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Abstract: 

 

To restore organ homeostasis, a myriad of cell types need to activate rapid and transient 

programs to adjust cell fate decisions and elicit a collective behaviour. Characterisation of such 

programs are imperative to elucidate an organ’s regenerative capacity and its aberrant repair in 

disease. By modelling epithelial-mesenchymal crosstalk, we provide direct evidence for 

transforming growth factor β1 (TGFβ1)-damaged epithelium initiating a bi-directional fibrotic 

cascade with the mesenchyme. Strikingly, TGFβ1-damaged epithelia facilitates the release of 

Enhancer of Zester Homolog 2 (EZH2) from Polycomb Repressive Complex 2 (PRC2) to 

establish a novel fibrotic transcriptional complex of EZH2, RNA-polymerase II (POL2) and 

nuclear actin. Perturbing this complex by disrupting epithelial EZH2 or actomyosin 

remodelling abrogates the fibrotic crosstalk. The liberation of EZH2 from PRC2 is 

accompanied by an EZH2-EZH1 switch to preserve global H3K27me3 occupancy. Our results 

reveal an important non-canonical function of EZH2, paving the way for therapeutic 

interventions in fibrotic disease. 
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Main  

How organisms activate repair and regeneration programs upon injury to restore 

physiological conditions is a fundamental question in biology. This process arises from 

communication between several cell types (notably epithelial cells, endothelial cells, immune 

cells, mesenchymal cells and neurons) to coordinate changes in their gene expression and 

behaviour that lead to tissue remodelling1. Cells sense and transmit these signals through 

receptors, cell-cell and cell-extracellular matrix (ECM) interactions that couple extrinsic signals 

through the actomyosin cytoskeleton to the nucleus and eventually the chromatin. Any 

dysregulation may result in the transition to disease, e.g. cancer or fibrosis2,3.  

Idiopathic Pulmonary Fibrosis (IPF) is a chronic respiratory disease characterized by 

progressive fibrotic lung remodelling and respiratory failure. The disease is ultimately fatal, 

despite the emergence of current therapeutics4. IPF initiation and progression have been linked 

to damage and remodelling of the respiratory epithelium by evidence derived from genetic 

screening, animal models of fibrosis and pathological analyses of patient lungs1,5. Although 

these studies suggest that epithelial secretions and their crosstalk with fibroblasts are key drivers 

of IPF disease pathology, the exact underlying mechanisms remain to be established6.  

TGFβ1 is a predominant effector in most, if not all, forms of fibrosis. Several studies have 

uncovered an intricate crosstalk between SMADs, the central player of TGFβ signalling, and a 

myriad of epigenetic regulators to fine-tune the transcriptional machinery7,8. PRC2 is a major 

epigenetic repressive regulator consisting of EZH2, SUZ12 and EED. PRC2 catalyses mono-, 

di- and tri-methylation of Histone 3 on Lysine 27 (H3K27me2/3) through its methytranferase 

EZH2 subunit resulting in gene silencing and chromatin compaction9. Importantly, EZH2 

overexpression has been detected in IPF and cancer showing a positive correlation with their 

progression10-12. Intriguingly, a non-canonical role of EZH2, marked by phosphorylation on 

threonine 311 (T311) and/or T487, in which it acts as a transcriptional activator via a PRC2- 

and methylation- independent manner, has been identified in several cancers13,14. Nonetheless, 
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the molecular principles dictating the role of EZH2 as either a transcriptional silencer or 

activator is far from understood. Here we describe for the first time a PRC2-independent role 

of EZH2 as a transcriptional co-activator during TGFβ1-driven expression of pro-fibrotic genes 

in human lung epithelial cells. This requires liberation of EZH2 from the PRC2 complex, 

followed by interactions between EZH2, POL2 and actin. Simultaneously, EZH1 is recruited 

and forms an EZH1-PRC2 complex to maintain the silencing of non-target genes. These 

changes trigger a pro-fibrotic crosstalk with mesenchymal cells, leading to ECM remodelling 

and further damage of the epithelium. Characterisation of this pathologic network provides an 

opportunity for novel therapeutic intervention through inhibition of non-canonical EZH2.  

To mimic epithelial-mesenchymal crosstalk in the human lung during fibrogenesis, we 

utilized a co-culture system wherein human lung alveolar epithelial cells A549 (EPCs)15 were 

apically treated with TGFβ1 on Transwell inserts, and cultured with either primary normal 

human lung fibroblasts (NHLFs) or IPF-derived lung fibroblasts (IPF-LFs) at the bottom of the 

culture well for 72 h (Fig. 1a). Apical TGFβ1 treatment of EPCs within the co-culture system 

led to loss of E-cadherin (E-cad), a marker for epithelial integrity (Fig. 1b,c). This coincided 

with enhanced alpha-smooth muscle actin (α-SMA) and other pro-fibrotic/ECM proteins levels 

including fibronectin (FN), type I collagen (COL-1), matrix metalloproteinase-7 (MMP7) and 

Monocyte Chemotactic Protein 1 (MCP1) in the mesenchymal compartment (Fig. 1d and 

Supplementary Fig. 1a-d). Importantly, these pro-fibrotic responses to TGFβ1 were only 

observed in the presence of an epithelial layer, while no elevation of TGFβ1 could be detected 

in the mesenchymal compartment after 72 h (Supplementary Fig. 1e,f), indicating that signals 

from damaged epithelium beyond secreted TGFβ1 drive FMT (Fibroblast-to-Myofibroblast 

Transition)/pro-fibrotic effects in our co-culture model. Interestingly, this effect was even more 

pronounced in IPF-derived fibroblasts (Fig. 1e). 

As fibroblasts have been shown to shape epithelial homeostasis16, we next assessed 

whether activated fibroblasts in turn influence EPCs. To test this, we injured EPCs with TGFβ1 
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for 3h in co-culture with NHLFs, followed by substitution with either (1) untreated NHLFs, (2) 

untreated EPCs, or (3) fresh medium & NHLFs for a further 72 h (Fig. 1f). We observed an 

induction of α-SMA levels in substituted NHLFs (1), consistent with epithelial-derived pro-

fibrotic secretions driving FMT. Accordingly, replacement with healthy EPCs (2) or 

combination of fresh medium & NHLFs (3) decreased α-SMA expression in NHLFs (Fig. 1G). 

Furthermore, the untreated EPCs substituted into the NHLFs co-culture, exhibited a significant 

decrease in E-cad levels (2), indicating that activated fibroblasts damage the epithelium in 

return (Fig. 1h). Collectively, these experiments demonstrate a TGFβ1-initiated bi-directional 

fibrotic cascade in which injured EPCs trigger the activation of fibroblasts, which induce further 

epithelial injuries, pro-fibrotic mediator release and enhanced FMT.  

We next sought to identify the molecular programs that mediate the bi-directional 

crosstalk. After 72h of co-culture upon apical TGFβ1 treatment, transcriptional profiles of the 

epithelial and mesenchymal cells were analysed using RNA sequencing (RNA-seq). We found 

1732 significantly differentially expressed genes (DEGs) in EPCs, whereas 3778 genes were 

deregulated in NHLFs upon apical TGFβ1 treatment (q-val < 0.05, Fig. 1i, Supplementary Fig. 

1g and Supplementary Table 1). Furthermore, secretory proteins were also characterised from 

the medium using mass-spectrometry-based secretome profiling. In response to apical TGFβ1-

treated EPCs/NHLFs in the co-culture, 60 significantly deregulated proteins (q-val < 0.05, Fig. 

1j and Supplementary Table 2) were detected and showed a positive correlation with RNA-seq 

data (Supplementary Fig. 1i,j). Intriguingly, among the most enriched gene ontology (GO) 

terms were genes/proteins involved in the development and progression of fibrotic disease, 

including regulators of mRNA metabolic processes, the unfolded protein response and ECM17 

(Fig. 1k-m and Supplementary Fig. 3).  

To gain insights into the gene regulatory pathways responsible for this biological 

consequence, we performed gene set enrichment analysis (GSEA)18 and found that genes 

marked with H3K4me3 or H3K27me319, as well as known target genes of the Polycomb 
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subunits BMI120, EZH221 and SUZ1222 were significantly represented across all pairwise 

comparisons (Fig. 1n,o, Supplementary Fig. 1h and Supplementary Table 4). Importantly, 

GSEA also revealed a significant correlation with the IPF transcriptional signature23,24 in the 

TGFβ1-treated co-culture system (Fig. 1p and Supplementary Fig. 1k,l), confirming the 

relevance of our in vitro co-culture model to human disease.  

Taken together, these observations suggest that TGFβ1-injured EPCs in the co-culture 

mediate their fibrotic effects through Polycomb activity. To test this hypothesis we measured 

global levels of H3K27me3 and EZH2 using immunofluorescence staining. A reduction in 

H3K27me3 was found in TGFβ1-damaged epithelium, whereas total EZH2 levels increased 

(Fig. 2a). We next determined H3K27me3 and EZH2 occupancy on pro-fibrotic genes detected 

in our RNA-seq and secretomics data, using chromatin immunoprecipitation (ChIP). We 

observed a decrease in H3K27me3 occupancy at promoters of pro-fibrotic genes in response to 

TGFβ1, consistent with their activation; however, EZH2 occupancy was increased (Fig. 2b,c).  

The desynchronized occupancy of H3K27me3 and EZH2 prompted us to examine non-

canonical functions of EZH2. Phosphorylation of EZH2 on T31114 or T48713 (ph-EZH2) has 

been shown to disrupt the interaction between EZH2 and SUZ12, a subunit required for PRC2 

stabilization25. TGFβ1 treatment increased nuclear ph-EZH2 levels on both threonine sites (Fig. 

2d and Supplementary Fig. 2), suggesting a PRC2-independent, non-canonical role of EZH2. 

We hypothesised that TGFβ1 leads to disruption of the EZH2-SUZ12 interaction, followed by 

a small reduction in global H3K27me3 levels. Since EZH1 has the ability to establish and 

maintain PRC2 function26, we sought to ascertain whether TGFβ1 stimulation leads to an EZ 

switch from EZH2-PRC2 to EZH1-PRC2, to sustain PRC2 activity. Co-Immunoprecipitation 

(co-IP) experiments uncovered an interaction between EZH1 and SUZ12 in which TGFβ1 

enhanced EZH1-bound SUZ12, while simultaneously reducing EZH2-bound SUZ12 (Fig. 2e). 

To explore this EZ switch further at the single-gene level, we investigated EZH1, ph-EZH2 and 

H3K27me3 occupancy on pro-fibrotic genes and other known EZH2-PRC2 targets. ChIP 
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analysis confirmed an enrichment of ph-EZH2 occupancy at the promoter regions of pro-

fibrotic genes in response to TGFβ1 (Fig. 2f). As expected, EZH1 occupancy was increased at 

other non-fibrotic genes to maintain H3K27me3 levels (Fig. 2g,h), supporting previous reports 

of EZH1 compensation for EZH2 deficiency27-29.  

As TGFβ1 leads to increased binding of ph-EZH2 at the promoters of pro-fibrotic genes, 

we analysed the contribution of ph-EZH2 in fine-tuning these genes. As expected, we observed 

an attenuation of ph-EZH2 upon EZH2 silencing in TGFβ1-treated EPCs (Fig. 3a). 

Subsequently, EZH2-depleted EPCs led to less pronounced upregulation of pro-fibrotic genes 

in response to TGFβ1 (Fig. 3b). This in turn prevented NHLFs from entering FMT in the co-

culture system (Fig. 3c). 

To unravel the mechanisms of the ph-EZH2-mediated pro-fibrotic gene expression, we 

investigated the potential binding partners of EZH2 upon TGFβ1-induced damage in EPCs. It 

has been shown that remodelling of the actin cytoskeleton is a major pathway involved in 

TGFβ1 signalling30. Actin is constantly shuttled between the cytoplasm and the nucleus, where 

it has been shown to associate with the chromatin remodelling complex and POL2 to enhance 

transcriptional activity31-33. As transcriptional regulation were among the most enriched GO 

term in TGFβ1-damaged EPCs, we hypothesized that ph-EZH2 may facilitate the 

transcriptional process of the pro-fibrotic genes through POL2 and nuclear actin. Intriguingly, 

analysis of the EZH2 co-IP upon TGFβ1 stimulation revealed an interaction between ph-EZH2, 

actin and POL2 (Fig. 3d). We further validated this novel interaction by performing reversed 

co-IP for the elongated form of POL2 phosphorylated on serine 2 (S2p)34 and observed that 

TGFβ1 promoted the formation of a novel fibrotic transcriptional complex consisting of ph-

EZH2, POL2 and actin, as a consequence of the EZ switch. (Fig. 3e). 

The emergence of an interaction between ph-EZH2 and POL2 led us to focus on the 

existence of poised and elongated forms of POL234 at pro-fibrotic genes. Analysis of the 

occupancy of poised POL2 phosphorylated on Serine 5 (S5p) and elongated S2p revealed an 
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increase in POL2(S5p) occupancy within the first 24 h upon TGFβ1 treatment, whereas 

POL2(S2p) occupancy only became visible after 48 h (Fig. 3f,g and Supplementary Fig. 3a-c). 

These data indicate that TGFβ1 induces a poised state of pro-fibrotic gene transcription, marked 

by POL2(S5p) and EZH2 interaction within the first 24 h. Such a poised state ensures only 

chronic and sustained TGFβ1 signals are capable of activating transcription through liberation 

of EZH2 from PRC2. 

To understand how actin could impact the fibrotic transcriptional complex, we treated  

TGFβ1-induced pro-fibrotic EPCs with the Rho-kinase inhibitor Y2763235. Consistent with 

previous data30, TGFβ1 treatment increased actin polymerisation and non-muscle myosin II 

activity marked by the phosphorylation of its light chain (ph-MLC2, Fig. 4a,b). Furthermore, 

treatment with Y27632 but not EZH2 depletion can inhibit the TGFβ1-induced actomyosin 

remodelling. Importantly, disruption of actomyosin remodelling led to the abolition of the 

TGFβ1-induced fibrotic transcriptional complex, including ph-EZH2, POL2 and actin (Fig. 4c), 

suggesting that actin dynamics act as an upstream regulator of non-canonical EZH2. 

We next explored if the fibrotic crosstalk depended on epithelial actomyosin remodelling. 

To this end, we measured TGFβ1-induced pro-fibrotic proteins following inhibition of 

actomyosin remodelling by Y27632 and observed abolition of pro-fibrotic markers in both 

compartments of the co-culture system (Fig. 4d,e and Supplementary Fig 4). These data indicate 

that TGFβ1-injured EPCs trigger a fibrotic cascade with fibroblasts mediated by actomyosin 

remodelling. 

To further validate our findings in a more physiological condition of human lung 

epithelium, we employed an air-liquid interface culture of primary stratified human lung small 

airway epithelial cells (SAECs) for 28 days and exposed this system to chronic TGFβ1 

treatment during the last week of differentiation (Supplementary Fig. 5a). Upon chronic TGFβ1 

treatment (tSAECs), we observed an abnormally heterogeneous epithelial layer compared to 

healthy SAECs (nSAECs) (Fig. 5a and Supplementary Fig. 5b), with no major defects in 
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ciliation (Supplementary Fig. 5c). Importantly, nanoindentation measurements on tSAECs 

showed increased stiffness of the epithelium (Fig. 5b), within the range of a fibrotic lung36. This 

was accompanied by an increase in pro-fibrotic secretory proteins and loss of epithelial integrity 

(Fig. 5c and Supplementary Fig. 5d), demonstrating that our tSAECs model recapitulates major 

hallmarks of the IPF epithelium4.  

We next examined the pro-fibrotic potential of this stiffened epithelium in co-culture with 

LFs. As expected, tSAECs activated the fibrotic cascade in the co-culture system without 

further TGFβ1 treatment, whereas nSAECs exhibited anti-fibrotic effects in the presence of low 

dose TGFβ1 (Fig. 5d and Supplementary Fig. 5e), confirming a vital role of epithelial cells in 

the pathogenesis of IPF.  

In addition to the pro-fibrotic phenotype of tSAECs, we observed a dramatic elevation of 

ph-EZH2 levels and the formation of the previously described ph-EZH2 transcription complex 

(Fig. 5e). As expected, the EZH2-SUZ12 interaction as part of the PRC2 complex was lost in 

tSAECs. Furthermore, acute Y27632 treatment reduced the pro-fibrotic effects in tSAECs (Fig. 

5f,g), validating the role of actomyosin remodelling in the fibrotic cascade. 

Finally, to assess the non-canonical EZH2 pathology in vivo, we analysed a Bleomycin-

induced pulmonary fibrosis mouse model. Lung lysates were examined at day 21 after 

bleomycin or saline instillation. Consistent with our in vitro data, we detected increased ph-

EZH2 levels in bleomycin-induced pulmonary fibrosis compared to those of saline controls 

(Fig. 5h). This result demonstrates that the molecular mechanisms described here are ubiquitous 

in different fibrotic model systems and are recapitulated in whole organ fibrosis. 

Our study provides direct evidence that epithelial injury is a potent stimulus for the 

initiation of a fibrotic cascade, as summarized in Fig. 5i. While earlier reports have suggested 

a vital role of EZH2 in fibrotic progression10,37, little is known about its precise mechanisms. 

We propose a novel fibrotic model in which TGFβ1-injured lung epithelium promotes two 

mechanisms: (1) an EZ-switch from EZH2-PRC2 to EZH1-PRC2, which is required to maintain 
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silencing at non-fibrotic genes; and (2) a PRC2-independent role of EZH2 that forms a pro-

fibrotic transcriptional complex including ph-EZH2, POL2 and nuclear actin to fine-tune 

transcription. 

POL2(S5p) has been reported to bind to EZH2-PRC2 at lineage-specific genes. This 

interaction establishes poised promoters that alter the chromatin state to ensure only strong and 

sustained signals are capable of driving transcription38,39. In our model, this process of 

transcriptional activation occurs in a step-wise fashion. Within the first 24 h of TGFβ1 treatment, 

the establishment of poised promoters at pro-fibrotic genes is induced. Consequently, 

accessibility to these genes is gradually increased, driving EPCs to a plastic and inducible 

epigenetic state. Chronic exposure to TGFβ1 will then lead to loss of PRC2 occupancy at these 

sites. Loss of repressive complexes has been suggested to lower chromatin thresholds for 

aberrant gene activation38, similar to the here reported liberation of EZH2 coupled with an EZ-

switch. Importantly, we show an interaction between PRC2-independent EZH2 and the 

elongated form of POL2 to mediate pro-fibrotic gene expression. This is an intriguing new 

function of EZH2 as a transcriptional activator. Further studies should be directed towards 

better understanding of this novel interaction between EZH2 and POL2(S2p). 

Taken together, our study sheds new light on the non-canonical functions of EZH2 as a 

transcriptional activator and thereby implies that enzymatic inhibitors of EZH2 may not be 

efficacious unless they are capable of disrupting its interaction with the transcriptional 

machinery, while maintaining H3K27me3 occupancy at non-target genes. Since current 

epigenetic inhibitors lack the ability to modify epigenetic states in a precise manner and the 

efficiency to target specific genomic loci40, we have identified a novel pro-fibrotic mechanism 

that could serve as a potential therapeutic target for the next generation of epigenetics 

therapeutics in IPF treatment.   
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Materials and methods 

Primary cells and cell lines 

Human lung fibroblasts from healthy (NHLFs, Lonza, CC-2512) and IPF (IPF-LFs, Lonza, 

CC-7231) were grown in Fibroblast Growth Medium-2 (GIBCO, CC-3132). Fibroblasts from 

passages 4-8 were used for all experiments. A549 alveolar epithelial cells (EPCs, Sigma-

Aldrich, 86012804) were grown in DMEM with 10% fetal calf serum (GIBCO). Human small 

airway epithelial cells (SAECs, Lonza, CC-2547) were cultured in PneumaCult-Ex Plus 

medium (Stemcell Technologies, 05040). SAECs were used between passages 2-4.  

EPCs/LFs co-culture  

200 000 EPCs were seeded on 24 mm Transwell (Corning, 0.4 µm pore size, PET membrane, 

3450). 100 000 Fibroblasts per well (6-well plate, Corning, 3516) were seeded. Cells were 

starved overnight and medium was replaced by fresh DMEM with 200 µl apical and 2000 µl 

basolateral before experiment start. The two compartments were then brought together and 

treatments were applied apically for 72 h. 

SAECs/LFs co-culture 

300 000 SAECs were seeded on collagen type I (Corning) coated 24 mm Transwell (Corning, 

0.4 µm pore size, PET membrane, 3450) in PneumaCult-Ex Plus medium until confluent. 

Apical medium was then removed and SAECs were stratified and differentiated at air-liquid 

interface in Pneumacult-ALI-S medium (Stemcell Technologies, 05099) for 28 days. The 

basolateral medium was exchanged every other day. Where indicated, chronic TGFβ1 treatment 

was applied in basolateral medium after 14 days post ALI (dpa), when cilia were detected. After 

full stratification and differentiation (28 dpa), SAECs were brought together with fibroblasts 

and treatments were applied basolaterally. 
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RNA sequencing analysis and bioinformatics. After 72 h of TGFβ1 treatment in the co-

culture, transcriptional profiles of both EPCs and NHLFs/IPF LFs were analysed with RNA 

sequencing. Total RNA was extracted and purified using RNeasy Plus Mini Kit (QIAGEN) 

according to the manufacturer’s instructions. Quantification and quality control of total RNA 

was measured with an RNA Pico chip on a Bioanalyzer (Agilent, Santa Clara, CA, US), 

followed by adjustment of total RNA to equal amounts. From this RNA, libraries for 

sequencing were prepared from using the TrueSeq RNA Sample Prep Kit v2-Set B (Illumina, 

San Diego, CA, US) according to the manufacturer’s instructions. Single-end sequencing was 

performed on an Illumina HiSeq2000 instrument using the TruSeq SBS Kit HS- v3 (50-cycle) 

(Illumina, San Diego, CA, US).  

The processing pipeline was carried out as previously described 1. Differentially expressed 

gene analysis was done using the limma R-package with Benjamini-Hochberg correction2. 

Genes with an adjusted P value < 0.05 were considered significant. 

Gene ontology term analyses were performed using Enrichr3. Gene Set Enrichment Analysis 

was performed on a pre-ranked gene list according to log2 fold change and compared with the 

Board Institute Molecular Database collection of chemical and genetic perturbations (C2 

CGP, 3297 gene sets) or Oncogenic signatures (C6, 189 gene sets) using the web-based tool 

available from the Broad Institute4,5.  

Mass-Spectrometry 

Sample preparation. Supernatant medium was buffer exchanged using 3.5-kDa Amicon filter 

(Millipore) to 8 M urea, 50 mM ammonium bicarbonate buffer. While in the filter, proteins 

were reduced with 5 mM tris(2-carboxyethyl)phosphine (TCEP) at 30°C for 60 min, and 

subsequently alkylated with 15 mM iodoacetamide (IAA) in the dark at room temperature for 
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30 min. The buffer was then exchanged again to 1 M urea, 50 mM ammonium bicarbonate, 

the sample was recovered from the Amicon tube into a new microfuge tube and protein 

concentration was determined using bicinchoninic acid (BCA) protein assay (Thermo 

Scientific). Proteins were subjected to overnight digestion with mass spec grade Trypsin/Lys-

C mix (1:25 enzyme/substrate ratio). Following digestion, samples were acidified with formic 

acid (FA) and subsequently desalted using AssayMap C18 cartridges mounted on an Agilent 

AssayMap BRAVO liquid handling system. Cartridges were sequentially conditioned with 

100% acetonitrile (ACN) and 0.1% FA, samples were then loaded, washed with 0.1% FA, and 

peptides eluted with 60% ACN, 0.1% FA. Finally, the organic solvent was removed in a 

SpeedVac concentrator prior to LC-MS/MS analysis.  

Mass spectrometry. Prior to LC-MS/MS analysis, dried peptides were reconstituted with 2% 

ACN, 0.1% FA and concentration was determined using a NanoDropTM spectrophometer 

(ThermoFisher). Samples were then analyzed by LC-MS/MS using a Proxeon EASY-nanoLC 

system (ThermoFisher) coupled to an Orbitrap Fusion Lumos mass spectrometer (Thermo 

Fisher Scientific). Peptides were separated using an analytical C18 Acclaim PepMap column 

(75µm x 500 mm, 2µm particles; Thermo Scientific) at a flow rate of 300 nL/min (60oC) 

using a 75-min gradient: 1% to 5% B in 1 min, 6% to 23% B in 44 min, 23% to 34% B in 28 

min, and 34% to 48% B in 2 min (A= FA 0.1%; B=80% ACN: 0.1% FA). The mass 

spectrometer was operated in positive data-dependent acquisition mode. MS1 spectra were 

measured in the Orbitrap in a mass-to-charge (m/z) of 375 – 1500 with a resolution of 60,000 

at m/z 200. Automatic gain control target was set to 4 x 105 with a maximum injection time 

of 50 ms. The instrument was set to run in top speed mode with 2-second cycles for the 

survey and the MS/MS scans. After a survey scan, the most abundant precursors (with charge 

state between +2 and +7) were isolated in the quadrupole with an isolation window of 1.6 m/z 

and fragmented with HCD at 30% normalized collision energy. Fragmented precursors were 
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detected in the ion trap as rapid scan mode with automatic gain control target set to 1 x 104 

and a maximum injection time set at 35 ms. The dynamic exclusion was set to 20 seconds 

with a 10 ppm mass tolerance around the precursor. 

MS data processing. All raw files were processed with MaxQuant6 (version 1.5.5.1) using the 

integrated Andromeda Search engine7 against a target/decoy version of the curated human 

Uniprot proteome without isoforms (downloaded in January of 2019) and the GPM cRAP 

sequences (commonly known protein contaminants). First search peptide tolerance was set to 

20 ppm, main search peptide tolerance was set to 4.5 ppm. Fragment mass tolerance was set 

to 20 ppm. Trypsin was set as enzyme in specific mode and up to two missed cleavages was 

allowed. Carbamidomethylation of cysteine was specified as fixed modification and protein 

N-terminal acetylation and oxidation of methionine were considered variable modifications. 

The target-decoy-based false discovery rate (FDR) filter for spectrum and protein 

identification was set to 1%. 

Data analysis.  Quantitative analysis of the proteome data was performed in the R statistical 

programming language (version 3.5.1, 2018-07-02) using in-house R script wrapper for 

Bioconductor packages such as limma and MSstats. Briefly, feature (a peptide sequence of a 

given charge state and with potential amino acid modifications) intensities were log2-

transformed and loess-normalized to account for systematic errors. Testing for differential 

abundance was performed using MSstats bioconductor package based on a linear mixed-

effects model. In cases where a protein was completely missing in one of the conditions being 

compared, we imputed an empirical log2 fold change and P value. Imputed log2 fold change 

was calculated by summing up the intensities of the protein across the replicates in the 

condition where it was detected, then dividing it by 3.3 and taking the logarithm base 2 of the 

number, whereas its imputed pvalue was calculated by dividing 0.05 by the number of 

replicates the protein was detected. 
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Chemical treatments 

Where indicated, cells were treated with ROCK inhibitor (Y27632, Sigma-Aldrich, 10 µM), 

EZH2 inhibitor (GSK126, 10 nM) and TGFβ1 (R&D, 240-B, 1 ng/ml). The vehicle 

dimethylasulfoxide (DMSO) was used as control for Y27632 and GSK126 treatments, 4mM 

HCl (Sigma-Aldrich) containing 1 mg/ml BSA (Sigma-Aldrich) was used as control for TGFβ1 

treatment. 

RNAi transfection.  

siRNA targeting hEZH2 (ID: s4916 and s4918) and negative control siRNA (AM4635) were 

from Thermo Fisher Scientific (Silencer Select). Transfection were performed 1 day before 

co-culture in EPCs at 70% confluence, using Lipofectamine RNAiMAX (Invitrogen) 

according to manufecturer’s instruction. After 24 h of transfection, EPCs were subjected to 

co-culture experiment. 

Co-immunoprecipitation (co-IP) and western blot 

Co-Immunoprecipitation. Co-IP was performed using following antibodies: EZH2 (Active 

Motif, 39933, 1:100), Pol2-S2p (Active Motif, 61083, 1:100), SUZ12 (Cell Signalling, 3737, 

1:100). Cells were harvested in IP lysis buffer (Thermo Fisher Scientific, 87788), containing 

protease and phosphatase inhibitors. Lysates were cleared by centrifugation at 10, 000 x g and 

protein concentration was quantified with Pierce BCA (Thermo Fisher Scientific, 23225). 

Antibodies were coupled to Protein A/G magnetic beads (Thermo Fisher Scientific, 26162) 

for 1 h at 4oC. Lysates were then incubated with 50 μl beads-antibodies complex overnight at 

4oC. An isotype IgG antibody (Cell Signaling, 2729S) was used as the control. After repeated 

washing, proteins were eluted in NuPAGE LDS Sample buffer (Novex, NP0007) at 70oC in 

10 min, followed by western blot analysis. 
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Western Blotting. Western blot was carried out as previously described8. The following 

antibodies were used: β-Actin (Cell Signalling, 3700, 1:5000), EZH1 (Cell Signalling, 42088, 

1:5000), EZH2 (Cell Signalling, 5246, 1:5000), EZH2 (Cell Signalling, 3147, 1:5000), 

GAPDH (Cell Signalling, 3683, 1:100000), H3K27m3 (Cell Signalling, 9733, 1:5000), ph-

EZH2 (T487) (Invitrogen, PA5-105660, 1:1000), ph-EZH2 (T311) (Cell Signalling, 27888, 

1:1000), Phospho-Myosin Light Chain 2 (Thr18/Ser19) (Cell Signalling, 3674, 1:1000), 

POL2-S2p (Active Motif, 61083, 1:1000), POL2-S5p (Cell Signalling, 13523, 1:1000), POL2 

(Cell Signalling, 2629, 1:1000), SUZ12 (Cell Signalling, 3737, 1:1000). 

RT-qPCR 

RNA was isolated using the RNAeasy Plus Mini Kit (QIAGEN), after which reverse 

transcription was performed using the High-Capacity cDNA Reverse Transcription Kit (Bio-

rad). qPCR was performed on the ABI ViiA 7 real-time PCR System (Life Technologies) 

using QuantiFast Probe PCR kit master mix (QIAGEN) with FAM- or VIC- labelled TaqMan 

MGB probe (Applied Biosystem). Changes in gene expression were calculated using the 

comparative cycle threshold method with HPRT1, GAPDH or S26 as house-keeping controls.  

For a complete list of all probes used in this study see Supplementary Table 5a. 

Chromatin immunoprecipitation (ChIP) analyses 

ChIP analyses were carried out as described previously8. In brief, cells were crosslinked in 

1% formaldehyde (Sigma-Aldrich), after which cells were lysed and sonicated to fragment 

DNA. Following sonication, 10% was taken for input and lysates were incubated with 5 µg 

antibody or isotype IgG overnight at 4˚C. The next day, lysates were incubated with protein 

A/G beads (Dynabeads, Life Technologies) followed by extensive washing. Chromatin was 

then decrosslinked and eluted. DNA was purified and analysed by qPCR. ChIP-qPCR was 
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performed using DyNamo Color Flash SYBR Green Mix (Thermo Fisher). Enrichment was 

determined by normalising to input DNA of the target gene as a percentage of input. For a 

complete list of primers see Supplementary Table 5b. 

The following antibodies were used: EZH1 (Cell Signalling, 42088) EZH2 (Active Motif, 

39933), H3K27m3 (Cell Signalling, 9733), POL2-S2p (Active Motif, 61083), POL2-S5p 

(Cell Signalling, 13523), ph-EZH2 (T487) (Invitrogen, PA5-105660), ph-EZH2 (Thr311) 

(Cell Signalling, 27888). 

ELISA. The supernatant from the basolateral compartment of mono- and co-cultures were 

harvested and MMP7 (Meso Scale Discovery (MSD), F210K), MCP-1 (MSD, K151UGK), 

Fibronectin (Thermo Fisher Scientific, BMS2028TEN), TGFβ1 (R&D, DY240), and 

COL1A1 (R&D, DY6220) were analysed according to the manufacturer’s instructions. Cell 

lysates were extracted in RIPA buffer (Sigma-Aldrich, R0278) and E-cadherin (MSD, 

F21YX) or α-SMA (custom made, high binding plate from MSD, L15XB, with α-SMA 

antibody from Sigma-Aldrich, A2547) were measured in accordance with the manufacturer’s 

instructions. ELISA signal was measured either on a MESO SECTOR® 6000 using the MSD 

Discovery Workbench Software 4.0 (MSD, LLC., Rockville, MD, USA) or on a 

SpectraMaxM5 spectrophotometer (Molecular Devices) using SoftMax Pro 6.5 Software. 

Total protein concentration of the supernatant measured using the Pierce BCA protein assay 

kit (Thermo Scientific) was used as a control. 

Immunofluorescence and confocal microscopy. 

Cells were were fixed in 4% paraformaldehyde or ice-cold methanol, permeabilised with 

0.3% Triton X-100 in PBS, and blocked in 5% bovine serum albumin (BSA). Samples were 

incubated overnight in primary antibody followed by washing and incubation in secondary 
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antibody and/or phalloidin labelling. Finally, samples were mounted with Prolong Antifade 

Mountant with DAPI (Invitrogen P36935) and coversliped. The following primary antibodies 

were used: α-SMA (Sigma-Aldrich A2547; 1:500), E-cadherin (BD 310181; 1:500), Collagen 

type I (Sigma-Aldrich SAB4200678; 1:300), H3K27me3 (Cell Signalling 9733; 1:500), EZH2 

(Cell Signalling 3147; 1:500), ph-EZH2 T311 (Cell Signalling 27888; 1:500).  

All fluorescence images were collected by laser scanning confocal microscopy (LSM710; 

Zeiss) with an AXIO Observer Z1 using 40x or 63x immersion objectives. All image analyses 

was carried out using ImageJ software.  

Histology 

Haematoxylin-eosin staining of paraffin-embedded SAECs sections was performed using 

standard protocols. Images were collected with a Zeiss Axio Observer system. 

10S FITC-Dextran permeability assay.  

Following 4 week differentiation, permeability of the epithelial layer was monitored by 

transcellular passage of 10 kDa dextran labelled with fluorescein isothiocyanate (FITC). 

Growing medium was substituted with RPMI without phenol red (Gibco). 5 mg/ml of 10 µl 

FITC-Dextran was applied to the apical side of the cells and was incubated at 37oC, 5% CO2. 

Passage of FITC dextran was measured at 30 min, 60 min and 90 min intervals, using a 

SpectraMaxM5 spectrophotometer (Molecular Devices) and SoftMax Pro 6.5 Software. 

Force indentation spectroscopy 
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Nanoindentation was performed on airlifted SAECs layer using a Pavone nanoindenter 

(Optics 11, Netherlands). Indenter probes had a glass spherical tip (diameter ~30 μm) 

mounted on an individually calibrated cantilever with a spring constant of ~0.025 N m−1. For 

all indentation, forces of up to 3 nN were applied and the velocities of cantilever approach and 

retraction were kept constant at 2 µm s-1 ensuring detection of elastic properties only. The 

effective Young’s modulus was calculated using a linear Hertzian contact model based on the 

first 10% of the force–distance curve. For each sample, five areas were measure of 50 x 50 

µm. 

Statistical analysis and reproducibility 

Statistical analyses were performed using GraphPad Prism (version 8.0). Statistical 

significance was determined by the Mann-Whitney U-test, Wilcoxon test, paired t-test, 

Kruskal-Wallis ANOVA with Dunn’s, Tukey’s or Dunnett’s post hoc test, non-linear / linear 

regression or Spearman’s rank correlation coefficient test as indicated in the corresponding 

figure legends. In all comparisons which a test for normally distributed data was used, 

Gaussian distribution was determined with Kolmogorov-Smirnov test (α = 0.05). 

All experiments in this study were repeated for at least three independent times / biological 

replicates. 

Data availability 

RNA-seq data that support this study have been deposited in the Gene Expression Omnibus 

(GEO) and the secretomics data in the proteomics repository MassIVE and will be made 

public upon acceptance of the manuscript. All other data that support the finding are available 

from the authors on request. 
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Figure 1. Polycomb mediates TGF 1-induced epithelial secretions triggers bi-directional fibrotic cascade with mesenchymal cells. 
(a) EPCs were subjected to apical TGF 1 stimulation for 72 h in the co-culture system. 
(b) Representative E-cadherin (E-cad) and DAPI immunofluorescence images of EPCs treated apically with TGF 1 or vehicle control after 72 h in the co-culture system (scale bars 25 m).
(c) ELISA analysis shows decreased E-cad levels in TGF 1-treated EPCs after 72 h in the mono- and co-culture systems (n = 6 independent experiments, mean + s.d., ***p < 0.001, 
ANOVA/Tukey´s). 
(d) Representative COL-1, SMA and DAPI staining of NHLFs from the mono- and co-culture systems after 72 h apical treatment with TGF 1. Note the increased COL-1 levels, further 
enhanced by the addition of EPCs and an increase in SMA levels only in the presence of EPCs (scale bars 200 m). 
(e) ELISA analysis shows increased SMA levels in a TGF 1 dose-dependent manner from NHLFs and IPF-LFs in the co-culture system. Note a stronger SMA response in IPF-LFs (mean 
+ s.d., n = 3 independent experiments from 6 NHLFs and 6 IPF-LFs donors , ****p < 0.0001, Nonlinear Regression). 
(f) Schematic workflow of the substitution system in which EPCs were subjected to TGF 1 stimulation for 3 h in co-culture with NHLFs, after which (1) NHLFs or (2) EPCs were replaced with 
untreated counterparts or (3) both fresh medium and untreated NHLFs for a further 72 h. 
(g, h) 72 h after substitutions in the co-culture, SMA and E-cad levels of NHLFs and EPCs, respectively, were measured with ELISA and normalised to the control. Note replacement of 
injured EPCs with untreated EPCs or replacement of media and NHLFs attenuates SMA expression and increases E-cad levels (mean + s.d., ***p < 0.001, **p < 0.01, *p < 0.05, n = 3 
independent experiments with 6 NHLFs donors, ANOVA/Dunnett´s). 
(i) Hierarchical clustering of differentially regulated transcripts from RNA-seq between vehicle and TGF 1-treated EPCs in the co-culture (p-adj < 0.05). Significantly regulated pro-fibrotic 
genes (marked by asterisk) are listed on the right side.
(j) Volcano plot representing logarithmic ratio of differentially secreted proteins from proteomics analysis of co-culture medium upon apical TGF 1 stimulation (p-adj < 0.05), with examples of 
pro-fibrotic proteins.
(k-m) Gene Ontology (GO) analysis of differentially expressed genes (p-adj < 0.05) that are enriched in TGF 1-treated (k), vehicle treated (l) EPCs, and differentially secreted proteins (m).
(n, o) GSEA shows enrichment of genes that are known targets of Polycomb complexes (defined by SUZ12, BMI1 and EZH2) upon TGF 1 treatment in the co-culture system.
(p) GSEA shows enrichment of an IPF whole lung signature in TGF 1-treated EPCs in the co-culture system. 
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Figure 2. TGF 1 induces an EZ-switch from EZH2 to EZH1-SUZ12 in EPCs of the co-culture system.
(a) Representative H3K27me3 and EZH2 immunofluorescence images and box plots (minimum, first quartile, median, third quartile and maximum) showing decreased H3K27me3 levels but 
increased total EZH2 levels in EPCs from co-culture with LFs (n = 5 independent experiments with >50 cells per experiement, scale bars 50 m, *p = 0.0625, Wilcoxon test).
(b) ChIP-qPCR shows decreased occupancy of H3K27me3 at promoters of pro-fibrotic genes in EPCs subjected to apical TGF 1 for 72 h. Unspecific IgG was used as a negative control 
(mean + s.d., n = 3).
(c) ChIP-qPCR shows increased EZH2 occupancy at promoters of profibrotic genes in EPCs subjected to TGF 1 for 72 h (mean +s.d., n= 3).
(d) Representative western blot analysis of ph-EZH2 and quantification shows increased ph-EZH2 levels at T311 and T487 in EPCs subjected to apical TGF 1 for 72 h (n = 5 independent 
experiments, mean + s.d., **p = 0.0094, ***p = 0.0008, two-sided unpaired t-test).
(e) Representative western blot analysis of SUZ12 immunoprecipitates shows co-precipitation of EZH1 and EZH2 in EPCs. TGF 1 treatment leads to the EZ-switch from SUZ12-bound EZH2 
to EZH1. Unspecific IgG binding was used as a negative control. A representative from 3 independent experiments is shown.
(f) ChIP-qPCR shows increased ph-EZH2 occupancy at promoters of pro-fibrotic genes in EPCs subjected to TGF 1 for 72 h. Note no changes in ph-EZH2 levels at promoters of non-target 
genes (mean + s.d., n = 3).
(g) Increased EZH1 occupancy at promoters of non-fibrotic genes in EPCs subjected to apical TGF 1 for 72 h (mean +s.d., n = 3).
(h) No changes in H3K27me3 at promoters of non-fibrotic genes in EPCs subjected to apical TGF 1 for 72 h (mean + s.d., n = 3).
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Figure 3. TGF 1 mediates pro-fibrotic effects in EPCs of the co-culture system through a novel transcriptional complex including ph-Ezh2/Actin/Pol2. 
(a) Representative western blot analysis and quantification show a reduction in ph-EZH2 levels in EZH2-depleted EPCs versus control cells upon TGF 1 stimulation for 72 h (n = 4 indepen-
dent experiments, mean + s.d., *p  < 0.05, Kruskal-Wallis/Dunn´s). 
(b) qPCR analysis of pro-fibrotic/EMT target genes in EZH2-depleted EPCs in co-culture with NHLFs shows that EZH2 is required for the effect of TGF 1 on the upregulation of pro-fi-
brotic/EMT target genes (n = 4 independent experiments with 4 NHLFs donors, mean + s.d., ****p  < 0.001, *p  < 0.05, n = 4 independent experiments, ANOVA/Tukey´s).
(c) ELISA analysis of signature FMT markers from NHLFs in the co-culture system shows that EHZ2-depleted EPCs prevent the effect of TGF 1on the epithelial secretions driven FMT 
process (n = 4 NHLFs donors, mean + s.d., ****p  < 0.001, **p  = 0.004, *p  = 0.0459, ANOVA/Tukey´s). 
(d) Representative western blot analysis of EZH2 co-immunoprecipitates shows increased levels of EZH2-bound POL2, ph-EHZ2, and actin in TGF 1-treated EPCs. Unspecific IgG binding 
was used as a negative control. A representative from 3 independent experiments is shown.
(e) Representative western blot analysis of POL2 immunoprecipitates shows co-precipitation of ph-EZH2 and nuclear actin. Increased levels of POL2-bound ph-EZH2 and nuclear actin are 
observed upon in EPCs subjected to apical TGF 1 for 72 h. Unspecific IgG binding was used as a negative control. 
(f) ChIP-qPCR shows increased occupancy of POL2(S5p) at promoters of pro-fibrotic genes in EPCs subjected to TGF 1 for 24 h. Negative IgG control is shown in Supplementary Fig. 3 (n 
= 3 independent experiments). 
(g) ChIP-qPCR shows increased occupancy of POL2(S2p) at pro-fibrotic genes in EPCs subjected to TGF 1 for 48 h. Negative IgG control is shown in Supplementary Fig. 3 (n = 3 indepen-
dent experiments).

Le et al., 2020 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted July 29, 2020. ; https://doi.org/10.1101/2020.07.29.225300doi: bioRxiv preprint 

https://doi.org/10.1101/2020.07.29.225300


Figure 4. TGF 1-mediated adjustment of fibrotic genes through actomyosin remodelling and EZH2. 
(a) Representative F-actin (phalloidin) and DAPI images of EPCs show that treatment with ROCK inhibitor Y27632 but not depletion of EZH2 can 
prevent TGF 1-induced actomyosin remodelling in EPCs (scale bars 200 m).
(b) Representative western blot analysis and quantification show that blocking actomyosin remodelling by Y27632 prevents TGF 1-induced 
ph-EHZ2 in EPCs (n = 3 independent experiments, *p = 0.0523, Kruskal-Wallis/Dunn´s).
(c) Representative immunoprecipates of EHZ2 shows abolition of TGF 1-induced pro-fibrotic transcriptional complex of phEZH2-POL2-actin 
upon the convergent treatment of TGF 1 and Y27632. Unspecific IgG binding was used as a negative control. Representative from 3 indepen-
dent experiments is shown.
(d) ELISA analysis of E-cad levels from EPCs in mono- or co-culture with NHLFs and IPF-LFs subjected to TGF 1 for 72 h shows that blocking 
actomyosin remodelling by Y27632 prevents TGF 1-reduced E-cad (n = 3 independent experiments with 6 NHLFs and 6 IPF-LFs donors, mean 
+ s.d., ***p < 0.001, ANOVA/Tukey´s). 
(e) ELISA analysis of SMA levels from NHLFs and IPF-LFs in mono and co-culture with EPCs shows that blocking actomyosin remodelling in 
EPCs leads to the abolition of epithelial secretions that drive increased SMA upon TGF 1 stimulation (n = 3 independent experiments with 6 
NHLFs and 6 IPF-LFs donors, mean + s.d., ***p  < 0.001, ANOVA/Tukey´s).
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Figure 5. Non-canonical EZH2 as a potential therapeutic target in pulmonary fibrosis and its proposed mechanism.
(a) Haematoxylin-eosin (H&E) staining of stratified and differentiated SAECs (scale bars 50 m).
(b) Nanoindentation shows increased stiffness in tSAECs. Box plots display minimum, first quartile, median, third quartile and maximum (n = 5 SAECs donors, *p = 0.0179, two-sided 
paired t-test).
(c) FITC dextran permeability assay reveals loss of epithelial integrity in tSAECs (n = 4 SAECs donors, mean ± s.d., ****p < 0.0001, Linear Regression).
(d) ELISA analysis of SMA levels from NHLFs in mono- (black line) or co-culture with nSAECs (blue) or tSAECs (red) shows an anti-fibrotic effect on nSAECs subjected to apical TGF 1 
for 72 h (n = 5 SAECs and 5 NHLFs donors,*p < 0.05, **p = 0.01, 2-way ANOVA /Tukey´s). 
(e) Representative western blot analysis of EZH2 immunoprecipitates shows co-precipitation of ph-EZH2, POL2(S2p) and actin in tSAECs. Note the loss of EZH2-bound SUZ12 in 
tSAECs compared to nSAECs. Unspecific IgG was used as a negative control.
(f) ELISA analysis shows decreased E-cad levels in tSAECs in the mono- or co-culture system. This reduction can be rescued by the ROCK inhibitor Y27632 (n = 4 SAECs donors, mean 
+ s.d., *p < 0.05, **p = 0.0052, 2-way ANOVA/Tukey´s).
(g) ELISA analysis of aSMA levels shows increased aSMA levels in NHLFs when co-cultured with tSAECs. Blocking actomyosin remodelling by Y27632 can prevent this effect (n = 4 
NHLFs donors, mean + s.d., *p < 0.05, 2-way ANOVA/Tukey´s).
(h) Representative western blot analysis and quantification show increased ph-EZH2 levels in Bleomycin treated mice compared to saline control group (n = 10 mice / treatment, mean + 
s.d., *p = 0.04, ****p < 0.001, Mann-Whitney).
(i) A model describing TGF 1-injured epithelium initiating a bi-directional fibrotic crosstalk with fibroblasts. TGF 1-injured epithelium promotes (1) an EZ-switch from 
EZH2-PRC2 to EZH1-PRC1, which is required to maintain H3K27me3 at TGF 1 non-target genes; and (2) a PRC2-independent EZH2 that forms a pro-fibrotic transcriptional complex 
with POL2(S2p) and nuclear actin to fine-tune transcription at pro-fibrotic genes.
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Supplementary Figure 1. Characterisation of the EPCs/LFs co-culture system, related to Figure 1.
(a-e) ELISA analysis of pro-fibrotic markers in the mono- and co-culture system. Note elevated levels of pro-fibrotic markers in the TGF
1-treated co-culture after 72 h (n = 6 independent experiments, box plots (minimum, first quartile, median, third quartile and maximum), 
****p < 0.001, *p < 0.05, **< 0.01, ANOVA/Tukey´s).
(f) Secreted alkaline phosphatase protein (SEAP) assay shows detectable induction of TGF 1 in basolateral compartment only after 
treatment with 5 ng/ml TGF 1 apically (n = 4 independent experiments, box plots (minimum, first quartile, median, third quartile and 
maximum), **p = 0.0084, ns = non-significant, Kruskal-Wallis).
(g) Summary of DEG analysis from RNA-seq of both compartments from the co-culture systems. 
(h) GSEA shows enrichment of genes marked by H3K4me3 and H3K27me3 in TGF 1-treated NHLFs from the co-culture system. 
(i, j) Scatter plots show a positive correlation between secreted protein (p-val < 0.05) and RNA-seq from NHLFs (i) or EPCs (j) from the 
co-culture system (R is Spearman‘s rank correlation coefficient).
(k, l) GSEA of NHLFs (k) and EPCs (l) from the co-culture system shows an enrichment of the IPF transcriptional and cellular phenotype 
in TGF 1-treated EPCs/LFs co-culture system.
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Supplementary Figure 2. Induction of ph-EZH2 in EPCs upon TGF 1 stimulation, related to Figure 2.
Representative ph-EZH2 images of a confocal plane at the level of the nucleus from vehicle and TGF 1-treated EPCs (scale bars 7.5 

m). Right side panels show linescans through the cytoplasm and the nucleus indicating enrichment of ph-EZH2 in both compartments 
upon TGF 1 stimulation. Representation from 3 independent experiments is shown.
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Supplementary Figure 3. Analysis of transcriptional activation dynamics upon TGF 1 treatment in EPCs, related to Figure 3.
(a) ChIP-qPCR analysis of POL2(S2p) and POL2(S5p) in EPCs subjected to TGF 1 for 6 h. Unspecific IgG was used as negative control (n = 3 independent experiments).
(b) ChIP-qPCR analysis of POL2(S2p) in EPCs subjected to TGF 1 for 24 h. Unspecific IgG was used as negative control (n = 3 independent experiments).
(c) ChIP-qPCR analysis of POL2(S5p) in EPCs subjected to TGF 1 for 48 h. Unspecific IgG was used as negative control (n = 3 independent experiments).
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Supplementary Figure 4. Induction of pro-fibrotic markers is driven by actomyosin remodeling, related to 
Figure 4.
ELISA analysis of pro-fibrotic markers from the co-culture shows that blocking actomyosin remodelling by Y27632 
prevents TGF 1-induced elevation of FN1, COL-1, MMP7 and CP-1 (n = 3 independent experiments with 6 LFs 
donors, mean + s.d., **p < 0.01, ****p < 0.001, ANOVA/Tukey´s).
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Supplementary Figure 5. Characterisation of the SAECs/LFs co-culture system, related to Figure 5.
(a) Schematic workflow of chronic TGF 1 treatment during SAECs stratification and differentiation, followed by co-culture with LFs.
(b) Representative images showing morphological changes of SAECs upon chronic TGF 1 treatment (scale bars 500 m).
(c) Analysis of cilia beat frequency and cilia area shows no significant differences between nSAECs and tSAECs (n = 3 donors, mean + 
s.d., ns = non-significant, paired t-test).
(d) ELISA analysis shows increased pro-fibrotic proteins secretion in tSAECs (n = 3 independent experiments from 4 donors, *p = 
0.0313, **p = 0.0078, ***p = 0.0002, paired Wilcoxon test, box plots show minimum, first quartile, median, third quartile and maximum).
(e) ELISA analysis of pro-fibrotic markers in the mono- and co-culture system between SAECs and LFs. Note elevated pro-fibrotic levels 
in tSAECs and the co-culture system. (n = 3 independent experiments from 4 SAECs donors and 6 LFs donors, box plots show 
minimum, first quartile, median, third quartile and maximum).
(f) Western blot analysis shows reduced ph-EZH2 levels upon GSK126 treatment in tSAECs.
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