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Supplemental Methods 

 

Total and Small RNA Isolation – CCL210 Fibroblasts 

For RNA extraction, each experimental condition was performed in triplicate and 

cells were harvested in Trizol (Qiagen, Germantown, MD). RNA extraction was 

performed using the Qiagen miRNeasy Mini kit per the manufacturer’s 

instructions to extract all RNA moieties >18 nucleotides. Genomic DNA was 

digested on-column per the manufacturer’s instructions using the RNase-Free 

DNase Set (New England Biolabs, Ipswitch, MA). RNA concentration was 

measured using NanoDrop and RNA integrity was measured using BioAnalyzer 

(Agilent, Santa Clara, CA) and submitted for library preparation and sequencing.   

 

Total RNA Library Preparation – CCL210 Fibroblasts 

RNA was assessed for quality using the TapeStation (Agilent, Santa Clara, CA). 

Samples were prepared using the NEBNext Ultra II Directional RNA Library Prep 

Kit for Illumina (catalog number E7760L) Ribo depletion Module NEBNext rRNA 

Human/Mouse/Rat (catalog number E6310X) and NEBNext Multiplex Oligos for 

Illumina Unique dual (catalog number E6440L) (NEB, Ipswitch, MA) where 370 ng 

of total RNA was ribosomal depleted using rRNA Depletion module. The rRNA-
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depleted RNA was then fragmented prior to cDNA generation. NEBNext adapters 

were added via ligation and products were purified and enrichment with PCR (11 

cycles) to create the final cDNA library.  Final libraries were checked for quality 

and quantity by TapeStation (Agilent) and qPCR using Kapa’s library quantification 

kit for Illumina Sequencing platforms (catalog # KK4835) (Kapa Biosystems, 

Wilmington MA). The samples were pooled and sequenced on the Illumina 

NovaSeq S4 Paired-end 150 bp, according to manufacturer's recommended 

protocols.   

 

Small RNA Library Preparation – CCL210 Fibroblasts 

RNA was assessed for quality using the TapeStation (Agilent) using manufacturer's 

recommended protocols. Samples were prepared using the NEBNext Multiplex 

Small RNA Library Prep Set for Illumina (catalog number E7300L). Adapters were 

ligated to 500 ng of total RNA which then goes through 1st Strand Synthesis and 

12 cycles PCR amplification. The products are purified and size selected by Pippin 

Prep according to NEB protocol recommendations.  Final libraries were checked 

for quality and quantity by TapeStation (Agilent) and qPCR using Kapa’s library 

quantification kit for Illumina Sequencing platforms (catalog # KK4835) (Kapa 

Biosystems, Wilmington MA). The samples were pooled and sequenced on the 
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Illumina NovaSeq S4 Paired-end 150 bp, according to manufacturer's 

recommended protocols.    

 

Differential Expression Analysis, Total RNA – CCL210 Fibroblasts 

Analysis of all CCL210 Fibroblast RNA-seq data was performed by the University of 

Michigan Bioinformatics Core. Raw reads were downloaded from the Advanced 

Genomics’ Core storage and adapter sequences were trimmed using Cutadapt 

(v2.3). FastQC (1) (v0.11.8) was used to ensure data quality. Reads were mapped 

to the reference genome hg19 (UCSC) using STAR (2) (v2.6.1b) and assigned count 

estimates to genes with RSEM (3) (v1.3.1). For “totalRNA” results, gene reference 

included both mRNAs and some lncRNAs. For “lncRNA_specific” results, gene 

reference was limited to GENCODE transcripts annotated as long noncoding RNAs 

(https://www.gencodegenes.org/human/release_19.html).  Alignment options 

followed ENCODE standards for RNA-seq 

(https://github.com/alexdobin/STAR/blob/master/doc/STARmanual.pdf).  FastQC 

was used in an additional post-alignment step to ensure that only high-quality 

data were used. 

For differential expression analysis, data were pre-filtered to remove genes with 0 

counts in all samples. Differential gene expression analysis was performed using 

https://www.gencodegenes.org/human/release_19.html
https://github.com/alexdobin/STAR/blob/master/doc/STARmanual.pdf
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DESeq2 (4), using a negative binomial generalized linear model with cutoffs of 

linear fold change > 1.5 or < -1.5, Benjamini-Hochberg FDR (Padj) < 0.05. Plots 

were generated using variations of DESeq2 plotting functions and other packages 

with R version 3.3.3. For ‘totalRNA’ results, genes were annotated with NCBI 

Entrez GeneIDs and text descriptions. For ‘totalRNA’ results, functional analysis, 

including KEGG pathway and GO-term enrichments (5), was performed using 

iPathway Guide (Advaita) (6, 7). 

 

Differential Expression Analysis, Small RNA – CCL210 Fibroblasts 

Data was analyzed using the CAP-miRSeq pipeline from the Mayo clinic (8), using 

human reference genome version hg19 (UCSC), and MirBase version 2 (9). Briefly, 

FastQC was used to ensure data quality. Reads were trimmed using Cutadapt. The 

miRDeep2 mapper and miRDeep2 module (10) are the core components for 

known and novel miRNA detection. Differential miRNA analysis was performed 

using edgeR (11). TargetScan 7.2 (12) (http://www.targetscan.org/) was used for 

predicted targets, and MiR-TarBase 8.0 (13) (http://mirtarbase.cuhk.edu.cn/) was 

used for experimentally validated targets.  

 

RNA Isolation –  Mouse Lung Fibroblasts  
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Young (2 mo) and aged (18 mo) Col1α1-GFP mice were treated with bleomycin by 

intratracheal administration to induce fibrosis as previously described (14); mice 

receiving PBS instead of bleomycin were used as controls. Thirty days after 

bleomycin treatment, at the early stages of fibrosis resolution (14), mice were 

anaesthetized with 100 mg/kg ketamine and 10 mg/kg xylazine. The lungs were 

perfused with cold PBS, harvested, minced, and subsequently digested in cold 

DMEM media containing 0.2 mg/mL Liberase DL and 100 U/mL DNase I (Roche, 

Basel, Switerzerland) for 35 minutes. Red blood cells were removed from the cell 

suspension with red blood cell lysis buffer (Biolegend, San Diego, CA). The single 

cell suspension was then incubated with DAPI (1:1000), anti-CD45: PerCp-Cy5.5 

(1:200), antiCD31:PE (1:200), and anti-CD326:APC (1:200) antibodies (Biolegend) 

for 30 min on ice. FACS sorting was conducted using a BD FACS Aria II (BD 

Biosciences, San Jose, CA). DAPI-/CD45-/CD326-/CD31-/GFP+ selection was used 

to sort Col1α1-GFP+ mouse lung cells. The cells were sorted straight into lysis 

buffer from the RNeasy Micro Kit (Qiagen) and total RNA was isolated according 

to manufacturer’s protocol.  Total RNA isolated from sorted DAPI-/CD45-/CD326-

/CD31-/GFP+ lung cells were used for library prep and sequencing. 
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RNA Library Preparation – Mouse Lung Fibroblasts 

RNA quality was determined using the Fragment Analyzer from AATI (AATI, 

Ankeny, IA) and only samples with RQN values ≥ 6 were used. Sequencing libraries 

were prepared using 200 ng of total RNA with the TruSeq RNA Sample Prep Kit v2 

(Illumina) and poly-A mRNA enrichment according to the manufacturer’s 

protocol.  Pair-end reads of 2x100 bp were sequenced on an Illumina HiSeq 4000 

using the HiSeq 3000/4000 sequencing kit, yielding 33-40 million fragment reads 

per sample.  

 

Differential Expression Analysis –  Mouse Lung Fibroblasts  

Analysis of RNAseq data from mouse Col1α1-GFP+ lung fibroblasts, Mayo Clinic’s 

MAPR-Seq software was used to process the raw paired end reads from the RNA 

sequencing experiments. The raw gene count expression values from MAPR-Seq 

were then processed by the R package, edgeR, to evaluate differential expression. 

Genes with an average raw gene count less than 25 in the samples were excluded 

from the differential expression analysis.  Differentially expressed genes between 

the young and aged groups were identified using Smyth’s moderated t test and 

Benjamini-Hochberg procedure for adjusted P value (FDR). Genes with a false 
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discovery rate (FDR) below 0.05, and absolute log2 fold change greater than 1 

were defined as being differentially expressed. 
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Supplemental Figure 1: (A and C) FGF2 reduces ACTA2 in myofibroblasts via 

MEK/ERK whereas PGE2 effects on ACTA2 are unaffected by MEK/ERK.  (A) The 

MEK/ERK inhibitor PD98059 and (C) UO126 were used at working concentrations 

of 20 µM.  (B and D) ACTA2 and FN1 reduction by FGF2 does not depend on AKT, 

JNK, or p38.  The AKT inhibitor Triciribine, JNK inhibitor SP600125, and p38 
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inhibitor SB203580 were used at working concentrations of 20 µM.  Bars 

represent mean ± SEM; black circles in represent replicated samples from three 

experiments.  Lines indicate conditions being compared.  Isolated asterisk 

indicates statistical significance compared with untreated myofibroblast.  *P < 

0.05.   
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Supplemental Figure 2: Heatmap display of four experimental conditions upon 

which RNA-seq was performed in triplicate.   
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Supplemental Figure 3: PGE2 sensitizes myofibroblasts to apoptosis following de-

differentiation.  (A) Experimental scheme depicting myofibroblast differentiation 

by TGFβ followed by a 5 d treatment with or without PGE2; de-differentiated 

myofibroblasts and myofibroblasts (untreated controls) were then treated with 

anti-Fas Ab for 4 h to induce apoptosis and were assessed for αSMA stress fiber 

and annexin V expression by immunofluorescence microscopy.  (B) αSMA stress 

fibers identified by immunofluorescence microscopy (left column) and annexin V 

staining merged with αSMA (right column) in untreated and PGE2-treated 

myofibroblasts.  The two bottom rows represent different microscopic fields of 

PGE2-treated myofibroblasts. White arrowheads represent PGE2-treated 
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myofibroblasts with persistent stress fiber expression.  Yellow arrows represent 

selected examples of annexin V stained cells.  Stress fibers were stained using 

anti-αSMA antibody and FITC-conjugated secondary antibody and annexin V was 

stained using a polyclonal antibody followed by PE-conjugated secondary 

antibody.  Nuclei are stained with DAPI.  Images are 20x magnification.  No Rx = 

untreated controls. 
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Supplemental Table 1: Top 25 modulated myofibroblast mRNAs following 

treatment with PGE2 or FGF2. 
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Supplemental Table 2: KEGG pathways enriched by PGE2 only, FGF2 only, and by 

both PGE2 and FGF2. 
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Supplemental Table 3: Top 25 modulated long non-coding RNAs following 

treatment with PGE2 or FGF2  
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Supplemental Table 4: Complete list of differentially regulated microRNAs by 

PGE2 and FGF2. 
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Supplemental Table 5: Top 25 most abundantly expressed microRNAs in CCL210 

human lung myofibroblasts. 
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Supplemental Table 6: Forward and reverse primers used for qPCR 
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