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Extended Data Fig. 3 | Senescent macrophages are characterized by elevated 
interferon signaling and have augmented responses towards LPS. (a) Venn-
diagram analysis of all upregulated genes across irradiation and doxorubicin-
induced senescence models. (b)Volcano plots are differentially expressed 
(log2FC > 1.3 and FDR < 0.05) between control and senescent Sen(Doxo) 
macrophages. (c) Kegg terms associated with the genes up/down-regulated by 
both Sen(Doxo) macrophages compared to control macrophages. (d) Volcano 
plot of upregulated (red) and downregulated (blue) proteins by FDR adj p-value 
and fold change from SASP-proteomics (SASPomics) mass-spectrometry 
between control and Sen(Doxo) macrophages. (e) Kegg terms associated with the 
proteins up-regulated by Sen(Doxo) over control macrophages. (f) Venn-diagram 
analysis of all upregulated SASP proteins across irradiation and doxorubicin-
induced senescence models. (g) Relative mRNA transcript levels of Cmpk2 across 
passage control, Sen(IR) and Sen(Doxo) macrophages. Asterisks represent 
the p-value of ANOVA ≥ 0.05 (ns), <0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱), 

<0.0001 (✱✱✱✱). (h) Relative mRNA transcript levels of M1 and senescent 
genes in response to LPS (24 hr 100 ng per mL) across P.Control, Sen(IR) and 
Sen(Doxo) macrophages. Asterisks represent the p-value of ANOVA ≥ 0.05 (ns), 
<0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱), <0.0001 (✱✱✱✱). (i) Phagocytosis 
assay using GFP-labeled E.Coli slurry. Images were taken at 40x magnification. 
Quantification of percent cells was performed using Image J software using 16-bit 
images. (j) Efferocytosis assay using apoptotic bodies derived from EdU-labeled 
MC38 cancer cells. Mean, +/− SE, EdU+ macrophages. N = 3 biological replicates, 
p-value from students t-test. (k) Relative mRNA transcript levels of M2 genes 
in response to IL-4 (24 hr 10 ng per mL) markers across P.Control, Sen(IR) and 
Sen(Doxo) macrophages. Asterisks represent the p-value of ANOVA ≥ 0.05 (ns), 
<0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱), <0.0001 (✱✱✱✱). (l) Arginase activity 
in cellular lysates as assessed by urea production. Asterisks represent the p-value 
of post-hoc 2-way ANOVA ≥ 0.05 (ns), <0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱), 
<0.0001 (✱✱✱✱).
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Extended Data Fig. 4 | See next page for caption.
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Extended Data Fig. 4 | Evaluation of senescence in aging liver cells and aging 
heart cells. (a) Mean, and +/− SE, gene expression (RT-qPCR) of Cdkn2a from 
N = 5, 2–4 month young (Y) vs. 21–24-month-old (O) mice. Asterisks represent 
the p-value of t-test ≥0.05 (ns), <0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱), <0.0001 
(✱✱✱✱). (b) The percent cell is positive for Cdkn1a (blue) and Cdkn2a (red) 
across the remainder of liver cells across age. (c) Bubble map of genes grouped 
by hallmarks or macrophage senescence. Size represents the fraction of cells 

expressing each gene, and color reflects average expression for the remainder of 
liver cells. (d) UMAP analysis of the Tabula Muris Senis data set representing all 
cells in the liver annotated by cell type. UMAP analysis of the Tabula Muris Senis 
data set representing all cells in the liver annotated by age. (e) The percent cell is 
positive for Cdkn1a (blue) and Cdkn2a (red) across all cells in the heart and aorta 
data set.
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Extended Data Fig. 5 | MSen transcriptomic signature increases in metabolic 
disease. (a) GSVA scoring on M1, M2, Sen(IR), and control conditions of 
CellAge, gene ontology (GO) for senescence from the gene ontology database. 
(b-f) Median difference in the distribution of MSen Seurat score across all 

macrophages in MASLD liver disease and atherosclerosis. P-value represents 
results of a t-test. Included is the distribution of scores (x-axis) across all cells 
in data sets compared to the proportion of genes expressed in MSen signature 
(y-axis).

http://www.nature.com/nataging


Nature Aging

Article https://doi.org/10.1038/s43587-026-01101-6

Wild type Trem2 -/-

Control Sen(IR)Sen(IR) Control

SA
-B

et
a 

ga
l

Wild
 ty

pe

Tre
m2 -

/-

Wild
 ty

pe

Tre
m2 -

/-
0

2

4

6

8

10

%
 c

el
ls 

Ed
U 

+

<0.0001

0.0398

8.28

0

300K

600K

900K

1.2M

0.20

0 10 4

1.33 0.33

0 10 4
0 10 40 10 4

Wild type Trem2 -/-

P.Control Sen(IR) Sen(IR)P.Control

EdU::AF488

Chemokine Binding
Platelet−Derived Growth Factor Receptor Binding

Kinase Binding
RNA Binding

Ribosome Biogenesis
Cytosolic Large Ribosomal Subunit

Large Ribosomal Subunit
Translation

Peptide Biosynthetic Process
Actin Cytoskeleton

Macromolecule Biosynthetic Process
Cadherin Binding

Cytoplasmic Translation
Cell−Substrate Junction

Focal Adhesion

5 10 15 20

Trem2 −/− vs. Wild−Type Sen(IR) 

25

Direction
Up

Down

− log10 ( q )  values

a

b

c

Extended Data Fig. 6 | The effects of Trem2 −/− in senescent macrophages. 
(a) Senescence-associated β-galactosidase assay imaging for wild-type and 
Trem2 −/− senescent macrophages at 20x magnification. Scale bars represent 
20-micron distances. (b) Click-it EdU labeling of cells to assess % cells in S-phase. 
Bar graph quantification is an average of three independent biological replicates. 

N = 3 biological replicates, p-value from Tukey-test post-ANOVA analysis.  
(c) Gene ontology analysis for statistically significant upregulated DEGs within 
senescence in response to the Trem2 −/− background. The size of the data points 
represents the relative odds ratio.
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Extended Data Fig. 7 | Effect of CD38 on Ac-LDL induced senescent 
macrophages. (a) Relative Cd38 mRNA transcript levels across control,  
3 days acLDL (foamy) and 10 days acLDL (sen). Asterisks represent the p-value 
of ANOVA ≥ 0.05 (ns), <0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱), <0.0001 
(✱✱✱✱). (b) Senescence associated beta galactosidase assay imaging for Cd38 
−/− macrophages compared to WT control at 20 x magnification. Scale bars 

represent 10 um. (c) Relative mRNA transcript levels for senescence and SASP 
genes across control and 10 days Ac-LDL (sen) for WT and Cd38 −/− genotypes. 
Asterisks represent the p-value of ANOVA ≥ 0.05 (ns), <0.05 (✱), <0.01 (✱✱), 
<0.001 (✱✱✱), <0.0001 (✱✱✱✱).
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Extended Data Fig. 8 | Comparative and systemic effects of ABT-263 as a 
senolytic. (a) SA beta galactosidase assay imaging for BMDM macrophages at 
20x magnification treated with DMSO control, Rapamycin (50 nM), D (15 uM) + Q 
(20 uM), and ABT-263 (1 uM) for 24 hours. Scale bars represent 20 uM distance.  
(b) Representative flow cytometry gates of BMDM macrophages treated with 
ABT-263 1 uM for 24 hours. Gates represent AV+ and PI+ cell populations.  
(c) Average IC50 quantified on nm scale. N = 3 biological replicates. Asterisks  

represent the p-value of t-test ≥0.05 (ns), <0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱), 
<0.0001 (✱✱✱✱). (d) P21 + F4/80+ (senescent macrophages) abundance 
relative to p21+ cells in n = 5-6 liver tissues per condition. P-value of Tukey test 
post ANOVA. (e) Average mouse weight +/− SE of N = 5–7 aged mice treated with 
Vehicle or ABT-263. (f) Whole tissue staining of SA beta-galactosidase images for 
young (4 m) and old (24 m) VAT tissue in response to ABT-263.
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Effects of ABT-263 on gene expression, blood tests, liver 
enzymes, metabolites, and lipids. (a) Relative Cdkn2a mRNA transcript levels of 
BMDMs from CETP-APOE* Leiden mice crossed on different three backgrounds. 
Asterisks represent the p-value of ANOVA ≥ 0.05 (ns), <0.05 (✱), <0.01 (✱✱), 
<0.001 (✱✱✱), <0.0001 (✱✱✱✱). (b-d) Serum metabolite, serum lipid levels, 
and serum liver enzymes related to pathology MASH mice. ND was observed 
outside blood glucose. Asterisks represent the p-value of t-test ≥0.05 (ns), 
<0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱), <0.0001 (✱✱✱✱). (e) Relative mRNA 
transcript levels for inflammatory genes in bulk visceral adipose (VAT) and kidney 

samples. P-value represents the results of the t-test. (f) Bulk-RNAseq of the M1 
and M2 genes in response to the senolytic drug, ABT-263. Scale bar represents 
Log2[TPM + 1] expression on a z-score axis. N = 6 Vehicle, and N = 5 ABT-263 
treated mice used in this experiment. (g) Pathology graded histology reports for 
fibrosis on 5-6 MASH mice with and without ABT-263. (h) Fold change differences 
of normalized lipid abundance (nmol lipid per mg liver) for all lipid species via 
shotgun lipidomics (LC-MS/MS) relative to vehicle. Asterisks represent the 
p-value of t-test ≥0.05 (ns), <0.05 (✱), <0.01 (✱✱), <0.001 (✱✱✱),  
<0.0001 (✱✱✱✱).
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Extended Data Fig. 10 | Senescent human macrophage SASP characterization by gene expression. Relative gene expression (RT-qPCR) normalized to within donor 
control. N = 9 donors, no gene was significant by p-value statistics. Each line represents paired data points.
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