TNF-α mediated keratinocyte expression and release of matrix metalloproteinase 9: putative mechanism of pathogenesis in Stevens-Johnson syndrome/ toxic epidermal necrolysis.
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ABSTRACT

Stevens Johnson syndrome and toxic epidermal necrolysis (SJS/TEN) are severe skin adverse drug reactions (ADRs) characterised  by widespread keratinocyte cell death and epidermal detachment.  At present, there is little understanding of how the detachment occurs and how TNF-α inhibitor etanercept (an effective SJS/TEN treatment) abrogates it. 
RNA-sequencing was used to identify upregulated transcripts in formalin-fixed paraffin-embedded SJS/TEN skin biopsies.  Epidermal matrix metalloproteinase 9 (MMP9) expression was immunohistochemically assessed in clinical skin biopsies and in cultured human skin explants exposed to serum from patients with cutaneous  ADR.  TNF-α-induced MMP9 expression and activity and abrogation by etanercept was determined using an immortalised keratinocyte cell-line (HaCaT).
Incidence of epidermal MMP9 expression was significantly higher in SJS/TEN skin (73%) vs. healthy skin (0%, p<0.001) and non-bullous skin reactions (14.3%, p<0.001).  SJS/TEN serum induced significant MMP9 expression and collagenase activity on healthy skin explants which was reduced by etanercept treatment.  TNF-α induced MMP9 expression in HaCaT cells which was negated by etanercept.
Data suggest that elevated epidermal MMP9 expression and collagenase activity is a putative pathogenic mechanism in SJS/TEN which could be limited by etanercept.  Modulation of MMP9 expression and activity represents a novel therapeutic target for the treatment of SJS/TEN.
INTRODUCTION
Stevens-Johnson syndrome/ toxic epidermal necrolysis is a severe immune mediated cutaneous adverse drug reaction (ADR) characterised by widespread epidermal detachment.  Though the immunological mechanism is well characterised for some drugs 1()
, the pathogenesis of epidermal detachment is poorly understood.

A number of previous studies have proposed a role for gelatinases (MMP2 and 9) in the pathogenesis of SJS/TEN 
 ADDIN EN.CITE 
(2-4)
.  It has long been established that MMP2 and 9 digest collagen IV 
 ADDIN EN.CITE 
(5)
, a highly abundant protein in the extracellular matrix and basement membrane of the skin 6()
, which contributes to maintaining basement membrane structure and function 
 ADDIN EN.CITE 
(7)
.  Furthermore, MMP9 has been shown to be associated with the loss of basement membrane type IV collagen 8()
 in other tissues. As such MMP digestion of collagen IV may represent a putative mechanism by which epidermal detachment may occur in SJS/TEN.  

Clinical trials of the anti-TNF etanercept 
 ADDIN EN.CITE 
(9)
 have suggested it to be an effective treatment for SJS/TEN. Indeed , it was shown that etanercept reduced the observed SCORTEN-based predicted mortality rate by 17.7% and there are a significant number of case reports/ series supporting  the benefit of TNF inhibitors etanercept and infliximab 10()
. Furthermore, other TNF inhibiting small molecules, such as pentoxifylline 11()
, have been shown to have a beneficial effect in the treatment of SJS/TEN. In vitro studies have reported that MMP9 expression in human skin keratinocytes is regulated by TNF-α 
 ADDIN EN.CITE 
(12)
. It could therefore be postulated that the therapeutic effect of anti-TNFs could, in part, be mediated by TNF- α induced MMP9 diminution.
This study aimed to determine whether epidermal basement membrane MMP9 expression and activity may represent a novel pathogenic mechanism for epidermal detachment in SJS/TEN which differentiates it from non-bullous cutaneous reactions.  In addition we sought to determine the effect of TNF inhibitors on MMP-9 expression and subsequent epidermal detachment in SJS/TEN. 
PATIENTS AND METHODS 
Immune checkpoint-induced ADR patient cohort
Metastatic melanoma patients experiencing cutaneous adverse drug reactions (ADRs) secondary to immune checkpoint inhibitors (ICIs) (and tolerant controls) were prospectively recruited at the Clatterbridge Cancer Centre, Wirral, UK (Dec 2018 to Nov 2019). 

Blood serum samples were taken at time of onset of reaction symptoms (cases) and a comparator sample taken from ICI-tolerant controls after 4 cycles of ICI treatment. Ethics approval for the Hypersensitivity study (“HYST”) was granted in July 2012 by the National Research Ethics Service: Committee North West- Manchester North. REF: 12/NW/0525. Full, informed written consent to participate was obtained for all patients.
Spanish Cohort 
Forty two individuals diagnosed with SJS, TEN, SJS/TEN or DRESS/SJS/TEN overlap were identified at multiple hospitals in Madrid (Spain) as part of the PIELenRed consortium (Supplementary Table 1). SJS/TEN was characterized by purpuric macules and or target-like lesions, accompanied by mucosal involvement and skin detachment. Patients were classified according to the consensus criteria 13()
. DRESS was diagnosed according to the RegiSCAR scoring system 14()
. Patients’ serum samples were obtained at the “acute” stage of the reaction and frozen at -80°C. The study was approved by the Research Ethics Committee of Príncipe de Asturias University Hospital (PielenRed Consortium coordinating centre).  Patients or their legal representatives gave written informed consent. 
Cleveland
Twenty nine formalin-fixed paraffin embedded (FFPE) skin samples (4 healthy controls, 9 drug-induced rash and 16 SJS/TEN) were acquired from the histology archive database at Cleveland Clinic, OH from 2013-19.   A diagnosis or description search included the terms “Stevens-Johnson Syndrome” or “toxic epidermal necrolysis” and drug eruption/ drug reaction (including “dermal hypersensitivity reaction”).  Cases were selected where a diagnosis of drug-induced SJS/TEN or maculopapular exanthem was very strongly favoured and supported by clinical notes.  Healthy control samples were normal skin from excision specimens. ADR causal drugs were subsequently determined from clinical notes (Supplementary Table S1) . All patients gave full, informed written consent to participate.
RNA Sequencing
Total RNA Isolation and ribosomal depletion 

Total RNA extraction from up to 3x 10µm sections of each skin biopsy (where available) was undertaken using the RNeasy FFPE Kit (Qiagen Ltd, Manchester, UK) according to the manufacturer’s instructions. 

Isolated total RNA was treated with Ribo-Zero rRNA Removal Kit (human/mouse/rat) (Illumina Inc) according to the manufacturer’s instructions.
RNA Seq library preparation and sequencing.

The amount of removal baits used was balanced according to input. Samples were denatured at 65°C and allowed to anneal to the baits at room temperature. This was followed by mixing the samples with pre-washed magnetic beads to pull out the bound material and incubating firstly at room temperature for 5 minutes and 50°C for 5minutes. The supernatant was recovered from the beads and depleted-RNA recovered using Zymo micro-RNA columns to recover material both smaller and larger than 200 nucleotides.

RNA-Seq libraries were prepared from the enriched material using the NEBNext® Ultra™ Directional RNA Library Prep Kit for Illumina® #E7420. All of the enriched material was used as input material and following 15 cycles of amplification, libraries were purified using AMPure XP beads. Each library was quantified using Qubit and the size distribution assessed using the Agilent 2100 Bioanalyser.

Subsequently, a quantitative real-time PCR (qPCR) assay, designed to specifically detect adapter sequences flanking the Illumina libraries, was performed using an Illumina® KAPA Library Quantification Kit (Kapa Biosystems, Wilmington, USA). This assay was used to specifically quantify the number of cDNA templates that have both adaptor sequences on either end, and therefore those that would successfully form clusters on a flow cell for sequencing. Briefly, a 20 µl PCR reaction (performed in triplicate for each pooled library) was prepared on ice with12 µl SYBR Green I Master Mix and 4 µl diluted pooled DNA (1:1000 to 1:100,000 depending on the initial concentration determined by the Qubit® dsDNA HS Assay Kit). PCR thermal cycling conditions consisted of initial denaturation at 95°C for 5 minutes, 35 cycles of 95°C for 30 seconds (denaturation) and 60°C for 45 seconds (annealing and extension), melt curve analysis to 95°C (continuous) and cooling at 37°C (LightCycler® LC48011, Roche Diagnostics Ltd, Burgess Hill, UK).

The template DNA was denatured for 8 minutes at room temperature using freshly diluted 0.1 N sodium hydroxide (NaOH) and the reaction was subsequently terminated by the addition of the 0.5M TrisCl, pH8. Following calculation of the molarity using qPCR data, template DNA was diluted to a loading concentration of 300 pM. 

RNA libraries were sequenced on an Illumina® HiSeq 4000 platform with version 1 chemistry using sequencing by synthesis (SBS) technology to generate 2 x 150 bp paired-end reads.
Initial processing and quality assessment of the sequence data was performed using an in-house pipeline. Briefly, base calling and de-multiplexing of indexed reads was performed by CASAVA version 1.8.2 (Illumina) to produce 17samples in FASTQ format.  The raw FASTQ files were trimmed to remove Illumina adapter sequences using Cutadapt version 1.2.1 15()
.  The option “-O 3” was set, so the 3' end of any reads which matched the adapter sequence over at least 3bp was trimmed off.  The reads were further trimmed to remove low quality bases, using Sickle version 1.200 with a minimum window quality score of 20. After trimming, reads shorter than 20bp were removed. 

Alignment of reads to reference sequences- CGR document

Reads were aligned to the human genome sequence release 38 (GRCh38) sequence using Bowtie version 2.1.0 16()
. 

Differential Expression Analysis- CGR document

Gene expressions was calculated from the alignment files using htseq-count 17()
. The raw count data were converted into (Fragments per Kilobase per Million reads) (FPKM) values. Count numbers per gene were used during the subsequent differential expression analysis. All the Differential Gene Expression (DGE) analyses were performed in R (version 3.3.3) environment using the DESeq2 18()
 package.  In order to identify putative markers which differentiate SJS/TEN skin from maculopapular exanthem rash, data was filtered to include the top 30 fold-changes with (FDR) pc <0.01.
Cell Culture. 
HaCaT cells were seeded in 6-well culture plates at density of 4x105/well in 1ml Dulbecco’s modified eagles’ medium (DMEM) with high glucose (25 mM) +1% penicillin/streptomycin for 24 hours (2.5x104 per well (50µl) in 96-well plates for viability assays/ 1x105 for in vitro zymography).  Cells in serum-free DMEM were treated with 10ng/ml TNF-α +/- 1µg/ml etanercept for 24 hours.   A toxicity positive control of 10ng/ml + 5µM BV-6 (inhibitor of apoptosis protein inhibitor) (pre-incubated for 1 hour) was used.  Supernatants were spun at 3,000xG for 5mins to remove cell debris and stored at -80⁰C.  Cell pellets were homogenized in either 100µl TriReagent (Sigma-Aldrich Ltd, Poole, UK) (RNA) or 50µl RIPA buffer supplemented with 1% protease inhibiter (both Sigma-Aldrich) (protein).
Cell viability

Twenty microliters of 3-4,5-Dimethylthiazol-2-yl-2,5-Diphenyltetrazolium Bromide (MTT) (2µg/µl final concentration) per well was added and incubated for 2hrs at 37°C. One hundred microliters of lysis buffer (20% sodium dodecyl sulphate (SDS) (w/v) in 50% (w/v) dimethylformamide) was added and incubated at room temperature overnight. Optical density at 595nm was determined by multimode plate spectrophotometer (Beckman Coulter, CA, USA). Cell viability was expressed as a percentage normalised to untreated controls.  
Gene Expression
cDNA was synthesised from 1µg total RNA (extracted using TRiReagent according to the manufacturer’s protocol) using a High Capacity Reverse Transcription kit (ThermoFisher Scientific) according to manufacturer’s protocol (20µl reaction volume). TaqMan PCR amplification was undertaken in 10ul reaction volume containing 1x TaqMan Gene Expression mastermix and 1x TaqMan Gene expression assay for MMP9 or GAPDH (ThermoFisher Scientific). Relative expression of MMP9 was determined using the delta-delta Ct method normalised to the untreated control (n=3).
Western blot 

Twenty-five microliters of cell-free supernatant, or 25mg total protein cell lysate, was resolved on a 4-12% NUPAGE pre-cast SDS-PAGE gel (Life Technologies Inc, Paisley UK) at 90V (15mins) then 180V (60min).  Transfer of immobilized proteins to nitrocellulose membrane was carried out at 100V for 1h and the membrane was blocked in Tris-buffered saline-tween (TBST) containing 10% dried-milk powder for 1 hour at room temperature.  Membranes were probed with rabbit anti-human primary antibody for MMP9 primary antibody (1:250 dilution, overnight) or GAPDH (both Cell Signalling Technology, London, UK) for 2 hours) and goat anti-rabbit IgG HRP-conjugate secondary antibody (Sigma-Aldrich) (1:10,000 dilution, 2 hours).  

ELISA

Total MMP9 protein concentrations in serum and cell supernatants (diluted 1:100) were determined by ELISA (in duplicate) according to the manufacturers protocol (R&D Systems, UK). Sample measurements where replicates were discordant by >15% were excluded. Where samples exceeded the upper limit of detection (2µg/ml taking into account 1:100 dilution), these were quantified as 2µg/ml.
Immunohistochemistry and histological scoring- 
Sections (5µm) were dewaxed and subjected to automated antigen retrieval for 20mins at 98°C in Dako PT buffer high pH (Agilent Technologies Ltd, UK) using a PT Link platform (Agilent Technologies Ltd, UK).  Sections were stained for 1 hour at room temperature (RT) using an automated immunostainer (Link 48; Agilent Technologies Ltd, UK) with rabbit polyclonal primary anti-human antibody for MMP9 (Abcam Ltd, Cambridge, UK) (1:1000 dilution). This was followed by a 30min incubation (RT) with the polymer peroxidase-based detection system (Anti Mouse/Rabbit Envision Flex+, Agilent Technologies Ltd, UK). Visualisation was with diaminobenzidine (Agilent Technologies Ltd, UK). 
For collagen IV fluorescence IHC, 5µm frozen sections were fixed in 4% paraformaldehyde (10min) followed by 2x 2mins in 1x tris-buffered saline (TBS), 0.5% Triton-X-100 in 1x TBS (5mins) and 2x2mins in  1x TBS. Sections were incubated in in 2.5% normal horse serum (from VectaFluor™ Excel Amplified Anti-Rabbit IgG, DyLight® 488 Antibody Kit (Vector Biosciences, Cambridge, UK) for 30min followed by 1:100 dilution of ant-rabbit collagen IV antibody (Abcam Ltd, Cambridge, UK) for 1 hour; Amplifier antibody goat anti-rabbit IgG  (15mins) then VectaFluor Dylight-labelled horse anti-goat IgG  (30min. Sections were mounted in Fluromount containing DAPI (Invitrogen, Paisley, UK) prior to visualisation.
Scoring of clinical biopsy immunohistochemical staining for MMP9 (based on scoring system devised by 
 ADDIN EN.CITE 
(19)
) and collagen type IV was undertaken by two independent histopathologists. Where consensus could not be reached, a third histopathologist adjudicated.
Skin Explants

Four millimetre biopsies were taken from commercially acquired healthy skin tissue (Tissue Solutions Ltd, Glasgow, UK) and cultured for 72 hours in 200ul ex-vivo medium (X-VivoTM 10, Lonza) containing either (i) patient sera (SJS/TEN, rash, control) at 1:10 or 1:100 dilution ii) 10ng/ml TNF-α (R and D systems) or iii) 10µg/ml anakinra (Sigma-Aldrich, Poole, UK), all +/- 1µg/ml etanercept (Benapali, Biogen Inc, Cambridge MA.). All treatment conditions were done in triplicates.  A single replicate was snap frozen and stored at -80°C in optimal cutting temperature (OCT) media for zymography with the other two formalin-fixed and paraffin-embedded for hematoxylin and eosin (H&E) staining and immunohistochemistry.
In situ zymography
Zymography analysis of frozen skin sections was undertaken as per previously described 20()
 (REF). Briefly, a 1% lower gelling temperature agarose (Sigma-Aldrich, Poole, UK) in phosphate buffer solution containing 1µg/ml 4′,6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich, Poole, UK) and 100ug/ml DQ™ gelatin or collagen (both ThermoFisher Scientific) was applied (40µl) to 5µm cryosections of frozen skin explants on slides. Samples were incubated at 4°C in the dark for 18 hours and visualised immediately by fluorescence microscopy.  Auto-fluorescence controls consisted of agarose containing DAPI only.  
RESULTS
MMP9 RNA expression in FFPE skin

Analysis of RNAseq data, identified a list of the 30 top up- and down-regulated gene transcripts in SJS/TEN vs MPE (supplementary table 2).  Given the previous association of MMP2 and 9 and the biological plausibility of its association with epidermal detachment, MMP9 was identified as the lead transcript of interest for further investigation.  Further analysis (Figure 1) suggests mean SJS/TEN 

skin expression of MMP9 mRNA (determined by FPKM) is  6-fold higher (0.78±0.37) than in MPE skin (0.13±0.06) (p<0.01).   There was no significant difference between SJS/TEN or MPE and healthy control skin (0.60±0.16)(p>0.05).
Clinical skin biopsy immunohistochemical MMP9 expression

In order to determine if elevated MMP9 transcript levels are consistent with in situ tissue protein expression, immunohistochemical scoring of clinical skin biopsies was undertaken.  Data (Figure 2 and Table 1) suggest that  epidermal MMP9 expression is significantly higher in  SJS/TEN skin biopsy samples compared healthy or non-bullous ADR skin. Indeed positive staining or MMP9 was observed in 11/15 (73.3%) of SJS/TEN skin samples compared to 0/11 (0%) in healthy control skin (p=0.0002) and  4/24 (14.3%) in non-bullous ADR skin samples (p<0.001).  There was no significant difference between healthy and non-bullous ADR skin (p=0.249). Similarly,  basal layer MMP9 positive staining had significantly higher incidence in SJS/TEN skin compared to healthy control (p=0.014) and non-bullous drug reaction skin (p=0.011). In addition, expression of collagen IV, which we hypothesis is digested by MMP9 was assessed in the same sample set.  In a number of SJS/TEN skin samples (Figure 2 for exemplar), Col IV staining was identified at both the base and roof of the blistered area.
Serum MMP9 levels 

Mean serum MMP9 levels (±SD) in individuals experiencing  all phenotypes of  skin ADRs (n=62) were significantly elevated (0.99µg/ml±0.55) compared to drug-tolerant controls (n=18) (0.61µg/ml±0.31) (p=0.021) (Figure 3).  Stratification of ADRs into bullous (n=20) and non-bullous (n=42) suggests a significant difference in mean MMP9 between tolerant controls and non-bullous ADRs (1.00µg/ml±0.54, p=<0.05) but not bullous ADRs (0.96µg/ml±0.59, p>0.05).

In vitro MMP9 release and type IV collagenase activity.
Having established significant elevation of epidermal and basal layer MMP9 expression in SJS/TEN skin, the next step was to determine if its release from keratinocytes was mediated by TNF-α and could be abrogated by the addition of etanercept (Figure 4).  MMP9 mRNA expression was 8.17-fold higher in HaCaT cells treated with 10ng/ml TNF-α (p<0.01) than untreated cells (Figure 4A). This elevation was negated by the addition of etanercept (0.90-fold versus untreated (p>0.05).  No significant cytotoxicity to TNF-α alone or in combination with etanercept was observed (Figure 4B).  Mean extracellular levels of MMP9 protein (determined by ELISA) (Figure 4C) were significantly higher in TNF-α treated HaCaTs (212ng/ml±91.8) than untreated control (39.8ng/ml±8.5) (p<0.05) and etanercept-only treated HaCaTs (34.5ng/ml±10.7, p<0.01).  Co-administration of etanercept with TNF-α negated MMP9 levels (37.5ng/ml±1.4,  p<0.05).  Western blot analysis concurs with ELISA data, suggesting a modest increase in cellular and significant increase in extracellular MMP9 expression in TNF-α treated cells which was negated by etanercept (Figure 4D).

Induction of MMP9 expression and activity in  healthy skin explants.

The next step was to recapitulate the observations from HaCaT cells in a healthy skin explant model.  Immunohistochemical analysis of MMP-9 expression in healthy skin explants exposed to 10ng/ml TNF-α for 72 hours (Figure 5) suggest no significant increase in MMP9 basal layer expression though there was increased collagenase activity as assessed by in situ zymography (Figure 5).  The level of collagenase activity was significantly reduced by co-exposure to 1µg/ml etanercept.  The anakinra positive control exposed explants induced a modest increase in MMP9 expression at the basal layer and significant collagenase activity.

In explants exposed to 1:10 dilution of SJS/TEN patient serum for 72 hours, there was a clear induction of MMP-9 expression at the epidermal layer (Figure 6) which was significantly greater than that observed in explants exposed to either rash or tolerant control patient serum,  Co-administration with 1µg/ml etanercept significantly reduced basal layer expression.   Collagenase (but not gelatinase) activity, determined by in situ zymography, correlated with MMP9 expression in SJS/TEN serum treated explants. This activity was abrogated by administration of etanercept.  There was no significant difference in explant collagen IV expression across any treatment groups when compared to the untreated control (Figure 6).

DISCUSSION

Increased transcript and protein MMP9 expression from RNA sequencing data (Table 1 and Figure 1) and immunohistochemistry (IHC) of clinical skin biopsies (Figure 2) concurs with previous observations of a putative role for MMP9 in severe skin blistering ADRs 
 ADDIN EN.CITE 
(2-4)
. Indeed, the significantly higher incidence of epidermal and basal layer MMP9 staining in SJS/TEN skin compared to both normal and non-bullous ADR skin (Table 1), is suggestive of a putative diagnostic application for epidermal MMP9.  In a number of blistered SJS/TEN skin sections, collagen type IV staining is observed at both the base and roof of the blister suggesting that this could be the “break point” of the dermis and epidermis and that type IV collagen digestion could play a key role in epidermal detachment in SJS/TEN.
Tolerant control levels of serum MMP9 are comparable to those previously reported 21()
.  However, mean MMP9 was significantly higher in non-bullous reactions compared to drug tolerant individual and was comparable between bullous and non-bullous.   The lack of differential serum expression between bullous and non-bullous drug reactions could be a sign that the MMP9 expression is localised to skin tissue in SJS/TEN and that soluble MMP9 may be localised to blister fluid following epidermal detachment rather than in serum.  Circulatory increases in MMP9 in both bullous and non-bullous reactions may be reflective of its elevation due to the innate immune response.  Indeed, previous transcriptomic studies have suggested MMP9 mRNA to be elevated in PBMCs of both bullous and non-bullous drug reactions compared to tolerant controls 
 ADDIN EN.CITE 
(22)
.  Thus, serum MMP9 may not be an accurate representation of cutaneous (basal layer) expression or activity.
In vitro data (Figure 4) clearly demonstrates a novel observation that TNF-α mediates keratinocyte  MMP9 expression at both transcript and extracellular protein level which is abrogated by the addition of TNF-α inhibitor etanercept (Figure 4).   
Skin explant data (Figure 6) also suggest that MMP9 expression and activity are significantly increased by exposure to SJS/TEN patient serum and reduced by the addition of etanercept indicating that TNF-α within the sera may be mediating the effect on MMP9 expression/activity.  However, the addition of TNF-α alone (Figure 5) appears to induce negligible MMP9 expression and moderate collagenase activity ex vivo. TNF-a has been shown to induced spongiosis owing to mediation of keratinocyte apoptosis  
 ADDIN EN.CITE 
(23)
. Indeed, our data shows areas of spongiosis in TNF-α treated explants (Figure 5) which could predominate over collagenase activity induction at high TNF-α concentrations and explain the lack of effect.
The data suggest a role for collagenase (probably type IV) activity (putatively MMP9-mediated) at the basal layer in the pathogenesis of epidermal detachment seen in SJS/TEN. Additionally, abrogation of MMP9 expression and collagenase activity at the basal layer may represent one of a number of possible mechanisms of action for etanercept in SJS/TEN for which it has previously been shown to be effective 
 ADDIN EN.CITE 
(9)
.
 At present no targeted therapies for SJS/TEN exist.  The work presented provides early evidence that MMP9 might be a potential therapeutic target in SJS/TEN. Indeed, selective MMP9 inhibitors have been developed though no therapeutic indication has to date been identified 
 ADDIN EN.CITE 
(24)
.  Furthermore, novel MMP9-modulatory therapeutics including MMP9-inhibitory nanoparticles 25()
 and MMP9-regulating micro RNAs 26()
 could be considered as putative SJS/TEN therapies.
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Table 1. Semi quantitative histological scoring of MMP9 immunohistochemical staining in clinical biopsies of  healthy, maculopapular exanthem and SJS/TEN skin.  Data represents consensus of 2 independent scores. P-value indicates statistical difference compared to normal skin as determined by Chi-squared test.

	Epidermis
	n
	-
	+
	+/++
	++
	++/+++
	+++
	Scored
	Missing
	
	Negative
	Positive
	%
	Chi Sq p

	Normal

Non-bullous Drug Reaction

SJS/TEN
	11
	11
	0
	0
	0
	0
	0
	11
	0
	
	11
	0
	0.0
	-

	
	29
	24
	2
	0
	2
	0
	0
	28
	1
	
	24
	4
	14.3
	0.249

	
	16
	4
	6
	4
	0
	1
	0
	15
	1
	
	4
	11
	73.3
	0.0002

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Basal Layer
	n
	-
	+
	+/++
	++
	++/+++
	+++
	Scored
	Missing
	
	Negative
	Positive
	%
	

	Normal

Non-bullous Drug Reaction

SJS/TEN
	11
	10
	0
	0
	0
	1
	0
	11
	0
	
	10
	1
	9.1
	

	
	29
	22
	2
	1
	1
	2
	0
	28
	1
	
	22
	6
	21.4
	0.649

	
	16
	6
	5
	2
	1
	1
	0
	15
	1
	
	6
	9
	60.0
	0.0143


FIGURE LEGENDS
Figure 1. mRNA transcript levels of MMP9 (determined by RNA sequencing) in archival skin biopsies from healthy, MPE and SJS/TEN skin. **p<0.01.
Figure 2. MMP9 expression in exemplar archival skin tissue as determined by immunohistochemistry.  Black arrow indicates areas of high expression at the epidermal basal layer in SJS/TEN skin around the periphery of the formed blister. 200x magnification.

Figure 3. Serum MMP9 concentrations in bullous and non-bullous adverse drug reactions and tolerant controls.  Horizontal bars represent mean concentration.  *p<0.05, **p<0.01.
Figure 4. TNF-a induced extracellular expression of MMP9 in HaCaTs.  A) mRNA expression (normalized to control. B) Cell viability assessed by MTT, (C) MMP9 protein expression determined by ELISA and (D) western blot. *p<0.05, **p<0.01.
Figure 5. In situ zymography of healthy skin explants treated with 10ng/ml TNF-a +/- 1µg/ml etanercept.  Green represents areas of collagenase and gelatinase activity and blue nuclear (DAPI) staining Haematoxylin and eosin, collagen IV immunofluorescence and MMP9 immunohistochemistry is also shown. 200x magnification.
Figure 6. In situ zymography  and MMP9 immunohistochemistry of healthy skin explants treated with serum (1:10 dilution)from healthy, non-bullous ADR and SJS/TEN patients +/- 1µg/ml etanercept. Black arrows indicate areas of basal layer MMP9 expression. Green represents areas of type IV collagenase activity and blue nuclear (DAPI) staining. (200x magnification).

.
SUPPLEMENTARY DATA
Supplementary Table S1

	Centre
	ID
	Age
	Gender
	Phenotype
	Causal Drug
	RNA Seq
	IHC
	Serum MMP9
	Ex vivo serum

	Liverpool
	14565
	 unknown
	unknown
	Normal
	n/a
	
	Y
	
	

	Liverpool
	14565-1
	 unknown
	unknown
	Normal
	n/a
	
	Y
	
	

	Liverpool
	14565-2
	 unknown
	unknown
	Normal
	n/a
	
	Y
	
	

	Liverpool
	14565-3
	 unknown
	unknown
	Normal
	n/a
	
	Y
	
	

	Liverpool
	14565-4
	 unknown
	unknown
	Normal
	n/a
	
	Y
	
	

	Liverpool
	14565-5
	 unknown
	unknown
	Normal
	n/a
	
	Y
	
	

	Liverpool
	HIE_COH_001
	44
	M
	SJS/TEN
	atezolizumab
	
	Y
	Y
	Y

	Liverpool
	HIE_COH_002
	60
	M
	Lichenoid Dermatitis
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_003
	81
	F
	Spongiotic Dermatitis/ 

Lichenoid Dermatitis
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_004
	77
	M
	Lichenoid Dermatitis
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_005
	70
	M
	Lichen Planus
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_006
	73
	M
	Lichenoid Dermatitis
	ipilimumab/ nivolumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_007
	71
	F
	Lichenoid Dermatitis
	pembrolizumab
	
	Y
	Y
	Y

	Liverpool
	HIE_COH_008
	61
	M
	Spongiotic Dermatitis/ 

Lichenoid Dermatitis
	ipilimumab/ nivolumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_009
	87
	M
	Transient acantholytic dermatosis
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_010
	70
	M
	Lichen Planus??
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_011
	70
	M
	Drug reaction- not typical lichenoid
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_012
	75
	M
	Drug reaction- not typical lichenoid
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_013
	47
	M
	Lichenoid Dermatitis
	nivolumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_014
	76
	M
	Spongiotic Dermatitis
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_015
	73
	M
	Lichenoid Dermatitis
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_016
	62
	M
	Non-specific-Drug eruption
	nivolumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_017
	72
	F
	Lichen Planus
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_018
	64
	M
	Lichenoid Dermatitis
	ipilimumab/ nivolumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_019
	73
	M
	Lichenoid Dermatitis
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_020
	69
	F
	Lichenoid Dermatitis
	atezolizumab
	
	Y
	Y
	

	Liverpool
	HIE_COH_021
	81
	M
	Lichenoid Dermatitis
	pembrolizumab
	
	Y
	Y
	

	Liverpool
	B2 V1
	53
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	B3 V1
	70
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C03 V7
	65
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C24 V7
	71
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C29 V7
	81
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C31 V7
	72
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C37 V5
	70
	F
	Drug Tolerant Control
	ipilimumab/ nivolumab
	
	
	Y
	

	Liverpool
	C43 V7
	74
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C44 V6
	68
	F
	Drug Tolerant Control
	ipilimumab/ nivolumab
	
	
	Y
	

	Liverpool
	C51 V7
	71
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C53 V7
	58
	M
	Drug Tolerant Control
	nivolumab
	
	
	Y
	

	Liverpool
	C55 V7
	61
	F
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C58 V7
	39
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C59 V7
	42
	F
	Drug Tolerant Control
	ipilimumab/ nivolumab
	
	
	Y
	

	Liverpool
	C60 V7
	75
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C65 V8
	77
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C67 V5
	79
	F
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C68 V6
	67
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Liverpool
	C70 V5
	67
	M
	Drug Tolerant Control
	pembrolizumab
	
	
	Y
	

	Manchester
	HC1
	
	
	Normal
	n/a
	
	Y
	
	

	Manchester
	HC2
	
	
	Normal
	n/a
	
	Y
	
	

	Manchester
	HC3
	
	
	Normal
	n/a
	
	Y
	
	

	Manchester
	HC4
	
	
	Normal
	n/a
	
	Y
	
	

	Manchester
	HC5
	
	
	Normal
	n/a
	
	Y
	
	

	Cleveland
	MMST-001
	68
	M
	Normal
	n/a
	Y
	Y
	
	

	Cleveland
	MMST-002
	24
	F
	TEN
	ketorolac
	Y
	Y
	
	

	Cleveland
	MMST-004
	62
	M
	MPE
	piperacillin / tazobactam
	
	Y
	
	

	Cleveland
	MMST-005
	39
	F
	SJS/TEN
	phenytoin
	Y
	Y
	
	

	Cleveland
	MMST-006
	54
	M
	SJS/TEN
	vancomycin
	Y
	Y
	
	

	Cleveland
	MMST-008
	23
	F
	SJS
	trimethoprim / sulfamethoxazole
	Y
	Y
	
	

	Cleveland
	MMST-009
	51
	F
	SJS
	vancomycin
	Y
	Y
	
	

	Cleveland
	MMST-010
	62
	M
	SJS
	piperacillin / tazobactam
	
	Y
	
	

	Cleveland
	MMST-011
	28
	F
	TEN
	trimethoprim / sulfamethoxazole
	Y
	Y
	
	

	Cleveland
	MMST-012
	22
	M
	MPE
	undetermined
	Y
	Y
	
	

	Cleveland
	MMST-013
	78
	F
	MPE
	undetermine
	Y
	Y
	
	

	Cleveland
	MMST-014
	54
	M
	SJS/TEN
	amiodarone
	
	Y
	
	

	Cleveland
	MMST-015
	58
	F
	SJS/TEN
	vancomycin
	
	Y
	
	

	Cleveland
	MMST-016
	48
	M
	SJS/TEN
	trimethoprim / sulfamethoxazole
	
	Y
	
	

	Cleveland
	MMST-018
	30
	M
	SJS/TEN
	voriconazole
	
	Y
	
	

	Cleveland
	MMST-019
	71
	F
	SJS/TEN
	valaciclovir
	
	Y
	
	

	Cleveland
	MMST-020
	55
	M
	MPE
	meloxicam
	
	Y
	
	

	Cleveland
	MMST-021
	84
	M
	MPE
	piperacillin / tazobactam
	
	Y
	
	

	Cleveland
	MMST-022
	90
	M
	Normal
	n/a
	Y
	Y
	
	

	Cleveland
	MMST-023
	29
	F
	SJS/TEN
	co-amoxiclav
	
	Y
	
	

	Cleveland
	MMST-024
	10
	M
	SJS/TEN
	ibuprofen
	
	Y
	
	

	Cleveland
	MMST-025
	57
	M
	SJS/TEN
	trimethoprim / sulfamethoxazole
	
	Y
	
	

	Cleveland
	MMST-026
	79
	M
	SJS/TEN
	valcyclovir
	
	Y
	
	

	Cleveland
	S12-6309
	61
	M
	MPE
	piperacillin /tazobactam
	Y
	Y
	
	

	Cleveland
	S13-103528
	59
	F
	MPE
	phenytoin
	Y
	Y
	
	

	Cleveland
	S14-92010
	59
	F
	MPE
	aspirin/lisionpril
	Y
	Y
	
	

	Cleveland
	S12-24852
	23
	F
	Normal
	n/a
	Y
	
	
	

	Cleveland
	S14-82476
	81
	F
	MPE
	phenytoin
	Y
	
	
	

	Cleveland
	S12-24928
	61
	f
	Normal
	n/a
	Y
	
	
	

	Madrid
	932
	60
	M
	SJS
	undetermined
	
	
	Y
	

	Madrid
	994
	49
	M
	SJS
	sulfamethoxazole
	
	
	Y
	

	Madrid
	996
	41
	F
	TEN
	allopurinol
	
	
	Y
	

	Madrid
	997
	89
	M
	SJS
	undetermined
	
	
	Y
	

	Madrid
	1093
	41
	M
	OVERLAP SJS/TEN
	sulfasalazine
	
	
	Y
	

	Madrid
	1094
	93
	M
	SJS
	sulfamethoxazole
	
	
	Y
	

	Madrid
	1101
	5
	F
	TEN
	penicillin 
	
	
	Y
	

	Madrid
	1110
	85
	M
	OVERLAP SJS/TEN
	allopurinol/Cefuroxime
	
	
	Y
	

	Madrid
	1134
	76
	F
	OVERLAP SJS/TEN
	undetermined
	
	
	Y
	

	Madrid
	1153
	64
	M
	SJS
	allopurinol
	
	
	Y
	

	Madrid
	1170
	73
	F
	SJS
	metamizol
	
	
	Y
	

	Madrid
	1177
	67
	M
	TEN
	ciprofloxacin
	
	
	Y
	

	Madrid
	1179
	53
	M
	TEN
	cefotaxime
	
	
	Y
	

	Madrid
	1191
	39
	F
	OVERLAP SJS/TEN
	vancomycin
	
	
	Y
	

	Madrid
	1192
	34
	F
	OVERLAP SJS/TEN
	ibuprofen
	
	
	Y
	

	Madrid
	1259
	54
	M
	SJS
	sulfamethoxazole
	
	
	Y
	

	Madrid
	1263
	37
	F
	SJS
	lamotrigine
	
	
	Y
	

	Madrid
	1282
	17
	M
	OVERLAP SJS/TEN
	sulfamethoxazole
	
	
	Y
	

	Madrid
	1294
	60
	F
	OVERLAP SJS/TEN
	carbamazepine
	
	
	Y
	

	Madrid
	1321
	78
	F
	OVERLAP SJS/TEN
	pirfenidone
	
	
	Y
	

	Madrid
	873
	83
	M
	DRESS
	piperacillin
	
	
	Y
	

	Madrid
	887
	42
	M
	DRESS
	allopurinol
	
	
	Y
	

	Madrid
	888
	27
	F
	DRESS
	isoniazid
	
	
	Y
	

	Madrid
	889
	67
	M
	DRESS
	allopurinol
	
	
	Y
	

	Madrid
	904
	74
	F
	DRESS
	cefepime/vancomycin
	
	
	Y
	

	Madrid
	918
	39
	F
	DRESS
	piperacillin/vancomycin
	
	
	Y
	

	Madrid
	924
	59
	M
	DRESS
	co-amoxiclav
	
	
	Y
	

	Madrid
	925
	77
	F
	DRESS
	allopurinol
	
	
	Y
	

	Madrid
	985
	38
	M
	DRESS
	piperacillin
	
	
	Y
	

	Madrid
	992
	75
	M
	DRESS
	iodinated contrast media
	
	
	Y
	

	Madrid
	713
	46
	F
	MPE
	co-amoxiclav
	
	
	Y
	

	Madrid
	742
	35
	F
	MPE
	pipercillin
	
	
	Y
	

	Madrid
	760
	17
	F
	MPE
	amoxicillin
	
	
	Y
	

	Madrid
	782
	68
	M
	MPE
	amoxicillin/lavulanic
	
	
	Y
	

	Madrid
	830
	16
	M
	MPE
	co-amoxiclav
	
	
	Y
	

	Madrid
	832
	31
	M
	MPE
	amoxicillin
	
	
	Y
	

	Madrid
	882
	75
	M
	MPE
	sulfamethoxazole
	
	
	Y
	

	Madrid
	883
	66
	F
	MPE
	unknown (clinical trial)
	
	
	Y
	

	Madrid
	900
	21
	F
	MPE
	amoxicillin
	
	
	Y
	

	Madrid
	927
	21
	F
	MPE
	amoxicillin
	
	
	Y
	

	Madrid
	935
	38
	M
	MPE
	lamotrigine
	
	
	Y
	

	Madrid
	965
	28
	M
	MPE
	piperacillin
	
	
	Y
	


Supplementary Table S2. Top 30 up and down regulated gene transcripts in SJS/TEN skin biopsy samples vs MPE as determined by RNA sequencing.  Genes are listed by fold-change with pc<0.01 used to filter results.
	UP-REGULATED

 
	
	
	
	MPE (FKPM)
	SJS/TEN (FKPM)

	ID
	Name
	FC (SJS vs MPE)
	p
	pc (FDR)
	Mean
	SD
	Mean
	SD

	TPTE
	transmembrane phosphatase with tensin homology
	92.65
	1.76E-03
	3.79E-02
	0.00
	0.00
	0.02
	0.02

	NAP1L2
	nucleosome assembly protein 1 like 2
	89.81
	1.47E-03
	3.49E-02
	0.00
	0.00
	0.61
	0.43

	RGS9BP
	regulator of G-protein signaling 9 binding protein
	82.65
	2.40E-03
	4.42E-02
	0.00
	0.00
	0.50
	0.39

	GAGE12H
	G antigen 12H
	82.18
	1.76E-03
	3.80E-02
	0.00
	0.00
	0.19
	0.15

	MBL2
	mannose binding lectin 2
	15.21
	2.71E-03
	4.69E-02
	0.02
	0.03
	0.39
	0.26

	STATH
	statherin
	15.08
	1.32E-03
	3.30E-02
	0.02
	0.05
	0.35
	0.28

	TREM2
	triggering receptor expressed on myeloid cells 2
	12.33
	1.03E-05
	2.39E-03
	0.05
	0.05
	0.96
	0.40

	NAT2
	N-acetyltransferase 2
	10.91
	6.85E-04
	2.38E-02
	0.02
	0.02
	0.25
	0.14

	OR4K13
	olfactory receptor family 4 subfamily K member 13
	10.42
	1.54E-04
	1.19E-02
	0.04
	0.05
	0.46
	0.18

	NEU4
	neuraminidase 4
	9.01
	6.40E-05
	7.14E-03
	0.05
	0.05
	0.55
	0.50

	OR52A5
	olfactory receptor family 52 subfamily A member 5
	8.29
	2.64E-03
	4.64E-02
	0.02
	0.02
	0.26
	0.21

	ACCSL
	1-aminocyclopropane-1-carboxylate synthase homolog (inactive) like
	8.27
	1.10E-05
	2.52E-03
	0.03
	0.03
	0.36
	0.11

	LRRTM1
	leucine rich repeat transmembrane neuronal 1
	7.92
	3.35E-06
	1.30E-03
	0.04
	0.04
	0.42
	0.23

	CRP
	C-reactive protein
	7.77
	1.34E-03
	3.33E-02
	0.10
	0.08
	0.94
	0.41

	LACTBL1
	lactamase beta like 1
	7.64
	9.70E-04
	2.83E-02
	0.03
	0.03
	0.30
	0.22

	NKX2-6
	NK2 homeobox 6
	7.27
	1.22E-03
	3.17E-02
	0.06
	0.07
	0.68
	0.44

	USP17L12
	ubiquitin specific peptidase 17-like family member 12
	6.90
	3.31E-05
	4.77E-03
	0.41
	0.42
	4.21
	3.70

	TMEM155
	transmembrane protein 155
	6.89
	2.27E-03
	4.30E-02
	0.04
	0.06
	0.30
	0.15

	GDF3
	growth differentiation factor
	6.13
	2.42E-03
	4.44E-02
	0.06
	0.07
	0.45
	0.26

	TH
	tyrosine hydroxylase
	6.06
	4.17E-04
	1.89E-02
	0.06
	0.05
	0.47
	0.32

	DEFB123
	defensin beta 123
	5.78
	3.75E-04
	1.79E-02
	0.05
	0.07
	0.34
	0.14

	OR2AJ1
	olfactory receptor family 2 subfamily AJ member 1
	5.35
	1.91E-03
	3.95E-02
	0.04
	0.03
	0.34
	0.32

	KIF12
	kinesin family member 12
	5.24
	4.34E-04
	1.92E-02
	0.07
	0.09
	0.50
	0.38

	SLC22A31
	solute carrier family 22 member 31
	5.04
	2.69E-03
	4.68E-02
	0.07
	0.08
	0.51
	0.33

	CENPH
	centromere protein H
	4.92
	1.49E-05
	3.01E-03
	0.07
	0.06
	0.45
	0.23

	NDUFAF4
	NADH:ubiquinone oxidoreductase complex assembly factor 4
	4.66
	5.70E-04
	2.19E-02
	0.07
	0.07
	0.46
	0.19

	AOC2
	amine oxidase, copper containing 2
	4.12
	3.01E-03
	4.93E-02
	0.08
	0.09
	0.48
	0.23

	MMP9
	matrix metallopeptidase 9
	4.12
	3.59E-05
	5.02E-03
	0.13
	0.06
	0.78
	0.37

	PNLIP
	pancreatic lipase
	4.10
	1.36E-03
	3.34E-02
	0.05
	0.07
	0.26
	0.10

	TMEM200C
	transmembrane protein 200C
	4.07
	1.24E-03
	3.18E-02
	0.05
	0.04
	0.27
	0.17

	
	
	
	
	
	
	
	
	

	DOWN-REGULATED

 
	
	
	
	MPE (FKPM)
	SJS/TEN (FKPM)

	ID
	Name
	FC (SJS vs MPE)
	p
	pc (FDR)
	Mean
	SD
	Mean
	SD

	RNASE2
	ribonuclease A family member 2
	15.64
	2.81E-06
	1.17E-03
	4.85
	4.08
	0.48
	0.54

	ARPC1B
	actin related protein 2/3 complex subunit 1B
	11.54
	2.71E-03
	4.69E-02
	0.04
	0.02
	0.00
	0.01

	IL11RA
	interleukin 11 receptor subunit alpha
	11.20
	7.20E-13
	4.97E-09
	6.33
	2.48
	0.78
	0.66

	KLRF2
	killer cell lectin like receptor F2
	9.33
	2.33E-09
	7.46E-06
	4.32
	2.12
	0.57
	0.57

	TMEM99
	transmembrane protein 99
	9.07
	1.51E-03
	3.54E-02
	301.77
	135.28
	45.30
	96.30

	AC007326.4
	-
	8.90
	1.75E-10
	8.96E-07
	4.75
	2.47
	0.68
	0.70

	GCSAM
	germinal center associated signaling and motility
	8.68
	6.10E-08
	7.75E-05
	19.42
	3.43
	3.00
	3.69

	OR1N1
	olfactory receptor family 1 subfamily N member 1
	8.55
	2.86E-03
	4.83E-02
	1.87
	2.12
	0.27
	0.46

	AC010547.4
	-
	7.94
	2.33E-03
	4.36E-02
	0.04
	0.03
	0.01
	0.01

	SLC9C1
	solute carrier family 9 member C1
	7.02
	9.18E-09
	2.02E-05
	4.76
	0.93
	0.96
	0.96

	KRT10
	keratin 10
	6.85
	4.74E-06
	1.53E-03
	16.60
	9.35
	3.38
	4.23

	CYP21A2
	cytochrome P450 family 21 subfamily A member 2
	6.74
	5.28E-13
	4.25E-09
	17.87
	4.73
	3.81
	1.08

	BTG3
	BTG anti-proliferation factor 3
	6.25
	6.45E-06
	1.84E-03
	4.89
	2.22
	1.05
	1.03

	FLG2
	filaggrin family member 2
	6.20
	6.42E-06
	1.84E-03
	4.23
	2.27
	0.94
	0.87

	KRT1
	keratin 1
	6.18
	1.22E-04
	1.04E-02
	4.30
	3.01
	0.96
	1.32

	SLC35A1
	solute carrier family 35 member A1
	5.74
	1.07E-04
	9.83E-03
	0.16
	0.06
	0.04
	0.04

	SCART1
	scavenger receptor protein family member
	5.43
	4.73E-07
	3.28E-04
	3.63
	1.62
	0.92
	0.88

	LENEP
	lens epithelial protein
	5.41
	2.36E-03
	4.38E-02
	3.59
	2.40
	0.71
	1.15

	ZNF646
	zinc finger protein 646
	5.33
	3.69E-06
	1.33E-03
	5.00
	5.25
	1.29
	0.21

	TAF15
	TATA-box binding protein associated factor 15
	5.33
	1.89E-16
	4.57E-12
	2.83
	0.78
	0.70
	0.16

	LRIT2
	leucine rich repeat, Ig-like and transmembrane domains 2
	5.28
	4.86E-04
	2.02E-02
	1.35
	0.81
	0.34
	0.34

	ATF7IP2
	activating transcription factor 7 interacting protein 2
	5.08
	1.23E-07
	1.35E-04
	6.50
	1.42
	1.76
	1.24

	CTAGE4
	CTAGE family member 4
	4.96
	2.20E-05
	3.81E-03
	2.20
	0.61
	0.60
	0.54

	CYP4A11
	cytochrome P450 family 4 subfamily A member 11
	4.93
	1.01E-06
	5.63E-04
	3.93
	2.52
	1.01
	0.47

	PBOV1
	prostate and breast cancer overexpressed 1
	4.90
	7.27E-04
	2.45E-02
	1.56
	1.24
	0.40
	0.40

	FLRT3
	fibronectin leucine rich transmembrane protein 3
	4.79
	3.05E-07
	2.70E-04
	1.98
	0.88
	0.57
	0.21

	KRT12
	keratin 12
	4.78
	1.44E-03
	3.46E-02
	1.60
	1.80
	0.45
	0.45

	PLD4
	phospholipase D family member 4
	4.69
	2.63E-05
	4.22E-03
	10.18
	3.82
	3.02
	2.14

	RPS8
	ribosomal protein S8
	4.66
	1.22E-03
	3.16E-02
	3.06
	2.19
	0.94
	0.64

	GEMIN4
	gem nuclear organelle associated protein 4
	4.62
	2.16E-06
	1.01E-03
	3.01
	0.64
	0.86
	0.55
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