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Abstract  

Oncolytic immunotherapy is based on the use of non-pathogenic replicative 

oncolytic viruses (OV) that infect and kill exclusively tumor cells. Recently, we showed 

that the spontaneous oncolytic activity of the Schwarz strain of measles virus (MV) 

against human malignant pleural mesothelioma (MPM) depends on defects in the 

antiviral type I interferon (IFN I) response in tumor cells. In this study, we identify the 

most frequent defect as the homozygous deletions (HD) of all fourteen IFN I genes 

(IFN- and IFN-) that we found in more than half of MV-sensitive MPM cell lines.  

These HD occur together with the HD of the tumor suppressor gene CDKN2A also 

located in the 9p21.3 chromosome region. Therefore, the IFN I-/- MPM cell lines 

develop a partial and weak IFN I response when they are exposed to the virus 

compared to normal cells and MV-resistant MPM cell lines. This response consists in 

the expression of a restricted number of IFN-stimulated genes that do not depend on 

the presence of IFN I. In addition, the IFN I-/- MPM cell lines infected by MV also 

develop a pro-inflammatory response associated with a stress of the endoplasmic 

reticulum. Our study emphasizes the link between HD of IFN I encoding genes and 

CDKN2A gene in MPM and sensitivity to MV oncolytic immunotherapy.  
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Introduction 

Oncolytic immunotherapy is a developing strategy to treat cancer that is based 

on the use of non-pathogenic replicative oncolytic viruses (OV). OV exclusively 

replicate in and kill tumor cells, and stimulate the antitumor immune response 1. 

Indeed, viral replication is often favored in tumors due to the presence of an 

immunosuppressive environment and defects in several pathways in tumor cells such 

as apoptotic or antiviral pathways that are normally used to prevent viral replication 2. 

Attenuated vaccine strains of measles virus (MV) such as Edmonston or 

Schwarz strains display a spontaneous oncolytic activity against numerous tumor cell 

types 3, 4. These strains use the CD46 molecule as a second receptor to infect human 

cells, unlike the pathogenic strains that mainly use the CD150 molecule 5, 6. Tumor 

cells often overexpress CD46 to escape complement-mediated cytotoxicity 7, 8. This 

expression at high density favors the infection of tumor cells by attenuated MV 9.We 

and others have shown that the oncolytic activity of MV also depends on deficiencies 

of the antiviral type I interferon (IFN I) response in tumor cells 10-12. All nucleated cells 

are able to detect viral infection using intracytoplasmic pattern recognition receptors 

13. In the case of MV, cytosolic helicases such as RIG-I and MDA5 detect the viral RNA 

and send a signal to the nucleus via IRF3, NF-KB. This signal induces the secretion of 

IFN I that protects infected and neighboring cells from further viral replication. Indeed, 

exposure to IFN I induces the expression of hundreds of IFN-stimulated genes (ISG) 

in cells that express the IFN-/- receptors (IFNAR). These ISG are directly or 

indirectly responsible for the antiviral activity. Some of these ISG, such as ISG15 or 

ISG54 (IFIT1), can be directly activated in response to the virus via IRF3 without the 

need of IFN I, whereas others require IFN I and IFNAR signaling13-15.  
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Malignant pleural mesothelioma (MPM) is a cancer of the pleura often due to 

chronic asbestos exposure 16. Treatments of MPM include chemotherapy, 

radiotherapy and surgery, and are of limited efficacy, urging the development of new 

therapeutic approaches, such as oncolytic immunotherapy. In a recent study, we 

reported that fifteen out of twenty-two human malignant pleural mesothelioma (MPM) 

cell lines were sensitive to Schwarz MV oncolytic activity due to defects of their antiviral 

IFN I response 10. Eleven out of these fifteen MPM cell lines were unable to secrete 

IFN I (IFN- and IFN-) in response to MV making them permissive to the viral 

replication that ended up killing them. However, these cell lines were able to control 

viral replication and to resist MV oncolytic activity if they were previously exposed to 

IFN I, suggesting that the defects of the IFN I response were located upstream of 

IFNAR. The seven others MPM cell lines as well as four types of healthy cells were 

able to produce type I IFN when exposed to MV and thus block viral replication and 

cell lysis.  

In this study, we aimed at further identifying the defects of IFN I response 

present in MPM tumor cells, that make them sensitive to MV oncolytic activity. We also 

wanted to characterize their impacts on the cellular response to the virus. We show 

that the most frequent defect in MPM is the homozygous deletions (HD) of all genes 

encoding IFN I (IFN- and IFN-) that were found in eight out of the fifteen MV-

sensitive MPM cell lines. These frequent HD of IFN I encoding genes in MPM that 

occur together with the HD of CDKN2A gene represents a therapeutic target that can 

be exploited with OV such as Schwarz MV to induce immunogenic death of tumor cells. 
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 Materials and methods 

Cell culture 

Human MPM cell lines (from Meso 4 to Meso 225) were established in our 

laboratory from pleural effusions collected by thoracocentesis, and genetically 

characterized 17. All patients gave their informed consent. All cell lines were maintained 

in RPMI-1640 medium supplemented with 10% heat-inactivated fetal calf serum, 

100U/mL penicillin, 100μg/mL streptomycin and 2mM L-glutamine (all reagents from 

Gibco-Invitrogen) and cultured at 37°C in a 5% CO2 atmosphere. Normal peritoneal 

mesothelial cells MES-F were purchased from Tebu-bio, pulmonary fibroblasts CCD-

19Lu from the ATCC-LGC Standards, and pulmonary endothelial cells HMVEC-L from 

Lonza. These cells were cultured in their specific media according to the 

manufacturers' recommendations. The bronchial epithelial cells were obtained and 

cultured as previously described 18. Cells were routinely checked for Mycoplasma 

contamination using the PlasmoTestTM from InvivoGen. 

The eighty MPM cell lines used to confirm the HD of IFNB1 gene were early 

passages of primary tumor cells established at INSERM U1162 laboratory, Paris, from 

surgical resection, pleural biopsies, or malignant pleural fluid of confirmed MPM cases, 

obtained from several French hospitals with patient’s consents 19, 20. 

 

MV infection, IFN and inhibitor treatments 

Live-attenuated Schwarz vaccine strain of measles virus (MV), MV recombinant 

for the enhanced green fluorescent protein (MV-eGFP) and MV recombinant for the 

cherry protein (MV-ch) were produced and purified as previously described 21. Infection 

of cells with MV lasted 2h at 37°C. Viral inoculum was then replaced by fresh culture 

medium, unless otherwise indicated. Type I IFN treatment was performed by adding 
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rhIFN-2a and rhIFN-1a (ImmunoTools) at 1,000IU/mL and type III treatment was 

done by adding rhIL-29 at 10ng/mL during 48h. The IFN I pathway was inhibited by 

ruxolitinib, a chemical inhibitor of janus-associated kinases (JAK1, JAK2 and JAK3), at 

1µM three days before infection and added every days during the time of the 

experiment.  

 

MV replication assay 

Three days before infection, cells were seeded in 6-well plates at a density of 

0.5×106 cells/well for the MPM cell lines with or without ruxolitinib. A day before 

infection, cells were seeded in 96-well plates, at a density of 10,000 cells/well. Infection 

was performed at multiplicity of infection of 1 (MOI 1) and fluorescence at 610nm was 

analyzed every day during 9 days using a ChemiDoc™ MP imaging system (Bio-Rad). 

Quantification was done with the Image Lab 4.1 Software (Bio-Rad) with the relative 

fluorescence corresponding to the ratio between the fluorescence measured in treated 

and non-treated cells. 

 

Confocal microscopy 

MPM cell lines were seeded in 8-well silicone cultivation chamber (IBIDI ®) at a 

density of 0.5×105cells/well and then infected with MV at MOI 10 during 12h. Cell 

membrane cells were labeled with WGA, a lectin marker, at 5μg/mL for 10min at room 

temperature. Cell were fixed with 4% paraformaldehyde for 20min at room 

temperature, cell and nuclear membranes were permeabilized for 5min at 20°C with 

absolute methanol and then blocked in PBS 0.1% BSA (Sigma Aldrich) at 4°C 

overnight. Cells were incubated 5min in PBS 0.1% BSA 0.1% saponin (Sigma Aldrich) 

and then with anti-IRF3 and NF-kB primary antibodies (Cell Signaling Technology) for 
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1h, followed by incubation with DyLight 488-coupled secondary antibodies (Life 

Technologies™) for 20min. Both were diluted in PBS 0.1% BSA 0.1% saponin and 

incubated at room temperature. Finally, nucleus were labeled by Hoescht 5min at room 

temperature. Labeled cells were directly viewed with a confocal microscope (Nikon 

A1RSi). The images were recorded with NIS Element software (Version 3.6, Nikon) 

and processed with the software Fiji 22. Ratio of the nuclei/cytoplasm fluorescence 

intensity was measured with the software Volocity software (Perkin-Elmer). 

 

Real-time RT-qPCR 

MPM cell lines and healthy cells were seeded in 6, 12 or 24-well plates at a 

density of 0.5, 0.25 or 0.1×106cells/well respectively. Then, cells were treated with 

Type I or III IFNs or ruxolitinib or/and infected with MV at MOI 1 during 48h or at MOI 

10 during 12h. Total cell RNA was extracted using the Nucleospin® RNA II kit 

(Macherey-Nagel) and 0.5μg or 0.25µg total RNA was reverse transcribed using MMLV 

reverse transcriptase (Invitrogen). PCR reactions were conducted using QuantiTect 

primer assays (Qiagen) and Maxima SYBR Green/ROX qPCR Master Mix (Fisher 

Scientific) according to the manufacturer's instructions. Gene expression was analyzed 

in treated or non-treated cells using QuantiTect primers pairs for Mx1, TLR3, IRF7, 

STAT1, XAF1, IFIT1, DDX58 (RIG-I), OAS1, IRF3, RELA (p65) and CXCL10. Gene 

expression was expressed as relative expression compared to the expression of a 

housekeeping gene that encodes the human large ribosomal protein (RPLPO) and in 

fold change (ΔΔCt = (Ct gene non-treated - Ct RPLPO non-treated) – (Ct gene treated 

- Ct RPLPO treated)). 
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Genomic PCR 

 Genomic DNA was extracted with the Nucleospin® Blood kit (Macherey-Nagel) 

according to the manufacturer's instructions. 250ng of genomic DNA was amplified 

according Phusion hot start II high fidelity DNA polymerase protocol (thermo scientific). 

The following primers were used: 5′-GGTCGTTTGCTTTCCTTTGC-3′ (forward) and 5′-

AGCAATTGTCCAGTCCCAGA-3′ (reverse) for IFNB1 gene. A two steps cycling 

protocol was used with 1 cycle during 30s at 98°C, then 30 cycles of amplification 10s 

at 98 °C and 1min at 72 °C, following by a final extension 7min at 72°C. The Genomic 

PCR on the eighty MPM cell lines of the validation series was performed as described 

in supplemental material and methods.  

 

Genomic array analysis 

Genomic DNA was extracted with Nucleospin® Blood kit (Macherey-Nagel) 

according to the manufacturer's instructions. DNA (500 ng) was processed and 

hybridized to Affymetrix CytoScanHD Array according to the manufacturer’s 

instructions (Affymetrix, Santa Clara, CA). The detection, determination and 

visualization of gains, losses were performed using Affymetrix Chromosome Analysis 

Suite software (ChAS v3.1.1.27). All obtained data have been uploaded on GEO 

Omnibus site (GSE134349). 

 

Analysis of The Cancer Genome Atlas (TCGA) database 

Available alteration data (copy number variation, mutation and fusion) for 

CDKN2A, IFNA2, IFNB and several genes that encodes protein implicated in the IFN 

I response were retrieved from cBioPortal, an online portal for accessing data from 

TCGA project (http://www.cbioportal.org). 
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Transcriptomic study 

MPM cell lines and healthy cells were seeded in 6-well plates at a density of 

0.5×106cells/well. Then, cells were treated with Type I IFN or infected with MV at MOI 

1 during 48h. Total cell RNA was extracted using the Nucleospin® RNA II kit 

(Macherey-Nagel). For each sample, a mix of an equal amount of RNA from three 

separate experiments was done. Transcriptome analysis was performed with 

Affymetrix human Gene 2.0 ST arrays according to the manufacturer’s protocol. Briefly, 

total RNA (300 ng) was labeled and cRNA (antisens RNA) was synthetized using the 

Affymetrix WT cDNA Synthesis and Amplification Kit. After cleanup protocol, ssDNA 

(sense single stranded DNA) was synthetized, fragmented and labeled with biotin. 

Biotin-ssDNA was hybridized onto microarrays according to the manufacturer’s 

instructions. After 16 h at 45 °C, microarrays were washed and stained using Affymetrix 

fluidics station 450 and scanned with an AffymetrixGeneArray scanner 3000 7G. Raw 

data were normalized using the Robust Multichip Algorithm (RMA) in Bioconductor R. 

Then all quality controls and statistics were performed using Partek GS® (version 6.6 

Copyright© 2012 Partek Inc., St. Louis, MO, USA). To find differentially expressed 

genes, classical analysis of variance (ANOVA) was performed for each gene and pair 

wise Tukey’s post hoc tests between groups. P-values and fold changes were used to 

filter and select differentially expressed genes. Interaction, pathway and functional 

enrichment analyses were carried out with IPA (Ingenuity® Systems, 

www.ingenuity.com, USA). All data obtained by microarray analysis have been 

uploaded on GEO Omnibus site (GSE117668). 
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Western-blotting 

MPM cell lines were seeded in 6-well plates at a density of 0.5×106cells/well. 

Then, cells were treated with IFN I or infected with MV at MOI 1 during 48h. Cells were 

lysed in RIPA buffer containing a Protease Inhibitor Cocktail (Sigma) and denaturated 

at 95°C for 5min in Laemmli buffer with 10% -mercaptoethanol. 20µg of proteins for 

cellular lysate were separated by SDS-polyacrylamide gel electrophoresis on 8% gels 

and transferred to PVDF membranes. Blots were incubated with anti-MX1 (clone 

M143, Dr. Georg Kochs, University Medical Center Freiburg, Germany), TLR3, STAT1, 

XAF-1, RIG-I, RSAD2, OAS1, IFIT-1 or actin primary monoclonal antibodies (Cell 

Signaling Technology), followed by incubation with HRP-coupled secondary antibodies 

(Jackson Immuno research). Proteins were revealed using Enhanced 

Chemiluminescence Detection ECL (BioRad). 

 

  



11 
 

Results 

The IFN I response controls MV replication and oncolytic activity. 

In a previous study, we demonstrated that the sensitivity of MPM cell lines to 

MV oncolytic activity depends on defects of the antiviral IFN I response in tumor cells 

10. To confirm the role of the IFN I response on MV oncolytic activity we performed a 

first experiment where we exposed four MV-resistant MPM cell lines and two types of 

healthy cells (MESF mesothelial cells and CCD-19Lu fibroblast) to MV encoding the 

cherry fluorescent protein (MV-ch) in presence of the JAK1 and JAK2 inhibitor 

ruxolitinib that blocks the IFNAR signaling. We observed that heathy and MPM cells 

were resistant to MV-ch replication in absence of ruxolitinib (Figure 1A and 1B). This 

was probably due to the expression of ISG, as MV induce the expression of MX1, TLR3 

and IRF7 in healthy and MV-resistant MPM cells (Figure 1C). However, adding 

ruxolitinib prevented ISG expression, releasing therefore the break on MV replication.  

These results prove that MV replication and lytic activity are highly sensitive to 

a functional IFN I response and that defects in this signaling pathway in MPM tumor 

cells make them sensitive to the MV oncolytic activity. 

 

IRF3 and NF-KB signaling is functional in MV-resistant and MV-sensitive MPM cell 

lines. 

We then sought to identify the defects in the IFN I response affecting MPM cell 

lines that are sensitive to MV replication. We determined if the IRF3, IRF7 and NF-KB 

proteins were functional in MV-sensitive MPM cell lines and allowed the signal 

transduction from pattern recognition receptors (PRR) to the nucleus.  

First, we assessed the expression of IRF3, IRF7 and RELA genes that encode 

IRF3, IRF7 and p65, a sub-unit of NF-KB respectively (Figure 2A). IRF3 and RELA 
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were constitutively expressed in all cell groups. IRF7 was expressed at low basal level 

in MV-resistant MPM cell lines and barely detectable in healthy cells and MV-sensitive 

MPM cell lines. 48h after exposure to MV, we observed that IRF3 and IRF7 expression 

was increased in healthy cells and MV-resistant MPM cell lines but was not induced in 

MV-sensitive MPM cell lines. On the opposite, RELA expression increased after MV 

infection in the three groups. We tried to measure earlier at 12h or 24h the induction 

of IRF3, IRF7 and RELA expression in response to MV without success (data not 

shown). 

We then studied IRF3 and NF-KBp65 nuclear relocation 12h after MV exposure 

at high MOI by confocal microscopy. Without virus, IRF3 and p65 were not activated 

and were located mainly in the cytoplasm. After infection, we observed that both 

transcription factors relocated to the nucleus of MV-resistant MPM cells, as well as to 

the nucleus of MV-sensitive MPM cells (Figure 2B and 2C). No significant difference 

in the intensity of nuclear relocation was observed between the two groups (Figure 

2D). 

Altogether these results show that MV is well detected by MPM cell lines, even 

in cells that failed to produce IFN I. Detection of MV is then followed by a signal that 

reaches the nucleus via the relocation of IRF3 and p65 transcription factors. 

 

The most frequent defect of the IFN I response in MV-sensitive MPM cell lines is HD 

of the genes encoding IFN- and IFN-. 

Since the PRR signaling is functional in MV-sensitive MPM cell lines, the defects 

are probably located in the nucleus at the level of genes encoding IFN I. We thus 

performed a genomic PCR on six MV-resistant and the fifteen MV-sensitive MPM cell 

lines to assess the presence of the IFNB1 gene that encodes IFN-(Figure 3A). 
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Whereas six MV-resistant and seven MV-sensitive MPM cell lines had at least one 

copy of the IFNB1 gene, eight out of the fifteen MV-sensitive MPM cell lines had a HD 

of the IFNB1 gene: Meso 11, Meso 13, Meso 31, Meso 47, Meso76, Meso 96, Meso 

163 and Meso 225. 

The IFNB1 gene is located on the chromosome 9 next to a cluster of thirteen 

genes encoding the IFN- cytokines and close to the tumor suppressor gene CDKN2A 

that encodes p16INK4A and p14ARF (Figure 3B). In the next experiment, we measured 

the size of the deletions of the chromosome 9 region where the IFNB1 gene is located. 

We performed a cytogenetic study by CytoscanTM that allowed analyzing the genome 

of the eight MPM cell lines that have lost the IFNB1 gene and 4 MV-resistant MPM cell 

lines (Figure 3B). This technique covers the entire human genome with specific probes 

spaced by 1Kb in average. We observed in the MV-sensitive MPM cell lines that the 

bi-allelic deletion of IFNB1 genes located at the 21.08Mb position encompassed all the 

genes encoding the IFN- cytokines between the 21.17 and 21.44Mb positions and 

extend after the CDKN2A gene located at the 21.97Mb position. We also found that 

the four MV-resistant MPM cell lines had at least one copy of the gene encoding the 

IFN I cytokines. However, in three out of the four MV resistant tumor cell lines the two 

alleles of the CDKN2A gene were deleted. Only the cell line Meso61 conserved one 

copy of the CDKN2A gene.  

Then we sought to confirm the frequent HD of the CDKN2A and IFNB1 genes 

on another bio-collection of 78 short term-cultured MPM cell lines (Figure 3C). We 

found the HD of the CDKN2A and IFNB1 genes in 57 (73%) and 18 (23%) out of the 

78 MPM cell lines respectively. 17 (30%) out of the 57 MPM cell lines that have lost 

the CDKN2A gene have also lost the IFNB1 gene and 17 (94%) out of 18 MPM cell 

lines that have lost the IFNB1 gene have also lost the CDKN2A gene (94%). One MPM 
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cell lines, MPM_51, lost only the two copies of the IFNB1 gene while keeping the 

CDKN2A gene. Interestingly, the IFNB1 gene HD was significantly more frequent in 

MPM with a sarcomatoid component, the most aggressive form of the disease (Fisher’s 

exact test, p-value=0.0085), i.e. 17% of epithelioid MPM, 45% of biphasic MPM and 

50% of sarcomatoid/desmoplastic MPM. 

Then we wanted to determine if other alterations of the IFN I pathway exist in 

MPM and to estimate their frequencies. Thus, we looked by the cbioportal.org website 

(http://www.cbioportal.org) in the TCGA database on 87 MPM patients for alterations 

of CDKN2A, IFNA2 and IFNB1 genes, but also at several other genes that encodes 

protein implicated in the IFN I response (Figure 4A). We observed 43.8%, 18.4% and 

9.2% of CDKN2A, IFNA2 and IFNB1 genes HD respectively. We found no other 

alteration on these genes except one fusion for CDKN2A. The genes encoding the 

other proteins of IFN I response pathway were rarely altered with two patients out of 

eighty-seven having a STAT1 alteration and several patients showing a unique 

alteration either on DDX58 (RIG I), IFIH1 (MDA5), STAT1, STAT2, JAK1 or JAK2. The 

alteration of DDX58 and IFIH1 were found in patients with IFN I genes HD, whereas 

alterations of STAT1, STAT2, JAK1 or JAK2 were found in patients without. 

To determine if the IFN I gene HD have a role in MV-replication permissivity, we 

used CRISPR-cas9 technology and lentiviral transduction to knock out the IFNB1 

genes of the four MV-resistant MPM cell lines in order to determine if it was sufficient 

to make them permissive to MV replication (Supplemental Figure 1). We found that 

IFNB1 inactivation was sufficient to make Meso45 permissive to MV replication 

(Supplemental Figure 1A and 1B). For the three other cell lines, it was not sufficient 

and the inactivation of some of the 13 genes encoding IFN- may be required 

(Supplemental Figure 1C). We also restored the IFNB1 gene and its promoter in 5 of 
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the 8 IFN I-/- MPM cell lines by lentiviral transduction. Replication of MV was strongly 

reduced in 4 MPM cell lines (Meso11, Meso13, Meso47 and Meso225) and moderately 

in the last one (Meso163) (Supplemental Figure 2). Altogether these results show that 

IFNB1 expression is often sufficient to block MV replication, but IFNA genes may also 

play a role. 

We then sought to determine if these HD are also frequent in other cancers. In 

the TCGA, we looked at copy number alterations of CDKN2A, IFNA2 and IFNB1 

genes. Mesothelioma is the second cancer with the most frequent CDKN2A HD after 

glioblastoma multiforme (Figure 4B and 4C). Nine types of cancer, including lung 

squamous cell carcinoma, have a frequency of CDKN2A HD superior to 20% that 

always correlate with lower frequencies of IFNA2 and IFNB1 HD. Mutations of the IFN 

I genes, IFNA2 and IFNB1, are rare in all cancers and absent in MPM meaning that 

alteration of IFN I genes in cancer occurs mainly by HD (Figure 4C).  

Since IFN I gene HD are also frequent in lung cancer, we used the canSAR 

database https://cansar.icr.ac.uk/cansar to randomly select eleven lung cancer cell 

lines with four of them having IFN I genes HD to determine their permissivity to MV 

replication (Supplemental Figure 3). First, we confirmed by genomic PCR that IFN I 

genes were absent in the four cell lines (Supplemental Figure 3A). Then, we exposed 

the eleven lung tumor cell lines to MV-cherry and measured cherry fluorescence during 

9 days. We observed that the four IFN I-/- lung cancer cell lines were permissive to MV 

replication and that in presence of IFN I this permissivity was lost for three of them 

(Supplemental Figure 3B). five of the seven other lung cancer cell lines with at least 

one copy of the IFN I genes were also permissive suggesting that, like in MPM, other 

defects beside IFN I gene HD affect the IFN I pathway in lung cancer. 

https://cansar.icr.ac.uk/cansar
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Altogether these results show that IFN I genes HD are frequent in cancers where 

CDKN2A gene HD is a malignancy driver. 

 

MPM cell lines that have lost IFN I genes develop a partial IFN I response and a 

proinflammatory program after exposure to MV. 

We then wanted to characterize how the MPM cell lines that have lost IFN I 

encoding genes (IFN I-/- MPM cell lines) respond to MV or exogenous IFN I (IFN-2a 

and IFN-1a). Thus we performed a transcriptomic analysis on four types of healthy 

primary cells (G1: CCD19Lu fibroblasts, HMVEC endothelial cells, MESF peritoneal 

mesothelial cells and CEB lung epithelial cells), on four MV-resistant MPM cell lines 

(G2: Meso4, Meso45, Meso61 and Meso173) and on the eight IFN I-/- MPM cell lines 

(G3: Meso11, Meso13, Meso31, Meso47, Meso76, Meso96, Meso163 and Meso225) 

(Figure 5, Supplemental Figure 4).  

First we analyzed the expression of genes encoding type I, II and III IFN and 

their receptors (Figure 5A-B). Constitutive expression of these genes was comparable 

in the three groups (Figure 5B). After 48h of MV exposure, expression of IFNB1 gene 

was induced only in some healthy cells (G1) and in resistant MPM lines (G2) and 

absent from IFN I-/- MPM cell lines (G3), whereas no expression of the IFNAs genes 

was observed (Figure 5A). Expression of type III IFN genes (IFNL1, IFNL2 and IFNL3) 

was strongly increased after exposition to MV in MPM cell lines (G2 and G3), but not 

in healthy cells (G1). We also observed that MV had no effect on expression of all IFN 

receptors. Furthermore, exposure of the different groups to exogenous IFN I had no 

effects on the expression of genes encoding type I, II and III IFN and their receptors. 

Then, we investigated the expression of ISG by the three groups of cells in 

response to MV or type I IFN (Figure 5C-5D). When healthy cells (G1) and resistant 
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MPM lines (G2) were exposed to MV, we observed the overexpression of a large 

panels of ISG (Figure 5C) which encode proteins with varied antiviral functions 23. In 

response to IFN I, G1 and G2 expressed a similar set of ISG, although at a lower level. 

The MV resistant MPM cell lines (G2) developed a weaker response to MV and IFN I 

compared to healthy mesothelial cells, but the basal expression of these genes was 

often higher in G2 compared to G1 (Figure 5, Supplemental Figure 4), especially in 

Meso4 and to a lower extent Meso45 and Meso173 (Figure 5D). In contrast, the 

constitutive expression of these genes was lower in IFN I-/- MPM cell lines (G3) 

compared to healthy mesothelial cells. In response to MV, IFN I-/- MPM cell lines (G3) 

expressed a limited set of genes, such as RSAD2, IFIT1, OAS1 and DDX58 compared 

to G1 and G3 cells (Figure 5C). Other genes such as IFI35, IFIT1M, XAF1 and TLR3 

expressed in response to MV in G1 and G2, failed to be expressed in G3 cells. 

However G3 cell lines were able to express these genes after exposure to IFN I. 

Altogether these results show that IFN I-/- MPM cell lines (G3) develop a partial IFN I 

response characterized by the expression of a limited set of ISG independently of IFN 

I expression that does not succeed in controlling MV replication. The other set of ISG 

that requires IFN I is not expressed in response to MV by IFN I-/- MPM cell lines 

resulting in absence of MV replication control. 

We also detected in G3 a particular set of ISG that were expressed mainly in 

response to MV, but that were not or weakly expressed in the two other groups of cells, 

such as TNFAIP3, ATF3, IRF1 and CCL2 (Figure 5C and 5D, lower panels). This result 

suggests that in absence of IFN I, IFN I-/- MPM cell lines develop an alternative 

response to MV compared to the two other groups of cells. Thus, we analyzed the 

expression of genes other than ISG in the three groups in response to MV or 

exogenous IFN I (Supplemental Figure 5) and using Ingenuity Pathway Analysis 
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(Ingenuity® Systems) we identified canonical cellular pathways that are induced by the 

virus in the three groups (Figure 5E). In G1 and G2, the virus mainly induced pathways 

that are typical of the IFN I response such as “Activation of IRF by Cytosolic Pattern 

Recognition Receptors” and “Interferon Signaling” pathways. In the G3, the IFN I 

response was also induced by MV, but we observed that numerous other pathways 

were activated contrary to G1 and G2. These pathways can be summarized in two 

main types: an inflammatory response with activated pathways such as “TNFR2 

Signaling”, “IL-17A Signaling in Gastric Cells”, “IL-6 Signaling”, “iNOS Signaling”, 

“Death Receptor Signaling” and “TNFR1 Signaling” and an endoplasmic reticulum 

stress response characterized by activated pathway such as “Unfolded protein 

response”, “Protein Ubiquitination Pathway” and “Endoplasmic Reticulum Stress 

Pathway”. 

Altogether these results show that before being lysed by MV, IFN I-/- MPM cell 

lines engage transcriptionally in a partial, dysfunctional IFN I response characterized 

by the expression of a limited set of ISG. In addition, these cells develop an 

inflammatory response associated with an endoplasmic reticulum stress response. 

 

Partial and weak expression of proteins encoded by ISG in IFN I-/- MPM cell lines 

exposed to MV. 

The transcriptomic study pointed out two types of ISG: the ISG that are 

transcribed in response to MV without the presence of IFN I, and the ISG that are 

transcribed only in presence of IFN I. Thus, in the next experiment we wanted to 

confirm the transcriptomic study by qRT-PCR and to measure by western-blot the level 

of proteins encoded by these two types of ISG (Figure 6).  
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First, we analyzed four ISG expressed in response to MV without the presence 

of IFN I: RSAD2 (Viperin), IFIT1 (ISG56), OAS1 and DDX58 (RIG I). The expression 

of these ISG measured by RT-qPCR was increased by both, MV and IFN I, in IFN I-/- 

MPM cell lines, confirming results from the transcriptomic study (Figure 6A). By 

western-blot, we observed a stronger basal expression of these proteins in MV-

resistant MPM cell lines, especially Meso4 and Meso45, compared to IFN I-/- MPM cell 

lines thereby suggesting a constitutively activated IFN I response in MV-resistant cells 

(Figure 6B). The expression of these proteins was upregulated after exposure to MV 

or IFN I in all MV-resistant MPM cell lines. In contrast, in IFN I-/- MPM cell lines, MV 

induced only low levels of these proteins, whereas IFN I induced a higher expression 

similar to what was observed in MV-resistant cells. 

We then confirmed by RT-qPCR that the expression of the ISG XAF1, TLR3 

and STAT1 was only induced by IFN I in IFN I-/- MPM cell lines and not by exposure to 

MV (Figure 6C). The proteins encoded by this IFN I-dependent ISG are also more 

constitutively expressed in MV-resistant MPM cell lines compared to IFN I-/- MPM cell 

lines (Figure 6D). In MV-resistant MPM cell lines, MV as well as IFN I induced a strong 

expression of these proteins. In contrast, except for Meso163, MV did not induce these 

proteins in IFN I-/- MPM cell lines, whereas they were expressed at high level in 

response to IFN I. 

Altogether these results show that IFN I-/- MPM cell lines develop a weak and 

partial IFN I response at the protein level that is not sufficient to control MV replication. 

They also point out that two of the four MV-resistant MPM cell lines display a high 

constitutive level of proteins involved in the antiviral IFN I response.  



20 
 

Discussion 

 In this study, we demonstrated that the sensitivity of human MPM cells to the 

attenuated MV oncolytic activity is often due to IFN I genes HD. These frequent 

deletions are associated with the simultaneous HD of the tumor suppressor gene 

CDKN2A also located in the 9p21.3 chromosome region. These co-deletions are 

frequent in other cancers such as glioblastoma multiforme, melanoma or lung 

squamous cell carcinoma. We also showed that IFN I-/- tumor cells that are sensitive 

to MV oncolytic activity are able to detect the virus and respond by relocating IRF3 and 

NF-KB in the nucleus. Thus, before being lysed by MV, the IFN I-/- tumor cells engage 

in a partial IFN I response characterized by the weak expression of a limited number 

of ISG compared to the large panel of ISG that are expressed by healthy cells and MV-

resistant MPM exposed to MV. The IFN I-/- tumor cells also develop a pro-inflammatory 

response and endure a stress of the endoplasmic reticulum that are hallmarks of 

immunogenic cell death. Our work provides a better understanding of MV oncolytic 

activity against MPM. 

Inactivation of the tumor suppressor gene CDKN2A is a key driver of 

mesothelioma 16, 24. HD of CDKN2A and also of the IFN I genes have been described 

in MPM as soon as the nineties, but these studies mainly focused on the CDKN2A 

locus and failed to estimate the frequency of IFN I gene HD 25, 26. In our study, we 

showed that 36% of the MPM cell lines (8/22) from our collection have lost both copies 

of the IFNB1 gene while they all lost the two copies of CDKN2A except Meso61 (data 

not shown). However, a majority of these MPM cell lines have more than ten passages 

in vitro and there could be a culture bias that makes CDKN2A-/- MPM cell lines easier 

to establish. To get a more accurate estimation of the IFN I genes HD frequency in 

MPM, we measured this frequency in a series of eighty short term MPM cell lines. We 
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found that 71% and 23% of these cell lines have lost the two copies of CDKN2A and 

IFNB1 genes respectively. These percentages probably better reflect the reality as 

they correspond to the 60% to 74% of CDKN2A HD found by fluorescence in situ 

hybridization 27-30. Interestingly IFNB1 HD are more frequent in mesothelioma cell lines 

with a sarcomatoid component (biphasic, sarcomatoid and desmoplastic MPM) with 

47% of them harboring these deletions. In the TCGA public database, we found that 

43.8% and 9.2% of MPM frozen tumor samples lost the two copies of CDKN2A and 

IFNB1 genes respectively. However these results are likely underestimated, since they 

are obtained by high-throughput sequencing of tumor biopsies that contains healthy 

cells which can hide HD only present in tumor cells as it was demonstrated for BAP1 

gene, also frequently deleted in MPM 31.  

IFN I genes HD is not the only defect of the IFN I response in MPM. Indeed, 

seven out of the fifteen MV-sensitive cell lines have at least one copy of the IFNB1 

gene. Three of them behave like IFN I-/- MPM cell lines by failing to produce IFN I in 

response to MV, whereas the other four produce IFN I in response to MV, but failed to 

control viral replication 10. This converging selection of tumor cells toward inactivation 

of the IFN I response strongly suggests that the IFN I genes HD are not just a collateral 

damage of the loss of the CDKN2A locus, but probably bring additional advantages for 

tumor development in MPM. 

Among cancers that have lost IFN I genes, glioblastoma multiforme displays the 

highest frequency of these HD (16.4% for IFNB1 and 25.7% for IFNA2). This cancer is 

also one of the most studied for oncolytic immunotherapy with different viruses such 

as herpes simplex, adenovirus and parvovirus 32, 33. Recently, the group of Evanthia 

Galanis reported in human tumor xenograft models in mice and by monitoring ten 

glioblastoma patients receiving MV oncolytic immunotherapy that the main 
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transcriptional signature associated with resistance was the presence of a constitutive 

activation of the IFN I response in tumor cells 34. This gene signature can be used to 

predict which patients are likely to respond to MV oncolytic immunotherapy. We also 

found a constitutive activation of the type I IFN pathway in several MV-resistant MPM 

cell lines compared to healthy cells , whereas none of the eight IFN I-/- MPM cell lines 

present a constitutive activation of the IFN I pathway. 

In four out of five IFN I-/- MPM cell lines, restoration of the IFNB1 genes led to 

the blocking of MV replication without the need to restore IFNA genes, whereas in the 

last one, blocking was partial and may require restoration of some IFNA genes. We 

focused on the IFNB1 gene since after 48h of MV exposure, it was the most expressed 

IFN I genes in resistant MPM cell lines. We also inactivated the IFNB1 genes in the 

four MV-resistant MPM cell lines and only one tumor cell line became permissive to 

MV replication. Inactivation of IFNB1 gene was not sufficient for the other three cell 

lines. Altogether these results show a major contribution of the IFNB1 gene in 

controlling MV replication, but IFNA genes may also play a role. 

In absence of IFN I genes, MPM cell lines exposed to MV develop a weak and 

partial IFN I response characterized by the expression of a limited number of ISG, such 

as RSAD2, IFIT1, OAS1 and DDX58. They fail to express other ISG, such as XAF1, 

TLR3, STAT1 and MX1 that need the presence of IFN I to be expressed. This group 

of ISG that can be directly activated by IRF3 independently of IFN I as a part of the 

early antiviral response is not sufficient to control MV replication. In addition to this 

weak and partial IFN I response, IFN I-/- MPM cell lines also develop a pro-inflammatory 

response such as TNFR1/TNFR2, IL-17A, IL-6, iNOS signaling and a stress of the 

endoplasmic reticulum. This corroborates the in vivo model described by the group of 

Michael Diamond where IFNAR-/- myeloid cells that are equivalent to the IFN I-/- MPM 
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cell lines in our study develop an exacerbated pro-inflammatory TNF- response when 

infected by the West Nile virus 35. Our and their studies show that in absence of the 

IFN I signaling, the pro-inflammatory response is amplified. This pro-inflammatory 

response and the stress of the endoplasmic reticulum are probably part of the 

immunogenic cell death induced by MV replication. We and other showed that tumor 

cells lysed by MV are immunogenic by releasing tumor-associated antigens and 

danger signals from cellular or viral origins 36-43. These signals induce the maturation 

of myeloid and plasmacytoid dendritic cells that are in turn able to cross-present tumor 

antigens to T cells.  Thus our study identify the frequent IFN I genes HD as a 

therapeutic targets to induce cell death of tumor cells with oncolytic MV for the 

treatment of MPM. 
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Figure legends 

Figure 1: The IFN I response controls MV replication and oncolytic activity. Cells were 

treated 3 days before infection with ruxolitinib (1µM) and infected with MV encoding 

cherry fluorescent protein (MV-ch) (A and B) or with MV (C-D) at MOI=1. Viral 

replication of MV-ch was followed by measuring cherry fluorescence at 610 nm during 

9 days in healthy cells (A) or in MV-resistant MPM cell lines (B). Relative RNA 

expression of three ISG, Mx1, TLR3 and IRF7, was studied 48h after infection by RT-

qPCR in healthy cells (C) or in resistant MPM cell lines (D). RPLP0 gene expression 

was used as reference and indicated values are means ± SEM of relative expression 

of three independent experiments. NI = non-infected, ruxo = ruxolitinib. 

 

Figure 2: IRF3 and NF-KB signaling is functional in MV-sensitive cells. (A) Cells were 

infected at MOI=1 during 48h and IRF3, IRF7 and RELA (NF-KB p65) genes 

expression was studied by RT-qPCR with RPLP0 gene expression used as reference. 

Indicated values are means ± SEM of relative expression of three independent 

experiments. NI = non-infected. ns=non-significative, * p<0.05; **p<0.01; ***p<0.001, 

(Wilcoxon-Mann-Whitney test). (B) Cells were infected at MOI=10 during 12h. Then 

localization of IRF3 and NF-kBp65 was determined using IRF3 and NF-kBp65 specific 

monoclonal antibodies and a Dylight 488-conjugated secondary antibodies (green). 

Membranes were labelled with a lectin marker WGA (red) and nucleus with Hoescht 

(blue). Fluorescence was analyzed by confocal microscopy. (C) Ratio of the 

nuclei/cytoplasm fluorescence intensity was measured with the software Volocity 

software on more than 100 cells. 
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Figure 3: Frequent bi-allelic deletion of the genes encoding IFN-α and IFN-β in MV-

sensitive MPM cell lines. (A) Genomic DNA of MPM cell lines was extracted and 

presence of the IFNB1 gene was analyzed by PCR with IFNB1 primers 

(chr9:21077267-21078217). (B) Analysis of the copy number of the chromosome 

9p21.3 chromosome region containing IFN I and CDKN2A genes was performed on 

extracted DNA from MPM cell lines. Each blue dot represents a genomic probe. Red 

lines represent location of IFNB1, IFNA2 and CDKN2A genes. (C) Analysis of the copy 

numbers of the IFNB1 and the CDKN2A genes was determined on genomic DNA of 

78 short term-cultured MPM cell lines. Genomic DNA was amplified by PCR using 

IFNB1 primers (chr9:21077267-21078217) and the deletion status was determined 

based on the presence of an amplification by capillary electrophoresis. INFB1 and 

CDKN2A deletion status, and histologic types are indicated in the heat map (DEL: bi-

allelic deletion; WT: wild-type; MME: epithelioid MPM; MMB: biphasic MPM; MMS: 

sarcomatoid MPM; MMD: desmoplastic MPM; ND: not determined).  

 

Figure 4: Bi-allelic deletion of IFN I encoding genes are frequent in mesothelioma and 

other cancers. (A) Frequency of alteration of genes coding for protein implicated in the 

IFN I response in mesothelioma. (B) Frequency of CDKN2A, IFNA2 and IFNB1 genes 

bi-allelic deletions in different types of cancer. (C) Frequency of alteration of CDKN2A, 

IFNA2 and IFNB1 genes in different types of cancer. These results were obtained from 

TCGA database using cbioportal.org website. GBM=Glioblastoma multiforme, 

DLBC=diffuse large B-cell lymphoma, LGG=Low grade glioma, ACC=adenoid cystic 

carcinoma, pRCC=papillary renal cell carcinoma, ccRCC=clear renal cell carcinoma, 

cRCC= chromophobe renal cell carcinoma, AML=acute myeloid leukemia. 
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Figure 5: Partial IFN I and proinflammatory response from IFN I-/- MPM cell lines 

exposed to MV. Cells were infected with MV at MOI=1 or treated with IFN I (IFN-α and 

IFN-β) during 48h. Equal amounts of RNA from three separate experiments were 

mixed. Transcriptome analysis was performed with Affymetrix human Gene 2.0 ST 

arrays. (A) Differential expression of the IFN genes and their receptors were analyzed 

comparing the MV infected or IFN I treated cells with untreated cells. (B) Basal 

expression of the IFN genes and their receptors were analyzed comparing untreated 

cells with untreated healthy mesothelial cells MESF. (C) Differential expression of the 

interferon stimulated genes (ISG) were analyzed comparing the MV infected or IFN I 

treated cells with untreated cells. (D) Basal expression of the ISG were analyzed 

comparing untreated cells with untreated healthy mesothelial cells MESF. (E) 

Canonical pathway study was carried out with Ingenuity Pathway Analysis (Ingenuity® 

Systems) for each group and binary logarithm of fold change was defined. 

 

Figure 6. MV exposure induce a partial and weak expression of proteins encoded by 

ISG in IFN I-/- MPM cell lines. Cells were infected with MV at MOI=1 or treated with IFN 

I (IFN-α and IFN-β) during 48h. (A) RNA expression of four ISG induced by MV in IFN 

I-/- MPM cells (RSAD2, IFIT1, OAS1 and DDX58) analyzed by RT-qPCR with RPLPO 

gene expression used as reference. Results are expressed as means ± SEM of relative 

expression of three independent experiments and are also expressed as Ct 

between conditions MV and NI (MV), and conditions IFN I and NI (IFN I). ns=non-

significative, * p<0.05; **p<0.01; ***p<0.001, one-way ANOVA (Kruskal-Wallis test) (B) 

Protein expression of ISG induced by MV in IFN I-/- MPM cells (RSAD2, IFIT1, OAS1 

and RIG I) analyzed by western-blot with actin protein expression used as a reference.  

(C) RNA expression of four ISG that are not induced by MV in IFN I-/- MPM cells (XAF-
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1, TLR3, STAT1 and Mx1) analyzed by RT-qPCR with RPLPO gene expression used 

as reference. Results are expressed as means ± SEM of relative expression of three 

independent experiments. (D) Protein expression of ISG that are not induced by MV in 

IFN I-/- MPM cells (XAF-1, TLR3, STAT1 and Mx1) analyzed by western-blot with actin 

protein expression used as a reference.  
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Supplemental Figure 1. Knock out of the IFNB1 genes in MV-resistant MPM cell lines is not
sufficient to make them permissive to MV replication. The four MV-resistant cell lines Meso4,
Meso45, Meso61 and Meso173 were transduced using the lentiviral vector plentiCrisprV2 encoding
the RNA guide 5’-GCCTCCCATTCAATTGCCAC-3’ (Genscript, Netherlands) to break the IFNB1 gene at
the location encoding the Leucine 42. (A) Meso45 or Meso45 IFNB1ko were exposed to MV-eGFP.
After four days, eGFP fluorescence was analyzed by microscopy (A) or cytometry (B). (C) the four
original or IFNB1 Ko MV-resistant MPM cell lines were exposed to MV-eGFP. Meso13 MPM cell line
was used as a positive control. After four days, eGFP fluorescence was analyzed by flow cytometry.
Results represent the mean with standard deviation of three independent experiments.
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Supplemental Figure 2. Transduction of the IFNB1 gene and its promoter in IFN I-/- MPM cell lines
blocks MV replication. The five IFN I-/- MPM cell lines Meso11, Meso13, Meso47, Meso163 and
Meso225 were transduced using the lentiviral vector pLx307 (Addgene, #98377) with insertion
between XhoI (3) - MluI of the IFNB1 gene and its promoter (NC_000009.12: 21,077,051-21,079,050;
Genscript, Netherlands). (A) non-transduced (NT) and IFNB1 transduced (IFNB1) MPM cell lines were
plated at 10,000 cells/wells in 96 well plates. One day latter, they were exposed to MV-Cherry at
MOI=1 and Cherry fluorescence was measured every day during 9 days. Results represent the mean
with standard deviation of three independent experiments. (B) non-transduced (NT) and IFNB1
transduced (IFNB1) MPM cell lines were plated at 500,000 cells/wells in 6-well plates. One day latter,
they were cultured alone (NI) or with MV-Cherry at MOI=1 (MV). Two days later, expression of IFNB1
was measured by RT-PCR relative to RPLPO gene expression.
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Supplemental Figure 3: Lung cancer cell lines with IFN I genes HD are permissive to MV replication. Lung cancer cell lines NCHI-H23, NCHI-H358, NCHI-
H441, NCHI-H460, NCHI-H838, NCHI-H1437, NCHI-H1650, NCHI-H1755, NCHI-H1838, NCHI-H1975 and NCI-H2228 were purchased from lgcstandards-
atcc.org. They were cultured in the same conditions as MPM cell lines as described in material and methods (A) Genomic DNA of lung cancer cell lines was
extracted and the presence of the IFNB1 gene was analyzed by PCR with IFNB1-specific primers (chr9:21077267-21078217) as described in material and
methods. (B) lung cancer cell lines and the MPM cell line Meso61 used as negative control were plated at 10,000 cells/wells in 96 well plates and were
treated or not with 1,000 u/ml of IFN-a2 and IFN-b. One day latter, they were exposed to MV-Cherry at MOI=1 and Cherry fluorescence was measured
every day during 9 days. Results represent the mean with standard deviation of three independent experiments.



G1 G2 G3
GeneName EntrezGeneID MV IFN MV IFN MV IFN

IFNA2 3440 ns 1,08 ns 1,01 ns 1,01 ns 1,06 ** -1,16 ** -1,13

IFNA4 3441 ns 1,19 ns 1,03 ns -1,03 ns 1,22 ns 1,13 ns -1,06

IFNA5 3442 ns -1,03 ns -1,15 ns -1,04 ns -1,03 ns -1,04 ns -1,04

IFNA7 3444 ns -1,07 ns -1,14 ns -1,01 ns 1,03 ns 1,05 ns 1,05

IFNA8 3445 ns 1,04 ns 1,12 ns 1,01 ns 1,04 ns -1,07 ns 1,01

IFNA10 3446 ns 1,05 ns -1,04 ns 1,04 ** 1,20 ns 1,05 ns 1,02

IFNA1/IFNA13 3447 ns -1,14 ns -1,01 ns -1,23 ns -1,09 ns 1,14 ** -1,25

IFNA14 3448 ns 1,03 ns -1,22 ns -1,10 * -1,31 ns 1,28 ns 1,03

IFNA16 3449 ns -1,02 ns -1,11 ns -1,08 ns 1,23 ns 1,19 ns 1,01

IFNA17 3451 ns -1,01 ns 1,05 ns 1,00 ns 1,10 ns 1,02 ns 1,03

IFNA21 3452 ns -1,01 ns 1,02 ns -1,05 ns -1,06 ns 1,05 ns -1,01

IFNAR1 3454 ns -1,18 ns -1,12 ns -1,12 ns -1,05 ns -1,02 ns -1,10

IFNAR2 3455 ns 1,04 ns -1,15 ns 1,01 ns -1,04 ns 1,25 ns -1,07

IFNB1 3456 *** 3,35 ns 1,03 *** 9,17 ns 1,07 ns 1,06 ns 1,06

IFNG 3458 ns 1,09 ns 1,04 ns 1,04 ns 1,06 * 1,08 ns 1,03

IFNGR1 3459 ns 1,07 ns -1,10 ns -1,13 ns -1,14 ns 1,03 ns -1,01

IFNGR2 3460 ns 1,10 ns 1,01 ns 1,19 ns 1,03 *** 1,30 ns 1,04

IFNW1 3467 ns -1,02 ns 1,02 *** -1,16 ns -1,10 ns 1,01 ns -1,02

IFNLR1 163702 ns 1,09 ns 1,15 ns 1,13 ns 1,02 ns 1,04 ns 1,25

IFNL2 282616 ns 1,89 ns 1,11 *** 7,23 ns 1,13 *** 12,52 ns -1,09

IFNL3 282617 ns 1,64 ns -1,26 *** 11,29 ns 1,10 *** 16,61 ns -1,03

IFNL1 282618 ** 2,00 ns 1,13 *** 9,98 ns 1,12 *** 32,66 ns 1,03

CXCL10 3627 *** 96,31 *** 12,07 *** 17,93 ns 2,21 *** 61,39 ** 2,76

CXCL11 6373 *** 71,68 *** 17,42 *** 13,13 ns 1,84 *** 39,40 * 2,21

RSAD2 91543 *** 56,18 *** 20,81 *** 6,15 *** 3,73 *** 18,01 *** 14,89

IFIT1 3434 *** 47,70 *** 22,68 *** 5,78 ** 3,62 *** 19,70 *** 27,77

MX2 4600 *** 42,24 *** 24,65 *** 5,31 *** 4,15 *** 6,89 *** 67,71

IFIT3 3437 *** 33,13 *** 15,57 *** 6,01 *** 3,69 *** 18,40 *** 20,77

IFI44L 10964 *** 32,47 *** 25,79 ** 5,02 ** 4,99 *** 4,03 *** 111,56

HERC5 51191 *** 32,36 ** 6,95 ** 6,92 ns 3,58 *** 22,27 *** 7,14

OASL 8638 *** 30,42 *** 6,90 *** 8,64 *** 3,54 *** 31,95 *** 8,25

IFIT2 3433 *** 28,37 *** 8,35 *** 7,74 ** 2,76 *** 25,54 *** 7,96

CMPK2 129607 *** 21,49 *** 7,96 *** 5,16 *** 3,76 *** 2,24 *** 8,49

ISG15 9636 *** 19,92 *** 11,27 *** 5,33 *** 3,50 *** 8,83 *** 14,34

GBP4 115361 *** 19,78 ns 3,10 ** 5,54 ns 2,15 *** 7,98 ** 3,09

OAS1 4938 *** 18,43 *** 10,44 *** 4,25 *** 3,33 *** 4,48 *** 30,31

IDO1 3620 *** 17,35 ns 1,85 *** 7,83 ns 2,09 * 2,25 ns 2,00

OAS2 4939 *** 16,86 *** 10,34 *** 4,84 *** 4,04 *** 11,09 *** 53,94

OAS3 4940 *** 15,17 *** 9,22 *** 3,64 *** 2,99 *** 3,73 *** 19,30

CCL5 6352 *** 14,84 ns 2,51 *** 6,04 ns 1,59 *** 31,94 ns 1,98

IFIH1 64135 *** 14,32 *** 6,32 *** 4,97 *** 2,92 *** 17,35 *** 13,33

TNFSF13B 10673 *** 13,89 * 2,65 *** 7,44 * 2,88 ns 1,36 *** 4,21

BST2 684 *** 13,45 *** 8,99 ns 1,89 ns 1,68 * 2,65 *** 25,90

GBP5 115362 *** 13,39 ns 2,79 *** 11,58 ** 3,60 *** 11,83 *** 3,37

EPSTI1 94240 *** 12,48 *** 5,77 *** 3,67 ** 2,74 *** 2,19 *** 7,23

IFI44 10561 *** 12,43 *** 7,15 ** 2,18 ** 2,20 *** 8,60 *** 20,76

MX1 4599 *** 12,27 *** 9,10 * 2,34 ns 2,11 *** 3,89 *** 30,18

RTP4 64108 *** 11,65 *** 6,02 *** 4,36 * 2,84 ** 2,28 *** 4,23

USP18 11274 *** 11,64 *** 5,84 *** 4,16 *** 2,62 *** 3,37 *** 11,97

IFI35 3430 *** 11,31 *** 5,66 *** 3,24 *** 2,39 ns 1,37 *** 5,65

IFITM1 8519 *** 11,09 *** 9,86 ** 3,62 * 3,37 ns 1,51 *** 20,85

TLR3 7098 *** 10,39 ** 4,03 ** 3,96 ns 2,48 ns 1,10 *** 4,92

XAF1 54739 *** 10,35 *** 7,44 ** 3,57 * 3,05 ns 1,75 *** 13,38

HERC6 55008 *** 10,06 *** 6,37 *** 3,97 *** 3,23 *** 6,64 *** 16,76

LGALS9DP 645754 *** 9,98 ** 3,23 *** 8,24 ** 3,44 ns 1,08 *** 3,39

DDX58 23586 *** 9,48 *** 4,86 *** 3,70 ** 2,53 *** 9,60 *** 10,54

SLC15A3 51296 *** 9,33 *** 4,73 *** 4,11 ** 2,78 ns 1,32 *** 4,58

TNFSF10 8743 ** 8,53 ns 2,72 *** 11,54 ns 4,36 ns 1,26 *** 6,27

SECTM1 6398 *** 8,53 *** 3,64 ** 3,14 ns 2,11 ns 1,30 *** 2,81

HRASLS2 54979 *** 8,34 ** 2,13 *** 3,56 ns 1,58 *** 2,71 * 1,50

IFI30 10437 *** 7,64 *** 4,64 *** 3,33 ** 2,22 ns 1,40 *** 3,69

APOBEC3G 60489 *** 7,39 *** 2,63 *** 2,41 ns 1,70 ns 1,06 *** 2,64

IRF7 3665 *** 6,82 *** 3,94 *** 3,15 *** 2,42 ** 1,57 *** 5,35

LAMP3 27074 ** 6,64 ns 3,60 ** 6,36 ns 3,04 ns 2,60 *** 5,94

DDX60 55601 *** 6,56 *** 4,77 ns 1,95 ns 1,91 *** 4,64 *** 5,94

RARRES3 5920 *** 6,38 ** 3,31 * 3,20 ns 1,97 *** 3,73 * 2,22

HELZ2 85441 *** 6,32 *** 3,31 *** 2,73 *** 2,10 *** 1,55 *** 4,54

DDX60L 91351 *** 6,31 *** 3,21 * 2,23 ns 1,82 *** 2,20 *** 4,26

PSMB9 5698 *** 6,23 *** 3,57 * 1,82 ns 1,59 ns 1,27 *** 2,95

SAMD9L 219285 *** 6,22 *** 3,67 ** 2,78 * 2,11 *** 2,21 *** 5,41

DHX58 79132 *** 6,12 *** 2,83 *** 3,09 ** 1,98 *** 3,62 *** 3,68

SAMHD1 25939 *** 6,08 *** 4,03 ** 2,08 * 1,93 * 1,52 *** 6,87

CTSS 1520 *** 6,04 ns 2,54 ns 2,63 ns 1,26 ns 1,51 ns 2,27

SP110 3431 *** 5,91 *** 3,56 *** 3,06 *** 2,25 ns 1,23 *** 4,58

TMEM140 55281 *** 5,76 ** 3,12 *** 4,56 ** 2,63 * 1,90 *** 5,02

NT5C3A 51251 *** 5,75 ** 2,46 *** 3,67 ** 2,18 ns 1,06 *** 3,00

NT5C3 51251 *** 5,75 ** 2,46 *** 3,67 ** 2,18 ns 1,06 *** 3,00

SAMD9 54809 *** 5,74 *** 3,71 *** 2,93 ** 2,10 *** 3,20 *** 4,27

IFI6 2537 *** 5,72 *** 5,19 ns 2,24 ns 2,10 *** 4,24 *** 25,33

NMI 9111 *** 5,63 *** 2,81 *** 2,64 ** 1,84 ** 1,62 *** 3,20

PLSCR1 5359 *** 5,38 *** 3,60 *** 2,82 *** 2,23 ns 1,39 *** 5,37

PARP9 83666 *** 5,32 *** 3,54 *** 2,20 *** 2,02 ns 1,29 *** 5,25

APOL1 8542 *** 5,17 *** 2,98 * 1,98 ns 1,21 *** 2,57 *** 2,55

LAP3 51056 *** 5,16 *** 2,73 *** 2,62 ** 1,92 * 1,46 *** 3,38

TRIM21 6737 *** 5,05 *** 2,74 *** 2,65 *** 1,90 ** 1,48 *** 3,06

GMPR 2766 *** 5,00 ns 1,93 *** 5,71 * 2,85 ns -1,05 *** 4,37

PNPT1 87178 *** 4,81 *** 2,34 *** 2,14 *** 1,68 ns 1,15 *** 3,03

MLKL 197259 *** 4,78 ns 2,13 * 2,72 ns 1,67 ns 1,39 ** 2,41

C3AR1 719 *** 4,62 ns 1,67 *** 6,14 * 2,35 ns 1,34 ** 1,99

TAP1 6890 *** 4,61 *** 2,53 *** 2,19 * 1,67 ** 1,62 *** 2,75

CFB 629 * 4,61 ns 1,97 ns 2,27 ns 1,39 ** 3,55 ns 2,10

CD38 952 ns 4,54 ns 2,08 ns 3,19 ns 1,23 ns 1,91 ns 1,91

UBE2L6 9246 *** 4,54 *** 2,91 ** 2,08 ns 1,63 ns 1,19 *** 4,02

THEMIS2 9473 *** 4,46 * 1,91 *** 4,77 ** 2,41 ns 1,27 *** 2,46

TRIM14 9830 *** 4,42 *** 2,84 ** 1,88 ** 1,75 ns 1,12 *** 4,07

UBA7 7318 *** 4,31 ** 2,61 ns 1,66 ns 1,37 ns -1,02 *** 3,15

ANGPTL1 9068 * 4,27 ns 2,25 ns 2,12 ns 1,23 ns 1,47 ns 1,58

PARP14 54625 *** 4,23 *** 2,59 *** 2,20 ** 1,80 *** 3,01 *** 5,11

PARP12 64761 *** 4,20 *** 2,64 *** 2,05 * 1,63 ** 1,54 *** 2,99

IFIT5 24138 *** 4,16 *** 2,97 *** 3,36 *** 2,54 *** 2,25 *** 5,00

STAT1 6772 *** 4,01 *** 2,90 *** 2,34 *** 1,96 ** 1,40 *** 4,01

GBP1 2633 *** 4,01 ns 1,95 *** 3,98 * 2,36 *** 2,88 *** 4,15

CXCL8 3576 ns 2,82 ns -1,03 ** 14,80 ns 2,11 *** 23,44 ns 1,64

TNFAIP3 7128 ns 2,31 ns -1,03 ** 3,76 ns 1,34 *** 11,47 ns 1,65

ATF3 467 * 1,63 ns -1,04 ** 2,05 ns 1,08 *** 8,43 ns 1,09

TNFAIP6 7130 ns 2,59 ns 1,06 ns 5,26 ns 1,63 *** 8,03 ns 1,94

IRF1 3659 *** 3,22 ns 1,46 *** 3,16 ns 1,60 *** 4,44 ns 1,47

FAM46A 55603 *** 3,97 ns 2,05 * 2,66 ns 2,12 *** 4,38 *** 2,97

ISG20 3669 *** 3,05 ns 1,50 *** 3,85 ** 1,78 *** 3,95 *** 2,60

CEACAM1 634 * 3,84 ns 2,03 ** 5,20 ns 2,06 ** 3,74 * 2,40

CCL2 6347 ns 1,62 ns -1,05 ns 1,85 ns -1,31 ns 3,56 ns 1,15

ESM1 11082 ns 1,36 ns -1,03 ns 4,70 ns 1,18 ns 3,31 ns 2,05

CD274 29126 * 3,64 ns 1,45 ns 3,12 ns 1,92 ** 3,23 ns 1,87

SEMA3A 10371 ns 1,97 ns 1,44 ns 1,50 ns 1,48 * 2,91 ns 2,14

CXCL9 4283 *** 3,38 *** 3,00 ns 1,39 ns -1,04 *** 2,81 ns -1,03

APOL2 23780 *** 2,16 ns 1,36 * 1,49 ns 1,24 *** 2,56 *** 1,50

GCH1 2643 ** 2,63 ns 1,10 ** 2,71 ns 1,34 *** 2,55 ns 1,48

TRANK1 9881 *** 3,99 * 2,11 *** 3,04 * 2,06 *** 2,51 *** 4,00

IFI27 3429 * 3,54 ns 2,74 ns 1,57 ns 1,56 * 2,48 *** 12,22

PPM1K 152926 *** 3,29 * 1,90 ** 2,29 * 1,75 *** 2,41 *** 2,42

TMEM171 134285 ns 2,41 ns 1,24 ** 3,87 ns 1,86 * 2,26 ns 2,09

CCL4 6351 ns 1,17 ns -1,03 ns 1,13 ns -1,16 *** 2,17 ns 1,15

RNF19B 127544 ** 1,99 ns 1,19 ** 1,93 ns 1,35 *** 2,15 * 1,45

NT5E 4907 ns 2,02 ns 1,39 ns 2,49 ns 1,69 * 2,14 ** 2,41

WARS 7453 * 2,23 ns 1,28 * 2,10 ns 1,36 *** 2,09 ns 1,40

ABTB2 25841 ns 1,15 ns 1,03 ns 1,26 ns 1,11 *** 2,05 ns 1,23

ZNFX1 57169 *** 3,47 *** 2,05 *** 2,28 *** 1,67 *** 2,04 *** 2,25

PLEKHA4 57664 *** 2,58 * 1,45 *** 2,45 * 1,49 *** 2,03 *** 1,52

NI
G1 vs G2 G1 vs G3
ns 1,02 ns 1,11

ns -1,23 ns -1,14

ns -1,19 ns -1,21

ns -1,09 ns -1,12

ns -1,06 ns -1,01

ns -1,07 ns -1,08

ns 1,06 ns 1,03

ns -1,29 ** -1,34

ns -1,10 ns -1,16

ns 1,02 ns 1,07

ns -1,02 ns -1,03

ns -1,19 ns -1,15

ns 1,19 ns 1,02

ns -1,00 ns -1,11

ns 1,00 ns 1,05

ns 1,02 ns -1,29

ns -1,15 ns -1,15

* 1,12 ns 1,04

ns -1,26 ns -1,45

ns -1,01 ns -1,01

ns -1,32 ns -1,33

ns -1,05 ns -1,06

ns -1,85 *** -5,34

ns -1,570 * -3,578

ns -1,995 ** -3,371

*** 6,03 ns -1,41

ns -2,056 * -3,021

*** 4,35 ns -1,41

** 5,93 ** -4,39

ns 1,792 ns -1,121

*** 3,69 ns 1,19

* 2,24 ns -1,23

** 2,268 ns 1,228

** 2,29 ns -1,48

ns 2,93 ns -1,19

*** 4,27 ** -2,29

ns 1,190 ns 1,671

** 3,24 *** -4,30

*** 5,17 ns -1,28

** 4,00 ns 1,49

** 2,17 *** -2,11

ns -2,578 * -2,541

*** 9,76 ** -3,51

ns 2,60 ns 1,00

ns 1,87 ns -1,02

*** 5,98 * -1,80

*** 5,43 *** -3,26

* 2,472 ns 1,874

*** 2,85 ** -1,95

*** 3,82 ns 1,46

ns 2,91 ns -2,46

ns 1,93 ns -2,38

ns 2,52 ns -1,26

** 2,69 *** -2,51

* -3,448 * -2,757

** 2,10 ** -1,90

** 2,83 ns 1,10

ns -2,39 ns -3,95

* 2,57 ns 1,03

ns -1,293 ns -1,006

** 2,23 * -1,79

ns -2,023 *** -3,916

*** 2,30 ns -1,12

ns 1,38 ns -1,85

ns 1,209 ns -1,455

ns 1,61 ns 1,89

ns 2,018 ns -1,123

* 2,568 ns 1,021

*** 4,38 ** 1,93

* 5,108 ns 1,933

** 1,90 ns 1,08

*** 3,20 ns -1,13

** 1,835 ns -1,516

ns 1,47 ns -1,00

** -2,78 *** -3,93

ns -1,222 ** -2,060

*** 3,44 ** 2,02

ns 1,046 ** -1,618

* 2,45 *** -4,92

*** 2,29 ns 1,24

*** 2,19 ns -1,21

** 2,532 ns 1,135

ns 1,06 ** -2,26

ns 1,44 ns -1,29

ns 1,11 ns -1,26

ns -1,12 * -2,36

*** 2,68 *** 1,62

*** 2,042 ns -1,397

*** 3,336 ns -1,279

*** 2,32 ns 1,04

ns 3,66 ns 2,43

ns -3,23 ns -1,37

* 1,79 ns -1,54

ns 1,755 ns 1,348

*** 2,36 ns 1,01

* 2,24 ns -1,13

ns -1,22 ns -1,51

ns 1,066 * -1,548

** 1,83 ns 1,21

ns 1,37 * -1,68

ns 1,10 ** -1,44

ns -2,06 *** -4,38

ns 1,189 ns 1,246

* -2,65 ** -3,00

ns 1,12 ns 1,34

ns -1,07 ns -1,48

ns 1,23 ns 1,15

ns -1,07 ns -1,61

ns 1,17 ns -1,18

ns -6,684 ns -3,817

ns 1,11 ns -1,84

ns -2,420 ns -1,210

ns 1,04 ns -1,19

*** 3,444 ** 2,021

ns -1,11 ns -1,09

ns 1,23 ns -1,10

* -2,49 ns -1,25

ns 1,353 ns 1,141

ns 2,31 ** -3,54

ns 1,46 ns -1,27

*** 6,741 ns 1,650

ns -1,02 ns -1,22

ns 1,37 ns -1,19

*** 4,685 ns 1,375

ns -1,70 ns -1,36

ns 1,33 *** 2,23

ns 1,906 ns 1,654

ns -1,05 * -1,42
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Supplemental Figure 4. Partial IFN I response
from IFN I-/- MPM cell lines exposed to MV.
Cells were infected with MV at MOI=1 or
treated with IFN I (IFN-α and IFN-β) during 48
hours. For each sample, equal amounts of
RNA from three separate experiments were
mixed. Transcriptome analysis was performed
with Affymetrix human Gene 2.0 ST arrays
according to the manufacturer’s protocol. (A)
Differential expression of the IFN genes and
their receptors were analyzed comparing the
MV infected or IFN I treated cells with
untreated cells. (B) Basal expression of the
IFN genes and their receptors were analyzed
comparing untreated MV-resistant MPM (G2)
or untreated IFN I-/- MPM cells (G3) with
untreated healthy cells (G1). (C) Differential
expression of the interferon stimulated genes
(ISG) were analyzed comparing the MV
infected or IFN I treated cells versus
untreated cells. (D) Basal expression of the
ISG were analyzed comparing untreated MV-
resistant MPM (G2) or untreated IFN I-/- MPM
cells (G3) with untreated healthy cells (G1).



A B

Supplemental Figure 5. Proinflammatory response from IFN I-/-MPM cell lines exposed to MV. Cells were infected with MV at MOI=1 or
treated with IFN I (IFN-α and IFN-β) during 48 hours. For each sample, equal amounts of RNA from three separate experiments were
mixed. Transcriptome analysis was performed with Affymetrix human Gene 2.0 ST arrays according to the manufacturer’s protocol. (A
and C) Expression of genes other than ISG that are induced in the three groups by MV or IFN I. Genes expression was analyzed comparing
the MV infected or IFN I treated cells with untreated cells (NI). (B and D) Basal expression of genes other than ISG that are induced in
MPM cell lines by MV and IFN I (G3). Basal expression was determined by comparing untreated MV-resistant and IFN I-/- MPM cell lines
with untreated healthy cells.
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G1 G2 G3 NI

GeneName EntrezGeneID MV IFN MV IFN MV IFN G1 vs G2 G1 vs G3
IL1A 3552 ns 1,99 ns 1,07 ns 4,03 ns 1,19 *** 14,44 ns 1,55 ns -4,12 ns -1,82

CH25H 9023 ns 2,07 ns -1,26 ** 3,54 ns 1,04 *** 13,17 ns -1,07 * -2,61 * -2,27

LRRN3 54674 ns 1,91 ns 1,21 ns 1,70 ns 1,07 *** 12,50 ns -1,07 ns -1,36 ns -1,12

IL7R 3575 ns 1,19 ns -1,19 ns 1,86 ns 1,32 *** 11,39 ns 1,25 ns -1,04 ns -2,33

NCF2 4688 ns 1,89 ns 1,05 ** 2,70 ns 1,24 *** 11,15 ns 1,23 ns -1,17 ns 1,04

CXCL1 2919 ns 2,21 ns -1,66 * 8,15 ns 1,33 *** 10,58 ns 1,75 ns -5,59 ns -2,54

IL6 3569 ns 1,45 ns -1,14 * 3,18 ns -1,09 *** 9,18 ns 1,17 ns -1,54 ns -2,08

PMAIP1 5366 ** 2,40 ns 1,09 *** 3,74 ns 1,56 *** 8,83 ns 1,58 ns 1,02 ns -1,39

EGR1 1958 ns 1,35 ns -1,04 ** 3,08 ns 1,21 *** 8,49 ns -1,05 * -2,75 ** -3,18

ACTN2 88 ns 2,04 ns 1,38 *** 4,12 ns 1,37 *** 7,92 ns 1,55 ns 1,23 ns 1,06

TRAF1 7185 ns 1,49 ns -1,23 *** 3,71 ns 1,22 *** 6,93 ns 1,10 ns -1,56 ns -1,33

CCL20 6364 ns 2,79 ns -1,32 ns 2,15 ns -1,03 *** 6,41 ns 1,59 ns -2,66 ns -1,85

SCN3A 6328 ns -1,34 ns -1,11 * 2,07 ns 1,08 *** 6,37 ns 1,07 ns -1,13 ns -1,56

TRPA1 8989 ns -1,02 ns -1,19 ns 1,42 ns -1,17 ** 6,01 ns -1,24 ns -3,72 ns -2,33

CCL3L3 414062 ns -1,00 ns -1,09 * 1,88 ns -1,14 *** 5,81 ns 1,09 ns -1,01 ns -1,15

TNFRSF9 3604 ns 1,10 ns -1,23 ns 1,37 ns -1,19 *** 5,74 ns -1,12 *** 6,35 ns 2,09

BIRC3 330 ns 2,13 ns -1,02 * 2,99 ns 1,14 *** 5,61 ns 1,42 ns 1,02 ns 1,16

LOC541472 541472 ns 1,38 ns -1,22 * 2,54 ns -1,00 *** 5,47 ns 1,27 ns -1,78 ns -1,95

HSPA1A/HSPA1B 3304 * 1,61 ns 1,08 ns 1,25 ns 1,01 *** 5,24 ns 1,12 *** 1,98 ns 1,40

PPP1R15A 23645 ns 1,34 ns -1,12 *** 2,17 ns 1,12 *** 5,04 ns 1,01 ns -1,09 ns -1,13

TNIP3 79931 ns 1,26 ns 1,06 ** 3,72 ns 1,10 *** 4,85 ns 1,20 ns -1,43 ns -1,28

HSPA1A/HSPA1B 3303 ns 1,67 ns 1,10 ns 1,26 ns -1,01 *** 4,79 ns 1,07 ns 1,54 ns -1,16

IL1B 3553 ns 1,61 ns -1,04 ns 4,94 ns 1,40 * 4,73 ns 1,57 ns -1,52 ns 1,26

PTGER4 5734 ns 1,07 ns -1,05 ns 1,45 ns -1,04 *** 4,62 ns 1,09 *** -3,15 *** -2,60

NOCT 25819 *** 1,91 ns 1,13 ** 1,87 ns 1,13 *** 4,55 ns 1,06 ns 1,35 ns -1,12

MXD1 4084 ns 1,00 ns -1,11 ns 1,33 ns -1,01 *** 4,52 ns -1,00 ns -1,58 ns -1,71

SEMA3D 223117 ns 1,12 ns -1,14 ns 1,09 ns 1,01 *** 4,50 ns 1,02 ns -2,60 ns -2,24

PTGS2 5743 ns 3,10 ns -1,02 ns 2,56 ns 1,11 ** 4,47 ns 1,05 ** -9,07 * -4,49

OTUD1 220213 ns -1,07 ns 1,05 ns 1,48 ns 1,17 *** 4,13 ns -1,00 * -1,94 ** -1,90

NFKBIZ 64332 ns 1,63 ns -1,21 ** 2,28 ns -1,07 *** 3,89 ns 1,15 ns -1,47 ns 1,14

KLF4 9314 ns 1,20 ns -1,10 * 1,88 ns 1,28 *** 3,76 ns 1,01 * -1,90 ns -1,47

PTX3 5806 ns 1,09 ns -1,08 ns 3,85 ns 1,43 * 3,74 ns 1,37 ns -1,19 ns -1,28

TSLP 85480 ns 1,29 ns -1,12 ns 1,33 ns 1,04 *** 3,70 ns -1,02 ns -1,59 ns -1,48

TFPI2 7980 ns 1,74 ns 1,08 ns 3,17 ns 1,28 ns 3,68 ns 1,58 ns -4,13 ** -9,17

IRAK2 3656 ns 1,61 ns 1,04 * 2,54 ns 1,28 *** 3,57 ns 1,19 ns -1,51 ns -1,13

CCL4L1/CCL4L2 9560 ns 1,19 ns -1,10 ns 1,33 ns -1,05 *** 3,57 ns 1,04 ns -1,08 ns -1,12

CLIC2 1193 ns 1,26 ns 1,04 ns 1,05 ns -1,13 *** 3,56 ns -1,01 ns -1,10 ns 1,01

OLR1 4973 ns 1,03 ns -1,08 ns -1,14 ns -1,31 ns 3,53 ns -1,33 ns 2,09 ns 2,79

CLDN1 9076 ns 1,22 ns -1,17 ns 2,80 ns 1,37 ** 3,42 ns 1,07 *** -10,01 * -4,30

NFKBIA 4792 ns 1,65 ns 1,05 ns 1,82 ns 1,02 *** 3,30 ns -1,00 ns -1,43 ns -1,49

HSPA6 3310 ns 1,10 ns 1,06 ns 1,30 ns 1,30 *** 3,29 ns -1,10 ns -1,32 ns -1,03

SAA2 6289 ns 2,17 ns -1,42 ns 1,71 ns -1,67 * 3,22 ns -1,06 ns 4,06 ns 2,32

ZFP36L2 678 ns 1,25 ns -1,06 ns 1,57 ns 1,12 *** 3,10 ns 1,08 * -1,90 *** -2,71

ZC3HAV1 56829 *** 1,56 * 1,24 *** 1,45 ns 1,16 *** 3,08 *** 1,46 * 1,26 ns -1,11

SDF2L1 23753 ns 1,24 ns 1,19 * 1,44 ns 1,10 *** 3,06 ns -1,02 ns -1,22 ns -1,12

C11orf96 387763 ns 1,30 ns -1,12 ns 1,44 ns -1,02 *** 3,04 ns 1,12 ** -2,25 *** -2,13

RANBP3L 202151 ns 1,05 ns 1,02 * 1,81 ns 1,08 *** 3,03 ns 1,07 ns 1,14 ns 1,18

LOC105369364 105369364 ns 1,82 ns -1,03 ** 3,19 ns 1,05 *** 3,03 ns 1,04 ns -1,01 ns -1,09

CXCL3 2921 ns 1,45 ns 1,07 ** 3,85 ns 1,09 ** 2,96 ns 1,11 ns -1,17 ns 1,32

KRT17P2 339241 ns -1,01 ns 1,92 ns 1,09 ns -1,45 ns 2,92 ns -1,02 ns -3,10 * -3,96

ZFP36 7538 ns 1,17 ns -1,08 ns 1,54 ns 1,30 *** 2,89 ns 1,01 * -1,93 ns -1,69

CXCL2 2920 ns 1,13 ns -1,09 * 2,20 ns 1,08 *** 2,86 ns 1,01 ns -1,47 ns -1,20

FOSL1 8061 ns 1,67 ns 1,29 ** 2,78 ns 1,75 *** 2,84 ns 1,71 ns 1,36 ns 1,30

RGS2 5997 ns 1,65 ns 1,37 ns 2,01 ns 1,35 ** 2,83 ns 1,43 ** -3,36 ** -3,76

HAS2 3037 ns 1,34 ns 1,11 ns 2,39 ns 1,09 * 2,79 ns 1,14 ns -3,03 ns -3,20

HSPA4L 22824 ns -1,54 ns -1,37 ns -1,08 ns 1,04 *** 2,75 ns -1,03 ns -1,28 ns -1,77

NR4A3 8013 ns 1,16 ns -1,23 ns 1,36 ns 1,15 *** 2,75 ns -1,04 ns -1,65 ns -1,31

NUAK2 81788 ns 1,37 ns -1,10 ns 1,71 ns 1,07 *** 2,74 ns 1,11 * -2,02 ns -1,55

TRPC4 7223 ns 1,02 ns -1,10 ns -1,47 ns -1,04 ** 2,70 ns -1,02 *** 8,03 ns -1,05

DDIT3 1649 ns 1,40 ns 1,19 ** 2,03 ns 1,66 *** 2,69 ns 1,34 ns 1,40 ** 1,81

TNIP1 10318 ns 1,25 ns 1,03 ns 1,72 ns -1,01 *** 2,68 ns -1,00 ns -1,57 ns -1,38

SPRY2 10253 ns 1,32 ns 1,10 * 2,23 ns 1,25 *** 2,66 ns 1,38 ns -1,68 ns -1,50

MARK2P9 100507674 ns 1,22 ns 1,11 ns 1,36 ns 1,18 *** 2,61 ns 1,13 ns -1,00 ns -1,08

ZFAND2A 90637 ns 1,26 ns 1,10 ns 1,38 ns 1,19 *** 2,60 ns 1,12 ns 1,56 ns 1,19

IL32 9235 ns 1,01 ns -1,25 ns 1,24 ns -1,06 *** 2,58 ns 1,06 ns -1,24 ** -2,50

NFKBIE 4794 ns 1,17 ns -1,15 * 1,82 ns 1,16 *** 2,54 ns 1,06 ns -1,14 ns -1,54

PLAUR 5329 ns 1,66 ns 1,04 *** 2,38 ns 1,36 *** 2,53 ns 1,33 ns 1,57 ns 1,53

NEDD9 4739 ns 1,14 ns 1,10 ns 1,35 ns -1,02 *** 2,48 ns -1,06 *** -3,47 *** -3,56

NFKB2 4791 ns 1,28 ns -1,13 *** 1,73 ns 1,10 *** 2,48 ns 1,02 ns 1,09 ns -1,06

ERO1B 56605 ns -1,15 ns -1,23 ns 1,20 ns -1,19 *** 2,45 ns -1,15 ns -1,06 ns -1,15

KYNU 8942 ns 1,68 ns -1,01 ns 1,69 ns 1,13 ns 2,45 ns 1,46 * -5,69 ns -2,51

LRRC49 54839 ns -1,28 ns -1,36 ns 1,09 ns -1,06 *** 2,41 ns -1,06 ns 1,08 ns -1,06

FAM26E 254228 ns 1,87 ns 1,26 ns 1,71 ns 1,26 * 2,40 ns 1,23 *** -6,20 ** -4,16

SOD2 6648 ns 1,05 ns -1,29 ns 1,51 ns -1,09 *** 2,39 ns -1,05 ns -1,26 ns -1,13

DNAJB1 3337 ns -1,11 ns -1,06 ns 1,10 ns -1,03 *** 2,38 ns -1,06 ns 1,26 ns 1,04

PLA2G4C 8605 ns 1,07 ns -1,20 ns 1,38 ns 1,08 ** 2,36 ns 1,14 ns -1,85 * -2,69

UBC 7316 ns 1,61 ns 1,32 ns 1,48 ns -1,06 *** 2,36 ns 1,03 ns -1,15 ns 1,43

ZC3H12C 85463 ns 1,51 ns 1,03 ** 2,06 ns 1,18 *** 2,36 ns 1,26 ns -1,11 ns -1,18

STEAP1 26872 * 3,15 ns -1,05 ns 1,32 ns -1,25 ** 2,35 ns 1,29 ns -2,23 ns -1,99

HSPH1 10808 ns -1,02 ns -1,05 ns 1,13 ns -1,01 *** 2,35 ns 1,05 ns 1,02 ns -1,03

SMOX 54498 ns 1,08 ns -1,23 ns 1,44 ns 1,22 *** 2,34 ns 1,04 ns -1,04 ns 1,32

LOC102725231 102725231 ns -1,28 ns -1,09 ns 1,07 ns -1,09 *** 2,33 ns -1,09 ns 1,10 ns 1,33

RELB 5971 ns 1,16 ns -1,01 ** 1,65 ns 1,00 *** 2,32 ns 1,08 ns 1,01 ns -1,21

NPY1R 4886 ns 1,00 ns 1,06 ns 1,21 ns -1,08 *** 2,30 ns 1,12 ns 1,31 ns 1,32

DUSP6 1848 ns 1,83 ns 1,33 ns 2,90 ns 1,37 * 2,29 ns 1,53 ns -2,56 * -2,63

SPX 80763 ns -1,26 ns -1,20 ns 1,09 ns -1,13 *** 2,27 ns -1,08 ns -1,58 ns 1,09

SAT1 6303 ns 1,46 ns -1,00 ns 1,72 ns 1,05 ** 2,27 ns 1,00 ns -2,39 * -2,24

MANF 7873 ns 1,00 ns -1,09 ns 1,28 ns 1,04 *** 2,27 ns -1,11 ns 1,27 ns 1,31

C1QTNF1 114897 ns 1,42 ns -1,01 ns 2,00 ns 1,01 ns 2,26 ns 1,13 ns -2,06 ns -2,27

HIP1R 9026 ns 1,07 ns -1,03 ns 1,23 ns -1,08 *** 2,26 ns -1,07 ns -1,18 ns -1,10

ICAM1 3383 ns 1,52 ns -1,11 ns 1,82 ns -1,11 * 2,26 ns -1,08 ns -1,01 ns 1,29

DNAJB9 4189 ns 1,13 ns -1,09 ns 1,45 ns 1,02 *** 2,24 ns -1,06 ns 1,22 ns 1,05

PPP4R4 57718 ns -1,11 ns -1,06 ns -1,01 ns -1,08 * 2,23 ns -1,26 *** -5,29 *** -4,19

PDIA4 9601 ns 1,23 ns 1,08 ns 1,37 ns 1,16 *** 2,23 ns 1,23 * 1,49 ns -1,05

CREB5 9586 ns -1,14 ns -1,04 ns 1,19 ns 1,00 *** 2,22 ns 1,04 * -1,49 ** -1,59

NR4A2 4929 * 2,14 ns 1,18 ns 1,54 ns 1,16 ** 2,21 ns 1,21 ns -1,16 ns 1,00

SESN2 83667 ns 1,07 ns -1,02 ns 1,41 ns 1,23 *** 2,20 ns 1,16 ns -1,57 * -1,78

SAA1 6288 ns 2,80 ns 1,37 ns 2,43 ns -1,08 ns 2,20 ns 1,12 ns 2,10 ns 1,64

JUNB 3726 ns 1,33 ns -1,06 * 1,65 ns 1,10 *** 2,19 ns -1,02 ns -1,08 * -1,50

BBC3 27113 ns 1,29 ns 1,13 ** 1,57 ns 1,28 *** 2,19 ns 1,23 ns -1,11 ns -1,10

TIPARP 25976 ns 1,62 ns 1,22 ns 1,62 ns 1,23 *** 2,19 ns 1,41 ns -1,44 * -1,59

SDC4 6385 ns -1,01 ns -1,14 ns 1,16 ns -1,05 *** 2,18 ns -1,29 ** -1,72 ns -1,08

NKX3-1 4824 ** 1,69 ns 1,24 * 1,66 ns 1,22 *** 2,17 ns 1,15 ns 1,23 ns 1,15

HBEGF 1839 ns 1,12 ns -1,06 ns 1,51 ns -1,08 ns 2,16 ns 1,15 ns 1,04 ns -1,29

PDCD1LG2 80380 * 2,39 ns 1,48 *** 4,02 ns 1,87 ** 2,15 * 1,98 * -2,70 ** -2,67

CSRNP1 64651 *** 1,88 ns 1,28 ** 1,60 ns 1,21 *** 2,15 ns 1,11 ns 1,33 ns -1,08

LOC105375310 105375310 ns -1,01 ns -1,20 ns -1,06 ns 1,07 *** 2,15 ns -1,05 ns -1,21 ns -1,15

MIR155HG 114614 ns 1,28 ns 1,09 ** 2,53 ns 1,24 *** 2,13 ns 1,28 ns 1,35 ns 1,20

HERPUD1 9709 ns -1,20 ns -1,31 ns 1,07 ns -1,05 *** 2,12 ns -1,22 ns -1,13 ns 1,17

SNAR-I 100170222 ns -1,04 ns -1,20 ns 1,72 ns -1,05 ** 2,12 ns 1,15 ns -1,66 * -1,92

CSF3 1440 ns 1,33 ns -1,04 ns 1,34 ns -1,11 * 2,12 ns 1,12 ns -1,38 ns 1,11

NAMPTP1 646309 ns 1,41 ns -1,15 ns 1,97 ns 1,12 ** 2,11 ns 1,36 ns -1,09 ns -1,13

BCL2A1 597 ns 1,45 ns -1,04 ** 2,55 ns -1,02 ** 2,10 ns -1,03 ns -1,13 ns -1,04

mir-515 574481 ns 1,05 ns -1,12 ns -1,02 ns -1,02 *** 2,09 ns 1,02 ns -1,15 ns -1,05

ADAMTS9 56999 ns -1,06 ns -1,33 ns 1,37 ns 1,05 ns 2,09 ns 1,24 * -3,23 ** -3,51

HCAR2 338442 ns 1,17 ns 1,16 ns -1,03 ns -1,14 *** 2,08 ns -1,17 ns -1,13 ns -1,17

PAPPA 5069 ns 1,08 ns 1,00 ns 1,11 ns 1,23 ns 2,08 ns 1,52 ns 1,54 ns 1,50

LOC101929709 101929709 ns 1,21 ns -1,20 * 1,68 ns 1,17 *** 2,07 ns -1,00 ns 1,05 ** 1,71

HIVEP2 3097 ns 1,30 ns 1,02 * 1,57 ns 1,15 *** 2,07 ns 1,08 ** -1,67 ns -1,37

PLCB4 5332 ns -1,51 ns -1,53 ns -1,29 ns -1,20 ns 2,07 ns -1,13 ns -1,04 ns -1,87

MFSD2A 84879 ns 1,45 ns 1,08 ns 1,71 ns 1,05 ** 2,07 ns 1,14 ns 1,00 ns -1,26

BAG3 9531 ns 1,12 ns 1,12 ns -1,00 ns -1,05 *** 2,06 ns -1,00 ns -1,05 * -1,56

XBP1 7494 ns 1,25 ns -1,17 ns 1,48 ns 1,13 *** 2,05 ns 1,02 ns -1,22 ns -1,07

LOC105375913 105375913 ns 1,57 ns -1,43 ns 2,36 ns 1,31 ns 2,05 ns 1,09 ns -1,31 ns 1,29

CDY1 203611 ** 1,42 ns 1,13 ns 1,27 ns -1,18 *** 2,05 ns 1,02 ns -1,06 ns -1,12

FZD4 8322 ns -1,04 ns 1,05 ns -1,02 ns -1,10 * 2,05 ns -1,13 ns -1,79 ns -1,86

PNP 4860 ns 1,36 ns 1,02 ns 1,61 ns 1,17 * 2,05 ns 1,20 ns -1,82 * -2,47

SLC2A13 114134 ns 1,08 ns -1,17 ns -1,02 ns 1,08 *** 2,04 ns 1,11 ns 1,16 * -1,64

RIPK2 8767 ns 1,51 ns 1,06 ns 1,73 ns 1,18 *** 2,04 ns 1,15 ns -1,23 ns 1,49

ARHGAP26 23092 ns -1,07 ns -1,28 ns 1,53 ns 1,32 ** 2,03 ns 1,03 ns -2,08 ns -1,14

LOC105372424 105372424 ns 1,18 ns 1,18 ns 1,21 ns 1,26 ns 2,03 ns 1,60 ns 1,14 ns 1,87

EDN1 1906 ns -1,09 ns 1,01 ns -1,06 ns -1,15 ns 2,02 ns 1,06 ** -6,31 ** -5,93

ARNTL2 56938 ns -1,03 ns -1,21 ns 1,29 ns -1,00 ** 2,01 ns 1,09 ns -1,81 ns -1,45

PHLDA1 22822 ns 1,24 ns 1,03 ns 2,13 ns 1,43 * 2,01 ns 1,43 ns -1,23 ns -1,13

E2F7 144455 ns -1,03 ns -1,06 ns 1,77 ns 1,28 ** 2,01 ns 1,61 ns -1,03 ns 1,00

HSPA5 3309 ns 1,08 ns -1,09 ns 1,27 ns 1,11 *** 2,01 ns -1,02 ns 1,06 ns 1,08

ETV3 2117 ns 1,02 ns 1,05 ns 1,24 ns 1,09 *** 2,01 ns 1,10 ns -1,02 ns -1,06

DNAJB11 51726 ns 1,20 ns -1,01 * 1,35 ns 1,13 *** 2,01 ns 1,10 ns 1,25 ns 1,10

G1 G2 G3 NI
GeneName EntrezGeneID MV IFN MV IFN MV IFN G1 vs G2 G1 vs G3

ZC3H12A 80149 ns 1,62 ns -1,02 ns 2,09 ns 1,13 ** 1,99 ns 1,09 ns -1,53 ns -1,06

LOC107986820 107986820 ns 1,33 ns -1,06 * 2,64 ns 1,03 * 1,95 ns 1,27 ns -1,17 ns -1,07

ITGA2 3673 ns 1,35 ns -1,06 ** 3,13 ns 1,38 * 1,85 ns 1,63 ** -3,52 ** -2,58

TAPBPL 55080 ** 2,06 ns 1,52 * 1,83 ns 1,64 ** 1,84 ** 1,74 ns 1,47 ns 1,06

SQRDL 58472 ns 1,63 ns 1,14 * 2,08 ns 1,33 ** 1,82 ns 1,17 ** -2,46 * -1,88

LOC105374003 105374003 ns 1,05 ns -1,22 ns 2,30 ns 1,60 ns 1,82 ns 1,38 ns -1,92 ns -1,61

TMEM156 80008 ns -1,00 ns 1,04 ns 2,92 ns 1,81 ns 1,80 ns 1,58 ns -1,66 ns 1,27

AIM1 202 ns 1,45 ns 1,12 ns 2,29 ns 1,83 ns 1,80 ns 1,79 ** -6,74 *** -7,09

TGM2 7052 ns 1,65 ns 1,10 ns 2,81 ns 1,21 ns 1,78 ns 1,98 ns -4,86 * -5,06

PCDH17 27253 ns 2,05 ns 1,11 * 2,45 ns 1,48 ns 1,75 ns 1,24 ns 1,56 ns -1,04

DUSP10 11221 ns 1,34 ns 1,12 ns 2,09 ns 1,64 ns 1,74 ns 1,64 ns -1,21 ns -1,38

BMPER 168667 ns -1,07 ns -1,08 ns 2,14 ns 1,28 ns 1,72 ns 1,31 ns -1,51 ns -1,20

SPRY4 81848 ns 1,40 ns 1,12 * 2,16 ns 1,27 * 1,72 ns 1,27 ns -1,20 ns -1,30

IL24 11009 ns 1,77 ns 1,10 ns 2,20 ns 1,23 ns 1,70 ns 1,40 ns -1,16 ns 1,60

TNFRSF1B 7133 ns 1,51 ns 1,20 ns 2,50 ns 1,71 ns 1,69 ns 1,57 ns -1,12 ns -1,84

PDZD2 23037 ns 1,79 ns 1,42 ns 2,16 ns 1,48 ns 1,68 ns 1,75 ns -1,15 ns 1,40

TNFSF18 8995 ns 1,76 ns 1,12 ns 2,68 ns 1,65 ns 1,68 ns 1,11 ns -1,25 ns 1,00

NFE2L3 9603 * 1,86 ns 1,22 ** 2,06 ns 1,26 ** 1,67 ns 1,31 ns 1,74 ns 1,63

C3 718 ns 2,11 ns 1,22 ns 1,68 ns 1,09 ns 1,65 ns 1,03 ns 3,59 ns 3,50

STX11 8676 ns 2,04 ns 1,28 ns 1,10 ns 1,13 ns 1,65 ns 1,05 ns 1,12 ns -1,40

PIK3AP1 118788 ** 2,35 ns 1,09 ** 2,27 ns 1,07 * 1,61 * 1,63 ns 1,14 ns -1,14

ARL14EPL 644100 ns 1,01 ns 1,05 ns 3,21 ns 1,85 ns 1,60 ns 1,73 ** 4,63 ns 1,43

SERPINB2 5055 ns 1,23 ns 1,38 ns 3,62 ns 1,50 ns 1,60 ns 1,29 ** -24,27 ** -18,67

PRRG4 79056 ns 1,64 ns 1,11 ns 2,05 ns 1,14 ns 1,60 ns 1,26 ns -1,27 ns -1,88

BRCA2 675 ** 2,09 ns 1,27 ns 1,75 ns 1,36 * 1,57 ** 1,78 *** 2,61 *** 2,42

LOC105373853 105373853 ns 1,98 ns 1,39 ns 2,28 ns 1,70 ns 1,57 ns 1,52 ns 1,04 ns 1,14

FGF5 2250 ns 1,32 ns 1,05 ns 2,03 ns 1,37 ns 1,57 ns 1,40 ns -1,47 * -2,79

BANK1 55024 ns 2,25 ns 1,43 ns 1,26 ns -1,07 ns 1,55 ns 1,19 ns 1,13 ns 1,40

LOC105369848 105369848 ns -1,23 ns -1,07 ns 2,31 ns 1,62 ns 1,53 ns 1,20 * -3,39 ** -3,49

CASP1 834 *** 3,47 * 1,99 ** 2,55 ns 1,74 ns 1,49 ** 1,90 ns -1,53 * -1,88

RNA5SP134 106480756 *** 2,25 ns 1,28 ns 1,48 ns -1,04 ** 1,48 ns 1,12 ns -1,07 * -1,48

SERPINB4 6318 ns 1,34 ns 1,38 ns 2,00 ns 1,58 ns 1,45 ns 1,03 ns -2,60 ns -2,17

IKBKE 9641 * 1,64 ns 1,07 *** 2,15 ns 1,32 * 1,45 ns 1,29 ns -1,10 ns 1,11

PRDM8 56978 ns 1,09 ns -1,02 ns 2,41 ns 1,47 ns 1,42 ns 1,34 ns 1,60 ns 1,41

SPHK1 8877 ns 1,12 ns -1,08 ** 2,11 ns 1,20 ns 1,38 ns 1,28 *** -2,66 *** -2,07

GNG5 2787 ns 1,77 ns 1,44 ** 2,22 ns 1,53 ns 1,38 ns 1,38 ns -1,54 ns -1,54

ADAMTS6 11174 ns 1,02 ns -1,10 ns 2,01 ns 1,30 ns 1,37 ns 1,31 ns 1,19 ns 1,24

CDCP1 64866 ns 1,19 ns 1,17 ns 2,57 ns 1,54 ns 1,37 ns 1,42 ns 1,19 ns 1,34

RNA5SP99 106478993 * 2,17 ns 1,58 ns 1,76 ns 1,26 ns 1,36 ns 1,06 ns -1,34 ** -2,20

CD82 3732 ns 1,44 ns 1,17 ** 3,06 ns 1,47 ns 1,35 ns 1,35 ** -3,03 ns -1,68

N4BP1 9683 *** 2,02 *** 1,58 *** 1,97 *** 1,57 ** 1,34 *** 2,00 ns -1,16 ** -1,41

MFSD12 126321 *** 2,15 ns 1,52 ** 1,79 ns 1,34 ns 1,34 ** 1,52 ns 1,47 ns -1,03

PSME2 5721 *** 2,29 *** 1,88 ** 1,60 ns 1,38 * 1,33 *** 1,67 ns 1,28 ns 1,08

PARP8 79668 ns 2,03 ns 1,24 ns 1,54 ns 1,21 ns 1,33 ns 1,42 * 2,35 ns 1,66

PATL1 219988 *** 2,06 *** 1,43 *** 1,46 ns 1,22 *** 1,33 *** 1,43 *** 1,49 *** 1,43

SRGN 5552 ns 1,33 ns 1,15 ns 2,01 ns 1,44 ns 1,32 ns 1,34 ns -2,97 ns -1,08

IL33 90865 ns 1,54 ns -1,29 ns 3,57 ns 1,64 ns 1,32 ns 1,75 ns -5,93 ns -4,26

RGS4 5999 ns 1,14 ns 1,17 ns 2,23 ns 1,68 ns 1,30 ns 1,45 ns 3,50 ns 1,31

VNN3 55350 ** 2,11 ns 1,34 ns 1,15 ns 1,10 ns 1,28 ns 1,22 ns -1,26 ns -1,13

PTN 5764 ns 2,04 ns 1,57 ns 2,01 ns 1,95 ns 1,28 ns 1,96 ns 1,16 ns -1,78

USP30-AS1 100131733 *** 5,13 ns 1,53 *** 2,82 ns 1,62 ns 1,28 ** 1,58 ns -1,18 ns -1,32

CCL7 6354 ns 2,34 ns -1,29 ns 1,77 ns 1,03 ns 1,28 ns 1,02 ns -1,64 ns -1,31

KRTAP2-3/KRTAP2-4 730755 ns 1,35 ns 1,34 ns 2,30 ns 1,46 ns 1,27 ns 1,67 ns -2,27 ns -2,25

S1PR3 1903 ns 1,55 ns 1,24 ns 2,18 ns 1,26 ns 1,26 ns 1,40 ns -1,29 ns -1,38

GBP1P1 400759 *** 2,73 ** 1,45 *** 2,71 ** 1,52 ns 1,23 *** 1,51 ns -1,07 ns -1,25

ITGA1 3672 ns 1,19 ns 1,02 ns 2,21 ns 1,20 ns 1,22 ns 1,15 * -3,83 * -3,43

RNF114 55905 *** 2,22 *** 1,47 *** 1,64 * 1,30 * 1,21 *** 1,32 ns 1,23 ** 1,31

NUB1 51667 *** 2,13 ns 1,32 *** 1,97 ns 1,34 ns 1,20 * 1,44 ns 1,16 ns -1,16

IL4I1 259307 * 2,00 ns 1,42 ** 2,33 ns 1,44 ns 1,20 ns 1,27 ns -1,28 ns -1,21

PLAT 5327 ns 1,40 ns 1,40 ns 2,41 ns 1,39 ns 1,19 ns 1,52 ns -2,96 ns -3,02

MMP13 4322 * 2,86 ns 1,11 ns 1,50 ns 1,18 ns 1,19 ns 1,23 ns -1,12 ns 1,04

HIST2H2BE 8349 *** 2,53 ns 1,50 *** 2,33 ** 1,99 ns 1,18 ** 1,72 ns 1,36 ns 1,33

LUCAT1 100505994 ns 1,36 ns -1,05 ns 2,15 ns 1,03 ns 1,18 ns 1,45 ns -1,15 ns 1,83

PSMB10 5699 *** 2,39 ns 1,48 ** 1,94 ns 1,36 ns 1,16 ns 1,33 ns 1,22 ns 1,20

ODF3B 440836 *** 2,30 ns 1,26 ** 1,79 * 1,73 ns 1,16 *** 1,72 ns -1,07 ns -1,34

LAP3P2 389386 *** 2,94 *** 1,69 *** 2,06 ** 1,51 ns 1,16 *** 1,66 ns 1,09 ns -1,15

SOX9 6662 ns 1,16 ns 1,20 ** 2,42 ns 1,47 ns 1,15 ns 1,44 ns 1,45 ns 1,69

ACKR4 51554 ** 2,19 ns 1,75 ns 1,67 ns 1,75 ns 1,15 ns 1,21 ns 1,03 ns -1,15

TLR2 7097 * 2,92 ns 1,67 ns 1,89 ns 1,12 ns 1,14 ns 1,16 ns -1,57 ns -1,18

CTB-30L5,1 102724339 *** 2,06 ns 1,56 ns 1,12 ns 1,12 ns 1,13 ns 1,02 ns -1,23 ns -1,02

BRIP1 83990 *** 2,84 ns 1,46 ns 1,53 ns 1,14 ns 1,13 * 1,48 *** 3,62 *** 3,27

CLMP 79827 ns 1,29 ns -1,07 ns 2,33 ns 1,26 ns 1,12 ns 1,28 ns -2,24 ns -1,29

LOC101927701 101927701 ns -1,16 ns -1,01 * 2,00 ns 1,41 ns 1,11 ns 1,16 ns -1,09 ns 1,09

HIST1H2BO 8348 ns 1,35 ns 1,20 *** 2,02 ** 1,47 ns 1,10 *** 1,41 *** 1,99 *** 1,64

BTN3A1 11119 *** 2,58 * 1,65 ns 1,38 ns 1,45 ns 1,10 *** 1,91 *** 2,10 ns 1,05

ACSL5 51703 * 4,21 ns 1,79 ns 2,86 ns 1,82 ns 1,09 ns 1,56 ns 1,09 ns -1,22

GIMAP2 26157 ns 2,23 ns 1,21 * 2,32 ns 1,54 ns 1,09 * 1,80 ns 1,06 ns -1,20

TMEM229B 161145 *** 2,70 ** 1,75 ns 1,46 ns 1,17 ns 1,09 * 1,36 ns 1,06 ns 1,05

HIST1H2BL 8340 ** 1,84 ns 1,43 *** 2,12 ns 1,36 ns 1,08 ns 1,25 *** 2,84 *** 2,71

IFITM4P 340198 *** 2,54 *** 1,89 * 1,37 ns 1,25 ns 1,08 *** 1,93 ns 1,33 ns -1,10

LOC101928716 101928716 *** 2,20 * 1,50 ** 1,55 ns 1,31 ns 1,08 ** 1,44 ns -1,07 ns -1,00

MMP1 4312 ns 1,70 ns 1,21 ns 2,02 ns 1,14 ns 1,07 ns -1,01 * -6,86 ** -6,72

RET 5979 *** 2,59 ns 1,41 *** 2,69 ns 1,43 ns 1,07 ns 1,44 ns 1,02 ns -1,01

ARHGAP29 9411 ns 1,18 ns 1,17 ns 2,00 ns 1,31 ns 1,06 ns 1,24 ** -4,64 ns 1,15

HLA-E 3133 *** 2,25 ** 1,61 * 1,54 ns 1,30 ns 1,06 *** 1,74 ns -1,00 ** -1,66

SLC38A5 92745 ns 2,29 ns 1,37 ns 1,09 ns -1,02 ns 1,05 ns 1,16 ns -2,36 *** -5,63

MILR1 284021 ns 2,03 ns 1,17 ns 1,60 ns 1,27 ns 1,04 ns 1,36 ns 1,35 ns 1,61

LOC100507639 100507639 ns 1,75 ns -1,05 ns 2,16 ns 1,71 ns 1,04 ns 1,03 *** 10,82 ns 1,17

LOC105378859 105378859 ** 2,85 ns 1,77 ns 1,14 ns 1,15 ns 1,04 ns 1,58 ns -1,21 ns 1,08

SCLT1 132320 *** 2,16 *** 1,58 ** 1,54 * 1,34 ns 1,04 *** 1,47 *** 1,62 ns 1,15

XKR9 389668 ns 1,26 ns -1,03 *** 2,08 ns 1,25 ns 1,04 ns 1,14 ns 1,36 ns 1,13

IL18BP 10068 *** 2,17 ** 1,75 *** 2,46 ns 1,51 ns 1,04 ** 1,54 ns 1,10 ns 1,07

LOC101928391 101928391 *** 2,44 ns 1,25 *** 2,47 ns 1,66 ns 1,03 ns 1,14 ns -1,03 ns -1,18

APOD 347 * 2,59 ns 1,91 ns -1,10 ns -1,08 ns 1,03 ns 1,02 *** -6,56 *** -6,92

APOBEC3D 140564 ** 2,80 ns 1,65 ns 1,29 ns 1,24 ns 1,03 ns 1,49 ns 1,99 ns 1,29

ANKRD45 339416 *** 2,37 ns 1,55 ns 1,38 ns 1,41 ns -1,00 *** 1,76 ns 1,30 ns -1,04

EREG 2069 ns 3,06 ns 1,20 ns -1,06 ns 1,05 ns -1,01 ns 1,00 ns -2,75 ns -1,87

DDO 8528 ** 2,66 ns 1,49 ns 1,50 ns 1,48 ns -1,01 ns 1,29 ns 1,64 ns -1,02

KRT75 9119 ns 1,41 ns 1,23 ns 2,25 ns 1,09 ns -1,01 ns 1,02 ns -1,81 ns -1,83

TSPAN18 90139 ns -1,00 ns -1,14 ns 2,01 ns 1,53 ns -1,01 ns 1,02 ns -1,64 ns 1,37

JADE2 23338 *** 2,35 ns 1,62 *** 2,23 ns 1,58 ns -1,02 ** 1,65 ns 1,40 ns 1,36

IL7 3574 ns 2,15 ns 1,33 ns 1,67 ns 1,60 ns -1,02 * 1,87 ns 2,09 ns 1,52

FYB 2533 ns 2,00 ns 1,37 ns 1,61 ns 1,13 ns -1,02 ns 1,73 ns -1,18 ns 1,44

ZFYVE26 23503 *** 2,00 ns 1,45 ns 1,52 ns 1,34 ns -1,02 *** 1,66 ** -1,77 ns -1,34

SLFN12 55106 ns 2,13 ns 1,53 ns 1,26 ns 1,06 ns -1,04 ns 1,54 ns -1,11 ns -1,17

ANO7L1 101927546 *** 2,59 * 1,65 ns 1,40 ns 1,23 ns -1,04 * 1,41 ** -1,98 *** -2,13

CMTR1 23070 *** 2,30 *** 1,59 *** 1,40 ** 1,30 ns -1,06 *** 1,63 ns 1,17 ns 1,07

SLC16A4 9122 ns 2,04 ns 1,31 ns 1,10 ns -1,11 ns -1,06 ns -1,10 ns 1,01 ns -1,64

HSD17B2 3294 ns 2,04 ns 1,35 ns 1,03 ns 1,03 ns -1,06 ns 1,22 ** -6,22 ns -3,16

CXCL16 58191 ** 2,48 ns 1,46 * 2,18 ns 1,49 ns -1,07 ns 1,30 ** -2,81 *** -2,94

IL22RA1 58985 ns 1,78 ns 1,31 * 2,44 ns 1,53 ns -1,08 ns 1,54 ns -1,19 ns -1,49

CFH 3075 ns 2,02 ns 1,43 ns 1,92 ns 1,61 ns -1,10 ns 1,57 ns -1,34 ns -1,54

DPP4 1803 ns 2,06 ns 1,19 ns -1,17 ns -1,13 ns -1,11 ns 1,01 ns 2,14 ns -1,14

NLRC5 84166 *** 2,35 ns 1,35 ** 1,61 ** 1,48 ns -1,11 *** 1,80 *** 1,79 ns 1,31

TMEM158 25907 ns -1,04 ns -1,08 ns 2,83 ns 1,54 ns -1,12 ns -1,01 ns 1,23 ns 1,29

CYP2J2 1573 ** 3,64 ns 1,79 * 2,83 ns 1,61 ns -1,14 ns 1,67 ns 1,07 ns -1,10

LOC101929723 101929723 ns 2,19 ns 1,53 ns 2,17 ns 1,43 ns -1,14 ns 1,70 ns 1,31 ns 1,56

HIST1H2AD 3013 ns 1,42 ns 1,09 *** 2,52 * 1,46 ns -1,14 ns 1,17 ns 1,31 ns 1,23

IGF2BP3 10643 ns -1,01 ns -1,14 ns 2,09 ns 1,59 ns -1,16 ns -1,02 *** -3,67 ns 1,24

TBC1D29 26083 *** 2,19 * 1,46 ns 1,31 ns 1,26 ns -1,22 ns -1,09 ns 1,03 * 1,41

TNS1 7145 ns 1,32 ns 1,21 ns 2,15 ns 1,54 ns -1,23 ns 1,38 ns -1,65 * -2,92

MOV10 4343 *** 2,31 ** 1,59 ns 1,37 ns 1,18 ns -1,24 ns 1,26 ns 1,18 * 1,40

SNAR-D 100170227 ** 2,52 ns 1,38 ns -1,23 ns -1,07 ns -1,33 ns -1,08 ns 1,36 ns 1,62



Genomic PCR 

For the eighty MPM cell lines of the validation series, genomic DNA was 

extracted using a standard isopropanol precipitation procedure. PCR was performed 

on genomic DNA (40 ng) using Phusion U Multiplex PCR according to the 

manufacturer’s protocol (Thermo Scientific). The same couple of primers as above was 

used for the IFNB1 gene and the following couple was used for the IFNB1 promoter 5′-

GCCTCCACAGATACCAAAATCA-3′ (forward) and 5′-AAGCCTCCCATTCAATTGCC-

3′ (reverse). The following primers were used for CDKN2A : 5′-

CGGTAGGGACGGCAAGAGAG-3′ (forward) and 5′- 

CCTGTAGGACCTTCGGTGACTGA-3′ (reverse), and for ARID1A 5′- 

TTCGCAACTGGACTTTCTCTC-3′ (forward) and 5′- 

TCAAAATTAGCTAAACTTCCAACC-3′ (reverse). IFNB1 was amplified by PCR 

including an initial denaturation step at 98°C for 30 s; 40 cycles including denaturation 

at 98°C for 10s, annealing at 60°C for 30s, extension at 72 °C for 30s; and a final 

extension at 72°C for 7min. CDKN2A and ARID1A genes were amplified by touchdown 

PCR including an initial denaturation step at 94°C for 15min; 40 cycles including 

denaturation at 94°C for 30s, annealing at different temperatures for 30s (2 cycles at 

62°C, 2 at 61°C, 2 at 60°C, 3 at 59°C, 3 at 58°C, 4 at 57°C, 4 at 56°C, 5 at 55°C and 

15 at 54°C), extension at 72°C for 1min; and a final extension at 72°C for 5min. PCR 

products were analyzed on a QIAxcel capillary electrophoresis system (Qiagen). 

ARID1A was used as a control to verify the quality of the amplification. CDKN2A status 

was checked based on previous available data; gene expression and mutational status 

on this gene (21). For association study with histologic types, the Fisher’s exact test 

was performed using GraphPad Prism version 6 software. 

 


