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Figure S1 (Related to Figure 1). Single-cell RNA-sequencing analysis of Cellular 
Component and CD34 heterogeneity. 
(A) UMAP plots showing 11 color-coded cell clusters in the normal thoracic aortas and 
grafted arteries (n = 43178 cells) and clusters are identified via biological specific 
markers. (B) UMAP plots showing color-coded cell clusters in either normal thoracic 
aortas (19400 cells) or 4-week grafted arteries (23778 cells). (C) Pie chart showing the 
proportion of major cell types among different groups in either normal thoracic aortas 
or 4-week grafted arteries. (D) Dot plot showing average scaled expression levels of 
top DEGs across identified cell clusters. Dot size reflects the percentage of cells 
expressing the selected gene in each cell cluster. (E) UMAP plots showing the major 
cell types and 10 color-coded cell clusters of endothelial cells and fibroblasts in the 
normal thoracic aortas and grafted arteries. (F) Feature plots showing that CD34 
expression levels in either normal thoracic aortas or 4-week grafted arteries. (G) Gene 
ontology analysis of the top enriched biological function for cluster 1. (H) Volcano plots 
showing the up-regulated and down-regulated gene for cluster 1 compared to other 
fibroblast clusters.
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Figure S2 (Related to Figure 2). Effect of bone marrow-derived and non-bone 
marrow-derived CD34+ cells on vascular remodeling. 
(A/D/F) Sketch of the experimental strategy for bone marrow transplant chimeric mice 
model. (B) Representative co-immunofluorescence images of tdTomato and PDGFR-α, 
CD31, and CD45 on cryosections from 4 weeks grafted arteries of chimeric mice (n = 6). 
(C) semi-quantification of the percentage of tdTomato+ cells that express PDGFR-α, 
CD31, and CD45 in (B). Data are presented as mean ± SEM. (E) Representative co-
immunofluorescence images of tdTomato and PDGFR-α, CD31, and CD45 on 
cryosections from 4-week grafted arteries of chimeric mice without DT treatment (n = 6). 
(G) Representative co-immunofluorescence images of tdTomato and PDGFR-α, CD31, 
and CD45 on cryosections from 4-week grafted arteries of chimeric mice with DT 
treatment (n = 6). (H) semi-quantification of the percentage of tdTomato+ cells that 
express PDGFR-α, CD31, and CD45 in (E and G). Data were presented as the mean ± 
SEM and analyzed by using an unpaired two-tailed Student’s t-test. (I) Representative 
HE staining of grafted arteries with or without DT treatment (n = 6); and semi-
quantification of neointimal area in the presence and ablation of CD34+ cells. Data were 
presented as the mean ± SEM and analyzed by using an unpaired two-tailed Student’s t-
test. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. (J) Cartoon image unveiling 
the heterogeneity of CD34+ cells. 
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Figure S3 (Related to Figure 2). Single-cell RNA-sequencing analysis of 
tdTomato+ cells labeled by CD34 lineage tracing technique. 
(A) UMAP plots showing the major cell types and 10 color-coded cell clusters 
selected from tdTomato+ cells in the aortic graft. n = 9299 cells. (B) Heatmap 
showing average scaled expression levels of top DEGs across identified cell 
clusters. (C) Feature plots show that these markers expression (Cd34/Ddr2/Pecam1/
Cd86/ 
Plp1/S100a8) levels of tdTomato+ cells in the aortic graft. (D) Pseudotime heatmap 
showing top enriched functions in clusters1-3. (E) Heatmap showing the top 
expressing genes of cell chemokine in clusters1-3. (F) Trajectory plot showing the 
pseudotime representing trajectories of CD34-high expressing cells differentiation 
and the expression of 4 markers (CD34/CD44/Islr/Ly6a) in the differentiation 
trajectory. (G) Heatmap analysis for the different functions of fibroblasts after 
transplantation. 



Figure S4 (Related to Figure 3). Single-cell sequencing analysis of CD34+ 
PI16+ SPC subpopulation. 
(A) Feature plots showing the dividing line between high and low expression of 
CD34. (B) UMAP plots showing CD34 expression levels in each cluster. (C) 
Pseudotime trajectories showing the seven states of CD34 and PI16-high 
expressing cells differentiation. (D) Gene Ontology analysis of top enriched 
functions in cluster 4. (E) The expression of CD34 and Ly6a in cluster 0. (F) 
Schematic diagram of cell sorting process and flow cytometric sorting chart of 
CD34 and Pi16 positive cells. 
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Figure S5 (Related to Figure 3). Characterization of PI16+ cells in a grafted 
artery. 
(A) Schematic showing genetic lineage tracing by PI16-CreERT2; Rosa26-tdTomato. 
(B) Representative co-immunofluorescence images of tdTomato and PI16 before (n = 
6) and after (n = 6) arterial transplantation in PI16-CreERT2; Rosa26-tdTomato mice; 
and semi-quantification of the percentage of PI16+ cells among tdTomato+ cells. Data 
were presented as the mean ± SEM. (C) Schematic showing the overlap of PI16 
lineage cells and CD34+ cells. (D) Representative co-immunofluorescence images of 
tdTomato and CD34 after arterial transplantation in PI16-CreERT2; Rosa26-tdTomato 
mice; and semi-quantification of the percentage of tdTomato+ cells among CD34+ 
cells. Data were presented as the mean ± SEM. (E) UMAP plots showing that the 
CD34 distribution in total cell clusters. (F) Pie chart showing that the proportion of 
PI16-positive cells in different groups. (G) Gene Ontology analysis revealing the 
difference of top enriched functions between PI16+ cells and PI16- cells. (H-K) 
Representative co-immunofluorescence images of tdTomato and CD31, α-SMA, 
PDGFR-α, and CD45 on cryosections from 4-week grafted arteries of PI16-CreERT2; 
Rosa26-tdTomato mice (n = 6). Right panel: semi-quantification of the percentage of 
CD31, α-SMA, PDGFR-α, and CD45 cells that express tdTomato in (H-K). Data were 
presented as the mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001. 
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Figure S6 (Related to Figure 4).  Alterations of adventitial remodeling in graft 
vasculopathy.  
(A) Whole-mount Immunostaining of CD34 and PDGFR-α for grafted arteries at 
different points (1,2,3 and 4 weeks). n = 6 per group. Data were presented as the 
mean ± SEM. (B) ScRNA-sequencing analysis of ECM organization and ossification in 
normal thoracic aorta and 4 weeks allograft. (C) HE, Masson, and Picro-Sirius staining 
of grafted arteries at different points (1,2,3 and 4 weeks). n = 6 per group. Data were 
presented as the mean ± SEM. * p < 0.05, ** p < 0.01, *** p < 0.001, **** p < 0.0001.


