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Figure S1. p21high and p16high cells are two distinct populations. Related to Figure 1.  

(A) Violin plots of canonical marker genes in different cell populations. The marker genes were 

used to define the cell populations (cluster 0-13) in Figure 1A. Mesothelial cell – Msln, Upk3b; 

Preadipocyte – Gpm6b, Svep1, Ly6a; Macrophage – Adgre1, C1qa, Siglech, Cd209a; Endothelial 

cells – Pecam1, Cdh5; Neutrophil – S100a8, Il1f9; T cells – Cd3d, Trbc2; Dendritic cell – Sept3, 

Clec9a; B cell – Cd19, Ms4a1; Plasma cell – Igkc, Mzb1.  

(B) UMAP plots showing log2 (normalized expression of p16/p19) in SVF from lean (left) and 

obese (right) mice. 

(C)-(D) Representative micrographs of p21 (C) or p16 (D) RNAScope staining on gVAT from 

RCD or 2-month HFD fed mice (3-9 images per 4 biological replicates in each group). Red arrows 

indicate p21 or p16 transcripts. Scale bar = 30 μm.  

(E) Quantitative analysis of p21 and p16 transcripts for gVAT from RCD or HFD fed mice.  

(F)-(G) Proportion of p21high and p16high cells in SVF of gVAT from mice with RCD, 1.5-month 

HFD (F), and 10-month HFD feeding (G).  

(H) Flow cytometry analysis of p21 and p16 expression in the SVF of gVAT from RCD and 10-

month HFD fed mice.  

For E, n = 4 biological replicates with 3-9 technical replicates for both groups. For F-H, n = 6 for 

RCD, n = 4 for HFD 1.5M, n = 5 for HFD 10M. For F-H, n represents the number of biological 

replicates with 1 technical replicate. Results are shown as mean ± s.e.m. * P < 0.05; two-tailed 

Welch's t-test. 
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Figure S2. p21high (GFP+) cells accumulate in adipose tissue with obesity. Related to Figure 

2.  

(A) Schematic of p21-Cre transgene.  

(B) Mean fluorescence intensity (MFI) of p21 staining by flow cytometry in GFP+ and GFP- cells. 

(C) Gating strategy for analysis of leukocytes, preadipocytes, endothelial cells, and macrophages. 

(D) Proportion of GFP+ p21high cells in all cells, leukocytes, preadipocytes, endothelial cells, and 

macrophages. Figure S2D was also shown as a part of Figure 2B.  

For B, n = 5 for both groups. Results are shown as mean ± s.e.m. For D, n = 7 for both groups. 

For B and D, n represents the number of biological replicates with 1 technical replicate. Results 

were shown as box-and-whisker plots, where a box extends from the 25th to 75th percentile with 

the median shown as a line in the middle, and whiskers indicate the smallest and largest values. * 

P < 0.05; two-tailed Welch's t-test. 
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Figure S3. p21high (Tom+) cells accumulate in adipose tissue with obesity. Related to Figure 

2.  

(A) PT mice have one copy of p21-Cre transgene and one copy of floxed knock-in tdTomato. 

(B) MFI of p21 staining by flow cytometry in Tom+ and Tom- cells.  

(C) Proportion of Tom+ p21high cells in all cells, preadipocytes, endothelial cells, and macrophages. 

(D) Representative micrographs of 5 tissues in PT mice (3 images per 3 biological replicates in 

each group). Red: tdTomato, Blue: DAPI. Scale bar = 25 μm.   

For B, n = 5 for both groups. For C, n = 3 for PT-RCD, n = 4 for PT-HFD. For B and C, n 

represents the number of biological replicates with 1 technical replicate. Results are shown as 

mean ± s.e.m. * P < 0.05; two-tailed Welch's t-test. 
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Figure S4. Clearance of p21high cells in gVAT alleviates metabolic dysfunction induced by 

HFD. Related to Figure 2.  

(A) Representative images of LUC activity in male PL-RCD (n = 6), PL-HFD (n = 8), and PLD-

HFD (n = 8) mice (1 image per 6-8 biological replicates). r.l.u., relative luciferase units. Scale bar 

= 15 mm. 

 (B) Quantification of LUC activity. Part of Figure S4B was also shown in Figure 4C.  

(C) Representative images of SA-β-gal staining for gVAT (1 image per 6 biological replicates in 

each group).  

(D) Representative images of LUC activity in various tissues. One image per 6 (RCD) or 8 (HFD) 

biological replicates. Scale bar = 10 mm.  

(E) Experimental design, GTT curve (mean ± s.e.m.), AUC, ITT curve (mean ± s.e.m.), and AOC 

in another independent cohort of PL and PLD mice on a HFD.  

(F) Experimental design, GTT curve (mean ± s.e.m.), AUC, ITT curve (mean ± s.e.m.), and AOC 

in PL and PLD mice on a HFD without TAM administration.  

For B, n = 6 for PL-RCD, n = 8 for PL-HFD, and n = 8 for PLD-HFD. For E, n = 6 for both 

groups. For F, n = 5 for both groups. For B, E and F, n represents the number of biological 

replicates with 1 technical replicate. Results were shown as box-and-whisker plots, where a box 

extends from the 25th to 75th percentile with the median shown as a line in the middle, and 

whiskers indicate the smallest and largest values. * P < 0.05 vs PL-HFD by one-way ANOVA (B), 

by two-way ANOVA (GTT and ITT curves), by two-tailed Welch's t-test (AUC and AOC).
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Figure S5. Clearance of p21high cells does not substantially affect food intake, activity, or 

pancreatic β-cell function. Related to Figure 2.   

(A) Body composition in PL and PLD mice before HFD feeding, 2 months after HFD feeding but 

before TAM treatment, and 5 days after TAM treatment.  

(B-C) Food intake (B) and activity (C) during daytime (D) and night (N) for 2 days in HFD-fed 

PL and PLD mice.  

(D) Plasma insulin level at baseline and 15 minutes after glucose injection in HFD-fed PL and 

PLD mice.  

(E) Islet area (insulin staining positive area) over total pancreatic area and islet number in HFD-

fed PL and PLD mice.  

(F) Representative images of insulin staining of pancreatic tissues from HFD-fed PL and PLD 

mice (1 image per 6 biological replicates in each group). Red: insulin, Blue: DAPI. Scale bar = 1 

mm.  

(G-K) PL and PLD mice were fed with HFD for 2 months, and then treated with TAM. (G) Relative 

mRNA abundance of adipogenesis genes in adipocytes and (H) in SVF. (I) Proportion of CD45+ 

cells. (J) Proportion of macrophages (F4/80+CD11b+ of CD45+ cells). (K) Relative mRNA 

expression for 3 key M2 macrophage markers in SVF.  

For A-D, n = 8 for both groups. For E, n = 6 for both groups. For G, H and K, n = 11 for both 

groups. For I and J, n = 7 for PL, and n = 8 for PLD. For A-E, G-K, n represents the number of 

biological replicates with 1 technical replicate. Results were shown as box-and-whisker plots, 



where a box extends from the 25th to 75th percentile with the median shown as a line in the middle, 

and whiskers indicate the smallest and largest values. * P < 0.05; two-tailed Welch's t-test. 
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Figure S6. Intermittent clearance of p21high cells has long-term protective benefit for 

metabolic function with obesity. Related to Figure 3.   

(A) Experimental design, GTT curve (mean ± s.e.m.), AUC, ITT curve (mean ± s.e.m.), and AOC 

in PL and PLD mice after 8 months of HFD feeding. One mouse died in each group during the 8 

months.  

(B) Experimental design, GTT curve (mean ± s.e.m.), AUC, ITT curve (mean ± s.e.m.), and AOC 

in RCD-fed PL, HFD-fed PL and HFD-fed PLD mice. Notably, these experiments were performed 

at Mayo Clinic while the rest of the experiments in this study were performed at UConn Health. 

For A, n = 7 for both groups. For B, n = 3 for PL-RCD, n = 7 for PL-HFD, n = 4 for PLD-HFD. 

n represents the number of biological replicates with 1 technical replicate. Results were shown as 

box-and-whisker plots, where a box extends from the 25th to 75th percentile with the median 

shown as a line in the middle, and whiskers indicate the smallest and largest values. * P < 0.05 vs 

PL-HFD by two-tailed Welch's t-test (AUC and AOC in (A)), by one-way ANOVA (AUC and 

AOC in (B)), by two-way ANOVA (GTT and ITT curves). 
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Figure S7. VAT remains viable and biologically active in the host after transplantation. 

Related to Figure 6.  

(A) Experimental design.  

(B) Representative images of LUC activity in WT mice transplanted with LUC VAT or PBS (6 

biological replicates with 1 technical replicate in each group).  

(C) Representative photograph of donor VAT 2 months after transplantation (3 biological 

replicates with 1 technical replicate in each group). Donor VAT remained connected to the host 

adipose tissue.  

(D) Representative H&E-stained micrographs of donor PL and PLD VAT 2 months after 

transplantation (3 images per 3 biological replicates in each group). Scale bar = 100 μm. 

  



Table S1. Gender, age, racial and BMI information of the study participants, related to 
STAR methods. 

 

 

 

Donor ID Gender Age Racial BMI 

Donor patient OM-1 Female 28 Caucasian 37.08 

Donor patient OM-2 Female 49 Caucasian 52.5 

Donor patient OM-3 Female 68 Caucasian 41.73 

Donor patient OM-4 Male 62 Caucasian 42.38 


