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Methods 
  

Generation of conditional AEC2-specific FASN knockout mice 

Fasnloxp/loxp mice (Fasn locus with LoxP-flanked exons 4-8) were from Dr. Clay F. 

Semenkovich (Washington University, St Louis, MO, USA). SftpcCreERT2+/+ mice were from 

Dr. Brigid Hogan (Duke Medicine, Durham, NC). To generate the AEC2-specific FasniDAEC2 

mice, Fasnloxp/loxp homozygous mice were crossed with SftpcCreERT2+/+ mice to generate 

Fasnloxp/loxp SftpcCreERT2+/- mice (FasniDAEC2). Fasn-/- SftpcCreERT2+/- littermates served as 

controls. The number of backcrosses of mice was less than ten. FASN-specific primers used 

for genotyping by PCR were previously described (1). Genotyping for SftpcCreERT2+/+ DNA was 

performed by PCR using the forward primer 5’-GCT TCA CAG GGT CGG TAG-3’ and the 

reverse primer 5’-CAA CTC ACA ACG TGG CAC TG-3’. All animals were housed in 

pathogen-free environment in humidity and temperature-controlled rooms on a 12-12-h light-

dark cycle. Mice were given food and water freely. Tamoxifen (T5648, Sigma-Aldrich) was 

prepared as a 20 mg/ml stock solution in sunflower seed oil (S5007, Sigma-Aldrich). Mice 

were injected once a day for 3 days (100 mg/kg), followed by a 3-day rest period, and then 

injected again for another 3 days at 5 weeks of age. Age and sex-matched mice were used for 

experiments after 8 weeks of age.  

 

Bronchoalveolar lavage cell differentials  

Mice were euthanized by CO2 narcosis, the tracheas cannulated and the lungs lavaged with 1 

ml increments of ice-cold PBS. BALF was centrifuged at 1500 x rpm for 5 minutes. 1 ml red 
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blood cell lysis buffer (Sigma Aldrich) was added to the cell pellet and left on ice for 15 minutes 

followed by centrifugation at 1500 x rpm for 5 minutes. The cell pellet was resuspended in 1 

ml PBS and leukocytes were counted using a hemocytometer. Specifically, 20 μl was removed 

for cell counting performed in triplicate using a hemocytometer and 200 μl removed for 

cytocentrifuge preparations (Shandon Cytospin3, 350 rpm for 3 minutes) and stained using the 

Hema3 staining system (Fisher Scientific). The percentage of macrophages, lymphocytes and 

polymorphonuclear leukocytes (PMNs) were counted in a total of 300 cells, and absolute 

numbers of each leukocyte subset were calculated. BALF protein concentration was 

determined by Pierce BCA Protein Assay Kit (Thermo Scientific Pierce, #23227). 

 

Isolation of alveolar type II epithelial cells 

Murine AEC2 cells were isolated as previously described and as outlined in the Supplement 

(2). Briefly, the lungs were perfused with PBS to remove blood and inflated with dispase (BD 

Biosciences, #354235). To avoid leakage of dispase, 0.5 ml of 1% low melting point agarose 

(Life Technologies, #16520-050) was instilled. The lung tissue was transferred to a 50 ml 

Corning tube containing 2 ml dispase for 45 min at room temperature. The lung tissue was then 

put in 10 ml of DMEM with 25 mM HEPES buffer (Invitrogen, #15630-080), 100 U/ml of 

Penicillin-Streptomycin (ThermoFisher Scientific, #15140122) in a 10-mm culture plate and 

mechanically dissected. The cell suspension was filtered through 100-, 40- and 20-μm 

FalconTM cell strainers (Thermo Fisher Scientific). The cell pellets were collected by 

centrifugation at 200 x g for 10 min. The supernatant was discarded and resuspended in MACS 

separation buffer (2 mM EDTA, 0.5% MACS® BSA Stock solution in PBS) with mouse CD45 
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microbeads (Miltenyi Biotec, #130-052-301) at 4℃ for 15 min. The cells were washed with 

MACS separation buffer and transferred to LS columns (Miltenyi Biotec, #130-042-401). The 

CD45(-) cells were separated by MidiMACS Separator (Miltenyi Biotec, #130-042-302) and 

incubated with FcR blocking reagent (Miltenyi Biotec, #130-092-575) for 10 min at 4℃. The 

cells were then incubated with anti-mouse CD326 (EpCAM) (eBiosciences, #13-5791-82) 

Biotin at 4℃. After 30 min, cells were washed and incubated with Streptavidin microbeads 

(Miltenyi Biotec, #130-048-102) for 15 min. The CD45(-)EpCAM(+) cells were isolated with 

a MidiMACS Separator. The isolated AEC2 cells were identified by immunofluorescence 

staining using anti-SPC (Santa Cruz, #Sc-7706). 

 

Western blotting 

The lungs were homogenized in RIPA extraction buffer (ThermoFisher Scientific, #89900) and 

centrifuged at 13,000 rpm for 15 min at 4℃. The supernatant was mixed with LDS sample 

buffer (Invitrogen, #1691979) boiled for 10 minutes. Proteins were separated by NuPAGE 3%-

8% or 4%-12% Bis-Tris gels and transferred onto 0.45 μm PVDF transfer membrane 

(Millipore, #IPVH00010) by electroblotting. Membranes were probed with the following 

antibodies; FASN (1:1000, Cell Signaling, #3180), ACC (1:1000, Cell Signaling Technology, 

#3676), ACLY(1:1000, Cell Signaling, #4332), GAPDH(1:2000, Cell Signaling #5174),anti 

pro-surfactant protein C (1:1000, Abcam, #AB211326) , anti p53 (1:1000, Cell Signalling, 

#2524S), ferroportin (1:100, MTP1/IREG1/Fpn Generon, #MTP11-A), GPX4 (1:1000 Abcam, 

#52455) and  SLC7A11 (1:1000, Abcam, #12691), β-actin (1:5000-1:10000, Sigma-Aldrich, 
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#A2228). Peroxidase-AffiniPure Goat Anti-Rabbit IgG (H+L) (1:2000, Jackson 

Immunoresearch, #111-035-003) or peroxidase-AffiniPure Goat Anti-Mouse IgG (H+L) 

(1:2000, Jackson Immunoresearch, 115-035-003) bands were detected using the Chemidoc 

XPS system (BioRad) after incubation with ECL prime Reagent (ThermoFisher Scientific). 

Band density was determined using Image J software (National Institutes of Health). In some 

cases, actin was run on the same membrane as other proteins, but in other cases it was run on 

a sperate gel using the same volume and concentration of samples at the same time as the other 

gels. We have made it clear in the figure legends when this occurred.  

 

Lung histochemistry and Immunofluorescence 

Mice lungs were fixed with 25 cm of 4% paraformaldehyde (PFA, Electron Microscopy 

Sciences，#15710) in PBS for 15 min. Isolated lungs were immersed in 4% PFA overnight, 

immersed in 75% alcohol and sent to the Pathology core lab at Weill Cornell Medicines 

(WCM) for tissue processing, paraffin embedding and IHC staining. Briefly, 5-μm paraffin 

tissue sections were deparaffinized, rehydrated, inactivation of endogenous peroxidase, and 

incubation with the different primary antibody (FASN, 1:500, cell signaling, #3180; Pro-SPC, 

1:500, Abcam, #ab90716) overnight at 4 °C. Then the sections incubated with secondary 

antibody, polymer, diaminobezidine, and hematoxylin. For TUNEL stain, sections were pre-

incubated in solution of 30 mM Trizma Base, 140 mM Sodium Cacodylate pH7.2 and 1mM 

Cobalt Chloride  for 15mins before aspirating and applying the TUNEL reaction mixture [0.1M 

Soduim Cacodylate pH7, 0.1mM DTT, 0.05 mg/ml Bovine Serum Albumin, 2.0 u/ μl  Terminal 
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Transferase (Sigma, #03333566001), 0.2 nmoles Biotin-16-dUTP (Sigma, # 11093070910), 

2.5mM Cobalt Chloride] for 1 hour in a humidified chamber at 37°C. The reaction was 

terminated by transferring slides to a bath of 300mM Sodium Chloride and 30mM Sodium 

Citrate for 15 mins. at room temperature.  After washing 3 times with PBS slides were blocked 

with 2% serum albumin (human) in PBS for 10 min. in a humid chamber, washed three times 

and then incubated with Avidin-Biotin Complex Elite (Vector Labs PK-61000) diluted 1:25 

in PBS for 30 mins. Slides were then stained with 3,3’-Diaminobenzidine (Fisher, #H54000). 

TUNEL stain was quantified using threshold analysis in Image J after removal of red blood 

cells.  Briefly background intensity of stain was calculated for all nuclei/cells, followed by 

intensity of TUNEL specific stain. The intensity of TUNEL stain was then expressed as 

percentage of total stain.  

 

Human lung tissues were obtained from patients at autopsy and tissue samples were fixed in 

formalin and embedded in paraffin. For Immunofluorescence on paraffin-embedded tissue 

sections, the samples were incubated with primary antibodies (FASN, 1:100, cell signaling, 

#3180; Pro-SPC, 1:100, Santa Cruz, #sc-7706) in blocking buffer overnight at 4 °C. The 

samples were washed 3 times with PBS and probed with fluorescently labeled secondary 

antibodies. Alexa Fluor 488– and Alexa Fluor 633–conjugated secondary antibodies are both 

from Thermo Fisher. The nucleus was labeled with Hoechst 33258(1:2000, life science, 

#H3569), photographed with a confocal microscope (Zeiss LSM 880 laser scanning 

microscope).  
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Mean chord length measurement 

Murine lungs were inflated using 4% paraformaldehyde (PFA) (Electron Microscopy Sciences) 

and kept at a pressure of 25 cmH2O for 20 minutes. The lungs were then dissected and 

subsequently fixed in 4% PFA at 4℃ for 24 hours. After fixation, the samples were transferred 

to tissue cassettes (Tissue-Tek), immersed in 70% ethanol at 4℃, and sent to the core lab at 

Weill Cornell Medicines (WCM) Pathology and Laboratory Medicine for tissue processing and 

paraffin embedding. Parasagittal tissue sections with thickness of 5µm was then used for 

modified Gill’s staining as previously described (3). After blinding and randomization, we 

obtained at least 10 fields under 200X magnification for each sample, using EVOSTM FL 

Imaging System (Invitrogen). Alveolar mean chord length (MCL) for each sample was used to 

assess the enlargement of the airspace, and was measured based on the published protocol, with 

some modifications (3). Briefly, the images were first processed using Adobe Photoshop CS 

software (version 24.1.1), and the non-alveolar structures, including bronchi and vessels, were 

painted black. The MCL for each image was then measured using FIJI running Image J 

software (version 1.51w). Given that the MCL measurement can be affected by the orientation 

of the grid lines (4), both horizontal MCL (MCLH) and vertical MCL (MCLV) were measured 

through applying the horizontal and vertical grid lines (grid line spacing as 5 µm), respectively. 

The MCL for each sample was then determined by the average of MCLH and MCLV. Alveolar 

surface area is determined by both MCL and lung volume (5), with the latter subject to 

variability attributed to inflation. To assess any bias due to variable inflation, we calculated the 
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sample volume for each sample using the Cavalieri method (6), which uses the section 

thickness and section area to determine volume. Given that the section thickness was the same 

(5µm) for each sample, section area was thus used for correcting MCL data between samples 

and was measured using the whole-slide scan image, through FIJI running Image J software. 

Therefore, the MCL data between samples were presented both as unadjusted and adjusted 

using sample volumes/area.   

 

Electrospray Ionization-Mass Spectrometry of Lipid Molecular Species 

All samples were collected and treated following recently accepted guidelines for lipidomics 

analysis (7). Lipids were extracted from mouse lung tissue, BALF or isolated primary AEC2 

cells from equal amounts of material (100 micrograms/ sample) by a chloroform–methanol 

extraction method as described in (8) in the core lab of lipidomics in Columbia University (9-

11).  Lipid extracts were analyzed using a 6490 Triple Quadrupole LC/MS system (Agilent 

Technologies) and were spiked with appropriate internal standards. Three comprehensive 

panels, scanning for either positive lipids, negative lipids or neutral lipids (under positive 

mode), were analysed for 51 samples. Equal amounts of internal standards with known 

concentrations were spiked into each extract. Each standard was later used to calculate the 

concentrations of corresponding lipid classes by first calculating ratio between measured 

intensities of a lipid species and that of corresponding internal standard multiplied by the 

known concentration of the internal standard. Glycerophospholipids and sphingolipids were 

separated with normal-phase HPLC as described before (11), with a few modifications. An 
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Agilent Zorbax Rx-Sil column (inner diameter 2.1 x 100 mm) was used under the following 

conditions: mobile phase A (chloroform:methanol:1 M ammonium hydroxide, 89.9:10:0.1, 

v/v) and mobile phase B (chloroform:methanol:water:ammonium hydroxide, 55:39.9:5:0.1, 

v/v); 95% A for 2 min, linear gradient to 30% A over 18 min and held for 3 min, and linear 

gradient to 95% A over 2 min and held for 6 min. Sterols and glycerolipids were separated with 

reverse-phase HPLC using an isocratic mobile phase as before(11) except with an Agilent 

Zorbax Eclipse XDB-C18 column (4.6 x 100 mm). Quantification of lipid species was 

accomplished using multiple reaction monitoring (MRM) transitions that were developed in 

earlier studies(11) in conjunction with referencing of appropriate internal standards: PA 

14:0/14:0, PC 14:0/14:0, PE 14:0/14:0, PI 12:0/13:0, PS 14:0/14:0, SM d18:1/12:0, D7-

cholesterol, CE 17:0, MG 17:0, 4ME 16:0 diether DG, D5-TG 16:0/18:0/16:0 (Avanti Polar 

Lipids, Alabaster, AL).  

The data were first normalized using the NOMIS approach to reduce any systematic 

variabilities, such as batch effects, as described by Sysi-aho, et al and implemented in 

“metabolomics” R package. Then the normalized data were used to draw a PCA graph to 

confirm the removal of systematic variations as well as to detect any possible outliers that 

would be subject to biological interpretation. No clustering was observed indicating removal 

of systematic variabilities by normalization. Samples outside confidence level of 95% were 

removed from the data set for analysis. The data were used to calculate fold change and p-value 

for each comparison made between groups, and these statistics were used to draw the graphs 

presented. The premise has been that it is equally important to reject the null hypothesis (H0) 
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or the alternative hypothesis (H1) with confidence. Based on power analysis, we set the a-error 

(false-positive) £ 5% and b-error (false-negative) £ 20%. Differences among means were have 

≥ 20% to reflect meaningful differences. The estimated biological replicates were sufficient to 

reach a statistical power ≥ 80%. All experiments showed power is < 80% and achieve a risk of 

false-positive < 5% or of false-negative < 20%. All data sets were tested for normality and 

equality of variance. 

 

Murine RNA-seq Analysis 

The raw sequencing reads in binary base call (BCL) format were processed and analyzed as 

described in the Supplement through bcl2fastq 2.19 (Illumina) for FASTQ format conversion 

and demultiplexing. RNA reads were aligned and mapped to the mouse reference genome by 

TopHat2 (version 2.0.11) (https://ccb.jhu.edu/software/tophat/index.shtml)(12) , and 

transcriptome reconstruction was performed by Cufflinks (version 2.1.1) (https://cole-

trapnelllab.github.io/cufflinks/). The abundance of transcripts was measured with Cufflinks in 

Fragments Per Kilobase of exon model per Million mapped reads (FPKM) (13, 14). Gene 

expression profiles were constructed for differential expression, cluster, and principle 

component analyses with the DESeq2 package 

(https://bioconductor.org/packages/release/bioc/html/DESeq2.html) (15). For differential 

expression analysis, pairwise comparisons between two or more groups using parametric tests 

where read-counts follow a negative binomial distribution with a gene specific dispersion 

parameter. Adjusted p-values for multiple testing were calculated based on the Benjamini-
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Hochberg method. Heat maps were plotted using Heatmap Illustrator software (Heml 1.0) 

(hemi.biocuckoo.org) (16) , based on the z scores calculated using the gene expressions by 

FPKM. All data has been deposited to GEO (GSE235644).  

 

scRNASeq data analysis.  

scRNAseq data obtained from 15 control rejected donor lungs and 17 lungs from subjects with 

advance COPD/emphysema undergoing transplant (GSE136831) along with their associated 

clinical characteristics were obtained as previously described (17). Briefly, there were eight 

females in both groups and the median age of all subjects was 62 years old (range 41–80). All 

COPD subjects had radiographic evidence of advanced emphysema and were former smokers, 

while four of the donors without COPD were either current or former smokers. Individuals 

with COPD had a mean ratio of forced expiratory volume in one second (FEV1) to forced vital 

capacity (FVC) of 0.36 ± 0.05 and a mean FEV1 percent predicted of 21.0 ± 5.0 (17).  Methods 

for procuring samples, tissue digestion, barcoding, library preparation, and sequencing, have 

been previously described (17). We also reanalyzed scRNAseq data obtained from Sftpc-

CreERT2-mTmG mice exposed to cigarette smoke from 3R4F research cigarettes (University of 

Kentucky) or room air for 6 h of exposure per day, 5 days/week for 10 months in a Teague TE-

10 smoking machine. Details regarding tamoxifen injection, cigarette smoke exposure, tissue 

digestion, barcoding, library preparation, and sequencing have also been previously described 

(17). Analyses were performed using Seurat (v4.0.6.). 
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Apoptosis assay 

MLE-12, mouse lung epithelial type II cells were cultured in HITES (Hydrocortisone, Insulin, 

Transferrin, Estrogen) media [RPMI1640, 2% FBS, insulin (5 mg/mL), transferrin (10 

mg/mL), sodium selenite (30 nM), hydrocortisone (10 nM), beta-estradiol (10 nM), HEPES 

(10 nM)]. Cells were grown to 80% confluence for experiments. For transient knockdown of 

FASN, MLE-12 cells were plated on 6-well plates at a density of 5 x 105 cells per well and 

were transfected with siRNA of mouse FASN or negative control (Dharmacon) using 

Lipofectamine RNAiMAX Reagent (Invitrogen, #13778-075) according to the manufacturer’s 

instructions. CSE was prepared and added to culture media as previously described (18-21). 

Apoptosis of cells was measured by FITC Annexin V Apoptosis detection kit I (BD 

PharmingenTM, #556547, NY, USA) and flow cytometry (BD AccuriTM C6, NY, USA) 

according to the manufacturer’s instructions. 

 

RNA isolation and real-time qPCR 

RNA was isolated from whole lung or AEC2 cells from mice using TRIzol (Invitrogen, 

#15596-018). RNA was treated with DNase at room temperature for 15 min before cDNA 

synthesis. RNA (2 μg) was reverse-transcribed and then analyzed by quantitative RT-PCR for 

using SYBR®Green PCR Master Mix (Applied Biosystems, #4309155). Real-time qPCR was 

carried out in the ABI PRISM 7500 Real-Time PCR System (Applied Biosystems). The fold-

change of the target genes was calculated by using the 2-∆∆CT method. A list of genes and 

associated primers are described in Supplemental Table 1 below. 
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Supplemental Table 1-Primers for Real-Time PCR (mouse) 

Name Forward Reverse 

Fasn 5’-gcc atc cag att gcc ctc at-3’ 5’-ccc aag gag tgc cca atg at-3’ 

Scd1 5′-gtg agg cga gca act gac ta -3′ 5′- ggg cac tgt ctt cac ctt ct -3′ 

Fdps1 5′-aag atc ctg atg gag atg gg -3′ 5′-agc aga cac tga acc acc ag -3′ 

Fabp5 5′-ggg aag gag agc acg ata ac -3′ 5′-tct cat aga ccc gag tgc ag -3′ 

Thrsp 5′-gcc gaa gaa gac agg atc tc -3′ 5′-tca ggt ggg taa gga tgt ga -3′ 

β-actin 5’-tgg aat cct gtg gca tcc atg aaa-3’ 5’-taa aac gca gct cag taa cag tcc g-3’ 
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Supplemental Table 2- Lipid changes from human studies and how they relate to murine data 
presented in this study 
Lipid   Changes in COPD 

BALF/Sputum  
Clinical Relevance Changes in murine AEC2 

cells and/or BALF  
Total Lipids  Lower in COPD BALF 

(22)   
The concentration of total lipids 
in BALF correlated positively 
with FEV1(22) 

Lower total lipids in BALF of 
FasniDAEC2 mice exposed to smoke  

PUFA lipids  Significantly lower sputum 
levels of essential dietary 
PUFAs and PUFA-derived 
lipid mediators in stable 
COPD patients compared 
to controls (23) 

During exacerbation, slight 
increases in dietary PUFA levels 
compared to stable COPD (23)  

PUFA containing lipids higher in 
AEC2 cells isolated from mice 
exposed to 6 months smoke. 
PUFA-containing phospholipids 
higher in in BALF of FasniDAEC2 

mice exposed to smoke  
PC Lipids Lower in COPD BALF 

(22)   
PC lipids in BALF correlated 
positively with FEV1(22) 

Lower PC lipids in BALF of 
FasniDAEC2 mice exposed to smoke 
correlating with worse injury 

PC32:0, PC32:1, 
PC 34:1, PC 
36:4, 

Lower in COPD BALF 
(22)   

Correlated with lower FEV1 (22) Lower PC30:0, PC36:0, PC36:4, 
PC 38:6 in BALF of FasniDAEC2 

mice exposed to smoke 
correlating with worse injury 

PC(O-18:0_O-
3:1) 
PC(18:2_18:2) 

 Associated with lower FEV1 and 
FEF25-75, + Exac study Yr 1, + 
Exac postbronch-Yr 1* (24) 
  

PC(18:2/18:2) significantly lower 
in BALF of FasniDAEC2 mice 
exposed to smoke 

PE lipids  Higher Pes, lysoPEs, acyl-
PEs and plasmalogen PEs 
in sputum of smokers with 
COPD (25)  

PE(P-38:3) associated with lower 
FEV1, lower FEF25-75, higher 
BDR (24)   

PE 32:1, PE 34:2, PE 36:0, PE 
36:4, PE 38:6, PE 42:5 
significantly lower in the BALF 
of smoke exposed FasniDAEC2 mice 
when compared to CS exposed 
SftpcCreERT2+/- 

PG Lipids  PG 36:2, significantly 
decreased in COPD BALF 
(22)   
 

The concentration of PG in 
BALF correlated positively with 
FEV1(22) 

Higher PG species (36:2, 38:1) in 
AEC2 cells from smoke exposed 
mice. PG30:0, PG 32:1, PG34:2, 
PG36:3, PG36:4, PG38:5, PG38:6 
lower in in the BALF of smoke 
exposed FasniDAEC2 mice when 
compared to CS exposed 
SftpcCreERT2+/- 

PS lipids   PS(O-36:0) associated with 
higher FEV1/FVC, higher FEV1, 
higher FEF25-75  (24)  
PS(42:7)  associated with lower 
FEV1, lower FEV25-75, higher 
BDR    

PS 36:0 significantly higher in 
KO BALF at baseline and in 
response to CS 

Cholesterol  Total cholesterol Lower in 
COPD BALF (22)   

The concentration of cholesterol 
in BALF correlated positively 
with FEV1(22) 

The abundance of free cholesterol 
decreased in AEC2 cells isolated 
from smoke exposed mice 

Ether 
Phospholipids  

Ether PCs 30:0, 32:0, 38:5 
increased in COPD BALF 
(22)     

The concentration of ether-PC in 
BALF correlated positively with 
FEV1(22) 

Ether PLs increased in AEC2 cells 
in response to smoke. Significant 
increases in the ether 
phospholipids PCe and LpCe, in 
the BALF of FasniDAEC2 mice 
exposed to CS when compared 
with the BALF of SftpcCreERT2+/- 
mice exposed to CS  

BMPs BMP 36:1 and 36:2 lower 
in COPD BALF (22)   

The concentration of BMPs in 
BALF correlated positively with 
FEV1(22) 

BMP (BMP 30:0, BMP 32:1, 
BMP 34:0, BMP 34:1, BMP 34:2, 
BMP 36:3, BMP 36:4, BMP 38:5, 
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BMP 38:6) species significantly 
lower in the BALF of smoke 
exposed FasniDAEC2 mice when 
compared to CS exposed 
SftpcCreERT2+/- 

Diglycerides  DG(42:3)  associated with higher 
BDR, higher CAT, + CB (24) 
 

DG’s had significantly lower 
levels in FasniDAEC2 mice when 
compared with SftpcCreERT2+/-  mice 
exposed to CS 

Ceramides  28 ceramides higher in 
smokers with COPD 
sputum (25) 

Higher expression in smokers 
with COPD and declines upon 
smoking cessation. Ceramides, 
significantly and inversely 
correlated with FEV1% 
predicted, FEV1/FVC, and 
residual volume/diffusion 
capacity for carbon monoxide 
corrected for hemoglobin % 
predicted in smokers with and 
without COPD  (25) 

Dihydroceramide (dhCer) 
18:0/22:1 and ceramide 
d18:1/22:1 significantly higher in 
AEC2 cells isolated from smoke 
exposed mice. Cer d18:1/24:1, 
Cer d18:1/26:0 Cer d18:1/26:1, 
higher and Cer d18:1/22:0 Cer 
d18:1/24:0 lower in FasniDAEC2 

mice when compared with 
SftpcCreERT2+/- mice exposed to CS 

Sphingomyelins 36 sphingomyelins higher 
in smokers with COPD 
sputum (25) 
 
All species of SM were 
decreased in COPD 
patients, especially the 
most predominant SM, 
d18:1/16:0 in COPD BALF 
(22)   
 

Higher expression in sputum of 
smokers with COPD (25) 
 
The concentration of ether-PC in 
BALF correlated positively with 
FEV1(22) 

sphingomyelin species SM 
d18:1/16:1, d18:1/20:0, and 
d18:1/20:1, 
dihydrosphingomyelin (dhSM) 
species d18:1/16:0, d18:1/18:1 
and d21:1/24:1 significantly 
higher in AEC2 cells isolated 
from smoke exposed mice. 
SM d18:1/24:1 SM d18:1/26:0 
SM d18:1/26:1 lower in 
FasniDAEC2 mice when compared 
with SftpcCreERT2+/- mice exposed 
to CS 

Lysophospholipid  LysoPC(17:0)   associated 
with lower FEV1 and lower 
BDR. LysoPC(22:0) associated 
with  + Exac postbronch-Yr 1* 
LysoPE(22:6) associated with 
lower FEV1 (24)  

LPC 18:1, LPC 20:2, LPI 18:0, 
LPI 18:1, LPI 20:4, LPS 20:1 
higher and LPE 16:0, LPEp 16:0 
lower in FasniDAEC2 mice when 
compared with SftpcCreERT2+/-  mice 
exposed to CS  

*Exacerbations reported during SPIROMICS year 1 or post-bronchoscopy after one year; FEV1=forced expiratory volume 
in 1 sec; FVC=forced vital capacity; FEF25-75=maximum mid- expiratory flow; BDR=bronchodilator response; 
CAT=COPD Assessment Test; BDR= bronchodilator response; CB=chronic bronchitis. 
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Supplemental Figure Legends 
 
Supplemental Figure 1. (A) Representative confocal images of immunofluorescence analysis 
for CD45(-)EpCAM(+) cells (left panel) and quantification of the population (right panel) 
isolated from mice whole lung cell suspension performed by staining for DAPI- (blue) and pro-
SPC (red). Data are expressed as Mean±SEM (n = 3 mice), (n=3 experiments). Scale bar, 
200μm. (B) Volcano plot of significant lipid species in isolated AEC2 cells exposed to CS or 
Air (n=4 mice per group). Cholesterol Ester (CE), Lactosylceramide（ LacCer），
Monosialodihexosylganglioside(GM3)，Phosphatidic acids (PA), Phosphatidylinositols (PI), 
Monoacylglycerol(MG), Phosphatidylglycerol(PG), Phosphatylcholines(PC), 
Sphingomyelins(SM), Phosphatidylethanolamine (PE), Plasmogen 
Lysophosphatidylethanolamine (LPEp) species. Red dots denote p<0.05 fold change of +2. 
 
Supplemental Figure 2. (A) UMAP plots of FASN expression (right panel) from previously 
published single-cell RNA sequencing (scRNASeq) profiles (left panel) of explanted lung 
tissue from subjects with advanced COPD or control lungs, which demonstrated that FASN is 
localized to AEC2 cells, specifically to a sub-population of surfactant producing AEC2 cells 
(AT2B). (B) UMAP plots of Fasn expression (right panel) from previously published single-
cell RNA sequencing (scRNASeq) profiles (left panel) of mice exposed to 10 months smoke. 
(C) Representative IHC staining of FASN and pro-SPC in lung sections from C57BL/6 mice 
exposed to CS or Air condition for 6 months (n=3 per group), (n=3 experiments). Scale bars, 
100μm. Magnification of inset is 8 times of original magnification. (D) Immunofluorescence 
of FASN and pro-SPC in lung tissue from C57BL/6 mice by confocal microscopy. Scale bar, 
20μm.(E) Immunoblotting of FASN in different organs from C57 BL/6 mice. n=2 mice per 
group, GAPDH and β-actin were measured as an internal control. FASN, ACLY, β-actin and 
GAPDH were all run on different gels. For FASN 15μg/8ul sample was added to each lane, for 
β-actin and GAPDH 11.25 μg/6ul sample was added to each lane. (F) Immunoblotting for 
FASN, ACC, ACLY in lung tissue from C57 BL/6 mice expose to Air or CS for 6 months (top 
panel), n=6 mice per group with corresponding densitometry (bottom panels), (n=3 
experiments). FASN and ACLY were immunoblotted on the same gel. ACC and β-actin were 
immunoblotted on the same gel. The same samples were used to load both gels. (G) Fasn gene 
expression in whole lung tissue from C57 BL/6 mice expose to Air or CS for 6 months 
measured by q-PCR (n=6 mice per group).  Data are expressed as Mean±SEM of one 
independent experiment, **p<0.001 by unpaired student t test. 
 
Supplemental Figure 3. (A) Immunoblot with quantification of FASN, ACLY and ACC 
protein expression in primary isolated AEC2 cells from FasniDAEC2 and control SftpcCreERT2+/- 
mice (n=6 per group), (n=3 experiments). FASN and ACLY were immunoblotted on the same 
gel. ACC and β-actin were immunoblotted on the same gel. The same samples were used to 
load both gels. (B) Quantitative RT-PCR was performed to assess the fatty acid metabolism 
related mRNA (Fasn, Scd1, Fdps1, Fabp5 and Thrsp) in whole lung (left panel) sections (n=3 
per group) and isolated AEC2 cells (right panel) from FasniDAEC2 and Ctrl mice (n=6 per 



Fan et al. 

 19 

group), (n = 2 technical replicates). *p <0.05; **p<0.01; * * *p<0.001 by student’s unpaired t-
test.（C) Lipidomic analysis of total lipid concentration (μM) in lung tissue of FasniDAEC2 mice 
relative to control mice (n=4 per group). (D-E) Volcano plots of significantly altered species 
of (D) Bis(monoacylglycero)phosphate (BMP) and (E) Lysophosphatidylinositol (LPI) species 
in the FasniDAEC2 mice when compared to the control SftpcCreERT+/- (Ctrl) mice. Red dots denote 
p<0.05 fold change of +2, blue dots denote p<0.05 fold change of -2. (F) Lung areas between 
Ctrl and FasniDAEC2 mice (Ctrl, n=9; FasniDAEC2, n=13). (G) Lung areas (left panel) and mean 
chord length (MCL) values adjusted to lung area (right panel) in murine lung sections of 
FasniDAEC2 and control SftpcCreERT2+/- mice at 18 months upon supplementation with a high fat 
(60%) or low fat (10%) diet (Ctrl, low fat n=13; FasniDAEC2, low fat n=8; Ctrl, high fat n=10; 
FasniDAEC2 high fat n=9). Data represented as Mean ± SEM of one independent experiment. *p 
< 0.05, **p < 0.01, ***p < 0.001 by student’s unpaired t-test. 
 
Supplemental Figure 4. (A)Total BAL neutrophils total BAL macrophages of mice 
administered C75 (1mg/kg 1-7 days, 2.5 mg/kg days 7-13, 5mg/kg days 14-22, then 10mg/kg 
days 23-42, DMSO as control) for a total of 42 days exposure of cigarette smoke. (RA DMSO, 
n=5; DMSO CS, n= 4; RA C75, n=5; C75 CS n=5).  (B) Lung area (Ctrl Air, n=8; Ctrl CS, 
n=10; FasniDAEC2 Air, n=7; FasniDAEC2 CS, n=13) and (C) mean chord length (MCL) values 
adjusted to lung area in murine lung sections of mouse lungs for each group (Ctrl Air, n=8; Ctrl 
CS, n=10; FasniDAEC2 Air, n=8; FasniDAEC2 CS, n=13) calculated from FasniDAEC2 and 
SftpcCreERT2+/- control mice, as well as C57BL/6 controls exposed to 8 months of CS exposure. 
(D) Immunoblot analysis for FASN and GAPDH in cell lysates from MLE-12 cells transduced 
with siCtrl and siFasn (n=3 experiments). FASN and GAPDH were immunoblotted on the 
same membrane/gel.  (E) Representative flow panel of annexin V and 7-AAD  apoptosis test 
of siCtrl and siFasn MLE-12 cells with or without 20% cigarette smoke extract (CSE) for 12 
hours (n=3 experiments). (F) Immunoblot analysis of p53, pro-SFTPC and β-actin in whole 
lung homogenates of mice exposed to Air or smoke for 6 months with corresponding 
densitometry in the fold change of pro-SFTPC (bottom) (Ctrl Air, n=3; Ctrl CS, n=3; 
FasniDAEC2 Air, n=4; FasniDAEC2 CS, n=3); immunoblot representative of n=2 mice per group. 
Both p53 and pro-SFTPC had their own actin loading controls on the same gel. Data 
represented as Mean ± SEM of one independent experiment, ns: not significant. 
 
Supplemental Figure 5. (A) Lipidomic profiling of BALF lipid extracts from FasniDAEC2 and 
control SftpcCreERT2+/- (Ctrl) mice exposed to 6 weeks of cigarette smoke（CS） or room air 
(Air). (B-C) Volcano plots of significant DG and Acyl PG species between FasniDAEC2 and 
control mice exposed to cigarette smoke (CS) for 6 weeks (n=4 per group).  
 
Supplemental Figure 6. (A) Heat map of BALF lipid extracts of individual species (A) and 
lipid classes (B) from FasniDAEC2 and control Ctrl mice exposed to 6 weeks of CS or Air (n=4 
per group). Yellow and blue indicate increased and decreased levels, respectively. Rows: lipid 
species; Columns: mice BALF sample. 
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Supplemental Figure 7. (A-C) Lipidomic analysis of (A) total lipid concentration (µmol/mg 
protein), (B) lipid classes as well as (C) volcano plot of significant LPI species in the whole 
lung tissue of FasniDAEC2 mice relative to control mice upon 6 weeks smoke exposure (n=4 per 
group). FC, free cholesterol; CE, cholesterol ester; DG, diacylglycerols; TG, triacylglycerols; 
Cer, ceramides; SM, sphingomyelins; PA, phosphatidic acids; PC, phosphatylcholines; PCe, 
phosphatidylcholine ethers; PE, phosphatidylethanolamines; PEp, plasmalogen 
phosphatidylethanolamines; PS, phosphatidylserines; PI, phosphatidylinositols; 
PG,phosphatidylglycerols; LPC,lysophosphatidylcholines; LPE, 
lysophosphatidylethanolamines. Red dots denote p<0.05 fold change of +2, black dots denote 
p<0.05 fold change of -2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 















