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Abstract 

T0901317, a live X receptor agonist, can reduce amyloid β generation in vitro and in a mouse 

Alzheimer’s disease (AD) model. To investigate the global molecular effects of T0901317 in 

mouse hippocampus, we downloaded public GSE31624 generated from the hippocampus of 

wild-type mice, Tg2576 mice and T0901317-treated Tg2576 mice. Differentially-expressed 

genes (DEGs) were identified on LIMMA of R software. Gene ontology and Kyoto 

Encyclopedia of Genes and Genomes enrichment were analyzed through DAVID. Protein- 

protein interaction and hub genes were obtained based on STRING and Cytoscape. Nine 

downregulated and 68 upregulated DEGs in T0901317-treated Tg2576 were identified in 

comparison with untreated Tg2576 mice. Annotation analyses showed these DEGs correlated 
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with transport (BP), membrane (CC) and binding (MF) terms and the dopaminergic synapse 

pathway. Protein-protein interaction network was built to find out some hub genes by 

maximal clique centrality. Discs large homolog 4 (Dlg4), the most outstanding gene, was 

associated with cognition improvement in aged AD mice. T0901317 may impact the 

development by regulating the Dlg4 expression. In conclusion, we investigated effects of 

T0901317 therapy on gene expression profiles in the hippocampus of Tg2576 mice and found 

Dlg4 may serve as putative therapeutics target for AD treatment.  

Keywords: T0901317, Alzheimer’s disease, differentially-expressed genes, enrichment 

analysis 

1. Introduction 

Alzheimer’s disease (AD), the major form of dementia in the elderly, is featured by amyloid 

plaques outside cerebral cells and neurofibrillary tangles inside cerebral cells (Henderson, 

2014). Dementia has affected up to 24 million people worldwide and attacks 4.6 million new 

cases every year. About 70% of these cases developed to AD (Reitz & Mayeux, 2014). The 

growing number of patients, long-term disability, and the rising AD care costs have become 

public health concerns (Sibener et al., 2014). Therefore, early diagnosis and treatment of AD 

patients are urgent. 

Experimental evidence reveals changes in lipid synthesis and metabolism are dysfunctional in 

the AD brain, which could raise the risk of AD development (Garner, 2010). Apolipoprotein 

E (ApoE) is a versatile protein playing critical roles in neurobiology, lipid metabolism, and 

neurodegeneration (Huang & Mahley, 2014). Low plasma ApoE level is associated with 

smaller hippocampal size (Teng et al., 2015). ATP-binding cassette subfamily A member 1 

(ABCA1) is needed to normalize ApoE levels in the central nervous system and lipidize 

astrocyte-secreted ApoE (Wahrle et al., 2004). ABCA1 overexpression reduces amyloid 

beta-peptide (Aβ) deposition in a mouse AD model (Wahrle et al., 2008). Liver X receptor 

(LXR) not only inhibits amyloid precursor protein (APP) processing by modulating 

membrane cholesterol levels via ABCA1, but also accelerates the clearance of Aβ by 

inducing ApoE lipoprotein secretion (Riddell et al., 2007). Further, the LXR agonist 

T0901317 decreases Aβ generation in vitro and in a mouse AD model (Koldamova et al., 

2005). However, analyses of the transcriptomic response of mouse hippocampus to T0901317 

remain unclear. 

In this study, we downloaded public microarray data (GSE31624) to find out differentially 

expressed genes (DEGs) in the brain of APPswe transgenic mice (Tg2576) and 

T0901317-treated Tg2576 mice. The functions of DEGs were assessed by annotation, 

pathway enrichment and protein-protein interaction (PPI) establishment. This may provide 

insight into the effect of T0901317 on the hippocampus of Tg2576 mice and identify gene 

expression signatures for prediction of therapeutic effects of T0901317. 
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2. Materials and Methods 

2.1 Public microarray data  

The gene expression profile (GSE31624) was downloaded from the gene expression omnibus 

(GEO) (www.ncbi.nlm.nih.gov/geo) based on platform GPL1261 (Affymetrix Mouse 

Genome U133 Plus 2.0 Array). Follettie et al. deposited the dataset and explored how the 

hippocampus of wild-type mice and Tg2576 mice responded to T0901317. Totally 33 

samples were analyzed (wild type, Tg2576 mice, and T090131-treated Tg2576 mice each 

with 11 replicates).  

The gene expression profile was calibrated, quantile-normalized and probe-summarized using 

the Robust Multi-Array Average algorithm in Affy of Bioconductor (www.bioconductor.org/). 

2.2 Identification of DEGs 

DEGs were identified using Linear Models for Microarray Data package (LIMMA, 

www.biocondutor.org/packages/release/bioc/html/limma.html) (Ritchie et al., 2015) in 

Bioconductor compared in the T0901317-treated Tg2576 mice. P < 0.05 (Z. Lin & Lin, 2017; 

Zhang et al., 2017) and |log2(fold change) | ≥ 1.5 were considered as the threshold. 

2.3 Functional enrichment analysis of DEGs 

Gene Ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) 

pathway enrichment of DEGs were analyzed in Database for Annotation, Visualization and 

Integrated Discovery (DAVID), which offers a complete set of function annotation tools to 

determine the biological information behind a large list of genes (Huang da, Sherman, & 

Lempicki, 2009). The cut-off criterion was P < 0.05. 

2.4 PPI network establishment 

STRING (www.string-db.org/) offers an important evaluation and integration of PPI, 

including direct (physical) and indirect (functional) associations (Szklarczyk et al., 2015). 

PPIs of DEGs with score (median confidence) > 0.4 were chosen, and PPI network was 

visualized by Cytoscape (www.cytoscape.org/). Hub Object Analyzer (Hubba), a web-based 

tool, explores important nodes in an interactome network established from specific small- or 

large-scale methods based on graph theory (C. Y. Lin et al., 2008). Hubba in cytoscape was 

applied to find important nodes.  

3. Results  

3.1 Identification of DEGs 

Based on our selection criteria, 55 DEGs (35 downregulated and 20 upregulated DEGs) were 

obtained in Tg2576 mice. In addition, 77 DEGs altered in T0901317-treated Tg2576 mice 

compared with untreated mice (9 downregulated and 68 upregulated). The top 10 

downregulated and upregulated DEGs were summarized in Table 1. The hierarchical 

clustering of expression data (T0901317 vs. untreated) was shown in Figure 1. Notably, 22 

genes were similarly abnormally expressed between groups (Table 2). 

http://www.ncbi.nlm.nih.gov/geo
http://www.biocondutor.org/packages/release/bioc/html/limma.html
http://www.string-db.org/
http://www.cytoscape.org/


Journal of Biology and Life Science 

ISSN 2157-6076 

2018, Vol. 9, No. 1 

 

 
81 

Table 1. The top 10 significant up-regulated and down-regulated differential expressed genes 

(Tg2576 mice vs. Wild type and TO901317 treated vs. untreated Tg2576) 

Tg2576 mice vs. Wild type T0901317 treated vs. untreated Tg2576 

Probe set  Gene symbol Log2(Fold 

change) 

P value Probe set  Gene symbol Log2(Fold 

change) 

P value 

Down-regulated    Up-regulated     

1450407_a_at Anp32a -1.6221 0.001492 1431708_a_at Tia1 -1.52435 0.016148 

1417727_at Srsf9 -1.0523 0.023495 1439483_at AI506816 -1.48716 3.98E-05 

1419093_at Tdo2 -1.03976 1.27E-05 1424454_at Tmem87a -0.97678 0.014682 

1437125_at Camk2a -0.97836 0.001428 1418148_at Abhd1 -0.89505 2.53E-05 

1419672_at Spock1 -0.96861 0.018757 1439627_at Zic1 -0.83383 0.019484 

1447831_s_at Mtmr7 -0.94316 0.041899 1450779_at Fabp7 -0.75755 0.001782 

1435367_at Mapk4 -0.92343 0.016527 1431328_at Ppp1cb -0.69389 0.000144 

1419580_at Dlg4 -0.90936 0.025875 1460310_a_at Gh -0.66959 0.030909 

1437183_at Lrrc4b -0.87873 0.041879 1435602_at Sephs2 -0.62408 0.021469 

1417184_s_at Hbb-b1/b2/bs/bt -0.85775 0.022617 1426288_at Lrp4 0.585653 0.014084 

Up-regulated        

1449254_at Spp1 0.922053 0.010075 1450407_a_at Anp32a 1.389023 0.006343 

1418395_at Slc47a1 0.880921 0.006401 1432646_a_at 2900097C17Rik 1.275417 0.023875 

1447808_s_at Slc15a2 0.764701 0.028212 1425963_at Cabp7 1.079491 0.019929 

1453287_at Ankrd33b 0.719801 0.046855 1435367_at Mapk4 1.073758 0.006901 

1417933_at Igfbp6 0.717806 3.74E-05 1419672_at Spock1 1.004938 0.014851 

1436996_x_at Lyz1 0.691264 0.000791 1460717_at Tspyl1 0.963865 0.041016 

1435602_at Sephs2 0.688338 0.014488 1437125_at Camk2a 0.963662 0.0016 

1416625_at Serping1 0.687692 0.007146 1415801_at Gja1 0.954418 0.043414 

1434447_at Met 0.669609 4.28E-05 1419580_at Dlg4 0.947123 0.018229 

1416953_at Ctgf 0.665987 0.022056 1437183_at Lrrc4b 0.941328 0.029787 
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Figure 1. Heatmap for differentially expressed genes (DEGs). Grey and yellow color 

represents cell culture of pericyte without/with T0901317 respectively. The color bar denotes 

z-score adjusted expression values, green used for down-regulation and red for up-regulation. 
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Table 2. Similar abnormal expression of genes in Tg2576 mice and mice treated with 

T0901317. 

ID Gene 

symbol 

Log2(Fold change) (Tg2576 

vs. wild type) 

Log2(Fold change) (T0901317 

vs. untreated) 

1426288_at Lrp4 -0.79999 0.585653 

1423477_at Zic1 0.626141 -0.83383 

1437283_at Tnpo2 -0.83092 0.848281 

1437125_at Camk2a -0.97836 0.963662 

1435602_at Sephs2 0.688338 -0.62408 

1449144_at Gna11 -0.6561 0.642909 

1450407_a_at Anp32a -1.6221 1.389023 

1448997_at Cyth1 -0.60585 0.6951 

1425870_a_at Kcnip2 -0.68441 0.63504 

1417727_at Srsf9 -1.0523 0.939293 

1419672_at Spock1 -0.96861 1.004938 

1435367_at Mapk4 -0.92343 1.073758 

1433932_x_at R3hdm4 -0.78515 0.740296 

1418815_at Cdh2 -0.80634 0.859129 

1431804_a_at Sp3 -0.80203 0.792424 

1423364_a_at Aktip -0.67833 0.635873 

1438255_at Foxn3 -0.77672 0.633855 

1437183_at Lrrc4b -0.87873 0.941328 

1442370_at Grin2b -0.79605 0.867629 

1419580_at Dlg4 -0.90936 0.947123 

1434602_at Med13l -0.63042 0.736594 

1424045_at Tmem242 -0.64295 0.605184 

 

3.2 Enrichment analyses of DEGs 

Our team tried to explore the changed biofunctions of the DEGs by GO and KEGG analysis 

in DAVID. The enriched GO terms divided into cellular component (CC), bioprocess (BP) 

and molecular function (MF) was illustrated as Figure 2. The DEGs (Tg2576 vs. wild-type) 

were associated with transport (BP), membrane (CC) and binding (MF) and the pathway of 

malaria. 

For T0901317-treated Tg2576 mice, DEGs were mainly involved in transport, such as 

transport (13 genes), apoptotic process (9 genes) and lipid metabolic process (6 genes) in the 

BP ontology. In the CC ontology, the most significant GO categories were membrane- related, 

such as membrane (38 genes), plasma membrane (28 genes), and nucleoplasm (14 genes). In 

the MF ontology, the binding terms accounted for the majority of enriched GO categories, 

including protein binding (35 genes), protein complex binding (8 genes) and protein kinase 

binding (8 genes). 
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KEGG pathway enrichment analysis indicated the DEGs were mainly enriched in pathways 

of insulin resistance (e.g. SREBF1, PTEN and PPP1CB), long-term potentiation (e.g. 

GRIN2B, PPP3R1 and CAMK2A) and dopaminergic synapse (e.g. AKT1, DDC and 

GRIN2B) (Table 3). 

 

Figure 2. GO enrichment of DEGs. a, biological process (BP); b, cellular component (CC); c, 

molecular function (MF). 

 

Table 3. The enriched KEGG pathway of differential expression genes. 

Term Count P value Genes 

Tg2576 vs. wild type    

mmu05144: Malaria 7 4.93E-08 

HBA-A1, HBA-A2, MET, HBB-B1, 

HBB-BS, HBB-B2, HBB-BT 

mmu05143: African 

trypanosomiasis 6 3.60E-07 

HBA-A1, HBA-A2, HBB-B1, HBB-BS, 

HBB-B2, HBB-BT 
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mmu04510: Focal adhesion 5 0.012406 

COL3A1, MET, COL1A2, COL6A1, 

SPP1 

mmu04512: ECM-receptor 

interaction 4 0.006636 COL3A1, COL1A2, COL6A1, SPP1 

mmu05030: Cocaine 

addiction 3 0.019456 GRM3, GRIN2B, DLG4 

T0901317 vs. untreated    

mmu04728: Dopaminergic 

synapse 7 2.21E-05 

AKT1, DDC, GRIN2B, KIF5A, KIF5C, 

CAMK2A, PPP1CB 

mmu04144: Endocytosis 6 0.006899 

EPS15, FGFR3, CYTH1, KIF5A, ARF3, 

KIF5C 

mmu05031: Amphetamine 

addiction 5 1.98E-04 

DDC, GRIN2B, PPP3R1, CAMK2A, 

PPP1CB 

mmu04720: Long-term 

potentiation 4 0.002956 GRIN2B, PPP3R1, CAMK2A, PPP1CB 

mmu04931: Insulin 

resistance 4 0.012221 SREBF1, AKT1, PTEN, PPP1CB 

 

3.3 PPI network analysis 

Totally 77 DEGs (T0901317-treated vs. Tg2576) were sent to STRING for establishment of 

PPI networks (combined score > 0.4) (Figure 3). The hub genes evaluated by betweenness 

maximal clique centrality (MCC), which showed the most important gene was discs large 

MAGUK scaffold protein 4 (Dlg4). 

 

Figure 3. Protein-protein network of DEGs altered in Tg2576 mice treated with T0901317. a, 

string database; b, the hub genes identified from protein-protein network. 
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4. Discussion 

Our group analyzed the bioinformatics of gene expression profiles from Tg2576 mice and 

T0901317-treated Tg2576 mice to explore the mechanisms of T0901317 therapy on AD. 

Then 68 up-regulated DEGs and 9 down-regulated DEGs were obtained. Annotation results 

indicated these DEGs correlated with transport (BP), membrane (CC) and binding (MF) 

terms and the pathway of dopaminergic synapse. Totally 10 crucial genes were identified in 

the PPI model and the most outstanding gene was Dlg4. 

AD, the dominant cause and common form of dementia, is featured by a gradual decent in 

cognition, which occurs with memory degradation (Gurav, 2014). Tg2576 mice are the 

common animal models of AD (Sooy et al., 2015). A Tg2576 mouse model of AD showed 

T0901317 selectively reduced hippocampal Aβ42 level and enhanced memory (Riddell et al., 

2007). We explored how Tg2576 hippocampus responded to T0901317 from the 

transcriptomic perspective.  

We obtained 55 DEGs (Tg2576 vs. wild) and 77 DEGs (T0901317 vs. untreated) according 

to our selection criteria. In Table 2, 22 genes were similarly abnormally expressed between 

Tg2576/wild-type groups and T0901317/untreated groups. Low-density lipoprotein receptor- 

related protein 4 (Lrp4) is required to normalize hippocampal plasticity and maintain long- 

term potentiation (Pohlkamp et al., 2015). The improved cognitive functions could be due to 

the regulation of the γ-aminobutyric acid receptor system, upregulation of microtubule- 

associated protein 2, and inhibition of N-cadherin cleavage (Mishra & Heese, 2011). Much 

evidence shows glutamate receptor, ionotropic, NMDA2B epsilon 2 (Grin2b) could be 

involved in specific function pertaining to the expressing cells, and its mRNA levels were 

significantly downregulated in these susceptible regions of the AD brain (Andreoli et al., 

2014). These DEGs were down-regulated in Tg2576 mice, but up-regulated in the T090137- 

treated Tg2576. So far, no study reported the link between the remaining genes and AD.  

Pathway analyses indicated the DEGs (T0901317 vs. untreated) were typically enriched in 

pathways of dopaminergic synapse, long-term potentiation and insulin resistance. Some 

results are compatible with previous studies. Long-term potentiation is critical in AD 

development (Koch et al., 2012; Wu, Guo, Gearing, & Chen, 2014). Brain insulin resistance 

is closely correlated to cognitive degradation and promotes biological abnormality in the 

disorder (Talbot, 2014). Abnormal insulin signaling contributes to synaptic and memory 

deteriorations (De Felice, Lourenco, & Ferreira, 2014). A single dose of oral L-dopa, one key 

neurotransmitter in regulating synaptic plasticity mechanisms, induced a clear form of 

reversal of the direction of plasticity in probable AD (Koch et al., 2011). However, there is 

rare research on dopaminergic synapse.  

Ten hub genes (Dlg4, Akt1, Grin2b, Cdh2, Ptk2b, Pten, Mapk4, Fgfr3, Mtap2, Camk2a) were 

obtained based on MCC in the PPI network. Reactive oxygen species-regulated oxidative 

correction of Akt1 accounts for the loss of activity-dependent protein translation that is 

critical for synaptic plasticity and maintenance (Ahmad et al., 2017). Ptk2b gene 

polymorphisms increase the risk of late-onset AD (Beck, Nicolas, Kopp, & Golemis, 2014). 

Pten inhibition saved synaptic function and cognition in AD animals, while Pten 
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overexpression was synaptically depressed, which mimicked and prevented Aβ-induced 

depression (Knafo et al., 2016). Postsynaptic density protein 95 (PSD95), transcribed from 

the Dlg4 (the most outstanding gene in the PPI network), mediated the expressions of 

important neuron-related protein- coding genes involved in neuronal plasticity and memory 

(Bustos et al., 2017). The aberrance of PSD95 expression in AD limited plasticity and 

stabilized the neuronal circuitry (Bustos et al., 2017). Dlg4/PSD95 will become a new target 

for the treatment.  

This study has several limitations First, gene expression profiles were not validated 

experimentally due to limited resource. Second, the number of mouse hippocampus was 

small, which may make our study underpowered. Third, the public microarray data were from 

mouse, and might not apply to humans.  

5. Conclusion 

Microarrays were used to find out gene expression modulated in the hippocampus of Tg2576 

mice and the transcriptional response to treatment with an LXR agonist T0901317. It is 

beneficial to exploring the mechanism of T0901317 on the mouse hippocampus. However, 

the findings should be confirmed by larger studies. 
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