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METHODS

All studies were carried out in accordance with, and approval of, the IACUC of

Indiana University Medical School and National Research Guide of the Care and

Use of Laboratory animals. All studies were conducted according to the ARRIVE

guidelines, where mice were randomized by sex and genotypes.

B6, APOE4, TREM2(R47H), and APOE4.TREM2 variants 12 mice in each gender

and genotypes (B6, APOE4, TREM2, and APOE4.TREM2) were utilized for PET

scanning. Mice were administered 100-200 µCi of 64Cu-PTSM (IV) or 18F-FDG

(IP) and were anesthetized with 1-3% Isoflurane after uptake (5 mins for 64Cu-

PTSM and 30 mins for 18F-FDG). Images were reconstructed using FBP into a

static volume and were co-registered to the Paxinos-Franklin atlas + MRI, where

regions were extracted using Analyze 12 (AnalyzeDirect). Postmortem brains were

extracted and cryosectioned across 4 bregma targets (0.38, -1.94, -3.8, -5.88 mm)

with 6 replicates/bregma at 20um. Sections were exposed to phosphor plates for 18

hrs and scanned on Typhoon FLA7000IP phosphorimager. Z-score changes of the

total 27 (PET) and 17 (Autorad) SUVR (reference to cerebellum) brain regions were

analyzed in this study.

Total RNA was extracted from the brain of 12 mice in each gender and genotypes,

and RNA-seq analysis conducted. Purified mRNA samples were sequenced on

Illumina HiSeq 2000 using standard conditions to generate 76 bp paired-end

sequences, according to manufacturer’s instructions. All the RNA-Seq samples

were mapped to the mouse genome (assembly 38) using ultrafast RNA-Seq aligner

STAR, then STAR aligner output coordinate-sorted BAM files for each sample were

mapped to mouse genome using this index. Gene expression was quantified as

transcripts per million (TPM) using RSEM (v1.2.31) and compared to nanoString.

.

RESULTSINTRODUCTION

Alzheimer’s disease (AD) is the most common cause of dementia, and 95% of

patients have sporadic Late-Onset AD (LOAD).While apolipoprotein E4 (APOE4) is

known as the strongest genetic risk factor of LOAD, recent genome-wide

association studies (GWAS) elucidated the LOAD-associated loci on the triggering

receptor expressed on myeloid cell 2 (TREM2). APOE is a known ligand to the

TREM2 receptor, and the common variant of TREM2R47H could increase the AD risk

by 2 to 3-fold. Preclinical studies of phenotypes regard of these risk genes remain

less clear. Clinical studies show uncoupling in perfusion and metabolism in LOAD

patients by using PET imaging. Therefore, we hypothesize that LOAD risk allele

variants will result in an AD-related perfusion and metabolism pattern. The

objectives of this study were to determine the patterns of cerebral perfusion and

glucose metabolism in mice with LOAD risk alleles (APOE4, TREM2, and

APOE4.TREM2) by using the 64Cu-PTSM and 18F-FDG PET, respectively.

Coupled to this, transcriptomic analysis was performed to study the mechanisms

related to the perfusion/metabolism changes.
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Figure 2. Bi-directional z-score plots (Mean±StDev) for APOE4 (left), TREM2 (center), and APOE.TREM2 (right) for 64Cu-PTSM vs.18F-FDG. In the

panel directly below each genotype are p-value plots for 64Cu-PTSM, 18F-FDG, uncoupling for females and males between 4M to 12M.
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Figure 3. Bi-directional z-score plots (Mean±StDev) for APOE4 (left), TREM2 (center), and APOE.TREM2 (right) for 64Cu-PTSM vs. 18F-FDG. In the

panel directly below each genotype are p-value plots for 64Cu-PTSM, 18F-FDG, uncoupling for females and males between 12M B6 and genotypes.
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Longitudinal Analysis (Comparison between 4M and 12M within Each Genotype)

Cross-Sectional Analysis (12M Comparison between C57BL/6J and Each Genotype)

Figure 1. 64Cu-PTSM PET/MRI/Autorad images (left); 18F-FDG PET/MRI/Autorad images (right) at 4 and 12mo for all genotypes at bregma -1.94 Positive Correlated Genes: 346

(r>0.80, p<0.05, Green)

Negative Correlated Genes: 246

(r<-0.80, p<0.05, Red)

Regression of RNA-seq 

to FDG and PTSM.

*PTSM=1.4+0.79*FDG

*R2 = 0.71

Figure 4. Correlations between 64Cu-PTSM and RNAseq. (Left to Right: Coefficient of gene correlation, GO pathway analysis)

Figure 5. Correlations between 18F-FDG and RNAseq. (Left to Right: Coefficient of gene correlation, GO pathway analysis) 

Positive Correlated Genes: 587

(r>0.80, p<0.05, Green)

Negative Correlated Genes: 910

(r<-0.80, p<0.05, Red)

Figure 6. The correlations between human co-expression modules 

and three LOAD mouse models.

Figure 7. (A) Correlations between the RNA-Seq and nanoString

platforms. (B) Alignment of human and mouse modules based on the

expression of all genes within each modules

• Longitudinal Analysis revealed clear sexual dimorphic metabolic uncoupling from perfusion in APOE44 and 

APOE44.TREM2 females by 12M. 

• Cross-Sectional Analysis revealed partial metabolic uncoupling from perfusion in APOE44, TREM2, and 

APOE44.TREM2 females when compared to C57BL6J mice at 12M. 

• All LOAD mice showed negative association with protein processing and cellular export with PTSM PET.

• All LOAD mice showed KEGG enrichment for genes positively associated with Oxidative-Phosphorylation and 

AD and negatively associated with cell cycle and ubiquitination with FDG PET.

• NanoString mouse AD panel provides an effective and high-throughput assay which showed a disease 

relevance to the LOAD mouse models

#41531

http://www.modelad.org
http://www.modelad.org

