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2. Methods
Table S1.  Physical and chemical properties of SP, SOAβPin-SP and SOANap-SP 

	
	Instrument
	SP
	SOAβPin -SP
	SOANap -SP

	Days of atmospheric OH aging *
	Proton-transfer reaction mass spectrometer
(PTR-MS)
	0
	2.8 ± 0.4
	2.9 ± 0.2

	Particle number concentration (cm-3)
	Condensation particle counter (CPC)
	1.3106  ± 0.3106
	0.9106 ±0.2106 
	1.4106
 ±0.2106

	Particle geometric mean diameter (nm)
	Scanning mobility particle sizer (SMPS)
	117 ± 0.3
	117 ± 0.3
	114 ± 0.7

	Deposition, undiluted (ng cm-2)
	Calculation
	9 ± 1
	17 ± 2
	28 ± 2

	Deposition, dilution 1:3 (ng cm-2)
	Calculation
	≈ 3.0
	≈ 5.6
	≈ 9.3

	Deposition, dilution 1:30 (ng cm-2)
	Calculation
	≈ 0.3
	≈ 0.56
	≈ 0.93


* Assuming an average of ambient hydroxyl radical concentration of 106 molecule m -3. Results are presented as mean ± standard deviation (SD), n = 7 independent experiments. The information in this table has been previously published in Offer et al (Offer et al. 2022).

2.1 Ultrahigh-resolution mass spectrometry analysis
Circular quartz fiber filters (47 mm diameter) were extracted by adding 10 mL methanol (LC-MS grade) with gentle shaking for 30 min, and then filtered with a 0.2 µm pore size PTFE membrane in a stainless steel filter using a glass syringe. 
Mass spectrometric analysis was performed using a high-resolution Fourier transform ion cyclotron resonance mass spectrometer (FT-ICR-MS) platform (SolariX, 7T FT-ICR MS, Bruker Daltoniks, Bremen, Germany). Ionization of the extracted polar compounds was estimated by direct-infusion electrospray ionization (ESI) at a syringe flow rate of 300 µL/h, a nebulizer gas pressure of 1.4 bar, a drying gas flow rate of 4 L/min, and a drying gas temperature of 220 °C. Negative and positive polarity mode spectra (+ESI/-ESI) were acquired with a spray voltage of +/-3.5 kV. Mass spectrometric scans (200) were averaged with a transient length of 1.95 s, resulting in a resolving power of approximately 260,000 at m/z 400. Mass spectra were identified at a signal-to-noise ratio (S/N) of 9, and m/z was calibrated using Bruker DataAnalysis 5.1 software. The elemental composition was derived by the exact mass. Peak lists of blank filters (clean air quartz fiber filter) were processed as previously mentioned and were excluded from the analysis within a 2 ppm m/z error range. The following setting was applied: CcHhOoNax; for positive mode ESI: 2 ≤ c ≤ 100, 2≤ h ≤ 100, o ≤ 20, and x ≤ 1; and for negative mode ESI: 2 ≤ c ≤ 50, 2≤ h ≤ 100, o ≤ 16, and x ≤ 0 with a maximum error of 2 ppm.
2.2 Cell viability analysis
The PrestoBlue assay measures the ability of the mitochondrial dehydrogenases of the cells to reduce the nonfluorescent dye resazurin to the product resorufin. BEAS-2B cells were seeded and treated as described in the cell culture and exposure section. Immediately after exposure, the supernatant medium of the BEAS-2B inserts was replaced by PrestoBlue™ HS Cell Viability Reagent (Thermo Fisher Scientific, GE) diluted 1:10 (v/v) in complete BEBM medium, and the cells were incubated at 37 °C and 5 % CO2 for 1 h. The supernatant was transferred to a 96-well plate, and the fluorescence was quantified using a microplate reader (MULTISKAN SKY Microplate Spectrophotometer, Thermo Fisher Scientific) at 580-nm excitation and 620-nm emission. Cell viability was calculated and presented as a percentage compared to clean air controls.
2.3 Oxidative stress marker, malondialdehyde (MDA) detection 
Collected sample media were analyzed by liquid chromatography (LC)-MS/MS (API 4000 Triple Quadrupole system, AB Sciex in positive MRM mode). The samples were derivatized with 2,4-dinitrophenylhydrazine (DNPH) and extracted with liquid-liquid extraction before chromatographic separation on a C18 column (Agilent 1290 UHPLC System) in isocratic conditions. Data are presented as MDA ng ml-1 from at least three independent exposures.
2.4 DNA damage, comet assay
A comet assay was used to detect DNA single- and double- strand breaks as well as alkaline labile sites. Briefly, following exposure, BEAS-2B cells were collected on ice and counted with Trypan Blue in an automated cell counter (Luna-II™, logos biosystems). Exposure of the cells to 30 µM hydrogen peroxide was used as a positive control. BEAS-2B cells were suspended in PBS and cell suspension was mixed with 1% low-melting point agarose (Sigma-Aldrich, GE) before being added dropwise onto precoated slides with 0.5% normal-melting point agarose (Sigma-Aldrich, GE). Lysis and alkaline treatments were followed by electrophoresis. Hundreds nucleoids per mini-gel were scored by CometScore 2.0 (TriTek Corp) on 1:10.000 dilution SYBR Green (Invitrogen)-stained slides. Two mini-gels were scored per exposure from at least three independent exposures. A Bio Tek Lionheart FX automated microscope was used to take 20x magnification micrographs of the stained slides. Data are shown as the mean % DNA breaks (% DNA in tail).
2.5 RNA-seq data analysis
Poly-A/T stretches and Illumina adapters were trimmed from the reads using cutadapt (Martin 2011), reads shorter than 30 base pairs (bp) were discarded. Reads for each sample were aligned independently to the Homo sapiens reference genome GRCh38 using STAR (2.7.3a) (Dobin et al. 2012) and supplied with gene annotations downloaded from Ensembl (release 99). The EndToEnd option was used and outFilterMismatchNoverLmax was set to 0.04. The percentage of the reads aligned uniquely to the genome was 97%. Expression levels for each gene were quantified using htseq-count (version 0.11.2) (Anders et al. 2014), using the gtf above. Only uniquely mapped reads were used to determine the number of reads falling into each gene (intersection-strict mode). Differential analysis was performed using the DESeq2 package (1.26.0) (Love et al. 2014) with betaPrior, cooksCutoff and independentFiltering parameters set to False. Raw P values were adjusted for multiple testing using the procedure of Benjamini and Hochberg.  Pipeline was run using snakemake (Köster and Rahmann 2012).
2.6 Canonical pathway grouping strategy
Twenty-five substantial canonical pathways are presented based on their known involvement in various cell responses. The canonical pathways were grouped according to their functional similarities, as detailed in Table S5. The canonical pathways were divided into 5 main groups: (i) “Inflammation and/immune response” is profiled by pathways involved in the inflammatory response, such as cytokines (role of IL-17F in allergic inflammatory airway diseases), and regulation of the inflammatory response, such as Toll-like receptor signaling. (ii) “Cancer” contains pathways involved in tumor and cancer signaling, such as the tumor microenvironment pathway. (iii) “Cell cycle and proliferation” contains pathways that are required for and influence organismal development, such as the senescence pathway. (iv) “Signaling pathway” describes a series of reactions that control cell function, such as the STAT3 pathway. (v) “Oxidative stress response” profile pathways related to the stress response, and the activation of the nuclear factor-erythroid 2 (Nrf2) pathway are also included pathways related to ROS metabolism.
2.7 Gene expression validation of the mRNA-Seq results
To validate the mRNA-Seq results, the expression of key response genes (HMOX-1, Bcl2, IL-8, GADD45, AhR, MMP-3 and MMP-10) was evaluated using qPCR. For quantifying mRNA expression, real‐time PCR was performed using Fast SYBR Green PCR mix (Applied Biosystems, Foster City, CA, USA) in a StepOnePlus Reverse Transcription (RT) PCR instrument. The following cycling conditions were used: 40 cycles at 95 °C for 30 s and 60 °C for 30 s and extension at 72 °C for 30 s. β‐actin and 18S genes were used as endogenous controls. The melt curve analysis for each primer set showed a single peak, and primer slopes were −3.4 for both target and endogenous control genes. The threshold cycle (CT) was set between 22 and 29 according to the cDNA dilution, whereas ΔCT between the target and the endogenous control genes was set to be no more than five cycles. The qPCR expression patterns are presented in Fig. S7. Overall, these results demonstrate the reliability of the mRNA-Seq analysis. The magnitude of the expression changed slightly, probably due to different detection techniques.
 





Table S2. List of primers used for qPCR validation
	Gene
(homo sapiens)
	5'-3'
	5'-3'

	HMOX-1
	GAGAAAGCAAGTGGCTCACC
	TGACGGACCTGGTTCTTACC

	AhR
	CAACAGTCCTTGGCTCTGAA
	CTTGCTTTTGGTGATGTTGC

	bcl2
	GTTCAAACAAGACGCCAACA
	ATGGAAGGCCACATCTGAAC

	GADD45A
	GGAGAGCAGAAGACCGAAAG
	CAGAGCCACATCTCTGTCGT

	CXCL8/IL8
	CCCATGTCAAAACCGAGGTG
	ATCCTGTCCGGGTACAATCG

	Cyp1a1
	TCTCCTGGAGCCTCATGTATT
	ACCTGCCAATCACTGTGTCTA

	Cyp1b1
	GAAACCTCGACTTTGCCAGG
	CACCGCTTGGATTGGGATG

	ALDH
	AGGAAAACATTCCCCACCGT
	CTGCCTTGTCCACATCTTCCT

	MMP-3
	TCAGAACCTTTCCTGGCATC
	CAACAGCAGAATCAACAGCA

	MMP-10
	AGATGCCAGCCAAGTGTGAT
	CAGGTTCAGGGTTCCAGTG

	β-Actin
	TCGTGCGTGACATTAAGGAG
	CCATCTCTTGCTCGAAGTCC
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Fig. S1. Pipeline for RNA-Seq data analysis.
3. Results
[image: ] 
Fig. S2. +ESI-MS of SOA βPin-SP after (A) collision-induced dissociation (CID) at 5V and (B) 30V. The mass spectrometric pattern remains also at higher voltage, hence the detected ion distributions around m/z at 200, 400, 600 etc. truly belong to dimers, trimers, and tetramers rather than adducts caused by the ionization process.

+ESI can ionize oxygenated species; hence, it covers the majority of the organic aerosol components in both SOA-SPs. Without adding a base to the sample extract, -ESI mass spectra exclusively contain peaks of deprotonated ions from Brønsted acids, such as carboxylic acids or phenols. For both SOA-SP types, the peak intensities were dominated by oxygenated β-pinene and naphthalene dimers, which have carbon numbers of 16-20. Oligomers other than dimers and trimers could not be identified (Fig. S3). Similar to the +ESI mass spectra, monomers of both SOA-SPs showed higher OSCs than that of other oligomers, whereas the overall average OSC of SOANap-SP (OSC: 0.055; O:C: 0.44; H:C: 0.83) was higher than that of SOAβPin-SP (OSC: -0.59; O:C: 0.50; H:C: 1.47). Additionally, in the -ESI mass spectra, SOANap-SP has a higher contribution (26% of total peak intensity) of aromatic compounds (AI ≥ 0.5) than that of SOAβPin-SP (7% of total peak intensity).

 [image: ]
Fig. S3. -ESI mass Spectra of methanolic extracts with carbon number (#C) vs. average carbon oxidation state (OSC) for SOAβPin-SP (A and B) and SOANap-SP (C and D). 


Table S3. Elemental ratios (H:C, O:C) average carbon oxidation state (OSC), aromaticity index (AI) and relative account of aromatic compounds (AI≥0.5) on total peak intensity (AIrel)
	
	
	
	+ESI
	
	
	
	
	-ESI
	
	

	
	H:C
	O:C
	OSC
	AI
	AIrel
	H:C
	O:C
	OSC
	AI
	AIrel

	SOAβPin-SP
	1.66
	0.38
	-0.91
	0.03
	<0.01
	1.47
	0.50
	-0.47
	0.06
	0.03

	SOANap-SP
	1.07
	0.44
	-0.18
	0.26
	0.08
	0.83
	0.44
	0.05
	0.54
	0.32




3.1 Gene analysis
Overlap between the gene lists is summarized in Venn diagrams, Fig. S4. To obtain an overview of the changes at the gene level, the 15 most significantly upregulated or downregulated genes are summarized in Table S4.
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Fig. S4. Venn diagrams of DEG after exposure to SP, SOAβPin-SP, SOANap-SP or CA. BEAS-2B cell were exposed for 4 h to dilutions 1:3 and 1:30 of SP, SOAβPin-SP, SOANap-SP or CA. Comparison are shown for (A) SP, SOAβPin-SP and SOANap-SP at dilution 1:3 (B) SOAβPin-SP and SOANap-SP at dilution 1:3 (C) SP, SOAβPin-SP and SOANap-SP at dilution 1:30, and (D) SOAβPin-SP and SOANap-SP at dilution 1:30. Sorting criteria: Log2 FC |±2|, p value = 0.05, false discovery rate (FDR)/adjusted p value = 0.01, Bar graphs represent the number of upregulated and downregulated DEGs. 
 
Table S4. Summary of 15 most significant upregulated and downregulated genes after exposure to SP, SOAβPin-SP or SOANap-SP at dilution 1:3
	SP

	Gene
	Gene name
	Fold Change
	log2 Fold Change
	P value
	Direction

	ENSG00000170454
	KRT75, keratin 75
	39
	5.29
	0
	up

	ENSG00000197632
	SERPINB2, serpin family B member 2
	39
	5.3
	0
	up

	ENSG00000115844
	DLX2, distal-less homeobox 2
	26
	4.68
	0
	up

	ENSG00000057657
	PRDM1, PR/SET domain 1
	22
	4.45
	0
	up

	ENSG00000125740
	FOSB, FosB proto-oncogene, AP-1 transcription factor subunit
	19
	4.22
	0
	up

	ENSG00000158055
	GRHL3, grainyhead like transcription factor 3
	18
	4.14
	0
	up

	ENSG00000172818
	OVOL1, ovo like transcriptional repressor
	18
	4.19
	0
	up

	ENSG00000119508
	NR4A3, nuclear receptor subfamily 4 group A member 3
	17
	4.09
	0
	up

	ENSG00000122877
	EGR2, early growth response 2
	14
	3.82
	1.38E-07
	up

	ENSG00000189143
	CLDN4, claudin 4
	14
	3.84
	0
	up

	ENSG00000134363
	FST, follistatin
	13
	3.73
	0
	up

	ENSG00000163347
	CLDN1, claudin 1
	12
	3.56
	0
	up

	ENSG00000166670
	MMP10, matrix metallopeptidase 10 
	12
	3.6
	0.000179
	up

	ENSG00000212724
	KRTAP2-3, Keratin Associated Protein 2-3
	12
	3.56
	1.05E-07
	up

	ENSG00000170989
	S1PR1, Sphingosine-1-Phosphate Receptor 1
	10
	3.34
	0
	up

	ENSG00000106003
	LFNG, LFNG O-fucosylpeptide 3-beta-N-acetylglucosaminyltransferas
	-3.3
	-1.71
	0
	down

	ENSG00000155660
	PDIA4, Protein Disulfide Isomerase Family A Member 4
	-3.3
	-1.73
	0
	down

	ENSG00000172602
	RND1, Rho Family GTPase 1
	-3.3
	-1.74
	7.36E-06
	down

	ENSG00000104081
	BMF, BCL2 modifying factor
	-3.5
	-1.82
	0.000159
	down

	ENSG00000176401
	EID2B, EP300 Interacting Inhibitor Of Differentiation 2B
	-3.5
	-1.79
	1.7E-09
	down

	ENSG00000197044
	ZNF441, Zinc Finger Protein 441
	-3.5
	-1.82
	7.1E-09
	down

	ENSG00000267270
	PARD6G-AS1, PARD6G Antisense RNA 1
	-3.5
	-1.79
	5.21E-06
	down

	ENSG00000265972
	TXNIP, thioredoxin interacting protein
	-3.6
	-1.84
	0
	down

	ENSG00000146955
	RAB19, RAB19, Member RAS Oncogene Family
	-3.9
	-1.95
	8.65E-05
	down

	ENSG00000171557
	FGG, fibrinogen gamma chain
	-3.9
	-1.95
	0.0437
	down

	ENSG00000186310
	NAP1L3, nucleosome assembly protein 1 like 3
	-3.9
	-1.96
	6.87E-06
	down

	ENSG00000137573
	SULF1, Sulfatase 1
	-4
	-2.01
	0.0285
	down

	ENSG00000184988
	TMEM106A, transmembrane protein 106A
	-4.1
	-2.05
	4.7E-09
	down

	ENSG00000213967
	ZNF726, Zinc Finger Protein 726
	-4.3
	-2.1
	1.47E-05
	down

	ENSG00000273888
	FRMD6-AS1, FRMD6 antisense RNA 1
	-4.3
	-2.11
	2.53E-06
	down

	SOAβPin-SP

	Gene
	Gene name
	Fold Change
	log2 Fold Change
	P value
	Direction

	ENSG00000197632
	SERPINB2, serpin family B member 2
	34
	5.07
	0
	up

	ENSG00000057657
	PRDM1, PR/SET domain 1
	17
	4.09
	0
	up

	ENSG00000100292
	HMOX1, heme oxygenase 1
	14
	3.8
	0
	up

	ENSG00000158055
	GRHL3, grainyhead like transcription factor 3
	13
	3.69
	0
	up

	ENSG00000172818
	OVOL1, ovo like transcriptional repressor
	12
	3.62
	0
	up

	ENSG00000255150
	EID3, EP300 interacting inhibitor of differentiation 3
	12
	3.64
	0
	up

	ENSG00000119508
	NR4A3, nuclear receptor subfamily 4 group A member 3
	10
	3.34
	1E-10
	up

	ENSG00000134363
	FST, follistatin 
	10
	3.38
	0
	up

	ENSG00000163347
	CLDN1, claudin 1
	9.8
	3.29
	0
	up

	ENSG00000189143
	CLDN4, claudin 4
	9.8
	3.29
	0
	up

	ENSG00000170989
	S1PR1, Sphingosine-1-Phosphate Receptor 1
	9.5
	3.25
	0
	up

	ENSG00000187134
	AKR1C1, Aldo-Keto Reductase Family 1 Member C1
	9.5
	3.25
	0
	up

	ENSG00000115844
	DLX2, Distal-Less homeobox 2
	9.4
	3.24
	4E-10
	up

	ENSG00000212724
	KRTAP2-3, Keratin Associated Protein 2-3
	9.4
	3.24
	8.11E-08
	up

	ENSG00000162892
	IL24, Interleukin 24
	8
	3
	6.43E-08
	up

	ENSG00000158445
	KCNB1, Potassium Voltage-Gated Channel Subfamily B Member 1
	-4.2
	-2.06
	0.000179
	down

	ENSG00000163884
	KLF15, Kruppel Like Factor 15
	-4.2
	-2.06
	2.71E-07
	down

	ENSG00000267080
	ASB16-AS1, ASB16 Antisense RNA 1
	-4.2
	-2.06
	0
	down

	ENSG00000163909
	HEYL, Hes Related Family BHLH Transcription Factor With YRPW Motif Like
	-4.4
	-2.13
	0.000279
	down

	ENSG00000145824
	CXCL14, C-X-C motif chemokine ligand 14
	-4.5
	-2.16
	0.00485
	down

	ENSG00000265972
	TXNIP, thioredoxin interacting protein
	-4.5
	-2.18
	0
	down

	ENSG00000171557
	FGG, fibrinogen gamma chain
	-4.6
	-2.21
	0.011
	down

	ENSG00000171564
	FGB, fibrinogen beta chain
	-4.8
	-2.25
	0.0181
	down

	ENSG00000247400
	DNAJC3-DT, DNAJC3 divergent transcript
	-4.8
	-2.26
	0
	down

	ENSG00000273888
	FRMD6-AS1, FRMD6 antisense RNA 1
	-5.1
	-2.36
	7.5E-09
	down

	ENSG00000167656
	LY6D, lymphocyte antigen 6 family member D
	-5.5
	-2.47
	0.000957
	down

	ENSG00000105141
	CASP14, caspase 14
	-5.9
	-2.55
	0.00273
	down

	ENSG00000144218
	AFF3, AF4/FMR2 family member 3
	-6
	-2.59
	4.79E-05
	down

	ENSG00000104081
	BMF, BCL2 modifying factor
	-8
	-3
	0
	down

	ENSG00000087258
	GNAO1, G protein subunit alpha o1
	-10
	-3.34
	0.00019
	down

	SOANap-SP

	Gene
	Gene name
	Fold Change
	log2 Fold Change
	P value
	Direction

	ENSG00000119508
	NR4A3, nuclear receptor subfamily 4 group A member 3
	37
	5.2
	0
	up

	ENSG00000197632
	SERPINB2, serpin family B member 2
	36
	5.17
	0
	up

	ENSG00000057657
	PRDM1, PR/SET domain 1
	31
	4.96
	0
	up

	ENSG00000255150
	EID3, EP300 interacting inhibitor of differentiation 3
	27
	4.77
	0
	up

	ENSG00000100292
	HMOX1, heme oxygenase 1
	25
	4.62
	0
	up

	ENSG00000115844
	DLX2, Distal-Less homeobox 2
	25
	4.67
	0
	up

	ENSG00000125740
	FOSB, FosB proto-oncogene, AP-1 transcription factor subunit
	22
	4.47
	0
	up

	ENSG00000198576
	ARC, activity regulated cytoskeleton associated protein
	22
	4.44
	0
	up

	ENSG00000172818
	OVOL1, ovo like transcriptional repressor
	21
	4.4
	0
	up

	ENSG00000122877
	EGR2, early growth response 2
	20
	4.33
	1E-10
	up

	ENSG00000108551
	RASD1, Ras Related Dexamethasone Induced 1
	19
	4.28
	0
	up

	ENSG00000170989
	S1PR1, Sphingosine-1-Phosphate Receptor 1
	17
	4.05
	0
	up

	ENSG00000158055
	GRHL3, grainyhead like transcription factor 3
	14
	3.85
	0
	up

	ENSG00000172738
	TMEM217, Transmembrane Protein 217
	14
	3.78
	0
	up

	ENSG00000179388
	EGR3, Early Growth Response 3
	13
	3.67
	0
	up

	ENSG00000265763
	ZNF488, zinc finger protein 441
	-4
	-2
	0
	down

	ENSG00000186812
	ZNF397, Zinc Finger Protein 397
	-4.2
	-2.06
	0
	down

	ENSG00000221944
	TIGD1, Tigger Transposable Element Derived 1
	-4.2
	-2.08
	0
	down

	ENSG00000112796
	ENPP5, Ectonucleotide Pyrophosphatase/Phosphodiesterase Family Member 5
	-4.3
	-2.12
	0
	down

	ENSG00000171388
	APLN, Apelin
	-4.3
	-2.11
	0
	down

	ENSG00000247095
	MIR210HG, MIR210 Host Gene
	-4.3
	-2.1
	0
	down

	ENSG00000265972
	TXNIP, thioredoxin interacting protein
	-4.5
	-2.18
	0
	down

	ENSG00000196616
	ADH1B, alcohol dehydrogenase 1B
	-4.6
	-2.2
	0
	down

	ENSG00000196172
	ZNF681, zinc finger protein 681
	-4.7
	-2.22
	0
	down

	ENSG00000106003
	LFNG, LFNG O-fucosylpeptide 3-beta-N-acetylglucosaminyltransferas
	-4.9
	-2.3
	0
	down

	ENSG00000139679
	LPAR6, lysophosphatidic acid receptor 6,
	-5.5
	-2.47
	0
	down

	ENSG00000176714
	CCDC121, coiled-coil domain containing 121
	-5.7
	-2.5
	1E-10
	down

	ENSG00000197044
	ZNF441, Zinc Finger Protein 441
	-5.9
	-2.55
	0
	down

	ENSG00000273888
	FRMD6-AS1, FRMD6 antisense RNA 1
	-6.1
	-2.6
	1.43E-08
	down

	ENSG00000104081
	BMF, BCL2 modifying factor
	-7.5
	-2.91
	0
	down



[image: ] 
Fig. S5. Volcano plots illustrating pairwise comparisons of gene expression between the exposures (SP, SOAβPin-SP or SOANap-SP at dilution 1:3) compared to CA. To visualize the extent of the overall transcriptome changes due to treatment differentially expressed genes significant at corrected p value <  0.05 showing a fold change >2 are highlighted by color dots. The red dots display the upregulated differentially-expressed genes. In addition, we found induction of matrix metallopeptidase (MMP) target genes (i.e. MMP 10, MMP3, and MMP1) and inflammatory genes (i.e. il-6, Il-8) following SP and SOA-SP exposure. Grey data points represent genes which did not meet the threshold criteria, at FC < 2, and FDR adjusted p>0.01 

3.2 Cluster analysis
Cluster analysis of 1316 DE genes shows 7 clusters, and the samples clustered according to the SOA and the dilutions (1:3 and 1:30). Clear differences are shown between the CA samples and the SOA-SP. Little differences were shown between 1:3 and 1:30 dilutions of each SOA-SP, with no significant patterns within the clusters (Fig. S6).
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Fig. S6. Cluster analysis of SP, SOAβPin-SP or SOANap-SP at the different dilution.

3.3 Pathway analysis
A positive z-score predicted activation of the pathways, (IL-17 Signaling z = 3.7 for SOAβPin-SP and z = 4.3 for SOANap-SP; Nrf2 related oxidative stress response z = 2.1 for SOAβPin-SP and z = 3.1 for SOANap-SP; mitogen-activated protein kinase 5, ERK5 Signaling z = 2.6 for SOAβPin-SP and z = 3.4 for SOANap-SP; IL-8 Signaling z = 3.1 for SOAβPin-SP and z = 3.7 for SOANap-SP). The majority of cases showed higher responsiveness of the lung cells to SOANap-SP than to SOAβPin-SP. Among these pathway analyses, negative regulation was predicted for various cellular functions related to the metabolic functions of the cells. (Mevalonate Pathway I z = -2.2 for SOAβPin-SP and SOANap-SP; peroxisome proliferator activated receptor, PPAR Signaling z = -3 for SOAβPin-SP and z = -2.5 for SOANap-SP; Super pathway of Cholesterol Biosynthesis z = -2.3 for SOAβPin-SP and z = -2.84 for SOANap-SP). Since SP was the carrier of the SOAs, cells exposed to uncoated SP were also analyzed using RNA-seq. There was greater similarity between SP and SOANap-SP for the canonical pathway tested (22 shared pathways for SP and SOANap-SP compared to 3 for SP and SOAβPin-SP). SOAβPin-SP and SOANap-SP shared a similar pathway that did not change in SP (NRF2-mediated Oxidative Stress Response, Coronavirus Pathogenesis Pathway and PPARα/RXRα Activation), suggesting these pathways, especially the Nrf2 pathway, have unique responses to SOAβPin-SP and SOANap-SP exposure and SOANap-SP exposure to a greater extent.
 	The most significant upstream regulators for SOAβPin-SP and SOANap-SP were related to inflammatory responses such as cytokines (TNF z = 8.6 for SOAβPin-SP, and z = 8.6 for SOANap-SP; NFkB complex z = 6.8 for SOAβPin-SP and z = 8.1 for SOANap-SP; IL1B z = 6.6 for SOAβPin-SP and z = 7.4 for SOANap-SP; INFG z = 6.2 for SOAβPin-SP and z = 5.6 for SOANap-SP; IL6 z = 3.4 for SOAβPin-SP and z = 5.6 for SOANap-SP). There were some upstream regulators more specific to the SOAs-SP (SOAβPin-SP and SOANap-SP) than to SP that correspond to the cytokine-mediated signaling pathway (interleukin 1 alpha, IL1A; colony stimulating factor 2, CSF2; endothelin 1, EDN1; interleukin 1 receptor antagonist, IL1RN; interleukin 15, IL15; interleukin 7, IL7; interleukin 18, IL18; interleukin 32, IL32; macrophage migration inhibitory factor, MIF; TNF superfamily member 13b, TNFSF13B; interleukin 36 gamma, IL36G). Upstream transcriptional regulators that were specific for SOAs-SP included (Jun proto-oncogene, AP-1 transcription factor subunit, JUN z = 4.6 for SOAβPin-SP and z = 4.5 for SOANap-SP; hypoxia inducible factor 1 subunit alpha, HIF1A z = 5.2 for SOAβPin-SP and z = 4.5 for SOANap-SP, nuclear factor kappa B subunit 1, NFKB1  z = 4.2 for SOAβPin-SP and z = 4.4 for SOANap-SP and high mobility group box 1, HMGB1 z = 3.7 for SOAβPin-SP and z = 3.8 for SOANap-SP), some specific upstream regulators corresponding with SOANap-SP are nuclear factor, erythroid 2 like 2, Nrf2, NFE2L2 z = 3.3, notch receptor 3, NOTCH3 z = 2.8, and CREB binding protein, CREBBP z = 2.5.
When considering the resulting diseases and toxicological functions in a downstream prediction, the SOAs-SP showed common toxicological functions, such as increased levels of alkaline phosphatase z = 3.3 for SOAβPin-SP and z = 3.9 for SOANap-SP and increased levels of LDH z = 2.5 for SOAβPin-SP and z = 2.4 for SOANap-SP. Moreover, the cardiomyocytes apoptosis levels were predicted to be downregulated z = -2.2 for SOAβPin-SP and z = -2.0 for SOANap-SP.
In the downstream prediction of the diseases and toxicological functions, the SOAs-SP showed common toxicological functions, such as increased levels of LDH z = 2.3 for SOAβPin-SP z = 2.4 for SOANap-SP, which was not significant for SP. The following toxicological functions were common for SP and SOA-SP: increased levels of alkaline phosphatase z = 4.1 for SP, z = 3.9 for SOAβPin-SP and z = 3.3 for SOANap-SP; and increased activation of alkaline phosphatase z = 3.7 for SP, z = 3.6 for SOAβPin-SP and z = 2.9 for SOANap-SP.
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Fig. S7. qPCR validation of the RNA-seq analyses. BEAS-2B cell were exposed for 4 h to dilution 1:3 of SP, SOAβPin-SP, SOANap-SP or CA. Relative quantification of gene expression of (A) hemeoxigenase-1 (HMOX-1), (B) interleukin (IL)-8, (C) IL-6, (D) Growth arrest and DNA-damage-inducible protein (GADD45-α) (E) B-cell lymphoma 2 (Bcl2) and (F) aryl hydrocarbon receptor (AhR) (G) matrix metalloproteinase (MMP)-3 (H) MMP-10 was performed. The data represent mean ± SD. Means with different letters are significantly different at p < 0.05 using the Tukey HSD test.

Table S5. Canonical pathways grouping according to their functional similarities
	SP

	IL-17 Signaling
	Inflammation

	Osteoarthritis Pathway
	Inflammation

	Hepatic Fibrosis Signaling Pathway
	Cancer

	Tumor Microenvironment Pathway
	Cancer

	Role of Pattern Recognition Receptors in Recognition of Bacteria and Viruses
	Signaling pathway

	HMGB1 Signaling
	Inflammation

	Toll-like Receptor Signaling
	Inflammation

	TGF-β Signaling
	Inflammation 

	HER-2 Signaling in Breast Cancer
	Cancer

	TREM1 Signaling
	Inflammation

	Systemic Lupus Erythematosus In B Cell Signaling Pathway
	Signaling pathway

	IL-6 Signaling
	Inflammation

	HIF1α Signaling
	Cell cycle and arrest

	Regulation Of The Epithelial Mesenchymal Transition By Growth Factors Pathway
	Cell cycle and arrest

	PPAR Signaling
	Inflammation

	Role of Hypercytokinemia/hyperchemokinemia in the Pathogenesis of Influenza
	Signaling pathway

	Colorectal Cancer Metastasis Signaling
	Cancer

	Bladder Cancer Signaling
	Cancer

	Senescence Pathway
	cell cycle and arrest

	Neuroinflammation Signaling Pathway
	Inflammation

	p38 MAPK Signaling
	Oxidative stress response

	Cardiac Hypertrophy Signaling (Enhanced)
	Signaling pathway

	IL-8 Signaling
	Inflammation

	MSP-RON Signaling In Cancer Cells Pathway
	Cancer

	Neuregulin Signaling
	Cell cycle and arrest

	SOAβPin-SP

	Tumor Microenvironment Pathway
	Cancer

	IL-17 Signaling
	Inflammation

	Colorectal Cancer Metastasis Signaling
	Cancer

	HIF1α Signaling
	Cell cycle and arrest

	Systemic Lupus Erythematosus In B Cell Signaling Pathway
	Signaling pathway

	Cardiac Hypertrophy Signaling (Enhanced)
	Signaling pathway

	Hepatic Fibrosis Signaling Pathway
	Signaling pathway

	HER-2 Signaling in Breast Cancer
	Cancer

	Breast Cancer Regulation by Stathmin1
	Cancer

	TREM1 Signaling
	Inflammation

	HMGB1 Signaling
	Inflammation 

	IL-8 Signaling
	Inflammation

	Role of Hypercytokinemia/hyperchemokinemia in the Pathogenesis of Influenza
	Signaling pathway

	Neuroinflammation Signaling Pathway
	Signaling pathway

	CREB Signaling in Neurons
	Inflammation

	IL-6 Signaling
	Cell cycle and arrest

	Senescence Pathway
	Cell cycle and arrest

	Toll-like Receptor Signaling
	Inflammation 

	ERK5 Signaling
	Oxidative stress response

	Neuregulin Signaling
	Cell cycle and arrest

	STAT3 Pathway
	Oxidative stress response

	PI3K Signaling in B Lymphocytes
	Oxidative stress response

	Differential Regulation of Cytokine Production in Macrophages and T Helper Cells by IL-17A and IL-17F
	Inflammation 

	Differential Regulation of Cytokine Production in Intestinal Epithelial Cells by IL-17A and IL-17F
	Inflammation 

	LPS/IL-1 Mediated Inhibition of RXR Function
	Inflammation

	SOANap-SP

	Cardiac Hypertrophy Signaling (Enhanced)
	Signaling pathway

	Tumor Microenvironment Pathway
	Cancer

	IL-17 Signaling
	Inflammation

	HMGB1 Signaling
	Inflammation 

	Breast Cancer Regulation by Stathmin1
	Cancer

	HER-2 Signaling in Breast Cancer
	Cancer

	HIF1α Signaling
	Cell cycle and arrest

	IL-8 Signaling
	Inflammation

	Colorectal Cancer Metastasis Signaling
	Cancer

	Hepatic Fibrosis Signaling Pathway
	Signaling pathway

	Systemic Lupus Erythematosus In B Cell Signaling Pathway
	Signaling pathway

	ERK5 Signaling
	Oxidative stress response

	B Cell Receptor Signaling
	Signaling pathway

	ILK Signaling
	Signaling pathway

	PI3K Signaling in B Lymphocytes
	Oxidative stress response

	Cholecystokinin/Gastrin-mediated Signaling
	Signaling pathway

	p38 MAPK Signaling
	Oxidative stress response

	NRF2-mediated Oxidative Stress Response
	Oxidative stress response

	TREM1 Signaling
	Inflammation

	Gαs Signaling
	Signaling pathway

	Estrogen Receptor Signaling
	Signaling pathway

	Role of IL-17F in Allergic Inflammatory Airway Diseases
	Inflammation

	IL-6 Signaling
	Inflammation 

	MSP-RON Signaling In Cancer Cells Pathway
	Cancer

	Neuregulin Signaling
	Cell cycle and arrest
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