Journal Pre-proof . I

Allergy...Clinical
‘Ia:ngymunology

Staphylococcus aureus Second Immunoglobulin-Binding Protein drives atopic
dermatitis via IL-33

Arwa Al Kindi, PhD, Helen Williams, PhD, Kenshiro Matsuda, PhD, Abdullah M.
Alkahtani, PhD, Charis Saville, PhD, Hayley Bennett, PhD, Yasmine Alshammairi,
MSc, Soo Y. Tan, PhD, Catherine O’Neill, PhD, Akane Tanaka, DVM, PhD, Hiroshi
Matsuda, DVM, PhD, Peter D. Arkwright, MD, PhD, Joanne L. Pennock, PhD

Pl S0091-6749(20)31335-X
DOI: https://doi.org/10.1016/j.jaci.2020.09.023
Reference: YMAI 14770

To appearin:  Journal of Allergy and Clinical Immunology

Received Date: 9 April 2020
Revised Date: 12 September 2020
Accepted Date: 23 September 2020

Please cite this article as: Al Kindi A, Williams H, Matsuda K, Alkahtani AM, Saville C, Bennett H,
Alshammari Y, Tan SY, O’'Neill C, Tanaka A, Matsuda H, Arkwright PD, Pennock JL, Staphylococcus
aureus Second Immunoglobulin-Binding Protein drives atopic dermatitis via IL-33, Journal of Allergy and
Clinical Immunology (2020), doi: https://doi.org/10.1016/j.jaci.2020.09.023.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma &
Immunology.


https://doi.org/10.1016/j.jaci.2020.09.023
https://doi.org/10.1016/j.jaci.2020.09.023

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Staphylococcus aureus Second Immunoglobulin-Binding Protein drives atopt

dermatitis via IL-33

Arwa Al Kindi, PhD, ! Helen Williams, PhD!" Kenshiro Matsuda, PhD? Abdullah M.
Alkahtani, PhD,® Charis Saville, PhD! Hayley Bennett, PhD? Yasmine Alshammari, MSc?
Soo0 Y. Tan, PhD® Catherine O'Neill, PhD.? Akane Tanaka, DVM, PhD, Hiroshi Matsuda,

DVM, PhD,? Peter D. Arkwright, MD, PhD,* Joanne L. Pennock, Ph®)

Y ydia Becker Institute of Immunology and Inflammation, University of Manchester, United
Kingdom, “Center for Innovative Drug Discovery, University of Tsukuba, Japan, *Department of
Medicine, Microbiology and Parasitology, King Khalid University, Abha, Saudi Arabia,
“Genome Editing Unit, University of Manchester, United Kingdom, °National University Health
System, Singapore, °Division of Dermatological and Musculoskeletal Sciences, University of
Manchester, United Kingdom. ‘Laboratories of Veterinary Molecular Pathology & Therapeutics
and 8Comparative Animal Medicine, Tokyo University of Agriculture & Technology, Tokyo,

Japan
"*authors contributed equally to this work.

Corresponding author: Dr P D Arkwright, Lydia Becker Institute of Immulogy &
Inflammation, University of Manchester, Room 2.Zre Technology Facility, 46 Grafton St.,
Manchester, M13 ONT, United Kingdom. Telephone +4461 306 3771, email

peter.arkwright@manchester.ac.uk

Declaration of Funding This research was supported by Leo Pharma (Pr@jectit No.
LF16080). Dr Arwa Al Kindi received a scholarshiprh the Government of the Sultanate of
Oman. The Grant-in-Aid for Scientific Research ¢sastart-up #17H06669 (to K. Matsuda), S

#16H06383 (to H. Matsuda), and A #19H00969 andédfimgj Joint International Research B



24

25

26

27

28

29

30

#18KKO0191 (to A. Tanaka), provided by the Japan&gdor the Promotion of Science. The
University of Manchester Flow cytometry core fagiilow cytometers used in this study were

purchased with grants from BBSRC, Wellcome andiheersity of Manchester Strategic Fund.

Conflict of interests None of the authors declare any competing findreid/or non-financial

interests in relation to the work described.

Word count (excluding Abstract, Figures/Table legeds): 4,764



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Abstract

Background: S. aureusis the dominant infective trigger of atopic dermaitis (AD). How this
bacterium drives type 2 allergic pathology in the Bsence of infection in AD patients is
unclear.

Objective: To identify the S. aureus-derived virulence factor(s) that initiates the cuaneous
type 2-promoting immune response responsible for AD

Methods: I n vitro human keratinocyte cell culture,ex vivo human skin organ explants and
the eczema prone Nc/Tnd mouse were used as modedteyns to assess type-2 promoting
Immune responses t@&. aureus. Identification of the bioactive factor was accomfpshed
using Fast Protein Liquid Chromatography and mass gectrometry. Bioactivity was
confirmed by cloning and expression in arfe. coli vector system, ands. aureus Shi mutant
strains confirming loss of activity.

Results: S. aureus was unique amongst staphylococcal species in itsility to induce the
rapid release of constitutive IL-33 from human kerdinocytes independent of the toll-like
receptor pathway. Using the eczema-prone NC/Tnd ma@e model, we showed that IL-33
was essential in inducing the immune response ® aureusin vivo. By fractionation and
candidate testing, we identified the Second Immundgpulin-Binding Protein (Sbi) as the
predominant staphylococcus-derived virulence factothat directly drives IL-33 release
from human keratinocytes. Immunohistology of skin @monstrated that corneodesmosin, a
component of corneodesmosomes that form key intedt@ar adhesive structures in the
stratum corneum, was disrupted resulting in reducton of skin barrier function.
Conclusion: S. aureus-derived Sbi is a unique type 2-promoting virulencdactor capable of

initiating the type-2 promoting cytokine activity underlying AD.
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Clinical Implications: The Second Immunoglobulin-Binding Protein (Sbi) produced solely
by S. aureus species, is an important factor inducing type-2 pymoting cytokine responses

and atopic dermatitis.

Capsule summary: WhyS. aureus is the predominant infective trigger of AD is unckar.
This study identifiesS. aureus derived Shi as a key virulence factor, capable afiggering

type 2 immune responsem vitro and in vivo.

Key words: Saphylococcus aureus, atopic dermatitis, Second Immunoglobulin-BindPigptein,

Shi, virulence factor, skin, keratinocytes, IL-FELP, type 2 immune response.

Abbreviations: AD: atopic dermatitis; CDSN: corneodesmosin; CFdlady Forming Units;
DAPI: 4',6-diamidino-2-phenylindole; DSC-1: desmocollinfiSG-1: desmoglein-1; DF:
Dermatophagoides farinae; DLD: DihydroLipoyl Dehydrogenase; DBPermatophagoides
pteronyssinus; DPBS: Dulbecco's Phosphate Buffered SalildSA: Enzyme-Linked
Immunosorbent AssayITC: Fluorescein isothiocyanatéb: fibronectin; FPLC: Fast protein
liquid chromatography-LG: filaggrin; FSA: FilteredS. aureus supernatant; FSE: Filtered S
epidermidis supernatant; HEKa: Human Epithelial Keratinocytes, adult: HKSAeat-killedS
aureus; IL: interleukin; LAP: Leucine AminoPeptidase; LiSAve S aureus; LPS:
lipopolysaccharide; LTA: lipoteichoic acid; MSM/MBstus muscul us molossinus/Mishima strain;
NC/Tnd: Nishiki-nezumi Cinnamon/Tokyo University Africulture and Technology strain;
NHEK: Normal Human Epidermal Keratinocytes; PDHgruRate Dehydrogenase Alpha-
subunit; PGN: proteoglycan; Pg@85K,: N-Palmitoyl-S-[2,3-bis(palmitoyloxy)-(2RS)-progy!
[R]-cysteinyl-[S]-seryl-[S]-lysyl-[S]-lysyl-[S]-lygl-[S]-lysine; RT: room temperature; Sbi:
Second Immunoglobulin-Binding Protein; SCORAD: sagrAD; SDS-PAGE: sodium dodecyl

sulphate—polyacrylamide gel electrophoresis, SEtdn&ard Error of the Mean; siRNA: small
4



81 interfering RNA; Spl: Serine-protease-like; TEWLrafsEpidermal Water Loss; TLR: Toll-like

82  receptor; TSLP: thymic stromal lymphopoietin.
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Saphylococcus aureus (S. aureus) is the dominant pathogen of human skin, caudieg t
majority of skin and soft tissue infections worldiei™ It is also the most frequent cause of
infection-induced flares of atopic dermatitis (AfH).The bacterium expresses many virulence
factors both in its cell wall and secretofitePrevious studies have focused on recognitio8. of
aureus by host innate immunity, particularly activation thie inflammasome through toll-like
receptors (TLR) and subsequent induction of cyte&irsuch as ILfL'° Enzymes such as
coagulase, toxins such as enterotoxins, Toxic SHeghkdrome Toxin-1,a-hemolysin, and
invasins including pore-forming proteins such astBaValentine Leukocidin induce host
cytotoxicity and damage the skin barrier. Defectsskin barrier function, particularly lack of
filaggrin expression in the epidermis secondarpdthologic variants in thELG gene, are well
recognized to contribute to the pathogenesis of‘ABowever, patients witkLG variants may
suffer from ichthyosis without skin inflammatidh.Thus although skin barrier disruption can
predispose patients to AD, the main driving forcéAD is the Th2 immune response, as clearly
illustrated by the effectiveness of the IL-4/13apior antagonist dupilumab in recent clinical
trials ***Delta-toxins and superantigens producedSbgureus can induce mast cell activation
and IgE production, but the bacterial trigger qgdey?2 allergic responses by keratinocytes in the
skin is unknowr>*°

The current paradigm is that rather than a singtdof, a complex array @& aureus
virulence factors contribute to the atopic skin pmse’’ However, the study of
immunodeficiency and immune dysregulation disordease taught us that there is much
redundancy in host immunity:*® The hypothesis we set out to explore was whefherreus
expresses a predominant virulence factor thatabeisi type 2-promoting cytokine release from
skin cells and drives the development of AD. Ifthritical factor could be found, then targeting
it therapeutically could negate one of the key ativgesS. aureus has developed during its

evolution and symbiosis with its hosts.
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METHODS
Materials and reagents
A list of bacterial strains, materials, reagents] primer sequences used in this study are listed i

the online repository Tables Sl and SlI.

Staphylococcal species and strains, Group A streptoccus and preparation of filtered
supernatants

Methicillin-sensitiveS. aureus (LISA) and Streptococcus pyogenes were provided by Professor
McBain. OtherS aureus wild-type strains and staphylococcal species veegift from Dr Xia,
both of University of Mancheste&. aureus SH1000 and its isogenic fibronectin (fnb)And
fnbB™ mutant, as well as the Newman strain, Newman, Spa, and pRMC:sbimutants were a
gift from Professor Geoghegan, Trinity College, Dulfrefer to Online repository Table SI).
Both the Newman Sbiand pRMC:sbi mutant strains inherently express no Shi protein,the
pRMC:sbi strain can be induced to express Shi with addibbanhydrotetracyclines, although
not in these set of experimentStaphylococcaspecies were plated overnight (37°C) on nutrient
agar to generate colonies. The number of colonyiiog units (CFU/ml) were determined by the

method of Miles & Misra.

Preparation of filtered supernatant from S. aureusand S. epidermidis

A single bacterial colony was inoculated with nerti broth overnight (37°C). $@FU/species
were inoculated in 100ml of Human Keratinocyte GitoWedium 2 (PromoCell) and incubated
for 6h at 37°C in a shaking incubator. After inctitya, samples were centrifuged (1,608min,
RT), supernatants collected and filter sterilizesthg 0.2um filters (Millipore, Bedford, USA).
The filtered supernatants were then treated withp2¥icillin/streptomycin and stored &80°C

until required for stimulation experiments.
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Preparation of modified allergens (ragweed and howsdust mites)

Allergens used included modified Ragweedermatophagoides farinae (DF) and
Dermatophagoides pteronyssinus (DP) (gifts from Dr Gianni Mistrello, Lofarma). Ehallergen
extracts were re-suspended in sterile Dulbeccossplmate Buffered Saline (DPBS) (Sigma-
Aldrich) according to supplier recommendations atamcentration of 6.0mg/ml Ragweed,

1.3mg/ml DF and 2.6mg/ml DP were stored-20°C until required for stimulation experiments.

Primary human keratinocyte and ex vivo organ culture and stimulation

NHEK (PromoCell) and HEKa (ThermoFisher Scientifi®@re cultured in Keratinocyte Growth
Medium 2 plus supplements (PromoCell) and mediund Bapplemented with Human
Keratinocyte Growth Supplement without antibiotiespectively for 48 — 72h at 37°C under 5%
CO; until 70-90% confluent. Cells of passages 3 — 6ewesed for experiments. Human
keratinocytes were cultured in 24-well tissue adtplates at a density of 5xXl@ells/well.
Primary human fibroblasts and keratinocytes wen&ied from skin biopsies taken from either
nonatopic patients with otapostasis undergoingtiplasirgery or similarly aged children with
moderate-severe AD attending a Regional PaediABicoutpatient clinic at Royal Manchester
Children’s Hospital, Manchester, UK.

Human skin was obtained from adult healthy patiéofiswing abdominal reduction or
liposculpture procedures. Post-excision, subcutasdat tissue was removed, biopsies were
taken using sterile 4mm biopsy punches (KAl MedicaP Supplies Ltd, London, UK) and
placed in 1ml/biopsy William’s E medium (Thermo Hés Scientific) supplemented with I-
glutamine (2mM, Sigma-Aldrich), penicillin (100U/jpdtreptomycin (0.1mg/ml) (Sigma-
Aldrich), 0.02% (v/v) hydrocortisone (Sigma-Aldricand 0.1% (v/v) insulin (Sigma-Aldrich) in

6-well culture plates containing 0.4pum ThinCert™Il caulture inserts (Griener Bio-One,
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Kremsmdunster, Austria) dermal side down. Intactiepnal exposed biopsies were treated with
5ul /biopsy of FSA, FSE or allergens including Ragd, DF, and DP for up to 12h (37°C, 5%
CO,). Following treatments, supernatant was removetl stiared at-80°C, and biopsies were
snap-frozen in liquid nitrogen and stored-80°C until use, where they were then embedded in

Optimal Cutting Temperature Compound (KP Cryo-Coomut) before cryo-sectioning.

Human IL-33 and TSLP ELISA
R&D System ELISA (Abingdon, UK) were used to measilic-33 (DY3625-05) and TSLP

(DY1398-05) release according to the manufactuiassuctions.

Detection of cell death by Annexin-V and DAPI staimg

Cells were detached from 24-well plates, harvestéa micro-centrifuge tubes, washed with
Annexin-V binding buffer and centrifuged (5min, $)Q1°C), then stained with Annexin-V
diluted 1:100 in binding buffer for 30min on iceoll®wing incubation, cells were harvested and
re-suspended in Annexin-V binding buffer. DAPI wadded just before reading the sample. A
total of 10,000 events were acquired on BD LSRBsdexX20 (BD biosciences). Data were

analyzed using FlowJo (Treestar10).

Histology and Immunohistochemistry

10° HEKa seeded in 24-well culture plates containiregilst coverslips were incubated at 37°C
until 100% confluent. They were then co-culturedmwlLiSA for 1h, fixed and permeabilized
with 1% triton-X for 15min and stained with mousetichuman IL-33 monoclonal antibody
(Nessy-1 ALX-804-840PF, 1:200 dilution, Enzo Lifei&ces Exeter, UK) and rabbit anti-
human cytokeratin 14 polyclonal antibody (PA5-16¥200 dilution, Thermo Fisher Scientific).

Cultures were incubated with secondary antibodmsti(ylated anti-mouse, 1:200 dilution,
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Vector Laboratories, Burlingame, USA) followed lyeptavidin Cy3 (Sigma-Aldrich), and anti-
rabbit IgG Alexa Fluor Plus 488 (Invitrogen). Image&ere acquired at a magnification of 20X
using a fluorescent microscope (Olympus, BX51)tdlagical sections were prepared from snap
frozen healthy human skin or NC/Tnd mouse sampigseeded in OCT (KP Cryo-Compound,
CellPath Services, UK). 10um sections were stawéd anti-human or anti-mouse CDSN,
DSC-1 or DSG1 (1:200, Thermo Fisher Scientific,00Q Santa Cruz respectively) and detected
using anti-rabbit IgG Texas Red™ (Invitrogen) orexd Fluor™ 594-conjugated secondary
antibodies. Images were captured at a magnificadio@0X using an Eclipse Ci fluorescent
microscope (Nikon, Surrey, UK) and a SPOT camerag@e solutions Inc, Preston, UK) or using

Olympus BX51 camera.

Densitometry analysis

To quantitatively analyze expression levels, thamngray intensity of five randomly-selected
5um square fields from immunofluorescent staining gl@sand protein bands from Western
blots were measured by using Image J software [\&&a, Wayne Rasband, National Institutes

of Health, Bethesda, MD, USA).

Trans-well Assay

Trans-well assays were performed in 24-well traed-W6.5mm diameter, 0.4um pore size,
Costar). Normal Human Epidermal Keratinocytes (NHEkre added to the lower chamber and
live S aureus (LiISA) was added to the upper chamber. After 6bubbation at 37°C, the

supernatant was collected for analysis of typet@kiges by ELISA.

Fractionation of 100kDa retained fraction of filtered supernatant from S. aureus by Fast-

protein liquid chromatography

10
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Filtered supernatant from. Qureus (FSA) fractionated by size exclusion centrifugdtefi
columns (Amicon Ultra 15, 100kDa or 50kDa cut-ofémmbranes) and centrifuged for 15min at
3,00@ (4°C). 200ml of FSA was fractionated using 100kDmigon Ultra 15 as described
above. Retained fractions were then pooled and fitaetionated further using Super8&eFast
Protein Liquid Chromatography (FPLC) column (5 -060kDa). 48 fractions of 0.5ml were

collected and stored aR0°C until required.

Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrdmoresis
Sodium dodecyl sulphate-polyacrylamide gel eledtovpsis (SDS-PAGE) was used to analyse
the molecular weights of FSA proteins using statidiaethodology. Gels were then stained with

Instant Blue Coomassie-based gel stain or sil\&n sising standard protocols.

Mass spectrometry

Mass spectrometry was used to identify proteinghenbioactive peak derived from the FPLC
size fractionation. In-gel digestion and tandem sreggectrometry analysis was performed by the
Protein Mass Spectrometry Core Facility, Facultmiogy, Medicine and Health, University of
Manchester. The data was generated against knowieiprsequences in Swissprot TrEMBL
database using Firmicutes phylum (which inclu@esureus) as the most optimal taxonomic

level available in the database.

Candidate gene cloning and expression
Details of cloning and expression of candidate garsng thekE. coli vector system are provided

in the Methods section of this article’s Online Bsipory.

TLR2 Knockdown/Small interfering RNA (siRNA)

11
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TLR2-specific SIRNA (human Hs_TLR2_ 1 Flexitube siRN5I00050015) and a scramble (scr)
non-silencing control siRNA (AllStars negative cat 1027281) were purchased from Qiagen.
NHEK were seeded at a density of 1%Ihe day prior to transfection. After 24h, cellsreve
transfected with 5nm siRNA using 2.5ul of TransIKa transfection reagent (Mirus Bio, UK).
Experiments were performed on transfected cellea@st two days after siRNA treatments.
Knockdown efficiency of TLR2 siRNA mediated gengyession was confirmed by Real-time

PCR.

Animals

NC/Tnd mice were generated in the laboratory of garative animal medicine in Tokyo
University of Agriculture and Technology. MSM/Ms eei were purchased from RIKEN
Bioresource as wild-type (WT) controls. All animalgre kept in a clear acrylic cage and had
free access to standard chow and water. They wape ik specific-pathogen free housing to
prevent the natural development of eczema thatred€these mice are housed in conventional
housing. Temperature and humidity of the animahrawere 22+4°C and 40+£15%, respectively.
The animal room was maintained on a 12:12-hourtddgink cycle. All animal experiments
complied with the guidelines of University Animala@ and Use Committee of the Tokyo
University of Agriculture and Technology, as wedl with the guidelines of Science Council of

Japan for the use of laboratory animals.

Topical application of filtered supernatant from S. aureus, S. epidermidis or allergen
extracts

100p! of filtered supernatant stimulated whaureus (FSA) (10 CFU/ml low dose or 10
CFU/ml high does) o8. epidermidis (FSE, 18CFU/mI)was applied to the back skin of the mice

once daily for four weeks. According to the mantdaer’s instruction, 100mg of DF ointment

12
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was applied to the back skin of the mice. Applmativas performed twice/week for 4 weeks.

Skin barrier disruption was performed by 4% SDSbethe application of FSA, FSE and DF.

Clinical eczema severity and scratching behavior scing in mice
Clinical eczema scores in mice were assessed e®psty described? Briefly, the total clinical
severity score was defined in individual mice as sam of the individual scores graded as 0
(none), 1 (mild), 2 (moderate), 3 (severe) for eahfive signs and symptoms (itch,
erythema/hemorrhage, edema, excoriation/erosiahsealing/dryness).

Scratching frequency and duration was measured®onin each week and analyzed
automatically using SCLABA-Real system (Noveltec, Hyogo, Japdhjll mice were kept in

an acrylic cage for 30min for the acclimation befeach measurement.

Trans-epidermal water loss measurement in mice

Trans-epidermal water loss (TEWL) was measuredgu$iewameter TM300 from Courage-
Khazaka electronic GmbH (Cologne, Germany), oncekiyefor four weeks. Temperature and
humidity were maintained at 22 + 0.5°C and 50% %l@spectively before the measurements.

The measurements for each mouse were taken thres &ind the mean value was calculated.

Immunoblotting

Whole cell lysates were isolated from the back sKithe mice using radioimmunoprecipitation
assay buffer. After SDS-PAGE using a 10% gel, imofotting was performed with anti-mouse
CDSN monoclonal antibody (1:500; Santa Cruz), amiise DSG-1 monoclonal antibody
(4pug/ml; Santa Cruz), anti-mouse DSC-1 monoclonabady (1:250; R&D Systems), and horse
radish peroxidase-conjugated secondary antibodyOQD; Cell Signaling). Positive reactions

were visualised using Immobilon western chemiluragesit HRP substrate (Millipore).

13
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Statistical analysis

All invitro andex vivo experiments were carried out with a minimum oéétechnical and two-
three biological replicates as detailed in the rgglegendsln vivo experiments were performed
twice with six mice per group. One-way ANOVA wasddor single factor data with 3 or more
groups followed by comparisons to a control grogmg Dunnett’'s post-hoc test. However, if
normality could not be assumed using the QQ resiglad, statistical comparisons between
groups was determined using the Kruskal Wallis teigh Dunn’s multiple comparisons and
adjusted P values reported. Single factor data legh than three groups were analysed using the
unpaired t-test and the two-tailed P value reporfddanalysis was performed using GraphPad
Prism 8 Version 8.4.2 (GraphPad Software, Inc. G8A). A probability value of less than 0.05
was considered statistically significant. Flow cyttry data were analysed using FlowJo

(Treestar V10) and represented as mean + standardoéthe mean (SEM).
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RESULTS
S. aureus, but no other staphylococcal species, induces ty@epromoting cytokines
Although S. aureus is the major bacterial species associated withflaBs?>?*the comparative
ability of other staphylococcal species and skim&lto stimulate type 2-promoting cytokines by
skin keratinocytes has not previously been direetlgluated. Of seven different staphylococcal
species we investigated, only li& aureus (LISA) was able to trigger IL-33 and TSLP release
by NHEK (Fig. 1a).S epidermidis, the predominant bacterial skin commensal, wabowit any
type-2 immune potential. Furthermore, Group A dtvepcci (GAS), the other major bacterial
skin pathogen, was also unable to stimulate releskese type 2- promoting cytokines (Fig.
la). IL-33 and TSLP release was not limited to sinain ofS aureus but could be demonstrated
in six different strains and mutants tested, inclgdRN4220, RN422@tagO, RN422M%spa
SH1000, SH100&FnBP (Fig. 1b). The unique proinflammatory effedt LASA was dose-
dependent (Fig. 1c) and detected after only 2kerping with release of a prestored cytokine
pool rather thame novo synthesis (Fig. 1d). To support this suppositibA33 demonstrated in
the nuclei of unstimulated HEKA dissipated after stimulation with li& aureus (Fig. 1e). Live
S aureus-induced IL-33 release was associated with an aseen DAPI uptake and Annexin V
expression, indicating an association with celltd€gig. 1f-h).

Having shown that liveS aureus is unique in its ability to induce Th2-promoting
cytokine release by human keratinocytesitro, we next investigated whether its bioactivity

resided in the bacterial cell wall or secretome.

S. aureus secretome induces Th2-promoting cytokines

Heat-killed S aureus (HKSA) was unable to induce cytokine release immpry human
keratinocytes, suggesting that the bioactivity nad reside in the cell wall of the bacteria (Fig.
1b). This was explored further by addition of theifseed S aureus bacterial wall components

PGN and LTA to stimulate TLR2 signalling, as thiashpreviously been reported to drive
15
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immunopathology? Neither exogenous PGN nor LTA induced IL-33 or TSk&Rase (Fig. 2a,
b). Anti-TLR2 blocking antibodies (Fig. 2b) and 8IR knockdown of TLR2 in keratinocytes
(Fig. 2c) did not suppress either 1L-33 or TSLReasle by FSA.

In contrast, experiments where LISA and NHEK weepasated by a Oun pore
membrane demonstrated that the type-2 immune prmogdiioactivity resided within the
bacterial secretome (FSA) (Fig. 3a). The FSA biwvdgtwas heat-labile, but not affected by
addition of antibiotics to remove any contaminatin§A (Fig. 3b). Interestingly, in contrast to
LiSA, co-culture of FSA with NHEK did not inducetieer DAPI uptake or Annexin V

expression, indicating that the bioactivity wasdpendent of cell death (Fig. 3c-e).

Skin barrier disruption and eczema induced byS. aureus secretome

We then explored whether the secretome-derivedifagds bioactive irex vivo human skin
organ culture and in am vivo mouse eczema model. Using human skin organ espfaom
nonatopic adults undergoing abdominal skin excisarrtreatment of obesity, we demonstrated
that sterile filtered supernatant frog aureus (FSA), but notS epidermidis (FSE), common
house dust mite (DP & DF) or pollen aeroallergdRagiveed) stimulated release of both IL-33
and TSLP (Fig. 4a-b). Examination of corneodesmasenpression from these organ explants
suggested that whilst FSA was associated with a&rddfuse expression of DSC-1 and DSG-1,
it seemed to disrupt CDSN expression when compartédthe control and this was confirmed
by densitometry (Fig 4c, 4d). CDSN is the only @mdesmosome protein component not
covalently linked to the cell membrafte.

There has been an ongoing debate as to whethéygbe immune response in patients
with AD is inherently different to that of non-aiopndividuals. LiSA induced release of similar
quantities of both IL-33 and TSLP by primary kematiytes derived from skin punch biopsies
taken from children with moderate-to-severe AD anwh-atopic controls, indicating that the

Th2-promoting potential of epidermal keratinocytesnot significantly different in these two
16
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groups (Fig. 4g-h). This suggested that exposuf &oreus-derived bioactive factor(s) through
a disrupted skin barrier, rather than an inhenemune hyperactivity, is the important driver of
diseasé?

The NC/Tnd Japanese fancy bred mouse is an excalemal model of human AD, in
that pups from this inbred strain in conventiortalf not in specific-pathogen free housing,
develop eczema soon after weaning at 6 — 8-weeksTble immunohistochemistry mirrors that
of human AD and the disease responds to topicaicosteroids and tacrolimus ointméht®
Eczema in this mouse model is aggravatedsbaureus as topical antibiotics suppress clinical
disease and Th2 resporféeUsing this mouse model in specific pathogen freesing, we
demonstrate that daily application of FSA and hodisst mite allergen (DF), but not FSE for
four weeks to SDS primed skin induces a dose-degpenithre in clinical eczema (Fig. 5a-b)
associated with increased scratching behaviour. @ayand disruption in skin barrier function
measured by TEWL (Fig. 5d).

Associated with the clinical eczema flare, skintdlsgy showed marked hyperkeratosis
of the epidermis where FSA (or house dust mitegdie) had been applied (Fig. 6a). As with the
human explant model, expression of corneodesmogoateins (particularly corneodesmaosin) in
the stratum corneum on immunofluorescence appdarée disrupted (Fig. 6a). Densitometry
showed that FSA reduced intensity of expressio€DEN, DSC-1 and CSG-1 compared with
the control, with more variable reduction after leggision of DF and FSE (Fig. 6b-d). Western
blot analysis and densitometry from mouse skirsitlated that CDSN was significantly degraded
by FSA and DF compared with the control and FSH).(Be, 6f). There was evidence of
degradation of DSC-1 by FSA, DF and FSE (Fig. €, but DF and not FSA degraded DSG-1
(Fig 6e, 6h). In addition to the local cutaneoug®s, application of FSA to the skin of these
NC/Tnd mice led to significant increases in plassoacentrations of TSLP (Fig. 6i) and IL-33
(Fig 6j). This is in keeping with the known asséica between AD, circulating IL-33 and TSLP

and other non-cutaneous allergies such as foodyggeand allergic asthma as part of the “atopic
17



374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

march”3°

Overall, thein vivo mouse data highlight the Th2-promoting and skimieadisruptive
effects of the secretome derived fr&vaureus.

The critical role of IL-33 in inducing both the mical disease and TEWL was then
explored by treating the NC/Tnd mice with a neigragy anti-IL-33 monoclonal antibody at the
time of the first application of FSA. FSA-treatedcs including those given an injection of the
isotype antibody developed clinical evidence of emea and increased TEWL, while
administration of the anti-IL-33 monoclonal antilyatbmpletely abrogated the disease (Fig. 7a-
d). We conclude that, at least in this mouse mdted3 is essential for the development®f
aureus-induced eczema. This is in keeping with the rasodtrecent phase 2A study of 12 adults

with moderate to severe AD, which showed rapid mmpment in Eczema Area and Severity

Index 50 after a single injection of etokimab (g1 anti-IL-33 monoclonal antibod$).

Shi is theS. aureus Th2-promoting factor

Having demonstrated the unique Th2-promoting agtief the S aureus secretome on both
human and mouse skim vitro and in vivo, as well as the essential role of IL-33 in the
pathogenesis of eczema in the NC/Tnd mouse moegbraceeded to purify and characterize the
specific bioactive factor. The bioactivity of FSAaw/ retained by both a 50kDa and a 100kDa
molecular weight cut-off filter (data not shown).eWused a Superd$e6 size exclusion
chromatography column with a separation range 655000 kDa to further fractionate the FSA
proteins retained by the 100kDa column (Fig. 8a).

Mass spectroscopy of the most bioactive fractioveaked three potentidh aureus
specific proteins (Fig. 8b). These proteins (Dilidpoyl Dehydrogenase (DLD), Second
Immunoglobulin-Binding Protein (Sbi), and Pyruvddehydrogenase Alpha-subunit (PDHa))
were expressed in aB. coli system and the purified products screened for @ro2aoting
cytokine release by NHEK. Although not identifie¢ Imass spectroscopy, SplD, recently

considered potentially important in @ aureusiinduced asthma mouse modelwas also
18
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expressed in th&. coli expression system, the protein purified, and a$vidy assessed. The
Th2-promoting bioactivity of a commercially availab S aureus protease, Leucine
Aminopeptidase 3 (LAP-3), was also tested. Shi W@sonly protein to show activity in the
NHEK assays comparable with FSA (Fig. 8c). DLD, RDHAP-3 and SpID showed no activity
above baseline (Fig 8c). The reduced IL-33 and T&lPase after stimulation with FPLC-
purified FSA Sbi fraction is in consistent with $osf protein during the purification process
(relative abundance of Shi in the FPLC-purifiectfran compared with the FSA starting material
was 2 versus 8 units as assessed using mass spepiyh To provide additional evidence that
Shi is indeed th&. aureus bioactive factorE. coli pre- and post-transfection with tBeaureus

sbi gene were added to NHEK. Shi-expresskgeoli induced IL-33 release, while the non-
transfectecE. coli did not (Fig. 8d). Finally, we showed that twodas function Sbi S aureus
mutants derived from the Newm&h aureus strain (Sbi and pRMC2:Sbi mutants), the latter
added in tetracycline-free medium to ensure norresgion of the Sbhi protein) induced little or
no IL-33 or TSLP release by NHEK, either using citure of the live bacteria when compared
with controls including a Spa mutant from the satnain (Fig. 8e), or filtered supernatants (Fig.
8f). Shi is present in reference proteomes USA30étticillin resistant}’ Newman and NCTC

83253* suggesting that it is a conserved protein withiaureus species.
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DISCUSSION

We have identified the Second Immunoglobulin-BigdiRrotein as a key Th2-promoting
bioactive factor ofS. aureus, responsible for its dominant role as a triggecutfaneous atopic
disease in humans and mouse. Secretome fromd8hcientS. aureus mutants induced little or
no type 2 immune activity. Co-culture of NHEK wittve Sbir mutant bacteria resulted in
significantly less but detectable IL-33 activityropably due to nonspecific cytotoxic effects
particularly with more prolonged culture. Until ndive precise role db. aureusin AD type 2
driven immunopathology has been poorly understbisihg human explants and a mouse model
of AD, we demonstrate the critical link between feureus secretome and IL-33 release in
mediating eczema, in keeping with the effectiverefsan anti-1L-33 monoclonal antibody in a
recent phase 2B clinical tri&l. We also show that th& aureus secretome degrades CDSN.
CDSN is a key non-covalently bound component of gtratum corneum corneodesmosome,
functioning to maintain skin barrier integrityDisruption of the skin barrier allows for ingresfs
microbes and allergens into the epidermis leadmgnttiation of the type 2 host immune
response. This is supported by the comparativetyabil both human AD-derived and healthy
keratinocytes to release IL-33 in response td3ta@ireus secretome.

Importantly, neither the predominant skin commer&atpidermidis, nor another skin
pathogen Group A streptococcus contains Sbhi homsoiogtheir genome. Using Basic Local
Alignment Search Tools (BLAST, UniProt.org and NEBSbi was found to be unique to
Saphylococcus aureus amongst the Bacilli genus and 100% homologous ackey USA300
(methicillin resistant), Newman, and NCTC 8325 issa Homology across other recordg&d
aureus strains (Uniprot) ranges from 91.7-99.8%. Sbi i®Wn to be present in 16 clinic8l
aureus strain$® supporting our conclusion that the bioactivity & onique to one clinical isolate.

Finally, we have excluded other virulence factandidates such as SpID as contributing to this
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bioactivity in the skin, unlike its possible rola the lung, demonstrating the importance of
considering the infection niche and responding imencells®’

Shi was first discovered in 1998 and is a 436-anmacm protein with four globular
domains, two of which are homologous to Proteirakgwing binding to the Fc domain of IgG,
thus inhibiting neutrophil-mediated phagocytd$i€ The other two domains interfere with
complement activity? Unlike the “first” immunoglobulin binding proteinPfotein A), Sbi
contains a signal peptide and is present in thes®oe!® The Immunoglobulin binding domains
of Sbi have previously been shown to interact wghdomains of the TNFR1 receptors on
murine macrophages vitro andin vivo to induce IL-6 and TN~ TNFR1 is expressed on
human keratinocytes ar&l aureus can increase its expression furtfie?* However, the effect of
Sbi on the skin and Th2-promoting cytokines has rmeviously been examined.
Immunoglobulin-like domains are common to severdferent receptor types found on
keratinocytes including members of the IL-1R supeify. It is therefore possible that Sbi binds
to a receptor on the surface of keratinocytes uiinaecognition of an Ig domain, inducing TSLP
and IL-33 release. Alternatively, Shi has been shtwinduce epidermal growth factor receptor
(EGFR) in macrophagés vitro andin vivo.*® As activation of EGFR is known to be involved in
the induction of IL-33 and TSLP transcription inr&enocytes'>** Sbi induction of EGFR may
be an alternative pathway for the release of ILaB8 TSLP from NHEK. Further studies are
required to elucidate the exact mechanism of acifddbi based on these possibilities.

Regarding the ability of FSA to degrade and dist@ptSN expression as show in the
immunohistology and Western blots, this is likety ie indirect effect of Shi, as this factor
contains no inherent protease activity. Endogetkeuatinocyte-derived kallikreins are important
mediators of skin barrier disfunction, as exemetfiin Netherton syndronfé.We have
previously shown that kallikrein-5 can be activateygl changes in skin pH in NC/Tnd mice

leading to disrupted skin barrier functithThe complex interplay and exact mechanism by
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466  which Sbi might active these endogenous kallikrémsduce skin barrier dysfunction requires
467  further investigation.

468 Over the last decade there have been huge advamcesr understanding of host
469  pathogen interactions, establishing a link betwhamans and microbial diversity in health-
470 related outcome®. The prime aim of this study was to address thestipre as to what makes

471  aureus the undisputed master of its bacterial class omating atopy. Sbi is an important piece
472 of the puzzle. In addition, this is the first timgathogen-specific molecule has been identified to
473  induce rapid release of IL-33, independently of dehth and TLR2 recognition. Previous studies
474  have suggested a possible rolesoéureus TLR2 ligands in the induction of type 2 responses
475  mouse skimnd human keratinocytds.the study by Brauweilest al,*’ lipoteichoic acid injected
476  intradermally into mouse skin led to an increas€$t.P mRNA and to a lesser extent I1L-33, but
477  protein levels were not assessed. Furthermors,nbt possible to conclude if the ligand had a
478 direct effect on keratinocytes or acted indiredttyough other resident skin immune cells.
479  Additionally, the relevance of this murine modehtaman skin is unclear. Vet al“® found that a
480  synthetic diacylated lipoprotein but not PGN or R@BK, induced small amounts of TSLP in
481 human keratinocytes but the authors did not aska33] SpID induced IL-33 release from
482  airway epithelial cells type Il within an hotfr.The lack of IL-33 release by skin NHEK after
483  addition of SpID in our study suggests that molacutiggers of atopy, includin® aureus
484  associated virulence factors, can be tissue-specifi

485 In summary, we believe that our novel results $icgmtly advance the understanding of
486  the etiology of AD, providing compelling evidend®at aS aureus proteindrives IL-33 release
487 in skin, triggering the allergic-type phenotype axsated with AD. Further research is now
488  required to determine the exact mechanism by w8ighinduces IL-33 release, and also how it

489  degrades corneodesmosome proteins critical tolsdmer function.
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Figure legends

Figure 1 S. aureusinduces IL-33 and TSLP release by human keratinodgsin vitro. a. Live

S aureus (LiSA) (10" CFU/mI), but not othestaphylococcus species, or Group A streptococci
(GAS) induced IL-33 and TSLP by NHEKS cap: Saphylococcus capitis; S car:
Saphylococcus carnosus; S. coh: Staphylococcus cohnii; S hem: Saphylococcus hemolyticus; S.
len: staphylococcus lentis. b. All S. aureus strains tested induced IL-33 and TSLP release from
NHEK. Cytokine release was. dose- andd. time-dependente. IL-33 was constitutively
expressed in nuclei of HEKa (top panel) and relgaser 1h stimulation with LISA (bottom
panel). Cells stained with anti-human IL-33 monaoelo antibody (red) and anti-human
cytokeratin 14 (green). Dot plots of viable (Annexin VDAPI'), early apoptotic (Annexin
V'DAPI), late apoptotic (Annexin VDAPI") and necrotic (Annexin YDAPI") cells following
stimulation with LiSA (18 CFU/mI) for up to 6hg. & h. LiSA cytotoxic activity after 6h
stimulation. Data represents three independentrerpets performed in triplicate. Images taken
at 20X magnification. P<0.01, **P< 0.001 compared with the contrél-values determined by

one-way ANOVA with Dunnett’'s multiple comparisomdean + standard error of the mean.

Figure 2 S. aureus cell wall components have no bioactivity and itsexretome induces IL-33
and TSLP release independent of TLR2. aExogenous bacterial peptidoglycan (PGN) 0-
100pg/ml and lipoteichoic acid (LTA) 0-100pug/ml adid not induce release of IL-33 or TSLP
by NHEK at 6h.b. Anti-TLR2 antibodies (1 or 10pg/ml) did not inhiBL-33 or TSLP release
induced by LiSAc. Inhibiting TLR2 expression with 20mM of specifilRiNA did not suppress
FSA-induced release of IL-33 or TSLP by NHEKSs at 8hr = scrambled siRNA control. Data
represents three independent experiments performteiglicate. **P< 0.001 compared with the
control P-values determined by one-way ANOVA with Dunnett’sltiple comparisons. Mean +

standard error of the mean.
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Figure 3 Type 2-promoting bioactivity of S. aureus resides in the secretomea. IL-33 release
can be induced by NHEK when separated from the lb84a 0.44m transmembrane filteb.
Bioactivity of FSA is destroyed by heating to 95t} by treatment with penicillin/streptomycin
(P/S). Cytokine release (IL-33 and TSLP) was mesasby ELISA.c. Dot plots of viable
(Annexin V/DAPI), early apoptotic (Annexin \DAPI"), late apoptotic (Annexin VDAPI®)

and necrotic (Annexin YDAPI") cells following stimulation with FSA for up to 6t. & e.
Quantification of FSA cytotoxic activity determinegt DAPI" and Annexin V staining of cells.
All data are representative of three independepérments performed in triplicateP%0.05,

** P<(0.001 compared with the contrétvalues were determined by one-way ANOVA with

Dunnett’'s multiple comparisons. Mean * standardresf the mean.

Figure 4 S. aureus Filtered Supernatant (FSA) induces TSLP and IL-33 ad disrupts
corneodesmosome expression in human skin organ aué. a. & b. FSA but not filtered
supernatant frors. epidermidis (FSE), house dust mite allerges pteronyssinus (DP),

D. farinae (DF) or Ragweed allergen induces TSLP and IL-3&r&h and 12hThree
independent experiments performed in duplica®x0:05, **P<0.001 compared with the
control Mean * standard error of the mean.Corneodesmosi(CDSN), Desmocollin-1 (DSC-
1) and Desmoglein-1 (DSG-1) staining following @imsilation with FSA, FSE, and common
aeroallergens DP, DF and ragweed. CDSN stainidgsrsipted following FSA treatment. Images
are representative of three independent experinpemtsrmed in duplicate. Scale bars in ¢ =
40um. df. Densitometric analysis for CDSN, DSC-1 and DS®A&an of three independent
experiments performed in duplicate. Bar represer@dian and * represents significant
difference compared with contr@. & h. Primary keratinocytes from 11 children with ADdan

11 healthy controls released IL-33 and TSLP in@easp to LiSA but not heat-killel aureus
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(HKSA) or lipopolysaccharide (LPSpata represents three independent experimentsrpexd

in duplicate. *<0.001 compared with the contr@®ar represents median.

Figure 5S. aureus Filtered Supernatant (FSA) induces eczema and skimarrier disruption

in the NC/Tnd mousein vivo. 80-10Qul of low (10" CFU/mI) and high concentration €10
CFU/mI) FSA, FSE, ob. farinae (DF) with concomitant 4% SDS were apptaaically to the
backs of 8-week old NC/Tnd mice each day for foeels. Mice were housed in specific
pathogen free conditiona. Representative images of NC/Tnd mice after apgptinaof 4% SDS,
or 4% SDS and FSE, DF or FSA had been appliedetbaick daily for four weeks. Clinical
eczema scores. Scratching behaviour artd Trans-Epidermal Water Loss (TEWL). All data

show results of six individual mice/group.P%0.01. Mean + standard error of the mean.

Figure 6 Filtered supernatant from S. aureus but not S. epidermidis increases plasma IL-33
and TSLP, particularly in NC/Tnd mice and disrupts epidermal corneodesomosme
expression. aHistological sections from eczema-prone NC/Tndean#&®% SDS, or 4% SDS and
DF, FSE or FSA had been applied daily for four weeeknages are representative of six
individual mice/group performed in duplicateb-d. Densitometric analysis. P<0.01,
** P<(0.0001 compared with the SDS contiBar represents mediaa. Western blots of CDSN,
DSC-1 and DSG-1 native protein and degraded fratgndrom NC/Tnd mouse skin.
Densitometric analysis of Western blots for CD$ DSC-1 (g) and DSG-1(h). Data
representative of six individual mice/groupP<0.05, **P<0.001 compared with the naive
control i & j. Plasma IL-33 and TSLP concentrations in NC/Tnd &8M/Ms. SDS: sodium
dodecyl sulphate, FSE: filtered supernatant frianepidermidis, DF: D. farinae, FSA: filtered
supernatant front aureus. Data are representative of six mice/groupP<9.001 Mean +

standard error of the mean.
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Figure 7 FSA-induced eczema in the NC/Tnd mouse cabe completely abrogated by
neutralizing anti-IL-33 antibodies. 80-10Qul of high (10° CFU/ml) concentration FSA with
concomitant 4% SDS were applied topically to theklsaof 8-week old NC/Tnd mice each day
for four weeks. One group also received an intiggegal 1Qug injection of anti-1L-33
monoclonal antibody with the first application o6& while a second group received an
injection of an isotype control antibodw. Representative images of NC/Tnd mice after
application of 4% SDS and FSA, FSA daily for fougeks, with or without isotype or anti-IL-33
mADb. b. Clinical eczema scores, scratching frequency andl Trans-Epidermal Water Loss
(TEWL) of naive mice, and mice treated with 4% S&% FSA, isotype control or anti-1L-33
antibody. All data show results of six individualicg/group. *<0.01 compared with pre-

treatment or the naive group. Mean = standard efrorean.

Figure 8 Fractionation of S. aureus secretome (FSA) Th2-promoting activity by FPLC and
identification of the active factor asS. aureus Sbi. a. Bioactivity of FSA fractionated using
Superos® 6 FPLC of 100kDa retention fraction (insert shatsorbance (280nm); main panel
shows IL-33 release by NHEK after addition of sfedrPLC fractions)b. S aureus proteins
identified from bioactive Supero$& FPLC fractions by mass spectroscopylL-33 and TSLP
release by NHEK after addition & coli vector-derived DLD, Shi, PDHa, SpID, or exogenous
LAP-3 for 6h.d. E. coli expressing Sbi, but not untransfeciedcoli induced IL-33 release by
NHEK. e. LiSA, andf. FSA from Shi- and pRMC2:Shi-deficient strains induess IL-33 and
TSLP than parental Newton wild-tyf# aureus. e. Spa-deficient LiSA induces the same IL-33
and TSLP as the Newton wide-type LiSA. All data emeresentative of two to three independent

experiments performed in duplicate or triplicatéP*< 0.0001 compared with control. Mean +
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730 standard error of mean. DLD: dihydrolipoyl dehydeogse, LiSA: liveS. aureus, Shi: Second

731 immunoglobulin-binding protein, and PDHa: pyruvdehydrogenase alpha-subunit.
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Candidate gene cloning and expression

Sequences o6 aureus DLD (gene; pdhD), PDHa (gene; pdhA) and Sbhi (gesta) were
acquired from KEGG (https://www.genome.jp/kegg/BTtagged proteinpdhD, pdhA andsbi
genes were cloned into a pGEX plasmid using Bamtl BcoRI restriction enzymes, then
transformed into NEB 5-alpha competeri. coli cells (New England BioLabs, UK) following
manufacturer’s instructions. Once cloning was vedlifpdhD, pdhA andsbi were expressed in
BL21 (DE3)E-cali cells (New England BioLabs, UK) for 3h at 37°C orArctic Expres<. coli
(Agilent Technologies, USA) for 24h at 12°C. Afexpression, cell cultures were centrifuged at
3,500g for 20min at 4°C. Supernatant was discamaed cell pellets were frozen in liquid
nitrogen and then at80°C until used for protein purification by Glutathe Sepharose 4B

beads.

Cloning and expression of SpID

Full length SpID was amplified from the clinicalolate of S. aureus and cloned into an
ampicillin-resistant pQE30 vector. The protein veapressed in chemically competdatcoli
cells BL21 grown at 3T in TB (Sigma-Aldrich) containing 100pg/ml ampilici| purified using

a HiTrap column (GE Healthcare) and eluted withdiaziole.



Table Sl List of materials used in this study

REAGENT or
RESOURCE

Bacterial strains

S aureus (LiISA)

S aureus RN4220 WT
S aureus RN4220AtagO

S aureus RN4220Aspa

S aureus SH1000 and it
isogenic fnbA fnbB mutant
S. aureus Sbi mutar

S aureus pRMC2::Sbhi mutar

S capitis

S carnosus

S. cohnii

S. hemolyticus
S lentus

S epidermidis

Streptococcus pyogenes (GAS)

E. coli DH5a

E. coli NEB® 5-alpha
E. coli BL21(DE3)

E. coli (DE3) Arctic Expres

Human keratinocytes culture

Primary Normal Human
Epidermal Keratinocytes

(NHEK)

DetachKit2 Trypsin, Trypsin
neutralizing solution

SOURCE

A. McBain, University of Manchester, UK
G.
G.
G.
Joan Geoghegan, University of Dublin, Ireland

Joan Geoghegan, University of Dublin, Ireland
Joan Geoghegan, University of Dublin, Ireland
. Xia, University of Manchester, UK
. Xia, University of Manchester, UK
. Xia, University of Manchester, UK
. Xia, University of Manchester, UK
. Xia, University of Manchester, UK
. Xia, University of Manchester, UK

OO0 00o

A.

Professor lan Roberts, University of Manches

Xia, University of Manchester, UK
Xia, University of Manchester, UK
Xia, University of Manchester, UK

McBain, University of Manchester, UK

UK
New England BioLabs, U

New England BiolLabs, U
Agilent Technologies, USA

PromoCell, Heidelberg, Germany

PromoCell, Heidelberg, Germany

HumanEpidermal Keratinocyte ThermoFisher Scientific, UK

(HEKa)

IDENTIFIER

MBRG 16.1
N/A
N/A
N/A

8325-4
N/A

N/A

ATCC 27840
TM300
ATCC 29974
JCSC 1435
3472

1457

NCTC 1269
N/A

C2987+

C2527H

230192

C-12002

C-41212

C-0055C



Antibodies and fluorescent labelling

Anti-Human Corneodesmosi Invitrogen, UK PA56293!(
(CDSN)

Anti-Human Desmocollin-1  Invitrogen, UK PA55065:!
(DSC-1)

Anti-Human Desmoglein-1  Invitrogen, UK 32600(
(DSG-1)

Texas red goat anti-rabbit  Life Technologies, USA T-2761
antibody

Anti-Mouse Corneodesmosii Santa Cruz SC-51484!
(CDSN)

Anti-Mouse Desmoglein-1  Santa Cruz Sc-2391(
(DSG-1)

Anti-Mouse Desmocollin-1  R&D systems MAB7367
(DSC-1)

Anti-Mouse IL-33 R&D systems AF362¢
Plasmids

pPGEM-T easy vectc Promega, UK A360C
pGEM-T;S0ID This study -

PQE3( Qiagen, Crawley, UK -
pQE30SID This study

pGEX-6F-1 Sigma Aldrich, UK GE2¢£-954¢€-48
pGEX; pdhA This study -

pGEX; pdhD This study .

pGEX; Soi This study -



Table SlI List of Primer sequences used in this sty

ullyuriutievuue  dSeyuelice (9 -9 ) Furpose
SpID BamH1 F CCTGTAGGATCCATGAATAAAAATAT Used to amplifysplD from Clinl-
AATCATCAAAAGTATTGCGG

SA for cloning using BamHI-

SpID Hindlll R GCGCGATAAGCTTTTATTATTTATCTA EcoRI  sites of pGEM-T
AATTATCTGCAATAAATTTCTTAAT

M13 F CGCCAGGGTTTTCCCAGTCACGAC ~ Used to sequenclD insertin
pGEM-T vector

M13 R AGCGGATAACAATTTCACACAGGA

PQE30 F AAGTGCCACCTGACGTCTAAG Used to sequenc®ID insert in
PQE30 R GGAGTTCTGAGGTCATTACTG PQES0 vector

pGEX F GGGCTGGCAAGCCACGTTTGGTG Used to screen for insei(jzdA,

pGEX R CCGGGAGCTGCATGTGTGTCAGAGG PdhD and Sbi) cloned in pGEX



