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Ovarian estrogen deficiency participates in the pathogenesis of Alzheimer’s disease
by regulating hippocampal mitochondrial function and extracellular matrix

remodeling
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*Department of Neurology, Second Affiliated Hospital, Army Medical University (Third Military Medical University) ,
Chongqing, China.

[Abstract] Objective The incidence of Alzheimer’s disease (AD) in postmenopausal women is
significantly increased with ageing. Menopause induced ovarian estrogen deficiency has been regarded as one
of the causative risk factor of AD, but currently the detail mechanisms underlying estrogen regulation on the
hippocampus remain unclear. This study aimed to uncover the potential pathways and key molecules through
which estrogen deficiency induced by ovariectomy promotes AD pathogenesis by integrating transcriptomic
and proteomic analyses. Methods The ovariectomy (OVX) mouse model was established to simulate
postmenopausal estrogen decline. Transcriptomic (n=3) and proteomic (n=3) differences in the hippocampal
tissues of OVX mice were analyzed using RNA sequencing and protein mass spectrometry. Co-trend
molecules identified from both omics datasets were subjected to GO/KEGG enrichment and cluster analyses.
These molecules were further compared with the human AD hippocampal database (AlzDate) for expression
trend consistency; and online resources such as String, GeneCards/Uniports were employed to analyze protein
interactions and networks of the co-trend genes to identify key molecules. Results A total of 139
differentially expressed genes (DEG) and 248 differentially expressed proteins (DEP) were identified, with 18
molecules showing consistent expression trends in both omics. Functional enrichment analysis revealed that
these molecules were primarily involved in axonogenesis, cytoskeleton dynamics regulation, and long-chain
fatty acid transport. After comparison with the human AD database, 11 of the 18 co-trend molecules exhibited
expression inhibition consistent with AD-associated genes in the human hippocampal databases. Interaction
network analysis identified Aldoc (involved in glycolysis), Aldh6al (involved in ROS scavenging), Etnppl
(involved in mitochondrial energy metabolism), and [tih3 (involved in hyaluronic acid-mediated extracellular
matrix remodeling) as key genes contributing to AD pathogenesis. Additionally, 3 co-trend molecules (PrxI2a,
Set, Plin4) were not detected in human AD databases. Conclusion Postmenopausal estrogen deficiency
decreases the expression levels of hippocampal Aldoc, Einppl and Aldh6al then affects mitochondrial energy
metabolism; and decreases levels of ltih3 expression then disables extracellular matrix remodeling. These
effects collectively impair hippocampal axonal regenerative capacity, destabilize the cytoskeleton, and hinder
the transport of long-chain fatty acids, ultimately driving the progression of AD pathology.
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A': principal component analysis (PCA) of transcriptome data; B: Pearson correlation plot; C: gene expression heatmap ;

D: Volcano plot of differentially expressed genes, with down-regulated genes depicted in green and up-regulated genes in red.

Samples C1~3: 3 control animals; O1~3: 3 experimental animals
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Figure 1 Transcriptomic sequencing analysis: quality control, heatmap, and volcano plot.
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A': principal component analysis (PCA) plot of proteomics; B: Pearson correlation plot; C: protein expression heatmap ;

D: volcano plot of differentially expressed proteins, with down-regulated proteins depicted in green and up-regulated proteins in

red. Samples C1~3: 3 control animals; O1~3: 3 experimental animals
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Figure 2 Proteomic analysis: quality control, differential protein heatmap and volcano plot
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co-regulated molecule counts (numbers at bar ends indicate Log2FC of corresponding molecules)

B3 ®HRAF-Z|AA

FES

SIFELER ST

Figure 3 Integrated transcriptomics-proteomics analysis for co-regulated molecule screening
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Figure 4 GO enrichment and cluster analysis of co-regulated molecules
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Figure 5 KEGG pathway enrichment analysis of co-regulated molecules
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Table 2 Cross-referencing of the co-regulated molecules with human Alzheimer’s disease hippocampal gene databases (AlzData)

Proteomic Transcriptomic Differential expression of Hippocampus in AlzDate

Gene name

Log2FC P. value Log2kC P. value Log2kC P. value
Cfp 5. 668 0. 006 0.402 0. 004 0. 156 0. 167
She 5.546 0. 002 0.342 0. 050 0. 103 0.392
Sdf211 0.459 0.020 0.414 0.036 -0. 208 0. 195
Sashl 0.307 0.030 0.153 0. 047 0.247 1. 46E-03
Cep97 0.303 0. 009 0. 201 0. 037 0.07 0.434
Ranbp10 0.259 0. 020 0.338 0. 000 -0.227 0.01
Myh9 0.171 0.016 0. 181 0.023 0. 141 0.303
Aldoc -0. 154 0. 025 -0.271 0. 005 -0.258 0.012
Aldh6al -0. 191 0. 000 -0. 190 0.015 -0. 038 0.615
PrxI2a -0.218 0.022 -0.218 0.013 ND ND
Fam171b -0.227 0.035 -0. 134 0.043 -0. 007 0.939
Fefr3 -0.273 0.015 -0. 156 0. 031 0.112 0.387
Set -0. 405 0.016 -0. 158 0. 026 ND ND
Cirbp -0. 406 0. 001 -0.292 0. 002 -0. 165 0.179
Etnppl -0.762 0.016 -1.115 0. 000 -0.014 0.922
[tih3 -0. 846 0. 005 -0. 357 0. 001 -0.02 0. 875
Sle2al -0. 876 0.033 -0.233 0. 036 0.124 0.224
Plin4 -1.583 0. 001 -0. 665 0. 001 ND ND
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Figure 6 Validation of co-regulated molecules against human Alzheimer’s disease databases
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Table 3 Functional annotation and subcellular location of ovariectomy-induced genes contributing to pathogenesis of

Alzheimer’s disease in mice

Gene name Protein name Subcellular Location Molecular function

Aldh6al Aldehyde dehydrogenase family 6 member A1~ Mitochondrion/ Nucleus Oxidoreductase

Aldoc Fructose-bisphosphate aldolase C Cytosol Glycolysis

Etnppl Ethanolamine-phosphate phospho-lyase Mitochondrion Ethanolamine-phosphate phospho-lyase activity

Itih3 Inter-alpha-trypsin inhibitor heavy chain H3 Collagen-containing extracellular matrix ~ Synthesis and degradation of hyaluronan
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Figure 7 Protein interaction network linking ovariectomy to

pathogenesis of Alzheimer’s disease in mice
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