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SUPPLEMENTARY TABLES 
 
Supplementary Table 1: 

a. Summary of sample processing method of the samples used in the study 
 

Dataset/Ref. Tissue Source Sampling Digest Method 

Northwestern 
(Reyfman et al., 
2019) 

Explanted lung, 
1 bronchoscopic 
biopsy 

Peripheral biopsy 
representative of 
whole lung 

Collagenase D, DNase I-> 
mechanical mincing 

Pittsburgh 
(Morse et al., 
2019) 

Explanted lung Apical and basal 
biopsy 

Collagenase A, DNase->Miltenyi 
GentleMACS Octodissociator 

VUMC/TGen 
(Habermann et 
al., 2020) 

Explanted lung Apical and basal 
peripheral biopsy 

Collagenase I, Dispase II -> 
Miltenyi GentleMACS 
Octodissociator 

Yale/BWH 
(Adams et al., 
2020) 

Explanted lung Apicobasal 
longitudinal 
biopsy, exclusion 
of large 
airways/blood 
vessels 

Elastase, DNase, liberase-
>mechanical mincing 

 
 

b. Number of samples used in the study 
 

Dataset Control COPD IPF Other ILD 

Northwestern 9 0 4 4 

Pittsburgh 9 0 8 0 

VUMC/TGen 22 7 25 15 

Yale/BWH 38 24 45 0 

Total 78 31 82 19 
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Supplementary Table 2: Demographics of lung donors used for scRNA-seq 
 

  Control COPD IPF Other-ILD 

  n=78 n=31 n=82 n=19 

Age 44.23 [17-80] 62 [55-73] 64.87 [43-78] 54.95 [37-70] 

Ever_smoke 29 (37.2%) 28 (90.3%) 52 (63.4%) 8 (42%) 

Gender (Male) 44 (56.4%) 19 (61.3%) 59 (71.9%) 10 (52.6%) 

Ethnicity         

European 54 (69.2%) 31 (100%) 60 (73.2%) 12 (63.2%) 

African 8 (10.2%) - 3 (3.7%) 3 (15.8%) 

Hispanic 1 (1.3%) - 4 (4.9%) - 

Asian 2 (2.6%) - 1 (1.2%) - 

Other/Unknown 13 (16.7%) - 14 (17%) 4 (21%) 
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Supplementary Table 3a: Cell proportion for each cell type in each dataset or diagnosis group 
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Supplementary Table 3b: Cell proportion for each cell type among datasets or diagnosis groups
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Supplementary Table 4: ACE2+ vs. ACE2- CLD AT2 unique genes 

 
Supplementary Table 5: Top 20 enriched GO terms of the significant ACE2 correlated gene set 
in the CLD AT2 cells using Kolmogorov-Smirnov (KS) statistic test, q-value is the Benjamini-
Hochberg corrected p-value 
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SUPPLEMENTARY FIGURES 
 
 

 
Supplementary Fig 1: Dotplot shows ubiquitous scaled expression of cell type specific marker 
genes used in cell type annotation of Seurat clusters. The intensity of the dots represents average 
expression levels of the marker genes in each cell type, while the size of the dots represents the 
percentage of cells expressing the corresponding marker in each cell type.  
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Supplementary Fig 2: UMAP plots display cell type distribution between dataset and diagnosis 
groups in (a) the epithelial and (b) the immune cell population. 
 
 



9 

 
Supplementary Fig 3: Percentage of single positive cells for BSG (CD147), NRP1, HSPA5 
(GRP78), CTSL and FURIN in different chronic lung disease groups per cell type. Plots were 
generated with mean values of percentage of cells per individual samples, and bars display the 
standard errors. Tukey_HSD post-hoc statistical test showed significant differences between 
each diagnosis subgroup and control samples, p-value < 0.05: *, p-value < 0.01: **, p-value < 
0.001: ***, p-value < 0.0001: **** 
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Supplementary Fig 4: Percentage of double positive cells: (a-b) ACE2+ FURIN+, BSG+ 
FURIN+, HSPA5+ FURIN+, NRP1+ FURIN+ and (c-d) ACE2+ CTSL+, BSG+ CTSL+, HSPA5+ 
CTSL+, NRP1+ CTSL+ in different chronic lung disease groups per cell type. Plots were 
generated with mean values of percentage of cells per individual samples, and bars display the 
standard errors. Tukey_HSD post-hoc statistical test, p-value < 0.05: *, p-value < 0.01: **, p-
value < 0.001: ***, p-value < 0.0001: **** 
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Supplementary Fig 5: Gene expression analysis for SARS-CoV-2 entry mediators in the 
epithelial cell population.  
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Supplementary Fig 6: Expression of the putative SARS-CoV-2 receptor, NRP1, in the data set. 
(a) Violin plot shows high expression of NRP1 in some cell types. (b) Differential expression 
analysis of NRP1 in different disease groups vs. control samples for the cell types having high 
NRP1 expression in (a). The differential expression analysis was performed using the Seurat 
FindMarkers function with the four covariates (dataset, age, ethnicity, smoking_status) 
incorporated into the negative binomial model (as described in the Methods section). 
 
 
 
 
 

 
Supplementary Fig 7: UMAP plot shows distribution of cell cycle state across all epithelial 
cells. 
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Supplementary Fig 8: SARS-Cov-2 entry genes scores with all outliers included. (a) Gene set 1 
(ACE2, BSG, HSPA5, TMPRSS2, CTSL, FURIN, ADAM17). (b) Gene set 2 (ACE2, TMPRSS2, 
CTSL, FURIN, ADAM17). (c) Viral entry restriction ISGs gene module scores. (d) Viral 
replication restriction ISGs gene module scores. (e) Violin plot shows expression of genes in 
Figure 2d with all epithelial cell types. (f) Volcano plot highlights genes differentially expressed 
in the AT2 cells between different disease groups and control. Boxes: interquartile range, lower 
and upper hinges correspond to the first and third quantiles, upper and lower whisker extends 
from the hinge to the largest values or smallest values of 1.5 x interquartile range (a) to (d): 
Tukey_HSD post-hoc statistical test, p-value < 0.05: *, p-value < 0.01: **, p-value < 0.001: ***, 
p-value < 0.0001: ****.  
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Supplementary Fig 9: Representative sections of control lung sections are shown with each 
immunomarker. (a) Western blotting image showing a single band for ACE2 (ab108252) in the 
human embryonic kidney HEK293 cells, but not in the human bronchial epithelial cells, at the 
predicted molecular weight of 100kDa, GAPDH (ab8245) was used as a loading control at 
23kDa. ACE2 staining of the small airway (arrow) (b) and the alveolar parenchyma (c) in the 
control lung. (d) αvβ6 staining in the alveolar parenchyma in the control lung. (e-f) Secondary 
antibody controls for control (e) and IPF section (f); Scale bars=100 µm. A total of 12 normal 
lung samples and 62 IPF samples were used for the immunohistochemistry analysis.  
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Supplementary Fig 10: Gene expression correlation between SARS-CoV-2 mediators and 
proteases in the AT2 cell types. (a) Gene correlation with ACE2. (b) Gene correlation with BSG 
(CD147). (c) Gene correlation with NRP1.  
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Supplementary Fig 11: Differences in module scores of IFNa (a), IL6 (b) and HLA type II (c) 
genes in the immune population in different disease groups. (d-e) Cytotoxic scores and 
exhaustion scores in the T cell population in different disease groups. (b), (d), (e) are the same 
plots as in Fig. 3d-f, but included outliers. Y-axis: gene module score calculated by Seurat 
AddModuleScore function. Boxes: interquartile range, lower and upper hinges correspond to the 
first and third quantiles, upper and lower whisker extends from the hinge to the largest values or 
smallest values of 1.5 x interquartile range. Tukey_HSD post-hoc statistical test, p-value < 0.05: 
*, p-value < 0.01: **, p-value < 0.001: ***, p-value < 0.0001: **** 
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Supplementary Fig 12: Violin plots depict gene expression differences of SARS-CoV-2 
immune response genes: AREG, IL6ST, SOCS1, S100A8 and S100A9 in all immune cells.  
 
 
 
 
 


