Journal Pre'prOOf L THE JOURNAL OF -
Allergy...Clinical
Immunology

IL-5Ra marks nasal polyp IgG4 and IgE-expressing cells in aspirin-exacerbated
respiratory disease

Kathleen M. Buchheit, MD, Daniel F. Dwyer, PhD, Jose Ordovas-Montanes, PhD,
Howard R. Katz, PhD, Erin Lewis, BS, Marko Vukovic, BS, Juying Lai, MD, Lora
Bankova, MD, Neil Bhattacharyya, MD, Alex K. Shalek, PhD, Nora A. Barrett, MD,
Joshua A. Boyce, MD, Tanya M. Laidlaw, MD

Pl S0091-6749(20)30345-6
DOI: https://doi.org/10.1016/j.jaci.2020.02.035
Reference: YMAI 14455

To appearin:  Journal of Allergy and Clinical Immunology

Received Date: 30 November 2018
Revised Date: 9 February 2020
Accepted Date: 25 February 2020

Please cite this article as: Buchheit KM, Dwyer DF, Ordovas-Montanes J, Katz HR, Lewis E, Vukovic M,
Lai J, Bankova L, Bhattacharyya N, Shalek AK, Barrett NA, Boyce JA, Laidlaw TM, IL-5Ra marks nasal
polyp IgG4 and IgE-expressing cells in aspirin-exacerbated respiratory disease, Journal of Allergy and
Clinical Immunology (2020), doi: https://doi.org/10.1016/j.jaci.2020.02.035.

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.2020.02.035
https://doi.org/10.1016/j.jaci.2020.02.035

O Noohkh, W NP

Title: IL-5Ra marks nasal polyp IgG4 and IgE-expressing celbsipirin-exacerbated
respiratory disease

List of authors: Kathleen M. Buchheit, ME?, Daniel F. Dwyer, PhE?, Jose Ordovas-
Montanes, PhB® Howard R. Katz, Phi? Erin Lewis, BS, Marko Vukovic, BS”,
Juying Lai, MD¥, Lora Bankova, MB® Neil Bhattacharyya, MEf, Alex K. ShaleR""°
PhD® Nora A. Barrett, MD> Joshua A. Boyce, MY, and Tanya M. Laidlaw, ME?

!Department of Medicine, arfbepartment of Surgery, Harvard Medical School, Bost
MA,; ®Division of Allergy and Clinical Immunology, Brigimaand Women's Hospital,
Boston, MA;*Department of Otolaryngology, Massachusetts EyeEardnfirmary,
Boston, MA;’Institute for Medical Engineering and Science (INNHSepartment of
Chemistry, and Koch Institute for Integrative CanResearch, MIT, Cambridge, MA,
USA, ®°Broad Institute of MIT and Harvard, Cambridge, MASA, 'Ragon Institute of
MGH, MIT and Harvard, Cambridge, MA, USADivision of Gastroenterology, Boston
Children’s Hospital, Boston, MA, USAHarvard-MIT Division of Health Sciences &
Technology, Cambridge, MA, USA

Corresponding Author: Tanya Laidlaw, MD

Address: Brigham and Women'’s Hospital, 60 FenwooddR Building of
Transformative Medicine, Rm 5002M, Boston, MA 02115

Phone: 617-525-1034

Fax: 617-525-1310

Email: tlaidlaw@bwh.harvard.edu

Conflicts of Interest: K.M. Buchheit has receiveardnpensation for scientific advisory
boards from Regeneron, Genentech, and AstraZeAd€aShalek has received
compensation for consulting fees and scientifidsaty board membership from
Honeycomb Biotechnologies, Dot Bio, Cellarity, Cogéherapeutics, and Dahlia
Biosciences. N.A. Barrett has received compensdtiooonsulting fees from Regeneron.
T.M. Laidlaw has received compensation for consglfees and scientific advisory
board membership from Novartis, Regeneron, andfs@smzyme. The rest of the
authors declare no conflicts of interest.

Funding: This work was supported by the Nationatitates of Health (NIH grant nos
K23HL111113, K23Al139352, RO1HL128241, T32AI00730078908, HL117945,
R37A1052353,R01AI1136041, RO1HL136209, RO1AI1301RO1A1134989, and
U19AI1095219) and by generous contributions froeWnik and Kaye Families. AKS
was supported, in part, by the Searle Scholarsr&noghe Beckman Young Investigator
Program, 5U24AI1118672, 2R01HL095791, 2U19AI08998R201HL 134539,
1R01AI138546, 1U2CCA23319501, 2RM1HG006193, 2P0BAGY1, the Pew-Stewart
Scholars, a Sloan Fellowship in Chemistry, andBitleand Melina Gates Foundation.
JOM was supported by HHMI Damon Runyon Cancer Rebdéoundation Fellowship
(DRG-2274-16).



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

Abstract:

Background: The cause of severe nasal polyposis in aspirinegkated respiratory
disease (AERD) is unknown. Elevated antibody letialge been associated with disease
severity in nasal polyps (NPs), but upstream dsivérdocal antibody production in NPs
are undetermined.

Objective: We sought to identify upstream drivers and pheniotgpoperties of local
antibody-expressing cells (AECs) in NPs from AERIDjscts.

Methods: Sinus tissue was obtained from subjects with AE&Donic rhinosinusitis
with NPs (CRSwNP), CRS without NPs (CRSsNP), and-@&S controls. Tissue
antibody levels were quantified via ELISA and immhbistochemistry, and were
correlated with disease severity. AECs were profiléth single-cell RNA-sequencing
(scRNA-seq), flow cytometry and immunofluorescemnegh IL-5Ra function
determined through IL-5 stimulation and subseqiMa-seq and gPCR.

Results: Tissue IgE and IgG4 were elevated in AERD compéwezbntrols P<0.01 for
IgE andP<0.001 for 1IgG4, vs. CRSWNP). AERD subjects whos&skecurred rapidly
had higher IgE levels than AERD subjects with sloregrowth P=0.005). SCRNA-seq
revealed increasddl5RA, IGHG4, andIGHE in AECs from AERD compared to
CRSWNP. There were more IL-GRplasma cells in the polyp tissue from AERD than
CRSwWNP P=0.026). IL-5 stimulation of plasma cells in vitr@uced changes in a
distinct set of transcripts.

Conclusions: Our study identifies an increase in AECs in AERIird=d by transcript
enrichment of L5RA andIGHG4 or IGHE, with confirmed surface expression of IL®R
and functional IL-5 signaling. Tissue IgE and Ig&+4 elevated in AERD and higher IgE
levels are associated with faster NP regrowth. fiddings suggest a role for IL-3R
AECs in facilitating local antibody production aselvere NPs in AERD.
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Key M essages.

1gG4 and I gE levels are markedly increased in nasal polyp tissue from
subjectswith AERD compar ed to aspirin-tolerant CRSwWNP.

High nasal polyp IgE levels are associated with more rapid nasal polyp
recurrence.

Tissue 1gG4 levels positively correlate with disease duration.

IL-5Ra transcript and protein surface expression is elevated in antibody-
expressing cells from subjects with AERD, and may play arolein facilitating
survival of antibody-expressing cells.

Capsule Summary: Our study identified a plasma cell population enriched in the
nasal polyps of patients with aspirin-exacer bated respiratory disease, defined by
transcript enrichment of IL5RA, IGHG4 and | GHE, surface expression of IL-5Ra,
and a functional I1L-5 signaling pathway.

Key Words:
Aspirin-exacerbated respiratory disease, chroniosinusitis, nasal polyposis,
plasma cell, interleukin-5, 19G4, IgE, IL-bR

Abbreviations:

AERD Aspirin-exacer bated respiratory disease
CRSwWNP Chronic rhinosinusitiswith nasal polyps
CRSsNP Chronic rhinosinusitiswithout nasal polyps
COX Cyclooxygenase

FDR False discovery rate

Ig Immunoglobulin

IL Interleukin

LT Leukotriene

PC Principal component

PCA Principal component analysis

PG Prostaglandin

SCRNA-seq Single-cell RNA-sequencing

SNN Shared nearest neighbor

UMAP Uniform M anifold Approximation and Projection
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I ntroduction:

Nasal polyps are inflammatory outgrowths of sina@hasucosa that cause nasal
obstruction and anosmia, frequently require sutgigaision, and are associated with
significant medical resource consumptiohiNasal polyps are particularly severe and
recurrent in aspirin-exacerbated respiratory ds€A&RD) — a distinct, adult-onset
respiratory syndrome consisting of eosinophilicociie rhinosinusitis with nasal
polyposis (CRSwWNP), asthma, and pathognomonicnaspy reactions to
cyclooxygenase (COX)-1 inhibitors that involve ede of multiple mast cell mediators,
including tryptase, leukotriene (LT)@nd prostaglandin (PG)D® In patients with
AERD, nasal polyps are frequently refractory tondtrd therapy and recur within two
years after surgical excision in 85 percent ofguati! The factors contributing to the
severity and recalcitrance of the mucosal patholodiiis severe phenotype of CRSWNP
remain largely unknown.

Activated B cells and antibody-secreting cells@mesent in nasal polyps and
generate antibodies locally. Subjects with recurnaisal polyposis have elevated total
nasal polyp IgA, 1gG, and IgE leveld? Potential mechanisms by which local nasall
tissue immunoglobulins may contribute to nasal pagverity include IgE- and free light
chain-induced activation of polyp mast céflsgA-enhanced eosinophil survivdiand
lgG-directed local complement activatibh*®IgE antibodies to staphylococcal
enterotoxin& *”and nasal bacteria such as Staphylococcus aBeappcoccus
pyogenes, and Haemophilus influenZdeve been linked to nasal polyp pathogenesis,
and a role for auto-antibodies in nasal polyp pgéin@sis has been proposdayt no
single antigen has been consistently linked torreati nasal polyposis in general or to
AERD in particular. A previous study reported tpatients with AERD have elevated
serum IgG4 and slightly depressed serum IgG1 apared to healthy controls,
independent of corticosteroid exposure or IgE ke¥&More recently, IgG4 was
identified in nasal polyp tissue from subjects WitRS and AERD and was correlated
with a poor post-operative courdeThis suggests a possible role for IgG4 in sinus
disease persistence by as yet unidentified meamanis

Nasal polyp tissue contains a variety of cytokitieg may drive the B cell pro-
inflammatory responsg.Type 2 cytokines, including IL-4, IL-5, IL-13, T$L and IL-
33, as well as IL-10, are abundant in eosinophisal polyp$: ** ?*?*Some of these
cytokines have been shown to influence B cell diiféiation, activation and class
switching, and can drive immunoglobulin productinrother setting€™> *°In a study of
inflammatory endotypes in CRS, the group with tighést IL-5 levels also demonstrated
the highest concentration of IgE and asthma precalereflecting a severe endotype of
CRSWNP?* Other studies of CRSWNP have shown elevated solibbRq in nasal
polyp tissue’” 28

In the current study, we use massively parallgdlsitell RNA-sequencing
(scRNA-seq) and flow cytometry to identify a pogida of antibody-expressing cells
enriched in nasal polyps from patients with sevexgal polyposis and AERD. These
antibody-expressing cells expré&SRA and a functional IL-5 receptor alpha subunit
(IL-5Ra), along withlGHG4 andIGHE, encoding for the 1gG4 and IgE heavy chains,
respectively. Both IgE and IgG4 concentrationssatectively elevated in the nasal polyp
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tissue of subjects with AERD. However, we find thédiile elevated polyp IgE is
associated with fast polyp regrowth, polyp lgGé4ssociated with disease persistence.
Taken together, our findings indicate that clasgching to IgE and to IgG4 in the nasal
polyp environment may reflect disease severity@ndnicity, respectively. Furthermore,
they suggest that while IgE may be pathogenic aivei in part by the effect of local T
cell-derived IL-5 on antibody-expressing cellshie hasal polyp tissue, increased IgG4
may be a compensatory mechanism reflecting chramtigen exposure and the influence
of IL-10 from myeloid cells. Finally, our data sueg that, in addition to its established
role in controlling tissue eosinophilia, IL-5 mag@influence the activation state of
antibody-expressing ceffsand their antibody productioand may be amenable to
modification with IL-5-neutralizing biologic ther&gs.

M ethods:
Patient characterization

Subjects between the ages of 18 and 75 years eengated from the Brigham
and Women's Hospital (Boston, MA) Allergy and Imrolagy clinics and
Otolaryngology clinics between October 2011 andobet 2019Table 1 and Table
E1). The local Institutional Review Board approved stigdy and all subjects provided
written informed consent. Sinus tissue was coltetiethe time of elective endoscopic
sinus surgery from patients with physician-diago8&RD, and aspirin-tolerant CRS
with and without nasal polyps with the diagnosisimaased on established guideliffes.
Non-CRS control patients were undergoing sinusesyrtp correct anatomic
abnormalities by removal of concha bullosa. Pasierdre suspected of having AERD if
they had asthma, nasal polyposis, and a historgspiiratory reaction on ingestion of a
COX-1 inhibitor, with diagnosis later confirmedali subjects via a physician-observed
graded oral challenge to aspirin which induced abjely-defined upper and/or lower
respiratory symptoms including nasal congestiomartthea, sneezing, ocular pruritus,
conjunctival injection, wheezing, dyspnea, andérih FEV;. Subjects with known
cystic fibrosis, allergic fungal rhinosinusitis andilateral polyps were excluded from the
study.

Retrospective data was collected from the medaadnd for patients that donated
sinus tissue including age, gender, number of snugeries, and interval to polyp
regrowth following surgery in subjects with recurr@olyposis. Because aspirin
desensitization can delay polyp regrowth in sulj@dth AERD, we only included
regrowth data from subjects who were not deseesitia aspirin after surgefy.*?

Sinus tissue procurement and preparation

Sinus tissue was collected at the time of eleaiv@oscopic sinus surgery from
patients with physician-diagnosed CRS with and aitasal polyps. For non-polyp
patients, diseased ethmoid sinus tissue was aaetleEbr both CRSwWNP and AERD,
polyp tissue, originating from the ethmoid sinussvsurgically excised and collected.
Non-CRS control subjects had no known history o8GR nasal polyposis and were
undergoing sinus surgery for removal of conchadsall One tissue segment was
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immediately preserved in RNAlater (Qiagen, Valen€la) for RNA extraction, and the
remaining tissue was placed in RPMI (Corning, GQogniNY) with 10% fetal bovine
serum (ThermoFisher, Waltham, MA) and 1 U/mL pdlestreptomycin for transport
to the laboratory on ice. Within 2 hours of surgéhe tissue was removed from RPMI
and divided into segments. One segment was traadferto Cell Lytic M Cell Lysis
Reagent (Sigma-Aldrich, St Louis, MO) with 2% piee inhibitor (Roche, Indianapolis,
IN) for protein extraction, and the tissue was hgerozed with a gentleMACS
Dissociator (Miltenyi Biotec, San Diego, CA). Supatants were stored at €0 One
segment was fixed in 4% paraformaldehyde, embeuntdedraffin, and kept at -8C

until sectioning. For some patients, a tissue segmvas also digested into a single-cell
suspension for flow cytometric studies as descrheddw.

Subjects with AERD, CRSWNP and CRSsNP who met gighucriteria were
recruited for scRNA-seq studies. The choice of eciigjfor the follow-up analyses
including the ELISA data, gPCR and immunohistoclstmiwas made based on samples
that had been previously banked and were avaifableonfirmatory analyses by an
investigator who was blinded to the subjects inetlith the scRNA-seq analysis. To
guard against potential experimental bias other theease phenotype (AERD,
CRSwWNP, CRSsNP, or non-CRS control), the invesiigadand research technicians were
blinded to clinical markers of disease severity arakers of type 2 immunity when the
banked samples were selected for the confirmatoajyaes, and no exclusions were
made after analyses were complete.

Tissue Digestion

Single-cell suspensions from surgical specimengwbtained using a modified
version of a previously published protoé%Burgical specimens were collected into 30
mL of cold RPMI with 10% fetal bovine serum and Al penicillin-streptomycin.
Specimens were finely minced between two scal@elds and incubated for 15 minutes
at 37°C with 600 U/mL collagenase IV (Worthingtdakewood, NJ) and 20 ug/mL
DNAse 1 (Roche, Indianapolis, IN) in RPMI with 1G&éal bovine serum. After 15
minutes, samples were triturated five times usisgrange with a 16G needle and
incubated for another 15 minutes. At the conclusibtne second digest period, samples
were triturated an additional five times using drgye with a 16G needle. Samples were
typically fully dissociated at this step and wettefed through a 70 um cell strainer and
spun down at 500G for 10 minutes followed by agingth ice-cold Ca/Mg free PBS
(ThermoFisher, Waltham MA). Red blood cells wergely using ACK buffer
(ThermoFisher) for three minutes on ice to rem@ckhiood cells, even if no red blood
cell contamination was visibly seen in order tomi&n consistency across patient
groups. Some single-cell suspensions were cryopesén CryoStor CS10 (Sigma) for
batched flow cytometric analyses.

Quantitative PCR
RNA was extracted from the whole nasal tissue spes with Tri Reagent
(Qiagen) and converted to cDNA by using the’RiFst Strand Kit (Qiagen). Expression
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of IL4, IL5, IL6, IL7, IL10, IL13, IL21, IL23, TGFB1, IFNA1, CXCL12, CXCL13,
PRDM1, andTNFSF13B transcripts was examined using RT2 SYBR Green qPCR
Master Mix (Qiagen), and normalized to glycerald#d»g-phosphate dehydrogenase
(GAPDH; all primers from Qiagen).

Immunoglobulin quantification

Protein lysate supernatants from sinonasal tisgre wollected as described
above. Total IgG, IgA, IgE, IgG1, 1gG2, IgG3, a4 ELISAS (eBioscience, San
Diego CA) were performed according to the manufaets instructions. Total tissue
protein levels were measured with the Pierce® B@#tdh Assay kit (Thermo
Scientific). Tissue immunoglobulin levels were natiped to total protein levels.

Immunohistochemistry and Immunofluorescence

Tissue segments were fixed in 4% paraformaldehsuiedded in paraffin or
frozen in optimal cutting temperature compound, apdh sections were prepared.
Tissue sections were incubated with a mouse amtiamugG4 mAb (clone MRQ-44;
Sigma) or isotype control. For immunohistochemisstaining was developed with the
EnVision System-HRP for mouse primary antibodieak® Carpinteria, CA). Sections
were counterstained with hematoxylin, Gill no. 2r fuantification of IgG4cells,
numbers of IgG4-positive cells in photomicrographsompassing at least 3 high power
fields of subepithelial tissue were counted andesged per high power field. For
immunofluorescence, sections were either blockeéld #0% donkey serum, then were
incubated with both mouse anti-IgG4 and a rablggional anti-human IL-5R Ab
(Sigma PA5-25159) or rabbit IgG in the first stapd staining was developed with AF
594 F(ab’} donkey anti-mouse 1gG and AF 488 F(abdonkey anti-rabbit 1gG.

Syndecan-1 (CD138) immunoreactivity was assessédsh frozen tissue slides.
After elimination of non-specific binding with a BBbased blocking with 0.1% Triton X,
0.1% saponin, 3% bovine serum albumin and 3% nodoiakey serum for 1 hour at
room temperature, the slides were incubated ovieraigd°C with a mouse monoclonal
antibody to Syndecan-1 (ig/ml, clone B-A38, Abcam, Cambridge, MA), polycldna
anti-human IL-5R Ab (5 pg/ml) or their respective isotype controls: mougé1
(Biolegend) or rabbit polyclonal 1IgG (Abcam) at tt@responding concentrations.
Immunoreactivity was detected with donkey anti-n@secondary antibody, Alexa Fluor
594 and donkey anti-rabbit secondary antibody, Alekior 488 (both Life
Technologies) applied for 2 hours at room tempeeatNuclear staining was performed
with Hoechst 33342 nuclear stain (Sigma). Image®wequired at the Brigham and
Women'’s Confocal Microscopy Core Facility with aiggeLSM 800 with Airyscan
confocal system on a Zeiss Axio Observer Z1 inkenécrocope with a 20 x Zeiss,
0.8NA and a 63 x Zeiss oil, 1.4NA objectives.

ScRNA-Seq Analysis

Ethmoid scRNA-seq data was obtained from a presijopublished study/’
available from the dbGaP database under dbGaPsacne€20434. The UMI-collapsed
cells-by-genes matrix was input into Settaind scaled, centered and log normalized
through default code implemented in Seurat. Clirsgewas conducted as previously
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described Iterative clustering was conducted on the previpdsfined plasma cell
cluster, consisting of 2,520 cells across 12 pasamples. Briefly, a list of the 1,902
most variable genes among these cells was gendrgttluding genes with an
average log-normalized and scaled expression \gkgter than 0.22 and with a
dispersion (variance/mean) of between 0.22 andiicipal component analysis
(PCA) was performed over this list of variable gemath the addition of all
immunoglobulin isotype heavy chain constant regiang first 8 principal components
(PCs) were selected for further analysis basedisumal/identification of the “elbow” in
a plot of the percent variance explained per P@st€ls were determined using
FindClusters (utilizing a shared nearest neighB&N) modularity optimization-based
clustering algorithm) on the first 8 principal coomgnts with a resolution of 0.7. Cells
were then graphically displayed using Uniform Matdf Approximation and Projection
(UMAP) with a minimum distance of 0.75. Pearsorrelation withl L5RA was
evaluated for all detected transcripts using Sélrat

To determine cytokine sources within AERD polygee 4,276 cells collected
from AERD patient polyps were iteratively clusteiadhe following fashion. A list of
the 1,902 most variable genes was generated usengriteria outlined above. After
performing PCA, the first 15 PCs were used for tdtiag and UMAP display
following visual inspection of the principal compart elbow graph and determining
the inflection point. We note that this number &@sseparated all previously
identified cell types. Cellular identities wereaigted from previous analysis of this
datasef’

Sub-analysis of the 282 myeloid cells was conduoctethe 2,324 most
variable genes, determined as previously mentiohkd.first 5 PCs were utilized for
clustering and UMAP following visual inspectionthie PC elbow plot, and clustering
was performed with a resolution of 0.6. Sub-analygdithe 224 T lymphocytes was
conducted on the 2,587 most variable genes, datedras previously mentioned. The
first 6 PCs were utilized for clustering and UMA®I6wing visual inspection of the
PC elbow plot, and clustering was performed witesolution of 1.0.

Flow cytometry

Cells from the digested nasal polyp single celpsasion were stained with
mADbs against CD45, CD3, CD4, CCR3, CD27, CD38, GD(EBIiosciences), IL-5R
and CD20 (BD Biosciences, Franklin Lakes NJ) tontdg plasma cells/plasmablasts, B
cells, eosinophils and expression of the ILa5Rlasma cells were defined as
CD45'/CD3/CD20/CD27/CD38/CD138, B cells were defined as CD46D3
/CD20", and eosinophils were defined as STD45/CCR3.

Blood from atopic donors without nasal polyposiglronic rhinosinusitis was
obtained and stained with CD45, CCR3 and Ile3&determine the level of IL-5R
expression by peripheral eosinophils.

IL-5 stimulation of sorted plasma cells

Cells from freshly digested nasal polyp tissue vaated with mAbs against
CD45, CD3, CD4, CD27, CD38, CD138, and CD20 as alamd plasma cells, defined
as CD45/CD3/CD20/CD27//CD38/CD138 were purified with a BD FACSAria
Fusion Cell Sorter. Purified plasma cells were stated with or without IL-5 (1 ng/mL;
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PeproTech, Rocky Hill, NJ) for 6 hours at’@7 5% CO2. RNA was extracted from
sorted cells with the RNeasy Micro Kit (Qiagen)r GPCR, RNA from three
unstimulated/IL-5 stimulated pairs was converted@NA by using the RTFirst Strand
Kit (Qiagen). Expression dECND2 transcript was examined using RIYBR Green
gPCR Master Mix (Qiagen), and normalized to glylokrhyde-3-phosphate
dehydrogenase&5APDH; all primers from Qiagen).

For bulk RNA sequencing, RNA from two patients (eadth unstimulated and
IL-5 1 ng/mL stimulated conditions evaluated in licgte) was normalized to 10 ng as
the input amount for a 2.2X SPRI ratio cleanup ggiwgencourt RNAClean XP beads
(Beckman Coulter, A63987). After oligo-dT primingaxima H Minus Reverse
Transcriptase (ThermoFisher EP0753) was used thesize cDNA with an elongation
step at 52 °C before PCR amplification (18 cyctessbrted plasma cells) using KAPA
HiFi PCR Mastermix (Kapa Biosystems KK2602). Sequieg libraries were prepared
using the Nextera XT DNA tagmentation kit (Illumif&-131-1096) with 250 pg input
for each sample. Libraries were pooled post-Nexearhcleaned using Agencourt
AMPure SPRI beads with successive 0.7X and 0.8% &®RIs and sequenced with an
lllumina 75 Cycle NextSeq500/550v2.5 kit (lllumiRk&-404-2005) with loading density
at 2.2 pM, with paired end 35 cycle read structliiessue samples were sequenced at an
average read depth of 12.9 million reads per sarfaeed plasma cell samples were
aligned to the Hg19 genome and transcriptome STAR and RSEM! 38 After
concatinating read counts for technical replicatéterential expression analysis was
conducted using the DESeq2 package for R takirigmtarigin into account Genes
with Benjamini-Hochberg adjusted p-values corresiiogto a false discovery rate
(FDR) <0.1 were regarded as differentially exprdsse

Statistical analysis

Data are presented as individual points plus stanelaor (SEM), unless
otherwise specified. For the immunoglobulin anadysemparisons were performed with
the Kruskal-Wallis one-way ANOVA due to non-Gaussthstribution of the data.

Binary comparisons were carried out with the ManhiWey test. Significance was
defined as a two-taileB-value of less than 0.05. The binary polyp regroddlta were
analyzed with an unpaired t-test with Welch’s cotien. For the whole polyp mRNA
cytokine analyses, comparisons were performed avitinpaired, 2-tailedtest. The IL-

5 stimulated plasma cell mMRNA analysis was analyg#d a paired-test on log2
transformed data and the fold-change was calcukddbe anti-log of log2 stimulated-
log2 unstimulated. For the IL-BRsurface expression analysis, comparisons wergdarr
out with the Mann-Whitney test. Linear dependenes measured with the Spearman
correlation coefficient. Statistical analyses weeeformed using GraphPad Prism v7.0a
(GraphPad Prism, La Jolla, CA).

For scRNA-seq, data was analyzed with Seurat®.Baplemented in RStudio.
Disease-of-origin enrichment in clusters was detteechin Prism using the binomial test.
All violin plots, which we elected to use due toaeflation in single-cell data, contain
at minimum 292 individual data points in any onéigra group. Violins were generated
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through default code implemented in Seurat. Stegisenrichment for genes within
clusters and disease states was determined uginigptht test for differential gene
analysis®® For scores in single-cell data, we report efféxssin addition to statistical
significance as an additional metric for the magphét of the effect observed. The
calculation was performed as Cohen’s d where: efiee d = (Meanl1l-Mean2)/(S.D.
pooled). For bulk RNA-seq, differential gene exgies was evaluated using DESeq2,
implemented in RStudio. Regularized log transformepression values for differentially
expressed transcripts (FDR<0.1) were visualizedgifie pheatmap package,
implemented in RStudio.

Of note, there was not sufficient tissue from esughject for every analysis. There
was very little overlap between the subjects wisdses tissue was studied for ELISAS,
gPCR, immunohistochemistry, and immunofluoresceand,there was no overlap
between the subjects who cells were studied by #cB8ly and by flow cytometry
(Supplemental Table E1).

Results:
Study population and demographics

There were no statistically significant differenaesge or sex between subjects
with CRSWNP, CRSsNP, and AERD. Non-CRS control ectigjwith surgical excision
of concha bullosae were all female (5 of 5 sub)edtise lifetime number of endoscopic
sinus surgeries was significantly highBr< 0.0001) in AERD subjects compared to
aspirin-tolerant CRSwNPT@ble). All patients with AERD had physician-diagnosed
asthma and their AERD diagnosis had been confinvitdan oral aspirin challenge by a
physician with expertise in AERD. Six of 27 aspitalerant CRSwWNP patients had a
diagnosis of asthma.

Nasal polyp IgE and IgG4 levels are elevated in BER

Polyp tissue lysates from subjects with AERD caredisignificantly higher
concentrations of IgE and IgG4 compared to sindrissaie from non-CRS controls,
CRSsNP, and CRSwN{Figure 1 A and B). Polyp IgE concentrations were more than
3-fold higher in the AERD samples than in thosefiGRSwWNP sample$(<0.01), and
14-fold higher in subjects with AERD than with CRE5(P < 0.0001)Figure 1 A).
Nasal polyp 1gG4 protein levels were more thanl@-fagher in subjects with AERD
than with CRSWNPHK < 0.0001), 43-fold higher in AERD compared to CRBYR <
0.001) and close to 300-fold higher in AERD compaenon-CRS control$(<
0.0001)(Figure 1B). IgG4 as a percent of total IgG was significahilyher in subjects
with AERD as compared to aspirin-tolerant CRSwWRRE=(0.005)(Figure S1), but there
was no difference among the four phenotypic gronpkeir levels of IgG1, 1gG2, and
IgG3 as a percentage of total IgG (data not shoWajably, nasal polyp 1gG4 levels did
not correlate with IgE levels in the same sampiiesa not shown).

The subjects with AERD who had the most rapidlyuresnt nasal polyps (within
less than 6 months) had higher IgE levels thanestbjwith slower polyp regrowtl? &
0.005)(Figure 1C), whereas AERD subjects with slower nasal polypaeth had a
trend toward higher IgG4 leve{Bigure 1D). Across all subjects with nasal polyposis,
there was a correlation between IgG4, but not &yels, and total lifetime duration of
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nasal polyposi¢Figure 1 E and F). There was no association between rate of polyp
regrowth and nasal polyp IgA levels (data not shovintal antibody levels did not
correlate with subject age (data not shown). Thexe not a significant correlation
between serum IgE and polyp IgE levels in the samfsbm the 22 patients for whom
both serum and polyp IgE levels were availablegdat shown).

To further confirm our findings, we immunohistocheatly evaluated nasal
polyp tissue for IgG4antibody-associated cells. We found that subjeits AERD had
over 5-fold more IgG4cells compared to subjects with CRSw{fiRgure 2A-D).

Type 2 cytokine and B cell function-related mRNApgession in nasal polyp subsets

To determine the factors driving local IgE and Ig@dduction in the nasal polyp
tissue of subjects with AERD, we used gPCR to neasiRNA for a number of
cytokines potentially involved in immunoglobulingaluction and class switch
recombination in the nasal polyp tissue of subjedtis AERD and CRSwWNP. There was
significantly moredL10 mRNA present in the whole nasal polyp tissue tfetts with
AERD compared to CRSWNRP & 0.037), but no differences in type 2 cytokine NdR
levels measured, including4 andIL13, or in other cytokines or growth factors relevant
to B cell function, includindL6 andTGFBL1 (Supplemental Table E2). We could not
detectlL21 transcript in a sufficient number of samples tdkena comparison between
groups andL21 was not detected in the SCRNA-seq dataset (datshioavn).IL15
transcript was not detected in the whole polyp, iaritie SCRNA-seq dataset there was
no difference inL15 expression between AERD and CRSwWNP. IL-5 proteis helow
the limit of ELISA detection in most of our sampl@sta not shown).

ScRNA-seq identifies a transcriptionally distinatibody-expressing cell cluster
increased in subjects with AERD

To extend our primary observations and identify ¢kllular sources of class
switch-associated cytokines in an unbiased fashvenjtilized a previously generated
scRNA-seq dataset of surgically-resected and diatsatnasal polyp tissue from a cohort
of three subjects with AERD, three subjects withiis-tolerant CRSWNP, and five
subjects with CRSsNP, specifically focusing onpheviously identified antibody-
expressing cell cluster$ Iterative clustering of these populations yiel@edusters
(Figure 3A), all of which contained cells derived from at keaight donors and all three
disease stat€&igure S2). The majority of cluster-defining genes encoded
immunoglobulin componen{Supplemental Table E3). As previously observet,
kappa and lambda light chain usage underlies arrdajsion between cluste(§igure
S3A). Little IGHM or IGHD expression was observéegure S3B), while robust
expression of IgA and IgG isotype regions infornieel remaining clusters, indicating
that the majority of antibody-expressing cells detd were class-switchéBigure
S3C). Interestingly, some clusters were associated aigbase phenotyd€igure 3B).

To understand the disease-specific differencesriyidg our clustering, we
specifically compared transcript expression betws&ERD, CRSWNP and CRSsNP-
derived antibody-expressing ce{Bupplemental Table E4). IGHG4, encoding the
IgG4 constant region, was significantly increasedERD relative to CRSwWNP and
CRSsNRFigure 3C, Figure S3C), confirming a local source for the increased prote
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levels(Figure 2A). We similarly saw enriched expression [GHE, encoding the IgE
constant regiofFigure 3C, Figure S3D).

To gain additional insights into potential mechamsegulating these AERD-
enriched antibody-expressing cell clusters, wehkrainalyzed the underlying gene lists
to look for unique cell-surface receptor expressipespite not identifying significant
differences inL5 mRNA levels in bulk tissue, we found that AERD{gled antibody-
expressing cells were significantly enriched loBRA (Figur e 3C, Figure S3E),
encoding IL-5Rx, and further observed that this was the sole kadcytokine receptor
(Supplemental Table E4). There was no difference between antibody-expressatig
expression o0€SF2RB, encodinghe beta subunit for IL-5Retween AERD and
CRSwWNP patients (data not shown). To evaluate dlssiple contribution ofL5RA to
antibody-expressing cell biology, we evaluatedscaipts correlating withL5RA in our
scRNA-seq dataset. Through this approach, we fthetdGHG4 andCCND?2 displayed
the strongest correlation with5RA (R = 0.29 and 0.28 respectiveR/< 0.0001) and
IGHE also correlated withL5RA (R = 0.18,P < 0.0001)Figure S3F). This is in
contrast tdGHM, IGHD, andlIGHA1/2 which were all negatively correlated with5RA
in the scRNA-seq dataset (data not shown).

To understand the contribution of different ceppég to cytokine production in
AERD, we utilized our previously generated sScRNA-dataset of dissociated nasal
polyp cells from subjects with AER#.ScRNA-seq of all polyp cells revealed the
cellular identity of respiratory epithelial, stroh@ad immune cell types in the nasal
polyp tissugFigure S4A). We examined the transcripts of each cell typeeatify the
potential cell-of-origin for type 2 cytokines pdslyiinvolved in class switching to IgE
and 1gG4 in AERD. Myeloid cells were the dominaotice oflL10, with IL-10
expression specifically mapping to the previoudinitified SLOOA8-expressing
inflammatory DC-3 an€€C1Q-expressing macrophagésvithin the myeloid cluster
(Figure $4B). IL-5 expression was restricted to the T cell clustad sub-analysis
indicated that these T cells co-expresdek® andHPGDS** suggestive of the recently
identified Th2A celt* (Figure S4C).

Surface expression of IL-5Ron antibody-expressing cells from nasal polyps

To further evaluate differences in antibody-expregsells between subjects with
AERD and CRSwWNP, we examined plasma cells in tisalr@olyp single-cell
suspensions from subjects with AERD and CRSwNPfléve cytometrically quantified
plasma cells as CDZ&D3/CD20/CD27/CD38/CD138 and found that subjects with
AERD have significantly higher numbers of plasmbsoeithin their nasal polyps
compared to tissue from subjects with aspirin-BEndeICRSWNPR = 0.0051)Figure
4A). There was no significant difference in the petaga of CD45 cells that were B
cells in subjects with AERD (5.5 + 1.8%) vs. CRSW{35 £ 0.7%P = 0.35). The
plasma cells in nasal polyps from subjects with AERso had greater surface
expression of IL-5k compared to tissue from subjects with aspirinraole CRSWNPR
= 0.019)(Figure 4B, C and Figure S5), but there was no difference in B cell surface
expression of IL-5R between group@=igure 4C). Surface expression of IL-bFon
nasal polyp eosinophils was similar to that on hpskyp plasma cellgFigure S6A), and
was higher on peripheral blood eosinophils fronpatadonors without history of chronic
rhinosinusitigFigure S6B). Using immunofluorescence, we examined nasal pidgpe
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from four patients with AERD and identified co-egpsion of IL-5kR and CD138 in
plasma cellsKigure 4D, representative sample). We also identified co-esgpom of IL-
5Ra and IgG4 in patients with AERDF(gur e S7, representative sample).

Functional IL-5 signaling on sorted plasma celtgrirnasal polyps in AERD

To assess the function of IL-&Rplasma cells were purified flow cytometrically
from subjects with AERD and were stimulated in pihesence of IL-5, or no cytokines,
for 6 hours. Bulk RNA sequencing was done on tw® ldtimulated/unstimulated plasma
cells pairs, and identified 28 transcripts thatewepregulated following IL-5 stimulation
and 28 transcripts that were downregulatédyre 5A). Upregulated transcripts
included several transcripts that correlated higtith IL5RA in the scRNA-seq dataset,
includingCCND2 (R = 0.28) and®TP4A3 (R = 0.16).

Based on the results of the unbiased bulk RNA serng, we assessed for
plasma cellCCND2 transcript before and after stimulation with Ilirfbthree subjects
with AERD (Figure 5B). In the IL-5-stimulated plasma cells, there w&s3b- to 3.42-
fold increase in expression 6GCND2 compared to the pre-stimulation levePsx
0.0017).

Discussion:

Neither the regulatory factors nor the direct copsamces of local antibody
production in nasal polyp tissue are known. Furtiee, differences in antibody
production levels between subjects with aspirier@mht CRSWNP and subjects with more
severe polyposis and AERD had not previously beeognized. Due to the potential
importance of IgE and IgG4 in AERD pathogenesisthedpotential for additional
antibody-driven effector mechanisms, we soughteracterize local antibody
production in nasal polyp tissue in subjects withRD and identify factors that influence
the relevant antibody-expressing cells.

We tested whole nasal polyp extracts from patiesitts AERD, aspirin-tolerant
CRSwNP, and controls with CRSsNP and concha butlssae (as a surrogate non-CRS
control tissue) for concentrations of discretelaody isotypes. As anticipated, polyps
contained all antibody isotypes at higher concéioina than in non-polyp control tissue.
Furthermore, total polyp IgG4 (R=0.47, P=0.0051, tot IgE, correlated with lifetime
disease duration of nasal polypodtsgure 1E-F). While all antibody levels tended to be
higher in the polyps from AERD subjects than thiseen CRSwWNP (data not shown), the
differences between these two groups in total(§Bure 1A) and IgG4(Figure 1B)
were remarkable. Moreover, polyp IgE levels did sighificantly correlate with serum
IgE from the same subjects, suggesting that IgEsyathesized locally. IgE-producing
cells are notoriously difficult to detect due taywéow receptor density compared with
other isotypes, and their ephemeral nature in tamaony B cell pool of blood and
secondary lymphoid orgafiSHowever, IgG2 cells were readily detectable in the AERD
polyps, and were far more numerous than in theiasjolerant control polyps, and rare
IgE-expressing cells could be observed through FeRéh analysigFigures 2A-D, 3,

S3). These observations support mechanisms thatfisdlgi regulate the local
productions of IgE and 1gG4 in nasal polyps, arat gtrongly differentiate the subjects



561 with more severe polyposis who have AERD from asgolerant CRSwWNP. It is

562 suspected that local tissue mast cell activatiorirdmutes to nasal tissue inflammation in
563 AERD, though the underlying mechanisms that leachtonic mast cell activation in the
564 tissue have not been elucidated. Although manyestbjvith AERD lack classic atofy,
565 they do tend to have elevated serum IgE letetsrecent study reported that treatment
566 with omalizumab, a monoclonal antibody against ligiproved sinonasal symptoms in
567 patients with AERD and also decreased urinary P@Btabolite and leukotrieng E

568 levels, both of which are likely derived from mastls, by ~90%" Therefore, the

569 elevated levels of IgErigure 1A) and the association with IgE and aggressive reatirr
570 diseasdFigure 1C) could be instrumental to the mast cell activatiotinin the nasal
571 polyp tissue in AERD. Further, our data suggeststtie IgG4 production may have a
572 protective effect in preventing nasal polyp regtowt these patien{$-igure 1D). While
573 the tissue has many plasma cells expressing tighgarall IgG isotypes, 1gG4 is the
574  only isotype higher in AERD as a percentage ofligia (Figure S1). Our study was
575 limited to retrospective clinical data based origrdtrecall. Prospective study of

576 contribution of IgE and IgG4 to polyp severity atdonicity will further elucidate the
577 relationship of these antibodies to polyp severity.

578

579 Whereas locally-generated IgE may permit mast detisophils, and other £Rl-
580 bearing effector cells to respond to cryptic ornoixgal antigens, the pathophysiologic
581 significance of 1gG4 is not clear. Like IgE prodoct, IgG4 production by B cells is
582 regulated by IL-4/IL-13 signaling, but the balartoe/ard IgG4 is controlled by the

583 regulatory cytokine IL-10° ScCRNA-seq analysis of nasal polyp cells from stisjevith
584 AERD revealed expression df10 by macrophages and inflammatory DC3, with a
585 minor contribution from the T cell compartméfigure $4). Our finding that AERD
586 polyps express more than three-fold higher levels 10 mRNA (but not other B cell
587 active cytokines) than CRSwWNP tisqi@eipplemental Table E2) is consistent with

588 regulatory T cells or myeloid cells driving IgG4ogiuction in response to chronic

589 antigen exposure. IgG4 may have an immunoregulatdeyin patients with allergic
590 sensitizatiof and is involved in the immune response to invapamsite$’ However,
591 itis also elevated in pathologic conditions inéhgleosinophilic esophagiffsand 1gG4-
592 related diseases, a group of fibro-inflammatoryudisrs involving multiple organ

593 system$? It is possible that in the AERD polyp environmant in eosinophilic

594  esophaugitis, high IL-5 levels may facilitate IgGebgucing plasma cells. We see that
595 IgG4 levels are highest in patients with the longesation of nasal polypos{Eigure
596 1F) possibly reflecting chronic antigenic exposure dailed compensatory response.
597 Given that IgG4 can potentially block antigen bitgito IgE in nasal polyp tisst®ijt is
598 also possible that it could modify skin test reattiin patients with AERD, who are
599 frequently non-atopic, as it may in subjects witisiaophilic esophagitis who respond
600 clinically to food protein withdrawal even withoetidence for IgE sensitization.

601

602 We then sought to identify cell type-intrinsic faxg that might favor the

603 production of IgE and IgG4 over other isotypes BRD polyps. Massively parallel
604 scRNA-seq can reveal cell-type and disease-spatifferences in mMRNA expression
605 profiles by revealing the most strongly differetiyi@xpressed transcripts. Accordingly,
606 we identified distinct clusters of antibody-expiagscells that were enriched in AERD
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notable for their strong expressiond GHG4 andIGHE and also distinguished by
IL5RA expressiorfFigure 3B and 3C). We verified through flow cytometry that AERD
polyps contained substantially greater numberspendentages of plasma cells bearing
surface IL-5R than did CRSwWNP control polygBigure 4B), and confirmed the co-
expression of IL-5R and the plasma cell marker CD138 through immumaéiscence
(Figure 4D). We also found that nasal polyp antibody-expregsgils in subjects with
AERD can express both IL-5Rand IgG4(Figure S7). SCRNA-seq analysis of nasal
polyp cells from subjects with AERD revealed expres ofIL5 by effector T cells
(Figure $4). While ILC2 cells are also known to expréks, these cells were not
identified in the previous study likely due to theglative scarcity, comprising only
0.01%-0.1% of CD45nasal polyp cells?

Though best known for its survival-sustaining etfifezn eosinophils, IL-5 was
originally described as a factor required for thgvation, proliferation, and
differentiation of mouse B cells into antibody-satarg plasma cell$®*°and acts as a
strong survival factor for mouse plasma c&liurther, IL-5 has been shown to act
synergistically with IL-4 to increase lymphocytegduction of IgE from human
lymphocytesn vitro>” and IL-5 is known to be associated with IgE lewelbumansn
vivo.”® To evaluate the possible contribution bSRA to antibody-expressing cell biology
in the nasal polyp tissue, we evaluated transcapitselating withlLS5RA in our SCRNA-
seq dataset and found th&HG4 andCCND2 displayed the strongest correlation with
IL5RA (R = 0.29 and 0.28 respectivel)CND2, which encodes for cyclin D2, is a cell
cycle gene known to be involved in the developneémhurine lymphocytes and was
previously identified as a murine antibody-secigtiell transcript upregulated following
IL-5 stimulatior’® To explore this further, we asses@@&ND2 expression in
unstimulated/IL-5 stimulated human nasal polyp plasell pairs with g°PCR, and found
that CCND2 expression increases three-fold following stimalatith IL-5 (Figure
5A). To confirm that the IL-5R on these cells was functional and biologicalleveint,
we investigated the transcriptional consequencéis-6fstimulationin vitro and
determined that stimulation with IL-5 leads to ugrkation of multiple transcripts
involved in cell cycle and proliferatiorfrigur e 5B).%%°*

IL-5Ra is not expressed on resting B céfisiowever, when B cells are activated,
IL-5Ra is induced through a STAT6-dependent path@Wahus, our findings confirm
the presence of locally activated B cells in ngsdyp and support a potential role for IL-
5 signaling in B cell differentiation, proliferaipand survival, that could lead to
increased generation of antibodies within the méd tissue.

Humanized monoclonal antibodies against IL-5 an8Ra show efficacy in the
treatment of eosinophilic asthma and nasal poly#8sic A Phase 2 trial of IL-5
inhibition with mepolizumab in patients with nagalyposis showed a therapeutic effect
with a reduction in both polyp size and patient pgoms®* Furthermore, we recently
demonstrated that mepolizumab improved upper r@&spy symptoms and asthma
control in subjects with AERE® However, another recent study of dexpramipexale, a
experimental drug that depletes nearly all eosiiteffom within the nasal polyp tissue,
failed to show any symptomatic improvement or aguction in nasal polyp sizé.
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Taken together with our current findings, we suspeat IL-5 and IL-5R-targeting
monoclonal antibodies may alter the survival amitfion of IL-5Ry" antibody-
expressing cells in addition to their effects osieophils, which may contribute to the
mechanism of their therapeutic benefit.
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Figure L egends:

Table 1. Patient characteristics.

Figure 1. Nasal tissue I gE and 1gG4 levels are elevated in AERD and relate to nasal
polyp recurrence. Total tissue levels (fA) IgE and(B) IgG4 were measured by ELISA
from concha bullosa samples of patients withoutsinflammation (non-CRS controls),
sinus mucosa of patients with CRSsNP, and nasgpp@isue from patients with aspirin-
tolerant CRSWNP and AERD. Nasal polyp I¢E) and IgG4(D) levels in AERD

patients with rapid nasal polyp regrowth (< 6 majthr slower nasal polyp regrows ¢
months). The nasal polyp IgG4, but not IgE levietam patients with aspirin-tolerant
CRSwWNP and AERD correlate with lifetime duratiomaisal polyposi¢E-F). Data in A

- D are mean £SEM, correlation in E and F was dated by Spearman.

Figure 2. 1gG4" antibody-expressing cells ar e specifically elevated in nasal polyps
from patientswith AERD. (A) Number of IgG4 lymphocytes per HPF from nasal
polyp tissue of patients with aspirin-tolerant CR8and AERD, n=>5 for each group.
Data in A are mean +SENB - D) Representative samples (CRSwiBRand AERD C,
magnified inD) of nasal polyp tissue stained with anti-lgG4.dlarrows identify 9G4
cells.

Figure 3. SCRNA-seq of antibody-expressing cell populations from sinustissue of
subjectswith CRSSNP (n=5), CRSWNP (n=3) and AERD (n=3). (A) UMAP plot of
2,520 antibody-expressing cells from sinonasaliés CRSsNP, CRSwWNP and AERD
patients, indicating 9 clusters identified throuwgbkhared nearest neighbor analy®3. (
UMAP plot of sinonasal antibody-expressing celtdpeed by disease of origin.
Statistical enrichment for AERD disease-of-origiasmobserved for cluster R<1x10

19, cluster 3P<1x10™), cluster 4 P<2x10%?), cluster 6 P<1x10"), and cluster 7
(P<1x10™) (C) Violin plots of select genes significantly enrichieadAERD relative to
CRSsNP and CRSwWNP within sinonasal antibody-exprgs=ll populations, including
IGHG4 (P<1x10%°Y), IGHE (P<2x10°%, andIL5RA (P<2x10%Y). Cohen'’s d effect size
for AERD relative to CRSWNP is 1.57, 0.50, and Qr@8pectively for the 3 transcripts.

Figure 4. Flow cytometric characterization of plasma cells and immunofluor escence
of polyp tissue. (A) Nasal polymlasma cell frequency as a percentage of Cé8s,
(B) plasma cell surface expression of ILé&RC) B cell surface expression of IL-6R
and(D) immunofluorescence staining of nasal polyp tissugfasma cells (white
arrows) co-expressing IL-5R(green) and CD138 (red).

Figure5. Transcriptional consequence of |1L-5 stimulation of human nasal polyp
plasma cells. (A) Heatmap representation of differentially expredsadscripts (FDR <
0.1) in plasma cells from two subjects with AERBatied with IL-5 (1 ng/mL, 6 hours)
relative to vehicle control treatment. Scale baidates Z-score scaled by ro{)

CCND2 fold change with IL-5 stimulation (1 ng/mL, 6 hediin nasal polyp plasma cells
from three subjects with AERD, normalized to glyddehyde-3-phosphate
dehydrogenase; paired t-test.



Table 1. Patient characteristics.

AERD CRSWNP | CRSSNP Healthy
Controls
Number N =42 N =27 N=14 N=5
Sex (male:female) 19:23 16:11 4:10 0:5
Median age (y) [range] 47.5[20-77] | 52 [20-74] 31[23-67] | 41[31-67]
Asthma (%) 100% 22% 36% 0
Lifetime number of polypectomies 2.4 (+1.3) 1.3 (+ 0.4)* N/A N/A

(mean £SD)

* This is P < 0.0001 for CRSwWNP lifetime number of polyp surgeries compared to the AERD lifetime

number of polyp surgeries
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