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Supplementary Figure 1. scRNA-seq analysis of young and aged mouse lungs following 

bleomycin challenge. (A) Young sham (n = 1, 11767 cells), aged sham (n = 2, 16507 cells), 

bleomycin-treated young (n = 1, 5893 cells), and bleomycin-treated aged (n = 2, 18375) lungs 

were harvested at day 30 post bleomycin delivery and prepared for scRNA-Seq analysis. This 

schematic was created with BioRender.com. (B) UMAP embedded visualization of the cells from 
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all lung samples shows different cell populations and their composition. (C) UMAP plots of single 

cells showing gene expression for indicated marker genes.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Figure 2. Heat map of marker genes for all identified cell types. Each cell 

type is defined by the top eight most expressed genes. Each column represents the average 

expression value for each lung sample, hierarchically grouped by cell type. 
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Supplementary Figure 3. Heat map of marker genes for all endothelial cell types. Each EC 

lineage is defined by the top three most expressed genes. Each column represents the average 

expression value for each lung sample, hierarchically grouped by EC type. Quiescent (Q), 

activated (A).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure 4. Activated EC from aged mouse lung express high level of 

activation marker genes. Violin plots of the expression of activation marker genes in EC from 

Young and Aged mouse. Young Sham (YS, n = 5717 cells); Young Bleo (YB, n = 2211 cells); 

Aged Sham (AS, n = 6821 cells); Aged Bleo (AB, n = 9462 cells). Each box plot displays the 

median value as the center line, the upper and lower box boundaries at the first and third quartiles 

(25th and 75th percentiles), and the whiskers depict the minimum and maximum values. 



 

Supplementary Figure 5. Hypoxia in fibrotic aged lungs is detected in cells of epithelial 

and mesenchymal origin. Immunofluorescence analysis of bleomycin-injured young and aged 

mouse lungs (60 days post bleomycin) shows that hypoxia, detected by hypoxyprobe, was 

primarily sensed in PDPN+ AT1 cells and VIM+ mesenchymal cells. 
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Supplementary Figure 6. GFP+ arterial and venous derived ECs express markers of gCap 

ECs. t-SNE plots shows the expression of different capillary EC marker genes in GFP+ arterial 

and venous derived ECs. 
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Supplementary Figure 7. Ingenuity pathway analysis shows canonical pathways enriched 

in lung ECs from young and aged lungs at different timepoints. The same pathway that are 

deactivated in young lung ECs during the early phase of fibrosis resolution (day 35) post 

bleomycin challenge remained active in ECs from aged lungs with persistent fibrosis.  Activation 

z-scores for dysregulated genes (Log2 FC ≤ -0.1 or ≥ 0.1, P value < 0.05) and comparison 

analysis were generated in IPA software. 

Comparison of Canonical pathways   
in post-injury ECs 

YB 14D YB 35D AB 30D 
Eukaryotic Translation Initiation

Major pathway of rRNA processing
Nonsense-Mediated Decay (NMD)

SRP-dependent cotranslational membrane targeting
Eukaryotic Translation Elongation

Response of EIF2AK4 to amino acid deficiency
Eukaryotic Translation Termination

Selenoamino acid metabolism
RHO GTPase cycle

Neutrophil degranulation
Electron transport, ATP synthesis, and heat production

Oxidative Phosphorylation
MHC class I antigen presentation pathway

EIF2 Signaling
Processing of Capped Intron-Containing Pre-mRNA

Mitotic Metaphase and Anaphase
Deubiquitination

Mitotic G2-G2/M phases
Cell Cycle Checkpoints

RAF/MAP kinase cascade
Neutrophil Extracellular Trap Signaling Pathway

Neddylation
Molecular Mechanisms of Cancer

Serotonin Receptor Signaling
Ephrin Receptor Signaling

Intra-Golgi and retrograde Golgi-to-ER traffic
Cardiac Hypertrophy Signaling (Enhanced)

Signaling by Rho Family GTPases
C-type lectin receptors (CLRs)

Signaling by the B Cell Receptor (BCR)
TCF dependent signaling in response to WNT

Interleukin-1 family signaling
TCR signaling

Fc epsilon receptor (FCERI) signaling
KEAP1-NFE2L2 pathway

Eicosanoid Signaling
G-Protein Coupled Receptor Signaling

Phagosome Formation
S100 Family Signaling Pathway

Microautophagy Signaling Pathway
Pulmonary Fibrosis Idiopathic Signaling Pathway

IL-8 Signaling
Signaling by NOTCH4

Signaling by ROBO receptors
ABC-family proteins mediated transport

Transcriptional regulation by RUNX1
Actin Cytoskeleton Signaling

RAC Signaling
Cilium Assembly

COPI-mediated anterograde transport

z-score

-10

-5

0

5

10



 

 

Supplementary Figure 8. Vascular abnormalities involving ACKR1+ venous ECs in IPF 

lungs. ACKR1+ CD31+ venous ECs were found in the fibrotic intima of numerous arteries (A). 

Medial thickening and SMA+ cells within the thickened intima were also observed in these 

abnormal vessels.  
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Supplementary Figure 9. Ntrk2 is mainly expressed in gCap ECs in response to lung injury. 

Dot plot showing differentially expressed activation marker genes in different EC subpopulations. 

Dot size indicates the proportion of expressing cells, colored by standardized expression levels. 

Quiescent (Q), activated (A). aCap (Q, n = 1283 cells), aCap (A, n = 876 cells), gCap (Q, n = 

10,256 cells), gCap (A, n = 8545 cells), arterial (Q, n = 331 cells), arterial (A, n = 231 cells), venous 

(Q, n = 959 cells) and venous (A, n = 1002 cells). 
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Supplementary Figure 10. Capillary ECs do not acquire mesenchymal features during the 

progression of lung fibrosis. (A, B) UMAP and violins plot show the expression of Col1a1 and 

cdh5 in mesenchymal cells (n = 10294 cells) and ECs (n = 8057 cells) populations. (C,D) UMAP 

and violin plots shows the expression of EGFP in mesenchymal cells and ECs populations. (E) 

Dot plot showing the expression of Acta2, Col1a1 and Fn1 in gCap ECs in sham and injured lungs 

after 14 days (B14D), and 35 days (B35D) post bleomycin-induced lung injury. Dot size indicates 

the proportion of expressing cells, colored by standardized expression levels. Each box plot 

displays the median value as the center line, the upper and lower box boundaries at the first and 

third quartiles (25th and 75th percentiles), and the whiskers depict the minimum and maximum 

values. 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure 11. Composition and gene marker features of alveolar epithelial 

cells. (A) Percentage of alveolar epithelial subsets grouped by age and injury. (B) Heatmap 

showing the average expression level of marker genes across different alveolar epithelial cell 

clusters. Source data are provided as a Source Data file. 

 

 

 

 



Supplementary Table 1. Human primer sequences for qPCR analysis. 

 

 Gene Direction Sequence (5'-3') 

KIT 

Forward CGTTCTGCTCCTACTGCTTCG 

Reverse CCCACGCGGACTATTAAGTCT 

NTRK2 

Forward TCGTGGCATTTCCGAGATTGG 

Reverse  TCGTCAGTTTGTTTCGGGTAAA 

PLVAP 

Forward GCTGCTGGTATTACCTGCG 

Reverse GCCATAGACCATGAAGAGCAC  

TEK 

Forward TTAGCCAGCTTAGTTCTCTGTGG 

Reverse AGCATCAGATACAAGAGGTAGGG 

RPLP0 

Forward AGCCCAGAACACTGGTCTC 

Reverse ACTCAGGATTTCAATGGTGCC 


