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Abstract

In our previous work, we reported a global landscape of opposite aging effects among mouse cell subsets, where each cell
subset is defined as a combination of tissue and cell type, and aging leads to increased gene expression in one subset but
reduced expression in another. In this study, we investigated whether opposite aging effects are also observed in human
cell subsets using the database of differentially expressed genes (DEGs) and differentially accessible regions (DARs) in
various human cell subsets. The results suggest that the opposite aging effects occur among human cell subsets at both the
transcriptomic and epigenomic levels.
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Figure 1. The opposite aging effects among human cell subsets:

(A) Conceptual illustration of the opposite aging effect among cell subsets. (B) Analysis of age-related gene expression
changes (DEGs) in scRNA-seq data. N_genes represents the number of genes included in the analysis. The panel shows
the distribution of the number of subsets where expression increases with age (x-axis) versus decreases with age (y-axis)
for each gene. Red dots represent Up_only genes, blue dots represent Down_only genes, and purple dots represent genes

showing the opposite aging effect. (C) Analysis of age-related accessibility changes (DAR) for promoter regions in
scATAC-seq data analysis under multiple P value thresholds.
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Description

Comparing molecular marker expression levels between young and old individuals provides a powerful framework for
investigating the mechanisms of aging. Omics data analysis is particularly valuable because it comprehensively captures
biomolecules that significantly increase or decrease with age. Since the human body is composed of various tissues and
cell types, elucidating age-related molecular changes across diverse cell types is essential for advancing anti-aging
medicine.

In our previous work using a mouse single-cell RNA-seq atlas dataset, we reported a global landscape of opposite aging
effects (Okada, 2024), where aging leads to increased gene expression in one cell subset but reduced expression in another
cell subset (Fig. 1A). Here, each cell subset is defined as a unique combination of tissue of origin and cell type, allowing
us to capture tissue-specific differences in aging responses within the same cell type. In approximately 10% of mouse
genes, opposite aging effects among cell subsets were observed. This finding highlights the importance of considering cell
subset-specific differences when evaluating potential interventions against aging.

In this study, we investigated whether opposite aging effects are also observed in human transcriptomic and epigenomic
profiles. We used the AgeAnno database, which shows aging-related markers detected across diverse human tissues and
cell types using single-cell RNA-seq (scRNA-seq) and single-cell ATAC-seq (scATAC-seq) (Huang et al., 2023). The
database provides lists of differentially expressed genes (DEGs) and differentially accessible regions (DARs) for multiple
tissue—cell type pairs. We defined each tissue—cell type pair as a “cell subset,” since even the same cell type can exhibit
distinct aging patterns depending on its tissue of origin (Kimmel et al., 2019; Okada et al., 2025). We classified the genes
in the database according to the direction of age-related change.

Among all DEG records in the database, we found 1,187 DEGs between old and young individuals (adjusted P < 0.05),
which covered 44 cell subsets from 5 tissues and 42 cell types. Among these genes, 18.9% exhibited opposite directions of
age-related change, meaning that expression increased with age in at least one subset but decreased in another (Fig. 1B).
These results demonstrated that the opposite aging effect exists not only in mouse but also in human transcriptomes
among cell subsets.

Among all DAR records in the database, we focused on DARs between old and young individuals that were located in
promoter regions (< 1 kb) of genes. The DARs in promoter regions were annotated to their corresponding genes. Since no
adjusted P values were provided for DARs, we examined the presence of opposite genes using multiple nominal P value
thresholds. The proportions of opposite genes were 78.5% (P < 0.05), 36.4% (P < 0.005), 15.9% (P < 0.0005), and 8.6%
(P < 0.00005), respectively. Although constructing a rigorous statistical test is a difficult task and was not applied in this
analysis, it is noteworthy that opposite genes are observed on the scatter plot even when the threshold is set strictly.

These results suggest that widespread opposite aging effects occur among human cell subsets at both the transcriptomic
and epigenomic levels. A limitation of this study is that the pools of cell subsets analyzed for transcriptome and
epigenome differ, making direct numerical comparisons difficult. For example, if a set containing many biologically
similar cell subsets is used, the number of genes showing opposite aging effects would be smaller. Nevertheless, the key
point emphasized in this study is that opposite aging effects were observed in both human transcriptome and epigenome
data under standard single-cell omics analysis.

Methods

Data analysis was performed using R version 4.3.2. The DEG and DAR lists used as source materials were downloaded
on November 29, 2023, from the AgeAnno database. From the DEG table, records where the group field was “old vs
youth” were extracted. From the DAR table, records where the annotation field was “Promoter (< 1 kb)” were selected.
The procedures for calculating DEGs and DARs can be referred to in the original paper of the AgeAnno database (Huang
et al., 2023).

The method for evaluating the opposite aging effects followed our previous approach (Okada, 2024). Let N_up and
N_down denote the number of cell subsets in which a gene shows increased or decreased expression with aging,
respectively. Genes with both N_up > 0 and N_down > 0 were classified as having the opposite aging effect. Genes with
N_up > 0 and N_down = 0 were defined as UP only genes, while those with N_up = 0 and N_down > 0 were defined as
DOWN only genes. We classified DEGs and DARs in the database according to these categories. When the genes
exhibiting both increases and decreases were found even within the same subset, such genes were not counted as either
UP or DOWN.

The analysis code is available on GitHub:
https://github.com/DaigoOkada/human opp

References


https://github.com/DaigoOkada/human_opp

microPublication
BIOLOGY
11/11/2025 - Open Access

Huang K, Gong H, Guan J, Zhang L, Hu C, Zhao W, et al., Zhou X. 2023. AgeAnno: a knowledgebase of single-cell
annotation of aging in human. Nucleic Acids Res 51(D1): D805-D815. PubMed ID: 36200838

Kimmel JC, Penland L, Rubinstein ND, Hendrickson DG, Kelley DR, Rosenthal AZ. 2019. Murine single-cell RNA-seq
reveals cell-identity- and tissue-specific trajectories of aging. Genome Res 29(12): 2088-2103. PubMed ID: 31754020

Okada D. 2024. The opposite aging effect to single cell transcriptome profile among cell subsets. Biogerontology 25(6):
1253-1262. PubMed ID: 39261411

Okada D, Zhu J, Shota K, Nishimura Y, Haraguchi K. 2025. Systematic evaluation of the isolated effect of tissue
environment on the transcriptome using a single-cell RNA-seq atlas dataset. BMC Genomics 26(1): 416. PubMed ID:
40301713

Funding: This work was supported by a KAKENHI Grant-in-Aid from the Japan Society for the Promotion of Science
(JSPS; grant number JP25K18719), the Kayamori Foundation of Informational Science Advancement, Broadening
Opportunities for Outstanding young researchers and doctoral students in STrategic areas from Japan Science and
Technology Agency (BOOST; grant numbers JPMJBY24B4), Tokai Pathways to Global Excellence (T-GEx).

Author Contributions: Daigo Okada: conceptualization, formal analysis, funding acquisition, investigation,
methodology, writing - original draft.

Reviewed By: Anonymous

History: Received September 23, 2025 Revision Received November 2, 2025 Accepted November 10, 2025 Published
Online November 11, 2025 Indexed November 25, 2025

Copyright: © 2025 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Okada D. 2025. Opposite aging effects among cell subsets revealed in the human transcriptome and epigenome.
microPublication Biology. 10.17912/micropub.biology.001868



https://www.ncbi.nlm.nih.gov/pubmed/36200838
https://www.ncbi.nlm.nih.gov/pubmed/31754020
https://www.ncbi.nlm.nih.gov/pubmed/39261411
https://www.ncbi.nlm.nih.gov/pubmed/40301713
https://doi.org/10.17912/micropub.biology.001868

