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Introduction and Objective

The gene Apolipoprotein E (APOE) has been found to be significantly associated 
with longevity and age-related diseases. The 3 major APOE alleles 𝜀2, 𝜀3, and 
𝜀4 are derived from genotypic combinations of single nucleotide 
polymorphisms (SNPs) rs7412 and rs429358. Populations with high frequencies 
of the 𝜀4 allele are more susceptible to Alzheimer’s disease (AD) and cognitive 
decline, while the 𝜀2 allele serves as a neuroprotective factor. The APOE gene, 
however, may have other significant undiscovered effects on age-associated 
diseases through its interaction with other genes.
In this project, we investigated the effect of APOE alleles on brain tissue-specific 
gene expression in hopes of finding highly associated genes that may modify AD 
risk by interaction. We chose to investigate brain tissues because of the 
previously found link between APOE and AD.

Methods

1. We used normalized RNA-seq expression data from 13 different brain tissues, 
including: the Amygdala, Anterior Cingulate Cortex, Caudate, Cerebellar 
Hemisphere, Cerebellum, Cortex, Frontal Cortex, Hippocampus, Substantia 
Nigra, Hypothalamus, Nucleus Accumbens, Putamen, and Spinal Cord. 

2. The data were obtained from the v7 release of the Genotype-Tissue 
Expression (GTEx) portal database, representing 80 to 154 subjects—
depending on the brain tissue site. APOE genotype data were also available 
for all subjects. 

3. APOE genotypes were coded using the following schema. 

Results
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Conclusion

Based on our modelling process, we can conclude that there are indeed 
significant tissue-specific interactions between APOE genotypes and gene 
expression.

Future directions for this study may include:
• Incorporating more data
• Further in-depth analysis of the significant genes that we identified in 

order to assess the nature of their relationship with APOE and disease
• Study whether tissue-specific expression informs disease risk or disease 

risk informs expression levels
• The influence of subjects’ racial profiles is also worth investigating as 

previous studies have revealed APOE expression to be differentially 
affected by race
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APOE SNPS
rs7412 rs429358 APOE allele

T C 𝜀1
T T 𝜀2
C T 𝜀3
C C 𝜀4

APOE SNP combinations
rs429358

rs7412 TT TC CC
TT 𝜀2𝜀2→𝜀2 . .
TC 𝜀2𝜀3→𝜀2 𝜀2𝜀4→𝜀4 .

CC 𝜀3𝜀3→𝜀3 𝜀3𝜀4→𝜀4 𝜀4𝜀4→𝜀4

3. For each genotype, we computed mean gene expression and log fold change 
values setting our reference level as 𝜀3. 

4. Genes with log(fold change) < ±1.5 were removed from the data in order to 
remove outliers

5. With the homozygous 𝜀3 allele as a reference factor, we fit the following 
linear regression model using APOE alleles and 20 GTEx-provided covariates 
(such as  gender) as predictors for gene expression in brain tissue. 

Tissue-specific associations between APOE genotype and genes (FDR 10% adjusted) are shown below. Significant results were only found in 3 tissues

𝐿𝑜𝑔 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 = 𝛽0 + 𝛽1 ∗ 𝜀2 − 𝜀3 +
𝛽2 ∗ 𝜀4 − 𝜀3 + 𝛽3 ∗ 𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒1 + ⋯+ 𝛽22 ∗ (𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒20)

Gene Functionality

AC022148 • Long non-coding RNA

RGMB • Plays negative roles in breast cancer

FAM156B • Associated with X-linked Intellectual disability

AC024896.1 • Long non-coding RNA

TSPAN7 • Associated with X-linked intellectual disability
• In lung cancer, associated tumor size, and poor prognosis
• Plays role in synapse development and cognition

LNX1 • Contributes to tumor growth by down-regulating p53 (tumor suppressor) 
stability.

• Associated with synaptic transmission at electrical synapses

Tissue Gene Genotype Estimate Std Error t-statistic adj. p-value

Caudate Nucleus
AC022148.1 𝜀2 v. 𝜀3 0.51 0.11 4.7 0.09

RGMB 𝜀2 v. 𝜀3 -0.49 0.10 -4.7 0.09

FAM156B 𝜀4 v. 𝜀3 -0.71 0.14 -4.9 0.07

Hypothalamus AC024896.1 𝜀2 v. 𝜀3 -1.0 0.20 -5.1 0.06

Nucleus Accumbens TSPAN7 𝜀2 v. 𝜀3 -0.47 0.09 -5.1 0.05

LNX1 𝜀2 v. 𝜀3 -0.35 0.07 -4.8 0.06
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