additional pathological 

mechanisms need to be targeted. An in-depth understanding of the molecular mechanisms 

underlying AD neuropathology is a prerequisite for developing effective therapeutics.

The etiology of AD includes both genetic and environmental factors.4 Large-scale genome-

wide meta-analyses have identified over 40 genetic loci associated with clinically diagnosed 

Alzheimer’s dementia,5–9 yet these loci only explain a small fraction of the disease 

variability, indicating that more loci remain to be discovered or other mechanisms 

beyond genetics underlie AD neuropathology. Epigenetic modifications regulate gene 

expression10,11 and are highly responsive to environmental changes,12 thus representing 

an important mechanism through which altered environment may contribute to AD. In 

support of this, multiple epigenome-wide association studies (EWAS) have reported aberrant 

epigenetic changes, especially DNA methylation, in human AD brain.13–18 However, 

existing EWAS using human brain tissue samples have been moderate in size and results 

have been inconsistent. Our group conducted one of the largest EWAS on AD pathology 

in 740 postmortem dorsolateral prefrontal cortex (DLPFC), and identified 71 CpG loci 

(distributed in 60 differentially methylated regions [DMRs]) significantly associated with 

neuritic plaque.17 While our findings unraveled the crucial role of altered DNA methylation 

in AD pathology, candidate regions identified in previous EWAS had a low coverage as a 

result of the Illumina platform design,19 thus many important disease-related methylation 

alterations might have been missed.

Using a targeted bisulfite sequencing, the objectives of this study are to (1) fine map the 

putative regions identified in our previous EWAS; (2) validate previously reported CpGs in a 

large collection of postmortem brain samples (DLPFC); and (3) discover novel CpGs (in the 

putative regions) associated with AD neuropathology.

2 | METHODS

2.1 | Study population

The current study included deceased individuals from two ongoing longitudinal studies of 

brain aging and dementia: the Religious Orders Study (ROS) and Rush Memory and Aging 

Project (MAP).20,21 Detailed study design and methods have been described previously.20,21 

Briefly, ROS recruited elderly catholic priests, nuns, and brothers free of known dementia 
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at time of enrollment (since 1994). MAP recruited elderly men and women who were free 

of known dementia at time of enrollment (since 1997) in the Chicago metropolitan area. 

In both cohorts, participants underwent detailed annual clinical evaluations and agreed to 

donate their brains at the time of death. The follow-up rate for survivors exceeds 90% in 

both cohorts, while the autopsy rate exceeds 90% in ROS, and 80% in MAP. The majority 

of participants (96%) of both cohorts were self-reported non-Hispanic Whites. The two 

studies share a large common core of identical clinical and pathologic data at the item 

level, collected by the same people with the same trainers. Thus, they are typically studied 

together and known as ROSMAP. More information about ROSMAP can be found at https://

www.radc.rush.edu.

2.2 | Neuropathology assessment

Brain autopsies were performed as previously described.20,21 Neuropathologic examinations 

were performed by board-certified neuropathologists blinded to the clinical data. Briefly, 

Aβ and paired helical filament (PHF) tau tangles were quantified via immunohistochemistry 

across eight brain regions: the CA1/subiculum of the hippocampus, angular gyrus, and 

entorhinal, superior frontal, mid prefrontal, inferior temporal, anterior cingulate, and 

calcarine cortices. Mean percentage of the area positive for Aβ was averaged across brain 

regions. Tangle cortical density (per mm2) was determined using systematic sampling; 

tangle score was then averaged across brain regions.

2.3 | Clinical diagnosis of Alzheimer’s dementia

Presence of either mild cognitive impairment (MCI) or Alzheimer’s dementia was evaluated 

at every visit based on a battery of 19 cognitive tests and clinical data following the criteria 

of the joint working group of the National Institute of Neurological and Communicative 

Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association 

(NINCDS/ADRDA). All clinical data were reviewed by a neurologist blinded to postmortem 

data at the time of death. Participants with no MCI or Alzheimer’s dementia were rendered 

as having no cognitive impairment.

2.4 | Targeted DNA methylation sequencing

Sections of frozen DLPFC were obtained from 912 deceased ROSMAP participants. These 

sections were thawed on ice, and the gray matter was carefully dissected from the white 

matter. Genomic DNA was extracted and bisulfite converted. Primers for next generation 

sequencing were designed by EpigenDx (Hopkinton, MA) to cover as many CpG sites as 

possible from the original list of 71 CpG sites reported previously.17 Sequences containing 

repetitive elements, low sequence complexity, high thymidine content, or high CpG density 

were excluded from the in silico design process. More details on primer design, library 

preparation, sequencing, and data preprocessing are shown in the Supplementary Methods 

in the Supporting Information. A comprehensive list of all CpG sites included in the current 

analysis can be found in Table S1. One hundred thirty CpGs and 869 ROSMAP samples 

surpassed quality control. Figure 1 shows the flowchart describing the sample size used in 

each analysis. The sample overlap between our original EWAS17 and the current analysis is 

425 (49%).
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2.5 | Brain RNA sequencing data

Total RNA was extracted from 834 frozen DLPFC biospecimens using Qiagen miRNeasy 

Mini Kit and RNase-Free DNase Set. RNA sequencing (RNA-seq) data were downloaded 

from the AD Knowledge Portal on synapse (accession number syn3388564), including 724 

BAM files and 110 FASTQ files.22 Of these, 666 samples also had DNA methylation data. 

More details on library preparation, quality control, and alignment for RNA-seq data can be 

found in the Supplementary Methods section.

2.6 | Statistical analysis

All analyses were performed with R software (version 4.1.0). Prior to analysis, Aβ and 

PHF tau tangles density were square root transformed to reduce skewness. We first 

conducted linear regression to identify differentially methylated probes (DMPs) associated 

with quantitative measures of AD pathology. DMRs were identified by combining P-values 

of all CpG sites in a region (≥3 CpGs within 1kb) by the Cauchy combination test,23 as 

implemented in the STAAR package. To examine the potential impact of DNA methylation 

on gene expression, we regressed the mean DNA methylation level of all CpGs in a specific 

region on the RNA expression level of nearby genes (either the gene containing the tested 

CpG sites or the closest gene to inter-genic CpG sites). All analyses were adjusted for age 

at death, sex, postmortem interval (PMI), and years of education. Latent sources of noise 

(e.g., batch effects or unmeasured sources of unwanted variation) were adjusted for via 

surrogate variable analysis-derived surrogate variables.24 Multiple testing was controlled via 

the Benjamini and Hochberg’s false discovery rate (FDR) and FDR-adjusted P (i.e., q-value) 

< 0.05 was considered significant.

2.7 | Additional analysis

To evaluate the robustness of our findings, we conducted the following additional analyses. 

First, to examine whether sex affects our results, we further included an interaction term 

between sex and DNA methylation in the above described regression models. Second, 

to examine the potential impact of racial/ethnic groups on our results, we excluded 

participants who self-reported as African American (n = 17), Native American (n = 1) 

or Hispanic/Latino (n = 20). Third, to examine whether DNA methylation associated 

with neuropathology (e.g., amyloid load, tangle density) was also associated with clinical 

diagnosis of Alzheimer’s dementia, we constructed linear regression models in which DNA 

methylation level at each of the neuropathology-associated CpG sites was the dependent 

variable, and clinical diagnosis was the independent variable, adjusting for the same 

covariates. Finally, as about half of the individuals included in the present analysis had 

been previously assessed in our EWAS paper using the Illumina 450K array,17 we conducted 

additional analysis by splitting the total sample into discovery and replication samples 

(Supplementary Material).

3 | RESULTS

A total of 864 ROSMAP participants with complete information for brain pathology and 

DNA methylation data were included in the current analysis. The mean age at death was 

89.7 years (ranging from 65.9 to 106.5 years). Women accounted for 69% of the study 
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population and the majority of the participants (98%) were White. Mean education level was 

16.1 years. Mean PMI was 8.4 h (ranging from 52 min to 85.1 h). Overall, participants with 

higher neuropathological burden were older, more likely to be females, and less educated 

compared to those with lower pathological burden (all p < .01). Aβ and tangle density were 

positively correlated (r = 0.48, P = 5.4×10–50, see Figure S1).

3.1 | Genomic features of the identified CpG sites

Our previous EWAS using the Illumina 450K array identified 71 CpGs associated 

with neuritic plaque distributed in 60 differentially methylated regions.17 Our targeted 

methylation sequencing captured 130 CpGs in these putative regions. Of these, only 37 

CpGs were included in the Illumina 450K BeadChip and assessed in our previous EWAS.17 

The remaining 93 sites were novel CpGs identified in the current study. A list of all these 

130 CpGs along with their genomic locations is shown in Table S1. Genomic features of 

these CpGs are illustrated in Figure S2. Of the 71 CpGs reported in our previous EWAS, 

39 CpGs (55%) could not be assessed using the current sequencing approach due to either 

(1) their location in DNA repeats or low complexity sequences (long stretch of Ts or high 

CG content), or (2) their low bisulfite next generation sequencing coverage (less than 30x 

coverage) (see Methods and Supplementary Methods).

3.2 | DMPs associated with AD pathology

Among the 130 CpGs captured in this study, 76 CpGs were nominally associated with Aβ 
(raw P < 0.05) after adjustment for demographic and sva-derived covariates. Of those, 70 

CpGs remained significant at q < 0.05. Of these 70 CpGs, only 18 were included in our 

previous EWAS.17 The remaining 52 CpGs represent novel CpG sites that have not been 

reported previously (Table 1). The top 3 CpGs associated with Aβ are all located in the 

SPG7 gene, overlapping an alternatively spliced exon (Figure 2A, B).

By contrast, 31 CpGs were nominally associated with PHF tau tangles (p < 0.05); 24 of 

these (77%) were also nominally associated with Aβ. Only one CpG (chr8: 41,661,903) 

survived multiple testing correction (Table 1). Importantly, this CpG site was also associated 

with Aβ, and it has not been reported previously as it is not included in the Illumina 

BeadChip.

3.3 | DMRs associated with AD pathology

Based on the definition of gene regions described above, 107 (out of 130) CpGs were 

clustered in 17 regions. These 107 CpGs span a total of 1217 bp based on GRCh38. Mean 

length of the regions is 72bp (ranging from 10 to 166 bp). Region-based analysis identified 

12 gene regions significantly associated with Aβ after adjustment for demographic and 

technical variables and correction for multiple testing (q < 0.05). The most significant region 

was localized in the SPG7 gene (region P = 1.32×10–6; Figure 1C). DNA methylation at 

seven regions was associated with PHF tau tangles at P < 0.05, of which one survived 

correction for multiple testing (q < 0.05). Genomic characterization of these 17 regions can 

be found in Table 2. Mean DNA methylation of all individual CpGs in each region can be 

found in Figure S3. Correlation of DNA methylation across regions can be found in Figure 

S4.
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3.4 | Functional validation by RNA-seq

To examine the potential functional impact of altered DNA methylation on gene expression, 

we tested the association of DNA methylation with expression levels of nearby genes. Of 

the 12 gene regions associated with Aβ load, DNA methylation levels at five regions were 

significantly associated with the expression of their nearby genes (BIN1 gene: t = −6.9, P = 

1.2 × 10–11, q = 1.3 × 10–10; SPG7 gene: t = −4.4, P = 1.1 × 10–5, q = 6.3 × 10–5; PODXL 
gene: t = 2.7, P = 7.5 × 10–3, q = 0.027; RHBDF2 gene: t = −2.4, P = 0.017, q = 0.040; 

and GMDS gene: t = – 2.4, P = 0.018, q = 0.040; Figure 2D; Figure S5). One region located 

in a long non-coding RNA (AC012354.1) could not be tested due to its non-detectable 

expression in our sample (median FPKM = 0).

An exploratory study on transcript isoforms was also conducted for the top genes of our 

analysis. Thirty-four different transcripts were detected (median FPKM > 0) for the SPG7 (n 
= 16), BIN1 (n = 9) and ANK1 (n = 7) genes (Figure S6). For the SPG7 gene, 9 out of 16 

SPG7 transcript isoforms were associated with average SPG7 region methylation; of note, 

the second most expressed isoform (ENST00000561702: t = −4.6, P = 4.0 × 10–6, q = 2.2 × 

10–5) but not the first (ENST00000268704, t = −0.9, P = 0.38, q = 0.51) was associated with 

DNA methylation. Regarding the BIN1 gene, all 9 transcript isoforms were significantly 

associated with average BIN1 region methylation (all P < 0.01); two that were previously 

defined as isoforms 5 and 7 (ENST00000346226 and ENST00000393041)25 were the most 

robustly associated with BIN1 methylation. Finally, although total ANK1 expression was not 

associated with ANK1 methylation, 2 out of 7 ANK1 transcript isoforms were associated 

with ANK1 methylation (top transcript: ENST00000265709, t = −4.1, P = 5.3 × 10–5, q = 

3.7 × 10–4).

Given the high correlation between both AD pathology hallmarks (Figure S1), all models 

were further adjusted for neuropathology (i.e., Aβ models were adjusted for tangle 

density, and vice versa) to identify CpGs that are independently associated with each 

pathological measure. After additionally adjusting for tangle density, the number of CpG 

sites significantly associated with Aβ decreased from 70 to 57 (Table S2), indicating that 

the majority of the observed associations with Aβ were not confounded by tangles. Two 

sites (chr8:41,661,737 at ANK1 gene, and chr16:19,115,823 at ITPRIPL2 gene) out of 

the 57 CpGs had not been reported in our previous analysis (i.e., when no adjustment by 

tangle density was included in the model). Region-based analysis showed that all 12 regions 

associated with Aβ remained significant after additional adjusting for tau density (Table 2). 

In contrast, none of the DMPs or DMRs associated with tangle density remained significant 

after further adjustment for Aβ, indicating that the observed association of DNA methylation 

with tau tangles was largely driven by Aβ.

Results from our additional analyses showed that, of the 76 CpGs associated with Aβ, sex 

modulated the relationship between DNA methylation and Aβ at 5 CpG sites at raw P 
< 0.05; none of these interactions survived correction for multiple testing (Table S3). In 

addition, exclusion of non-Hispanic whites did not change our results (Table S4). Moreover, 

of the 76 CpG sites associated with Aβ, only 9 CpG sites were also associated with clinical 

diagnosis of Alzheimer’s dementia at P < 0.05; none of them survived multiple testing 

correction (Table S5). Finally, of the 130 CpG sites captured in our targeted bisulfite 
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sequencing, 40 sites were nominally associated with amyloid burden in the discovery 

sample (P < 0.05). Of these, three sites were also significant in the replication sample 

(P < 0.05). These overlapping CpG sites were located in the SPG7 (chr16:89,532,542 and 

chr16:89,532,545) and ANK1 genes (chr8:41,661,894).

4 | DISCUSSION

Using a high-resolution targeted DNA methylation sequencing, we conducted the first large-

scale fine-mapping of previous EWAS loci associated with AD pathology.17 Of the 130 

CpGs (total 1217 bp encompassing 17 regions) captured by our sequencing analysis, only 

37 CpGs were included in our previous EWAS,17 with the remaining 93 CpGs (72%) being 

reported for the first time in the current study. We identified significant associations of 

DNA methylation at 57 CpGs (in 19 genes) with Aβ, after adjusting for demographic and 

technical variables and correction for multiple testing.

Several aspects of our results deserve to be discussed. First, our targeted bisulfite sequencing 

significantly increased the coverage of the putative regions reported in our previous 

EWAS.17 Specifically, 57 CpGs (out of 130), located in 19 genes, were significantly 

associated with AD pathology after adjusting for covariates and multiple testing; of these, 

only 17 were included in our previous EWAS,17 while the remaining 40 CpGs have been 

newly discovered in our sequencing analysis. This highlights the importance of identifying 

novel CpGs that were missed in our previous EWAS. Second, of the 71 probes reported in 

our previous EWAS, 32 CpGs were captured by our sequencing approach. The remaining 

39 CpGs could not be assessed using the current sequencing approach due to either low 

complexity of the sequence containing the CpG site of interest or low sequencing coverage. 

Of the 32 CpGs captured, we confirmed the associations of 15 CpGs (located in 13 

genes) with Aβ after correction for multiple testing and adjustment by tangle density (q 

< 0.05). However, we were unable to replicate the associations of the other 17 CpGs 

with AD pathology at q < 0.05, although most of them (11 out of 17) were nominally 

associated with either Aβ or tangles. One possible reason for this inconsistency could be 

the use of slightly different measures of Aβ. In the current analysis, Aβ was quantified 

by immunohistochemistry, averaging eight brain regions, whereas neuritic plaque used in 

our previous EWAS was measured by microscopic examination of silver-stained slides 

from five brain regions. Another reason could be that some of the observed associations 

in our previous EWAS were false positives. Of note, five of the 130 CpGs captured in 

our sequencing analysis were present in the 450K array but were not reported in our 

previous EWAS because they did not reach genome-wide significance at P < 1.2 × 10–7. 

Third, we linked DNA methylation to gene expression in the same brain cortex and 

found that altered DNA methylation in the BIN1, SPG7, RHBDF2, and GMDS genes 

was positively associated with their expression, while DNA methylation in the PODXL 
gene was inversely associated with its expression. These findings support the notion that 

aberrant DNA methylation of these genes may affect AD pathology through changing their 

expression.26–28 Nonetheless, we did not observe significant associations between DNA 

methylation and baseline expression of other genes (e.g., TMEM18, DLEU1, and PCNT) 

suggesting that altered DNA methylation may affect AD through pathways other than gene 

expression. Interestingly, isoform-specific associations with DNA methylation were detected 
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for the ANK1 gene, suggesting DNA methylation might contribute to AD by influencing 

gene splicing.29,30 Fourth, in addition to single CpG analysis, we also performed region-

based analysis to test the joint effect of all CpGs in a gene region on AD neuropathology. 

Of the 17 regions tested (total 1217 bp), altered DNA methylation in 12 gene regions was 

significantly associated with Aβ after adjusting for covariates and multiple testing. These 

findings suggest that testing the combined effects of multiple CpGs in a gene region can be 

more powerful than single probe analysis.31

Consistent with our previous EWAS,17 we found that higher methylation of the SPG7 gene 

was significantly associated with higher Aβ load. In addition, higher methylation level of the 

SPG7 gene was inversely associated with gene expression, suggesting a potential functional 

role of DNA methylation at this gene in AD pathology. The spastic paraplegia 7 (SPG7) 
gene encodes the protein paraplegin,32 a mitochondrial metalloprotease, and mutations in 

this gene cause recessive hereditary spastic paraplegia.33 More recently, SPG7 mutations 

have been associated with cognitive impairment,34 highlighting the potential involvement of 

this gene in neurodegenerative diseases.

We also confirmed the association of aberrant DNA methylation in the ankyrin 1 (ANK1) 
gene with Aβ. This gene encodes a protein that links integral membrane proteins with 

the underlying spectrin-actin cytoskeleton, and is involved in cell motility, activation, 

proliferation, contact, and maintenance of specialized membrane domains. Altered ANK1 
gene methylation has been associated with AD and other neurodegenerative diseases, such 

as Huntington’s disease and Parkinson’s disease.35 The bridging integrator 1 (BIN1) gene 

harbors one of the top single-nucleotide polymorphisms (SNPs) conferring genetic risk for 

AD.6 DNA methylation at our region of interest was robustly associated with all BIN1 
isoforms, which is consistent with its colocalization at a putative microglia-specific enhancer 

as recently described.36

In addition, four CpGs located 4kb upstream of the long non-coding RNA (lncRNA) 

AC012354.6 were differentially methylated with regard to Aβ. This lncRNA is highly 

expressed in several brain regions and in the pituitary (retrieved from GTEx Portal, dbGaP 

Accession phs000424.v8.p2). Interestingly, several SNPs in the AC012354.6 locus have 

been previously associated with fasting glucose and other glycemic traits,37,38 which 

are known to be associated with AD.39,40 The podocalyxin (PODXL) gene encodes a 

sialomucin protein that is mainly involved in kidney function.41 More recently, the PODXL 
gene has been involved in neural development42 and juvenile Parkinsonism.43

While our previous EWAS paper focused on the association of DNA methylation with 

neuritic plaque, the current analysis also tested the association of DNA methylation with 

NFTs, another hallmark of AD neuropathology. Although Aβ and tangle density are strongly 

correlated in our sample (r = 0.5, Figure S1), we observed a much stronger association of 

DNA methylation with Aβ than tangles. After adjustment for covariates, tangle density and 

multiple testing, DNA methylation at 57 CpGs (out of 130) was significantly associated with 

Aβ (q < 0.05). In contrast, only 31 CpGs were nominally associated with tangles (P < 0.05), 

of which none survived correction for multiple testing and adjustment by Aβ. In addition, 

we found that Aβ-associated DNA methylation was largely unrelated to clinical diagnosis 
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of dementia. This observation appears to be in agreement with the notion that amyloid 

burden or tau tangles are neither necessary nor sufficient for cognitive decline and can be 

present in cognitively intact individuals.44,45 These findings demonstrate the heterogeneity 

of quantitative measures for AD neuropathology and suggest distinct molecular mechanisms 

underlying different pathological measures. The observed differential methylation signatures 

of Aβ burden and NFTs also underscore the necessity to analyze them separately in future 

research.

Limitations of our study include the potential confounding by cell types as a result of using 

bulk brain tissue instead of sorted cell populations. Also, we cannot infer the potential 

causal role of the observed methylation alterations in AD pathology. Strengths of our study 

include the high-density bisulfite sequencing in the targeted regions, the large number of 

human brain tissue samples, the comprehensive neuropathological phenotypes in two large 

population cohorts of aging and dementia, and the existing gene expression data in the same 

brain cortex of same individuals.

In summary, using a targeted bisulfite sequencing, we successfully fine-mapped and 

further characterized previous EWAS loci harboring putative methylation changes associated 

with AD pathology. We confirmed the associations of altered DNA methylation at 15 

CpGs (located in 12 genes comprising TMEM18, SIX3, PODXL, ANK1, PSMA, VWF, 

RPL13AP20, VTRN, SPG7, NXN1, RHBDF2, and PCNT) with AD pathology, and 

discovered 40 novel AD-related CpGs in these regions. Together, our findings highlight 

the necessity and importance of fine-mapping previous EWAS loci in large-scale population 

studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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RESEARCH IN CONTEXT

1. Systematic Review: Several epigenome-wide association studies (EWAS) 

using Illumina 450K arrays, including ours, have reported associations of 

altered DNA methylation with AD pathology. However, due to the small 

sample size and the low coverage of the Illumina platform, many disease-

associated CpGs might have been missed.

2. Interpretation: To confirm the association of previously reported EWAS loci 

and discover novel epigenetic changes associated with AD pathology, we 

conducted targeted bisulfite sequencing to fine map previous EWAS loci in a 

large collection of human brain tissue samples.

3. Future Directions: Targeted bisulfite sequencing can confirm or refute 

previous EWAS loci and allows for discovery of new CpGs associated with 

AD pathology.
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FIGURE 1. 
Flowchart depicting the number of Religious Orders Study and Rush Memory and Aging 

Project participants available for the analysis. DNA methylation (DNAm) was assessed 

via targeted bisulfite sequencing in 912 brain samples. RNA sequencing (RNA-seq) was 

analyzed in 834 brain samples (dorsolateral prefrontal cortex; DLPFC). There were 666 

participants with both DNAm and RNA-seq data available. After quality control (QC) and 

exclusion of participants with no amyloid burden data available, the final sample used in 

downstream DNA methylation replication analysis was 864.

Palma-Gudiel et al. Page 14

Alzheimers Dement. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 2. 
SPG7 gene body methylation associated with AD pathology. (A) UCSC genome browser 

view of the genomic landscape encompassing the targeted SPG7 region (chr16: 89,532,477 

to 89,532,607). The whole region overlaps with one of the SPG7 exons. Of note, some SPG7 
transcripts do not include this particular exon, revealing the existence of alternative splicing. 

(B) DNA methylation level at each of the 12 detected CpGs in the SPG7 gene; CpG sites 

significantly associated with amyloid β after correction for multiple testing (q < 0.05) are 

highlighted in orange, while the non-significant CpG site is highlighted in dark blue. (C) 

Association between mean methylation level in the SPG7 gene and amyloid β load. (D) 

Mean DNA methylation level in the SPG7 gene was inversely associated with its expression.
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