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ABSTRACT

Background: Stimulator of interferon genes (STING) activatifawvors effective
innate immune responses against viral infectiotss.rdle in chronic rhinosinusitis
with nasal polyps (CRSwWNP) remains unknown.

Objective: To explore the expression, regulation, and functmin STING in
CRSwWNP.

Methods. STING expression in sinonasal mucosal samples nalyzed by means of
guantitative RT-PCR, immunohistochemistry, flow ayietry and western blotting.
STING expression regulation and function were epgaldby using cultured primary
human nasal epithelial cells (HNECs) and BEAS-2Blcesin vitro.

Results: STING expression was reduced in eosinophilic npsbips compared with
that in noneosinophilic nasal polyps and contresues. STING was predominantly
expressed by epithelial cells in nasal tissue aasl downregulated by IL-4 and IL-13
in a STAT6-dependent manneéfNECs derived from eosinophilic polyps displayed
compromised STING-dependent type | interferon potidn, whereas heightened
IL-13-induced STAT6 activation and CCL26 productias compared to those from
noneosinophilic polyps and control tissues, whidrewescued by exogenous STING
overexpression. Knocking down or overexpressingN&l ldecreased or enhanced
SOCS1 expression in BEAS-2B cells, respectivelgependent of canonical STING

pathway elements, TBK1 and IRF3. Knocking down SO@Bolished the inhibitory
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effect of STING on IL-13 signaling in BEAS-2B cellSTING expression positively
correlated with SOCS1 expression, but negativelyetated with CCL26 expression
in nasal epithelial cells in CRSwWNP patients.

Conclusions: Reduced STING expression caused by the type Zumitiot only

impairs STING-dependent type | interferon produtti®out also amplifies IL-13
signaling by decreasing SOCS1 expression in ngstietial cells in eosinophilic

CRSwWNP.

Key words: Chemokine (C-C motif) ligand 26, interleukin 1&sal polyp, stimulator
of interferon genes, suppressor of cytokine sigugali, signal transducer and activator

of transcription 6.

Key messages.

® STING expression is reduced in nasal epithelidsaaleosinophilic nasal polyps
compared with that in noneosinophilic nasal polgpsl control tissues, which
may be induced by IL-4 and IL-13 in a STAT6-deperidaanner.

® Nasal epithelial cells of eosinophilic nasal polyplssplay compromised
STING-dependent type | interferon production, beightened IL-13-induced
STAT6 activation and subsequent CCL26 productiommared to those from
noneosinophilic polyps and control tissues.

® STING restricts IL-13 signaling by inducing SOCSg%peession in airway

epithelial cells.
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Capsule summary: Downregulated STING expression caused by type t@kaoyes
impairs type | interferon production but exaggesaemsinophilic inflammation in

CRSwWNP. STING functions as a suppressor of IL-Ihaing in airway epithelial

cells.

Abbreviations:

CCL: chemokine (C-C motif) ligand
CDN: cyclic dinucleotides
2'3-cGAMP: 2'3'-cyclic GMP-AMP
CRSWNP: chronic rhinosinusitis with nasal polyps
dsDNA: double-stranded DNA
GUSB: beta-glucuronidase

HNECs: human nasal epithelial cells
IL: interleukin

IRF3: interferon regulatory factor 3
LPS: lipopolysaccharide

Poly (I:C): polyinosinic: polycytidylic acid

RT-PCR: reverse transcription-polymerase chainti@ac

siRNA: small interfering RNA
SOCS: suppressor of cytokine signaling
STATG6: signal transducer and activator of transmip6

STING: stimulator of interferon genes
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TBK1: TANK binding kinase 1

TLR: Toll-like receptor

INTRODUCTION

Chronic rhinosinusitis with nasal polyps (CRSwWNPB)ai multifactorial disease
characterized by exaggerated and persistent infltrom in sinonasal mucosa and
polyp formation® 2 Type 2 response-dominated eosinophilic inflamnmatias been
considered a major pathologic hallmark of CRSwWNRCeucasians; however, over
half of CRSWNP patients in East Asia, including iZhidemonstrate noneosinophilic
inflammation®"’ Despite this heterogeneity, tissue eosinophiliadissistently linked
with poor clinical outcome in both populatiohs.Therefore, elucidating the factors
leading to eosinophilic inflammation in CRSwWNP raénsaa research focus.

Viral infection is thought to be a potential cohtrior to the initiation and
development of CRSWNE*? A high rate of common respiratory viruses, inclggin
rhinovirus, influenza A virus and respiratory sytialyvirus, was detected in nasal
epithelial cells or lavage fluids of CRSWNP patielit ** The impaired innate
response to these RNA viruses has been reportgzhtiants with CRSWNE In
addition to eliciting innate immunity, these RNAwses may promote eosinophilic
inflammation by inducing thymic stromal lymphoparetproduction via specific

pattern recognition receptors, such as Toll-likeeptor 3 (TLR3), in airway epithelial
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cells’® Other than RNA viruses, several DNA viruses, suh herpes virus,
Epstein-Barr virus and adenoviruses, have beenlyodatected in patients with
CRSWNP as weft" **Wang et al. reported that herpes simplex virusféction may
disrupt the epithelial barrier and lead to subsatjiecterial infection irex vivo
cultured polyp tissues, suggesting a pathogenie 0dIDNA viruses in CRSWNP.
However, the innate responses against DNA virusesvary poorly understood in
patients with CRSwWNP.

Stimulator of interferon genes (STING), encodedTMEM173, was originally
identified as a cytosolic nucleic-acid sensor ttatrols DNA virus and retrovirus
infection® *° This process requires cyclic GMP-AMP synthase, MADinding
protein, to synthesize the second messenger 2@iecEMP-AMP (2'3’-cGAMP),
which in turn activates STIN&. Activated STING subsequently recruits and
activates TANK-binding kinase 1 (TBK1) and IFN réagory factor 3 (IRF3) via a
phosphorylation-dependent mechanism. STING alsovades NF«B, which
functions together with IRF3 to initiate the trangtion of type | interferon (IFN}®
19 Beyond the classic function in innate immunityesal novel functions of STING
have recently been revealed. For example, STING bwen implicated in the
regulation of adaptive CD4T cell proliferation and functioft: %2

The present study was undertaken to explore (1NGTExpression in the
sinonasal mucosa and whether its expression Is\adtared in CRSWNP; (2) whether
the CRSwNP-related inflammatory milieu has a raleniodifying STING expression;

(3) whether STING-dependent antiviral function istdrbed in CRSwWNP; and (4)
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whether STING has other novel functions in CRSwNP.

METHODS
Subjects

This study was approved by the Ethics CommitteeTarfigji Hospital and
conducted with written informed consent from eveatient. A total of 96 control
subjects, 91 patients with eosinophilic CRSwWNP @hghatients with noneosinophilic
CRSwWNP, were included in this study. The diagnasisCRSwWNP was made
according to the current European and Americanadinies™ > CRSWNP was defined
as eosinophilic when the percentage of tissue ephils exceeded 10% of the total
infiltrating cells, as previously reportéd® * **This cutoff was calculated as twice
the standard deviation of the mean eosinophil p¢age in controlé. Subjects
undergoing septoplasty because of anatomic vamstand without other sinonasal
diseases were enrolled as control subjects. Dwimgery, nasal polyp tissues from
CRSWNP patients and inferior turbinate mucosalgssfrom control subjects were
collected. Human nasal epithelial cells (HNECs) evecraped from the inferior
turbinate of controls or nasal polyps of CRSWNRepas as previously describ&d®
2526 Not all samples were included in every experimemtatocol because of limited

guantity. More information is provided in the Om®iRepository, including Table E1.

Histology and immunohistochemistry

Hematoxylin and eosin staining, immunohistochemaad immunofluorescence
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staining, and cell quantification were performedpeaviously describe¥** *>More

information is provided in the Online Repositongluding Table E2 and Table E3.

Quantitative RT-PCR
Quantitative RT-PCR was performed as stated elsefié® More information

is provided in the Online Repository, including Teag4.

Dispersed nasal tissue cell preparation and flow cytometry
Sinonasal mucosal samples were dissociated meeitigniié¢* Flow cytometric
analysis of STING expression in dispersed nasaudiscells was performed as

previously described.?” More information is provided in the Online Reposjt

Western blot analysis
Western blotting analysis was performed as preljousported® ?*® More

information is provided in the Online Repositangluding Table E5.

Cdl culture

Primary HNECs and the human bronchial epithelial ABE2B cell line
(American Type Culture Collection, Manassas, VAYeveultured with an air-liquid
interface (ALI) method or submerged as previouslgntioned:* For expression
regulation experiments, HNECs from control subjestye cultured with an ALI

method and treated with various cytokines and TLgonests. To retain the

10
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disease-specific expression pattern of STING, HN#&€s cultured submerged when
comparing the differences among the control, egiilic CRSwWNP and
noneosinophilic CRSWNP groups. BEAS-2B cells warkuced submerged and used

for the transfection assay. More information isvied in the Online Repository.

Transfection and function assay

BEAS-2B cells angirimary HNECs were transfected with small interigrRNA
targeting STING (si-STING), STAT6 (si-STAT6), or BIG expression plasmids as
stated elsewher& % In some experiments, cells were further stimulateith
2'3-cGAMP (Thermo Fisher Scientific, Waltham, MAJSA) and/or IL-13 (R&D
systemsMinneapolis, MN, USA) after transfection. More infieation is provided in

the Online Repository.

Generation of TBK 1, IRF3, and SOCS1 knockout BEAS-2B cells
TBK1-knockout (KO), IRF3-KO and SOCS1-KO BEAS-2B lise were
generated by the CRISPR/Cas9 system as previoasbyribed® *° More information

is provided in the Online Repository.

Promoter-luciferase reporter construct and lucifer ase assay
Putative STAT6-binding elements on the STING pranaetere predicted by the
JASPAR database (http://jaspar.binf.ku.dk/). DN&giments containing wild-type and

mutated STAT6 binding sites of the STING promoterrevgenerated by PCR and

11
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cloned into a firefly luciferase reporter constr@geGL3 vector; Promega, Madison,
WI). BEAS-2B cells were transfected with the indexh constructs together with
Renilla luciferase plasmids as previously repoffdd. some experiments, transfected
cells were treated with a STATG6 inhibitor or si-SBAbefore 1L-13 stimulation. Cell
lysates were analyzed for luciferase actividore information is provided in the

Online Repository.

Enzyme-linked immunosor bent assay
IFN-a, IFN-B, and CCL26 levels in cell culture supernatantsewaeasured by

using commercial kits (R&D Systems) according t® tanufacturer’s instructions.

Statistical analysis

Data distribution was evaluated by using a Kolmoge8mirnov or
Shapiro-Wilk test to assess the normality and hamnedy of variance. For normally
distributed data, ANOVA with Tukey’post hoc test was applied to adjust for multiple
comparisons, and unpaired Studehtsst was used for binary comparisons. For data
not normally distributed, a Kruskal-Wallis test withe Dunnpost hoc test was used
to adjust for multiple comparisons, and binary cangons were carried out with a
Mann-WhitneyU 2-tailed test. Data derived from tissue studiespesented in dot
plots with horizontal bars representing medians amdr bars showing interquartile
ranges. Data from cell culture experiments are esqed as the mean and SEM. For

categorical variables, a chi-square test or Fishexact test was performed.

12
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Correlations were performed using Spearman’s crogl. P < 0.05 was considered

significant.

RESULTS
Decreased expression of STING in eosinophilic nasal polyp tissues

Consistent with previous studig$,we found that the mRNA expression levels
of IL-17A and IFNy were elevated in both eosinophilic and noneosiitiephasal
polyp tissues (Fig E1, A), whereas the mMRNA expoes®f IL-5 and IL-13 was
upregulated only in eosinophilic nasal polyp tissEig 1, A), as compared with
those in control tissues. Moreover, we found thatomparison with those in control
tissues, the mRNA expression level of STING wasnifiantly decreased in
eosinophilic nasal polyps, but not noneosinophilesal polyps (Fig 1, A). The
reduction of STING in eosinophilic nasal polyps wasfirmed at the protein level by
western blot analysis (Fig 1, B). In addition, wiscovered negative correlations of
STING mRNA expression with IL-5 and IL-13 mRNA eggsion (Fig 1, C) in nasal
polyp tissues in patients with CRSwWNP. Nevertheléissre was no correlation of
STING mRNA levels with IL-17A or IFNr mRNA levels in patients with CRSwWNP

(Fig E1, B).

Decreased expression of STING in epithelial cellsin eosinophilic nasal polyps
To examine the tissue-specific cellular expreseib8TING, we first performed

immunofluorescence staining of nasal polyp tisseetisns and found that STING

13
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was expressed by nasal epithelial cells (Fig 2a&\ell as infiltrating immune cells
in the lamina propria, including CDJ cells, CD20 B cells, CD11¢ dendritic cells,
CD68 macrophages, CD138plasma cells, MBP eosinophils, and MPOand
elastasé neutrophils (Fig E2). Compared to those in contisdues, the numbers of
CD3" T cells, CD4 T cells, CD8 T cells, CD20 B cells, CD11¢ dendritic cells,
CD68 macrophages, MPOneutrophils, and elastdsaeutrophils were elevated in
both eosinophilic and noneosinophilic nasal polffig E3). The numbers of MBP
eosinophils were higher in eosinophilic nasal pslypan in noneosinophilic nasal
polyps and control tissues (Fig E3). The numbers1BD" and elastaseneutrophils
were further increased in noneosinophilic nasaymolcompared with eosinophilic
nasal polyps (Fig E3). We also studied the celetwith STING expression in nasal
epithelium, and we found that KRT®Hasal cells, KRT8apical cells, and Foxj1
ciliated cells all had significant STING express{éig E4).

Then, we compared the expression intensity of STIiNGpithelial cells and
immune cells by flow cytometric analysis of dismetsnasal tissue cells. We found
that CD45CD326 hematopoietic cells had lower STING expressionntha
CD45CD326 epithelial cells in nasal polyp tissues (Fig 2, B)erefore, we focused
on STING expression in nasal epithelial cells; comgarethose in noneosinophilic
nasal polyps and control tissues, we found a Igweportion of STING-positive cells
by flow cytometry (Fig 2, C) and decreased immugotiwity of STING by

immunohistochemical staining (Fig E5) in nasal legil cells in eosinophilic nasal

polyps.
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Type 2 cytokines downregulate STING expression in a STATG6-dependent
manner in airway epithelial cells

We next investigated the regulation of STING expi@s in nasal epithelial cells.
HNECSs from control subjects were cultured with dd Aethod and stimulated with
allergens, TLR agonists, and cytokines relatech® gathogenesis of CRSWRIE®
We found that STING mRNA levels were upregulateddpG and TNFe but were
downregulated by IL-4 and IL-13 in HNECs (Fig E6). AVe further found that IL-4
and IL-13 downregulated the mRNA (Fig E6, B) anatein (Fig 3, A and B)
expression of STING in a dose-dependent mannerNEEE. Similar results were
found in BEAS-2B cells cultured submerged (data stawn). Considering the high
transfection efficiency and cell viability of cdihes, we selected BEAS-2B cells for
siRNA and plasmid transfection assays unless spaltyf stated. STAT6 is a master
regulator of IL-4 and IL-13 signaling: 3* We confirmed the enhanced
phosphorylation of STAT6 in response to IL-13 tmeant in BEAS-2B cells, which
was inhibited by pretreatment with AS1517499, a BaAnhibitor (Fig 3, C). We
further found that IL-13-induced STING downregubati was abolished by
AS1517499 pretreatment in BEAS-2B cells, indicatamgSTAT6-dependent effect
(Fig 3, D).This notion was further proven by the luciferasgoréer assay. We found
that IL-13-induced suppression of STING promotetivdyg was abolished by
pretreatment with the STAT6 inhibitor and si-STARBEAS-2B cells (Fig 3, E)The

knockdown efficiency of si-STAT6 is shown in Fig .Elhspection of the STING
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promoter sequence revealed four putative STAT6ibgndites (-1808 to -1794, -1573
to -1559, -474 to -460, and -93 to -79 relativehe transcriptional start site) (Fig 3,
F). We found that mutation in the first STAT6 bindisite (-1808 to -1794) abolished
the inhibitory effect of IL-13 on STING promoter taity in BEAS-2B cells,
suggesting that the STING promoter indeed harbdtmetional STAT6 binding site

(Fig 3, F).

Compromised STING-dependent type | interferon production in epithelial cells
in eosinophilic nasal polyps

Classically, upon activation, STING rapidly undexgo translocation to
perinuclear-associated endosomal regions, leadipgdsphorylation of TBK1, IRF3
and NFxB and subsequent type | IFN productidn® After stimulation with
2'3-cGAMP, a well-known STING activator, we founplunctate aggregations of
STING and phosphorylated TBK1 in the perinucleaaamuclear translocation of
phosphorylated IRF3 and p65 (Fig E8, A), and upiegn of IFNo and IFNg
MRNA expression (Fig E8, B) in BEAS-2B cells. Thessults underline a functional
canonical STING machinery in airway epithelial selfince HNECs may lose the
vivo disease-specific expression pattern of STING unhaleg-term ALI culture, we
cultured HNECs submerged when comparing the diifege among the different
study groups. In line with the defective expresabiSTING, we found that HNECs
from patients with eosinophilic CRSwWNP showed coonpised phosphorylation of

TBK1, IRF3 and p65 after 2'3'-cGAMP stimulation asmpared to HNECs from

16
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control subjects and patients with noneosinopl@IRSWNP (Fig 4, A). Eventually,
MRNA and protein production of IFN-(Fig 4, B) and IFN3 (Fig 4, C) were

significantly impaired in HNECs from patients withosinophilic CRSwWNP as
compared with those from noneosinophilic CRSwWNP @mtrol subjects in response

to 2'3’-cGAMP stimulation.

Loss of STING expression augments|L-13 signaling in airway epithelial cells

In addition to type 2 cytokines, we found that STGINexpression negatively
correlated with tissue eosinophilia in patientswitRSwWNP (Fig 5, A), which drove
us to explore whether STING in turn regulates tyenflammation. Epithelial
cell-derived CCL11, CCL24 and CCL26 are criticat focal eosinophil recruitment
in CRSWNP* **and can be induced by IL-13 via STAT6%° Among them, CCL26
had the highest upregulation in expression levaddsinophilic nasal polyps and the
tightest correlation with polyp eosinophilia (Fi®,EA and B). We therefore selected
CCL26 as our target mediator for further invesimat. We discovered that STING
MRNA expression negatively correlated with CCL26 M#Rexpression in nasal
epithelial cells in patients with CRSwWNP (Fig 5,, Ajdicating that STING may be
involved in the regulation of CCL26 expression imasal epithelial cells. To
substantiate this possibility, we transfected ayrwepithelial cells with si-STING or
STING expression plasmid, and the transfectiorciefficies in BEAS-2B cells are
shown in Fig E10. We found that si-STING treatm@ndmoted IL-13-induced

CCL26 production in BEAS-2B cells at both the mRBiAd protein levels (Fig 5, B),
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which was not affected by 2'3’-cGAMP treatment (BigB). Consistently, we found

that submerged cultured HNECs from eosinophilic @RB patients had enhanced
CCL26 production under IL-13 stimulation in compgan to HNECs from control

subjects and noneosinophilic CRSwWNP patients (FI@)5STING expression plasmid
transfection significantly inhibited IL-13-inducé@iCL26 production in HNECs from

patients with eosinophilic CRSwWNP (Fig 5, D).

To explore the mechanisms by which STING reguldite$3-induced CCL26
production, we studied the influence of STING orABd activation. We found that
STING overexpression markedly attenuated, whereaBING knockdown
significantly promoted STAT6 phosphorylation indddey IL-13 in BEAS-2B cells
(Fig 5, E-F). Moreover, we found that HNECs fronsi@ophilic CRSWNP patients
showed enhanced STAT6 phosphorylation under ILtliBuation in comparison to

HNECs from control subjects and noneosinophilic @RE® patients (Fig 5, G).

STING induces the expression of the negative regulator SOCS1 in airway
epithelial cells

TheSOCS family has a critical role in inhibiting cyiok signaling by regulating
the JAK-STAT pathway, and SOCS1, SOCS2, and SOCS#a best-characterized
members in suppressing type 2 cytokine signafirtgWe found that the mRNA (Fig
6, A) and protein (Fig 6, B) levels of SOCS1, bot those of SOCS2 or SOCS3,
were downregulated by si-STING and upregulated DB\N& plasmid transfection in

BEAS-2B cells, which was not affected by 2’3’-cGANHeatment.
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We further interrogated whether STING exerts itppsassive effect on IL-13
signaling through SOCSL1. Indeed, we found that &I IdVerexpression could not
inhibit STAT6 phosphorylation (Fig 6, C) and CCLp6oduction (Fig 6, D and Fig
E1l) in BEAS-2B cells when SOCS1 was knocked obe flepresentative results of
SOCS1 knockout in BEAS-2B cells are shown in Fi@Q E1

The effect of STING on SOCS1 (Fig 6, A and B) an@L26 (Fig 5, B)
production was not influenced by 2'3’-cGAMP treatmhesuggesting that this effect
of STING is unlikely to be related to its classidtNB sensing function. We then
manipulated the expression of key elements, TBKA I&#3, in the classic pathway
by which STING activates host defense. Represertatsults of TBK1 and IRF3
knockout in BEAS-2B cells are shown in Fig E13. Matprisingly, we found that
TBK1 and IRF3 knockout impaired the upregulationtyfe | IFN in response to
2'3-cGAMP (Fig E14). However, no significant effeah STING-induced SOCS1
upregulation was observed in BEAS-2B cells (Fig FAand B). Consistent with our
previous report® we found that IFN3 induced BAFF, CXCL10 and CXCL11 mRNA
expression in BEAS-2B cells (Fig E15, C); nevertss| IFNB had no effect on

SOCS1 expression (Fig E15, C).

SOCSL1 positively correlates with STING expression in nasal epithelial cells in
nasal polyps
The expression of SOCS1 in nasal epithelial cellssinonasal mucosa was

confirmed by immunofluorescence staining (Fig EMIg discovered that compared
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to those in control subjects and patients with nsm@philic CRSWNP, the mRNA
(Fig 7, A) and protein expression of SOCS1 (Fi@){,but not SOCS2 or SOCS3 (Fig
E17, A), in nasal epithelial cells were signifidgndecreased in patients with
eosinophilic CRSwWNP. We found a positive correlatibetween the mRNA
expression of STING and SOCS1 (Fig 7, A), but n0CS2 or SOCS3 (Fig E17, B),
in nasal epithelial cells in patients with CRSwNPaddition, a negative correlation
between SOCS1 and CCL26 mRNA expression in nastiedipl cells in patients

with CRSWNP was observed (Fig 7, A).

DISCUSSION

Previous studies have concentrated on the funabbrSTING in myeloid
populations given its instrumental role in antiViranate immunity. The expression
and function of STING in tissue structural cellsluding epithelial cells are limited
studied. Airway epithelial cells form part of thiest line of defense and play a key
role in the initiation of immune responses agaaidiorne allergens and pathogéhs.
“0'In this study, we provide the first evidence fodaal role of STING in innate
immune activation and type 2 inflammation in airvepjthelial cells in CRSwWNP.

Protein posttranslational modifications, includinghosphorylation and
ubiquitination, have been reported to regulate &I IMvels during the antiviral
responsé’ However, the regulation of STING expression attta@scriptional level
has rarely been studied. In this study, we revetiladSTING mRNA expression was

significantly downregulated by type 2 cytokinesanSTAT6-dependent manner in
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airway epithelial cells. This finding was reinfodcdy the discovery of a STAT6
binding site on the STING promoter. Thus, defec®&NG expression in epithelial
cells in eosinophilic CRSwWNP likely results fronetlocal type 2 milieu. However,
whether there are other mechanisms regulating STai{gession in airway epithelial
cells requires further investigation. For examjlas interesting to explore whether
there is any association between genetic varidrige-2 cytokine genes and STING
encoding th&MEM173 gene in the future.

A high detection rate of viruses, including DNAwses, in nasal epithelial cells
has been reported in patients with CRSWRigggesting a potential accumulation of
cytoplasmic DNA in epithelial cells. In this studye found that defective STING
expression in nasal epithelial cells led to blymet | IFN production in response to
2'3-cGAMP in patients with eosinophilic CRSWNP, ggesting impaired defense
against DNA viruses in patients with eosinophilR&VvNP. Our finding is consistent
with a previous observatidfi,in which impaired type | IFN production in resperts
herpes simplex virus 1, a DNA virus, was observeexivivo cultured nasal polyp
tissues characterized by a type 2 response, alththegunderlying mechanisms had
not been investigated in that study. The impairefkmse against DNA viruses may
lead to sustained inflammation, virus-related exaaion, and subsequent bacterial
infection in eosinophilic CRSwWNPB. Nevertheless, more epidemiological and
mechanistic studies are needed to clarify theableral infection in the pathogenesis

of CRSWNP with a focus on the difference betweesiraphilic and noneosinophilic

types.
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Recently, functions beyond the canonical innatevaat effect have been
reported for STING. Wu et al. uncovered an IFN-peledent function of STING in
calcium homeostasis, ER stress, and T cell surivaiice®® A study of patients with
STING-associated vasculopathy identified an IRFEpendent effect of STING on
CD4" T cell proliferation™ IL-13 signaling plays an important role in indugithe
expression of eosinophil chemokines and subsedissoe eosinophilia. In this study,
we provided several converging lines of evidenceafaovel and interesting function
of STING in restricting IL-13 signaling in airwayihelial cells. First, we found that
knockdown or overexpression of STING led to upragah or suppression of
IL-13-induced STAT6 phosphorylation and CCL26 prciin in BEAS-2B cells.
Second, compared to nasal epithelial cells fromtrobrissues and noneosinophilic
nasal polyps, those from eosinophilic polyps witefedtive STING expression
demonstrated enhanced phosphorylation of STATEGI26 production in response
to IL-13, which could be suppressed by exogenoudlSToverexpression. Third, we
found a negative association between STING and ®Ce&RZpression in nasal
epithelial cells in patients with CRSwWNP.

Several negative regulators, particularly SOCS1,CSP and SOCS3, are
involved in the regulation of type 2 cytokine siing. In this study, we found that
STING induced the expression of SOCS1, but not SDGSSOCS3, in airway
epithelial cells. This is in line with the specifiownregulation of SOCSL1 in epithelial
cells in eosinophilic CRSWNP, suggesting a SOCSdliated mechanism for the

inhibitory effect of STING on IL-13 signaling inraray epithelial cells. Indeed, we
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found that SOCS1 knockout abrogated the inhibiteffect of STING on IL-13
signaling. The upregulation of SOCS1 by STING hdaso abeen reported in
macrophages and nasopharyngeal carcinoma cells umitlefined mechanisth
How does STING regulate SOCS1 expression? Here,fovad that SOCS1
expression, STAT6 phosphorylation, and CCL26 prtidadn airway epithelial cells
were not affected by 2'3’-cGAMP, an activator o t8TING-TBK1-IRF3-type | IFN
pathway. In addition, we discovered that STING iregd the ability to induce SOCS1
expression despite the knockout of TBK1 or IRF3BIBAS-2B cells. Finally, we
discovered that type | IFN was unable to induce SO@@xpression in airway
epithelial cells. Collectively, these data suggestovel mechanism for STING to
induce SOCSL1 expression in airway epithelial celfsich is unrelated to the classic
pathway activated by STING during host defense.eRity, Cerboni et al. reported
that the TBK1/IRF3 and IFN-independent effect oll$& on T cell proliferation was
possibly mediated through a nowainiCTT motif (aa343-3543" which is distinct
from the known domains of STING required for typ& N productiori> Wu et al.
identified an unfolded protein response motif (2a323) of STING that controls
calcium homeostasis, endoplasmic reticulum stres$ B cell survival® These
studies suggest that different C-terminal domaihsS6ING may possess distinct
functions. Obviously, the precise mechanisms ugteyl STING-induced SOCS1
expression in airway epithelial cells merit furthmrestigation.

Our study has several limitations. Recently, STIN& been found to directly

recognize cyclic dinucleotides from invading baketerincluding Staphylococcus
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aureus.”® It will be interesting to explore the role of ST&Nin the response to
Saphylococcus aureus in CRSwWNP. In addition, we observed STING expreassio
infiltrating immune cells in nasal polyps. The ra@eSTING in immune cells in the
context of CRSwWNP remains to be studied furtherrédwer, the structural motif and
signaling pathway responsible for SOCS1 inductignSFING in airway epithelial
cells await to be defined.

These comments notwithstanding, for the first time,discovered that STING is
profoundly expressed by airway epithelial cells,cihare downregulated by type 2
cytokines via STAT6. The defective expression ofN&3 in airway epithelial cells
may not only impair innate immunity to viruses laldo augment IL-13 signaling by
modulating SOCS1 expression. The mutual reguldietmveen type 2 inflammation
and STING may exaggerate the development of eokilpinflammation in

CRSWNP. STING is a potential therapeutic targeefamsinophilic CRSwWNP.
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FIGURE LEGENDS

Figure 1. Decreased expression of STING in eosinophilic nasal polyp tissues. A,
The mRNA expression levels of IL-5, IL-13, and STNn sinonasal mucosal
samples in different study groups as detected laptpative RT-PCR. Controh = 16;
Eos CRSwWNPn = 16; Non-Eos CRSwNIR = 16.B, The protein levels of STING in
sinonasal mucosal samples in different study grasgpdetected by western blotting.
Control,n = 15; Eos CRSwWNR = 15; Non-Eos CRSwWNR) = 15. Representative
blots are shown, and densitometric analysis osbhas performed. F@gx andB, data
are presented as median and interquartile rangeware analyzed biruskal-Wallis

test with the Dunmost hoc test. < 0.05, **P < 0.01, and **P < 0.001.C, STING
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MRNA expression negatively correlated with IL-5 dhell3 mRNA in nasal polyp
tissues in patients with CRSwWNR & 32). Spearman’s correlation was used for
correlation analysis.CRSWNP, chronic rhinosinusitis with nasal polypsps,

eosinophilic; Non-Eos, noneosinophilic.

Figure 2. Reduced expression of STING in epithelial cells in eosinophilic nasal
polyps. A, Immunostaining of STING in sinonasal mucosal tissuRepresentative
photomicrographs are shown (original magnificattod00). Scale bar, 100m. The
right image shows the higher magnification of thdlinoed area. The red arrow
denotes representative positive basal cells, amgithk arrow denotes representative
positive apical cells in the epithelium; yellow @us denote representative positive
cells in the lamina proprid@, Dispersed polyp tissue cells € 31) were subjected to
flow cytometric analysis oSTING expression in CD4&8D326 hematopoietic cells
and CD45CD326 epithelial cells.A representative histogram of a noneosinophilic
nasal polyp sample is shown. Data were analyzeth&yWann-WhitneyU 2-tailed
test.C, Flow cytometric analysis of STING-positive cells@D45CD326 epithelial
cells. Representative flow plots of an eosinophilasal polyp sample are shown.
Control,n = 15; Eos CRSwWNR) = 16; Non-Eos CRSwNIR, = 15. Data are presented
as median and interquartile ranges and were artlyg&ruskal-Wallis test with the
Dunnpost hoc test. **P < 0.001. CRSWNP, chronic rhinosinusitis with ngsallyps;

Eos, eosinophilic; Non-Eos, noneosinophilic.
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Figure 3. Type 2 cytokines downregulate STING expression in a
STAT6-dependent manner in airway epithelial cells. A and B, HNECs from
control subjects were cultured with an air-liqgundeirface method and stimulated with
IL-4 (A) or IL-13 (B) at the indicated concentration for 24 hours. S31Nrotein
levels were measured by western blottimg X 5). C-D, BEAS-2B cells were
stimulated with IL-13 (10 ng/mL) with or without greatment with the STAT6
inhibitor AS1517499 (100 nM). Cells were collected western blotting 3 hours after
stimulation C) and for PCR assay 6 hours after stimulatidh(h = 5). E, BEAS-2B
cells were transfected with the STING promoterfler@ise reporter construct and
stimulated with IL-13 (10 ng/mL) with or without AS517499 (100 nM) pretreatment
or si-STAT6 (50 nM) pretransfection. Sixteen holater, cell lysates were harvested
for the luciferase assay € 6). F, BEAS-2B cells were transfected with the indicated
promoter reporters and subsequently stimulated W#h3 for 16 hours. Cell lysates
were harvested for the luciferase assay (5). For western blotting, representative
blots are shown, and densitometric analysis of sbietis performed. Data are
presented as the mean and SEM and were analyzeddsyway ANOVA with the

Tukey'spost hoc test. **P < 0.01 and **P < 0.001.

Figure 4. Compromised STING-dependent type | interferon production in nasal
epithelial cellsin eosinophilic nasal polyps. A, HNECs from different study groups
were cultured submerged and transfected with 2&AKRIP (10ug/mL) or vehicle for

3 hours. Cell lysates were subjected to westerttitdp(n = 7). Representative blots

30



729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

750

are shown, and densitometric analysis of blots pesiformedB and C, HNECs from
different study groups were submerged cultured taadsfected with 2’3’-cGAMP
(20 pg/mL) or vehicle. Cells were subjected to quantieatRT-PCR 6 hours after
stimulation 6 = 8), and cell culture supernatants were subjetdedlISA 24 hours
after stimulation rf = 8). Data are presented as the mean and SEMraigzad by
one-way ANOVA with the Tukey'post hoc test. P < 0.05, **P < 0.01, and **P <
0.001. CRSwWNP, chronic rhinosinusitis with nasdyps; Eos, eosinophilic; Non-Eos,

noneosinophilic.

Figure 5. Downregulated STING expression augments IL-13 signaling in airway
epithelial cells. A, Nasal epithelial cell STING mRNA expression neggaif
correlated with tissue eosinophilia and nasal efighcell CCL26 mMRNA expression
in patients with CRSwWNP. Eos CRSwWNP= 16; Non-Eos CRSwWNR, = 16.B, After
si-STING transfection, BEAS-2B cells were treatethwlL-13 (10 ng/mL) with or
without 2’3’-cGAMP (10ug/mL) pretreatment for 24 hours. Six hours or 24rko
later, cells or culture supernatants were colled@mdRT-PCR or ELISA assays,
respectively it = 5). C, HNECs from different study groups were culturedreelged
and treated with IL-13 (10 ng/mL) for 24 hours. (XBLlevels in cell culture
supernatants were measured by ELISA= 6 for each group)D, HNECs from
patients with eosinophilic CRSWNP were culturedrsalged and transfected with
STING expression or control plasmid for 48 hourd &mther stimulated with 1L-13

(10 ng/mL) for another 24 hours. CCL26 levels il calture supernatants were
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measured by ELISAn = 6). E, After STING expression or control plasmid
transfection, BEAS-2B cells were treated with IL-® ng/mL) for 3 hours. Cells
were subjected to western blotting= 5). F, After si-STING transfection, BEAS-2B
cells were treated with IL-13 (10 ng/mL) for 3 heu€ells were subjected to western
blotting (h = 5).G, HNECs from different study groups were cultureraerged and
treated with 1L-13 (10 ng/mL) for 3 hours. Cellsreesubjected to western blotting (

= 6 for each group). For western blotting, représtére blots are shown, and
densitometric analysis of blots was performed. Cata presented as the mean and
SEM and analyzed by one-way ANOVA with the Tukeptst hoc test. < 0.05,

** P < 0.01, and *P < 0.001. CRSwWNP, chronic rhinosinusitis with nasalyps;

Eos, eosinophilic; Non-Eos, noneosinophilic.

Figure 6. STING induces SOCS1 expression in airway epithelial cells. A and B,
BEAS-2B cells were transfected with si-STING or NG expression plasmids for 24
hours and subsequently transfected with 2'3’-cGA[M®ug/mL). (A) Six hours later,
the cells were subjected tmantitative RT-PCRn(= 5). (B) Twenty-four hours later,
the cells were subjected to western blotting=(5). C and D, Wild-type (WT) and
SOCS1-knockout (KO) BEAS-2B cells were transfecteith STING expression
plasmids for 48 hours and subsequently stimulatéd -13 (10 ng/mL). Three
hours or 24 hours later, cells or cell culture sopgants were subjected to western
blotting (C) or ELISA (D), respectivelyrf = 6). For western blotting, representative

blots are shown, and densitometric analysis of sbietis performed. Data are
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presented as the mean and SEM and analyzed by an&MWOVA with the Tukey’'s

post hoc test. < 0.05, *P < 0.01, and **P < 0.001.

Figure 7. STING expression positively correlates with SOCSL1 expression in nasal
epithelial cells in patients with CRSWNP. A, The mRNA expression of SOCSL1 in
nasal epithelial cells in different study groupsdasected by quantitative RT-PCR.
SOCS1 mRNA expression positively correlated witHNEF mRNA expression but
negatively correlated with CCL26 mRNA expression nasal epithelial cells in
patients with CRSwNP. Contrat,= 16; Eos CRSWNR) = 16; Non-Eos CRSwWNR,

= 16.B, The protein levels of SOCSL1 in nasal epithelidlsda different study groups
as detected by western blotting. Contmol= 15; Eos CRSwWNR) = 15; Non-Eos
CRSwWNPn = 15. Representative blots are shown, and densttaranalysis of blots
was performed. Data are presented as median aadjuiartile ranges and analyzed
by Kruskal-Wallis test with the Durpost hoc test. P < 0.05, **P < 0.01, and **P <
0.001. Spearman’s correlation was used for correlatiorlyai|a CRSWNP, chronic

rhinosinusitis with nasal polyps; Eos, eosinophiNon-Eos, noneosinophilic.
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METHODS
Subjects

This study was approved by the Ethics CommitteeTonhgji Hospital of
Huazhong University of Science and Technology aras$ wonducted with written
informed consent from every patient. For CRSWNRIgt®6 control subjects, 91
patients with eosinophilic CRSwWNP and 85 patieniih woneosinophilic CRSwWNP
were included in this study. The diagnosis of CR®wMas made according to the
current American and European guideliit§?CRSwWNP was defined as eosinophilic
when the percentage of tissue eosinophils excektd#dof the total infiltrating cells,
as reported by our previous studVhis cutoff was calculated as twice the standard
deviation of the mean eosinophil percentage inrebstibjects=> Subjects undergoing
septoplasty because of anatomic variations andowitbther sinonasal diseases were
enrolled as control subjects. Patients with CRSWwB® bilateral nasal polyps.

Atopic status was evaluated by using skin prick teish a panel of common
inhalant allergens and/or by using the ImmunoCARédtect IgE antibodies against
common inhalant allergens (Phadia, Uppsala, Swedenpur regiort* ° The
diagnosis of allergic rhinitis was based on thecoodance between the atopic status
and typical allergic symptoms. Oral glucocorticaiad intranasal steroid spray were
discontinued at least 3 months and 1 month befanegesy, respectively.
Antileukotrienes were discontinued at least 1 mdogfore inclusion. Patients with an
acute upper respiratory tract infection and acsthraa episode within 4 weeks of

entering the study, and patients under immunotlyeragre excluded. In addition,
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patients who had a history of antrochoanal polyystic fibrosis, primary ciliary

dyskinesia, fungal sinusitis, immunodeficiency,sgstemic vasculitis were excluded
from this study, because these are discrete disondgh unique pathophysiology.
None of subjects had a history of aspirin sengytivifthe details of subjects’
characteristics in CRSWNP study are summarizedbielEL.

Nasal polyp tissues from CRSwNP patients and iofeturbinate mucosal
tissues from control subjects were collected dusimgyery, respectively. Human nasal
epithelial cells (HNECs) were scraped from nasdi/po of CRSWNP patients and
from inferior turbinate of control subjects usingtarile Rhino-Pro curette (Arlington
Scientific Inc, Springville, UT) as previously deibed™ £’ Each nasal scraping
specimen vielded 1-2 x i@ells, of which more than 95% were epithelial s&iased
on cytokeratin indirect immunofluorescence stainimgth anti-pan cytokeratin
antibody (Abcam, Cambride, UK). Not all samplesevieicluded in every experiment
protocol because of limited quantity. The numbedrsamples for every experiment

were indicated in figures or figure legends.

Histology and immunohistochemistry

Tissue samples were fixed in 4% formaldehyde soluamd embedded in
paraffin. Paraffin sections (dm) were prepared from paraffin-embedded human
tissue samples. After deparaffinization and rehyamatsections were stained with
hematoxylin and eosin routinely to determine theegal pathologic features and to

count the number of eosinophils and total inflamomatells as previously report&d.
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Immunohistochemical andimmunofluorescence staining were performed as
previously reporte@® ¥ Sections were subjected to heat-induced epitopieval
using citric acid repair solution (Guge Biotechrgplo Wuhan, China). The 3%
hydrogen peroxidase (Boster Biotechnology, Wuhdnn&) was used for endogenous
peroxidase inhibition and 5% bovine serum albun@nge Biotechnology) was used
to block nonspecific binding® 55! Sections were stained with primary antibodies
shown in Table E2vernight at 4°C. For immunohistochemical stainiagfigens
were detected by using the streptavidin-peroxidasenplex method with a
histostain-plus kit (Boster Biotechnology) accoglinto the manufacturer’s
instructions=® Color development was achieved with 3’, 3'-diantianzidine, which
rendered positive cells brown. Sections were cosatgimed with hematoxylin and
mounted. The intensity of positive staining in Bplium detected by
immunohistochemistry was analyzed by using imageptus 6.0 analysis software
(Media Cybernetics, Inc. Silver Spring, MD, USA)datihe results were presented as
mean optical density value per unit afé&* *?For immunofluorescence staining,
fluorescence conjugated secondary antibodies (TBBlewere used. Species- and
subtype-matched antibodies were used as negatnteot

Immunofluorescence staining for cultured BEAS-2BIscevas performed as
previously describel:* F*Briefly, after cultured, BEAS-2B cells were fixeding 4%
paraformaldehyde for 30 minutes at room temperatafeer washing steps, cells
were permeabilized for 20 min using 0.2% Triton 0B1phosphate-buffered saline

(PBST). Fixed and permeabilized cells were therck#d with 5% bovine serum
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albumin in PBS for 1 hour at room temperature awedibated with primary antibodies
against STING (1:400, Abcam, Cambridge, UK), p-TBKIL400, Cell signaling
Technology, Boston, USA), p-IRF3 (1:400, Cell sigmg Technology), and p-p65
(1:400, Cell signaling Technology) for 2 hours @am temperature, followed by the
incubation with fluorophore-conjugated secondarytibadies (Table E3). The
4,6-diamidino-2-phenylindole was used as the nuctEaunterstain. Images were

taken under immunofluorescence microscope.

Quantitative RT-PCR

Total RNA was extracted from tissues and cells Isyngi TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) as mentioned elsengf® 5% F1°A total of 1 g
RNA was reverse-transcribed to cDNA using a Prim@B&T reagent kit (TaKaRa
Biotechnology, Dalian, China). cDNA equivalent 1@ Bg of total RNA was used for
PCR assay. Quantitative PCR was performed by ubieg@GYBR Premix Ex Taq kit
(TaKaRa Biotechnology) with specific primers (Talidé) on StepOnePlus (Applied
Biosystems, Foster City, CA, USA). Amplification svas follows: 95 °C for 2 min,
followed by 40 cycles of 95 °C for 10 sec, spec#imealing temperature for 10 sec,
and 72 °C for 15 sec. After PCR, a melting curves wanstructed by increasing the
temperature from 65 to 95 °C with a temperaturasiteon rate of 0.1°C/s. Relative
gene expression was calculated by using the 2@meita CT) methof'° A normal
inferior turbinate mucosal sample and a contral cglture sample were used as the

calibrator for tissue samples and cell culture daB)p respectively.
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Beta-glucuronidase (GUSB) was used as a houselgeegine for normalization of

gene expression. No template sample was used asveegontrol.

Dispersed nasal tissue cells preparation and flowytometry

Dispersed nasal tissue cells were prepared froral padyp and control tissues
by means of mechanical dissociation with GentleMAQSsociator (Miltenyi Biotec,
San Diego, CA, USA§? 1 The resulting single cell suspension was filte2dines
through a 40um cell strainer (BD Biosciences, San Jose, CA, USAJ washed
twice with RPMI-1640 medium (HyClon&J° Cell pellets were suspended in
erythrocyte lysis buffer and incubated for 5 miAfier washing with PBS, cells were
resuspended in RPMI-1640 medium. For flow cytometells were stained with
fixable viability stain 700 (BD Bioscience, San dp€A, USA) to exclude dead cells.
Cells were then incubated with APC conjugated maueaoclonal antibody against
human CD3261:20, Biolegend, San Diego, CA, USA) and PE-conjegamouse
monoclonal antibody against human CD45 (1:20, Bjefal) for 30 min at 4°C in the
dark. For intracellular staining of STING, after @band CD326 staining, cells were
fixed and permeabilized using the BD cytofix/cytope kit (BD Biosciences)
according to manufacturer’s protocols, and cellsewstained with rabbit polyclonal
antibody against human STING (1 pg/mL, Abcam). Afiteubating for 20 min in the
dark at room temperature, cells were incubated RiTIC-conjugated F(ab’)2 donkey
anti-rabbit IgG H&L antibody (1:200, Biolegend, SBrego, CA, USA) for 20 min in

dark at room temperature. Species and subtype-ethtehtibodies were used as
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negative controls. After staining, cells were amaty by using LSRII flow cytometer
(Becton Dickinson Biosciences, San Jose, CA, Ud2gta were analyzed using

FlowJo software (TreeStar, Ashland, OR, USA).

Western blot analysis

Total cellular protein was extracted from tissueSlECs and BEAS-2B cells in
modified radio-immunoprecipitation assay buffer @@uBiotechnology, Wuhan,
China) containing 2% cocktail of protease inhilstofGuge Biotechnology) as
previously describef'® Protein concentrations of the extracts were measwith a
BCA protein assay kit (Guge Biotechnology). Sampestaining 30ug of proteins
were separated by 12% sodium dodecyl sulfate-ppfiaide gel electrophoresis
under reducing conditions and transferred to paolivdifluoride membranes (Guge
Biotechnology). The membranes were incubated whh fat-free skim milk in
Tris-buffered saline with Tween-20 (TBS-T; Guge tichnology) for 1 hour at room
temperature and then incubated overnight with mynaetibodies as listed in Table
E5. After washing 3 times in TBS-T buffer, the meartes were incubated with
horseradish peroxidase-conjugated secondary amtib@at anti-rabbit, goat
anti-mouse, or rabbit anti-goat antibody, 1:4000g& Biotechnology) for 1 hour at
room temperature. After that, the membranes wepegssed by using an ECL
chemiluminescence reaction kit (Guge Biotechnolagyl followed by exposure on
chemiluminescent film to visualize the proteifisactin quantification was used as an

internal standard to correct for variations in kgbaotein loading. Densitometric
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analysis of the blots was performed by using thiwsoe AlphaEase FC (Alpha

Innotech, Silicon Valley, CA, USA).

Cell culture

Primary human nasal epithelial cells (HNECs) wauttured with an air-liquid
interface (ALI) method as stated elsewhe&ré&” F* 1 Briefly, the obtained HNECs
were washed twice in Dulbecco modified Eagle med{dimermo Fisher Scientific,
Waltham, MA, USA) with penicillin/streptomycin anthen grown submerged in
bronchial epithelial cell basal medium (BEBM, Lon2&alkersville, MD, USA)
supplemented with SingleQuot Kit Suppl (Lonza) i-aell plates coated with rat
tail collagen type | (Sigma-Aldrich, St. Louis, M@QSA) in a 5% C@humidified
atmosphere at 37°C. Upon confluence, the cells wassaged to gel-coated transwell
culture inserts (0.4m pore size; Becton Dickison, Franklin Lake, NJAY&nd were
grown in bronchial epithelial cell growth mediumofiza). When they were confluent,
medium from the apical side of the culture was readoand medium below the insert
was replaced with an air-liquid interface mediummsisting of BEBM/Dulbecco’s
modified Eagle’s medium H (50: 50; Invitrogen). HE& were maintained at ALI
culture for 21 days for the differentiati6ft After the HNECs were differentiated,
they were stimulated with IL-4, IL-6, IL-10, 1L-12]-13, IL-17A, TNF-, IL-1,
IFN-y and IL-22 at 10 ng/mL (R&D systems, MinneapolisNMUSA), poly (I:C)
(dsRNA) at 25ug/mL (Tocris, Bristol, UK), lipopolysaccharides (8 (InvivoGen,

San Diego, CA, USA) at ug/mL, staphylococcal enterotoxin B (SEB) (Millipore
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Merck KGaA, Darmstadt, Germany) atuy/mL, CpG (InvivoGen) at 2g/mL, and
Dermatophagoides pteronyssinus group 1 (Der pl) at 1Qg/mL (Prospec, NJ, USA)
for 6 hours. In dose response experiments, HNEGswere treated with IL-4 (1, 10,
and 100 ng/mL, R&D systems), or IL-13 (1, 10, 1af§mL, R&D systems) for 6
hours or 24 hours.

Since HNECs may losen vivo disease-specific expression pattern of STING
under long-term ALI culture, we cultured HNECs sw@vged when comparing the
differences in HNECs from different study groupNELCs were cultured submerged
in BEBM (Lonza) in 6-well plates coated with rail @ollagen type | (Sigma-Aldrich)
in a 5% CQ-humidified atmosphere at 37 °C as previously desdf'* When the
cells reach 80 to 90% confluence, HNECs were tdeaith 2'3’-cGAMP (10ug/mL,
R&D systems) or IL-13 (10 ng/mL, R&D systems) for @ or 24 hours. After
stimulation, cells were harvested for quantitalRePCR or western blotting assays,
and cell culture supernatants were collected fASBL

BEAS-2B cells (American Type Culture Collection, Mesas, VA), a human
bronchial epithelial cell, were cultured submergedmentioned elsewher&. The
BEAS-2B cells were cultured with Dulbecco’s modifieEagle’s medium/F-12
supplemented with 10% fetal calf serum (Invitrog€arlsbad, CA) in a 6-well plates
at 3711 with 5% CQ in humidified air. When the cells reach 80 to 96étifluence,

medium was changed to a serum-free one for fustuety.

Transfection and functional assay

10
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214 Considering the high transfection efficiency andl egability of cell lines,
215 BEAS-2B cells were used for transfection assaygamispecifically stated. Small
216  interfering RNA (siRNA) transfection was performes previously describéd?
217 When reaching 80 to 90% confluence, BEAS-2B cellerewtransfected with
218 si-STING (50 nM, Thermo Fisher Scientific WalthalhA, USA), si-STAT6 (50 nM,
219  RiBo biotechnology, Guangzhou, China) or their esponding negative control
220 siRNA (si-NS) using Lipofectamine 3000 transfecti@gent (Thermo Fisher
221  Scientific) for 24 hours under the manufacturenstiuction. The sequences are as
222 follows: STING siRNA, 5-GGCCCGGAUUCGAACUUACAAUCAG-3', STAT6
223  siRNA, 5-AGATGAGCCTGCCCTTTGA-3. In some experimesn cells were
224  further transfected with 2’3’-cGAMP (10g/mL, R&D systems) for 24 houvgith or
225  without subsequent stimulation with IL-13 (10 ng/mR&D systems) for another 6
226 hours or 24 hours.

227 For plasmid transfection, when reached 80 to 90Aflwence, BEAS-2B cells or
228 submerged cultured HNECs from eosinophilic nasdypsowere transfected with
229 plasmid encodingfMEM173 (GenBank accession no. NM_198282u@, Vigene
230 Biosciences, Shandong, China) or empty plasmid gfvég Biosciences) by using
231  Lipofectamine 3000 transfection agent (Thermo Hislgeientific) under the
232 manufacturer’s instruction for 24 or 48 hours. Afteansfection, cells were further
233 treated with IL-13 (10 ng/mL, R&D systems) for 30624 hours. After culture, cells
234 and cell culture supernatants were harvested abgtctad to quantitative RT-PCR

235 and western blot analysis, and ELISA, respectively.

11
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Generation of TBK1, IRF3, and SOCS1 knockout BEAS-B cells

Recombinant lentiviruses carrying single-guide Rkkgeting humanTBK1
gene (GenBank accession méM_013254, GeneChem, Shanghai, ChindgF3
(GenBank accession no. NM_001197124, GeneChe®)GEL (GenBank accession
no. NM_003745, GeneChem), or a nonspecific cordgegjuence (GeneChem) were
used to infect BEAS-2B cells according to the mantifrer's protocol at a
multiplicity of infection of 100 in medium contamy polybrene (5ug/mL,
GeneChem). The sequences are as follow§BK1 sgRNA, 5'-
GAAGAACCTTCTAATGCCTA -3, IRF3 SgRNA,
5-GGGAGTGGGATTGTCCAAGC-3,, OCS1 SgRNA,
5-AGTAGAATCCGCAGGCGTCC-3'. GFP-targeting gRNA weraised as a
negative control:GFP sgRNA (control), 5-CGCTTCCGCGGCCCGTTCAA-3'.
Transfection efficiency was identified by observithgorescence under fluorescence
microscope three days after transfection. Infectdts were selected in puromycin (2
ug/mL) for two weeks. Knockout efficiency of TBKIRF3, and SOCS1 was verified
7 days post-transfection by western blot analysfer transfection, BEAS-2B cells
were transfected with a STING expression plasmidnasntioned above. In some
experiments, cells were further stimulated withlR{10 ng/mL, R&D systems) for 3
or 6 hours. After culture, cells were harvested anbjected to quantitative RT-PCR

and western blotting.

12
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Promoter-luciferase reporter constructs and lucifease assay

DNA fragments containing wild-type and mutated S®ADBinding sites of
STING promoter were generated by PCR and were dlomi® a firefly luciferase
reporter construct (pGL3 vector; Promega, Madis@f). For luciferase report
experiments, BEAS-2B cells were transfected witldwype or mutated constructs (1
ug per well) together with renilla luciferase pladsi(200 ng per wellpy using
Lipofectamine 3000 transfection agent (Thermo Fisl8ientific) under the
manufacturer’s instruction for 24 hourAfter transfection, BEAS-2B cells were
further treated with IL-13 (10 ng/mL, R&D system&r 16 hours. In some
experiments, transfected cells were treated with1543499 (100 nM, Axon
Medchem BV, Groningen, Netherlands) or transfectgth si-STAT6 (50 nM,
Thermo Fisher Scientific) before IL-13 stimulatiokS1517499 was added to culture
medium 30 minutes and si-STAT6 were transfectedh@ddrs before the IL-13
treatment, respectively. Cell lysates were hangebiepassive lysis buffer (Promega)
and analyzed for luciferase activity using the dualiferase reporter assay kit

(Promega).

13
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354  Table E1: The demographic characteristics of subjds.
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355
Control Eos CRSwWNF __Non-Eos CRSwNF P value
Total subjects enrollec 96 91 85
Methodology used
I mmunohistochemistry and
immunofluorescence
Subject number 20 23 24
Gender, male 13 (65%) 16 (70%) 15 (60%) 0.876"
Age (years) 39 (31, 51) 45 (32, 53) 38 (28, 49) 0.472
Patients with atopy 0 (0%) 6 (26%) 2 (8%) 0.025"
Patients with AR 0 (0) 3 (13%) 1 (4%) 0.177"
Patients with asthma 0 (0) 3 (13%) 1 (4%) 0.177*
RT-PCR
Subject number 32 29 28
Gender, male 22 (69%) 20 (69%) 19 (68%) 0.995"
Age (years) 34 (23, 48) 44 (31, 53) 46 (22, 56) 0.316
Patients with atopy 1 (3%) 6 (21%) 2 (%) 0.062*
Patients with AR 0 (0) 4 (14%) 1 (4%) 0.056"
Patients with asthma 0 (0) 2 (7%) 0 (0%) 0.200
Flow cytometry
Subject number 15 16 15
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Gender, male
Age (years)
Patients with atopy
Patients with AR
Patients with asthma
Western blot
Subject number
Gender, male
Age (years)
Patients with atopy
Patients with AR
Patients with asthma
Cdll culture study
Subject number
Gender, male

Age (years)

Patients with atopy
Patients with AR

Patients with asthma

10 (67%)
34 (27, 39)
1 (7%)

0 (0)

0 (0)

15
10 (67%)
43 (17, 62)
0 (0%)

0 (0)

0(0)

23
13 (57%)
29 (22, 40)
0 (0%)
0 (0%)

0 (0%)

12 (75%)
39 (31, 56)
3 (19%)

2 (13%)

1 (7%)

15
9 (60%)
47 (27, 52)
5 (33%)

3 (20%)

0 (0%)

20
15 (75%)
33 (21, 53)
6 (30%)
2 (10%)

1 (5%)

11 (73%)
38 (29, 46)
1 (7%)

0 (0%)

0 (0%)

15
8 (53%)
53 (38, 60)
1 (7%)

0 (0%)

0 (0%)

14
10 (71%)
41 (21, 46)
1 (7%)

0 (0%)
0 (0%)

0.864"
0.433
0.455"
0.319
0999

0.758"
0.715
0.018"

0.096°

0.400"

0.705

0.009"
0.176

0.596

356

357

358

359

360

361

362

363

For continuous variables, results are expresseteabans and interquartile ranges.

Categorical variables are summarized using pergenta

* Data were analyzed by using Chi-square test.

" Data were analyzed by using Fisher’s exact test.

Eos CRSWwWNP, eosinophilic chronic rhinosinusitis hwihasal polyps; Non-Eos

CRSWNP, noneosinophilic chronic rhinosinusitis witisal polyps.
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364
365
366
367
368
369 Table E2. Primary antibodies wused in immunohistochmistry and
370 immunofluorescence.
Antibody  Application Species Concentration  Clone ID Reference Source
STING IHC, IF Rabbit 1:200 EPR13130 Ab181125 Abc&ambridge, UK
SOCs1 IF Goat 1:100 polyclonal Ab9870 Abcam
p-TBK1 IF Rabbit 1:50 D52C2 5483 Cell signaling firology, Boston, USA
p-IRF3 IF Rabbit 1:50 D601M 29047 Cell signaling:firology
p-P65 IF Rabbit 1:50 93H1 3033 Cell signaling Textbgy
CD138 IF Goat 1:100 polyclonal AF2780 R&D systems
MBP IF Mouse 1:100 BMK13 Abl14462 Abcam
MPO IF Mouse 1:100 2C7 Ab25989 Abcam
Elastase IF Mouse 1:100 NP57 Ab254178 Abcam
Zhongshan Golden Bridge Biotechnology,
CD3 IF Mouse 1:100 Bl1.1 TA320268
Beijing, China
CD20 IF Mouse 1:100 OTI1H4 TA800394 Zhongshan GolBddge Biotechnology
CD68 IF Mouse 1:100 KP1 ZM-0060 Zhongshan Golddaddgr Biotechnology
CD11c IF Mouse 1:100 FK24 Ab23602 Abcam
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KRT-5

KRT-8

Foxjl

IF Mouse 1:100 XM26 Ab17130 Abcam

IF Mouse 1:100 M20 Ab9023 Abcam

IF Mouse 1:100 CL3989 Ab220028 Abcam

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

STING, stimulator of interferon genes; SOCS1, sappor of cytokine signaling 1;
p-TBK1, phosphorylated TANK-binding kinase 1; p-lRFphosphorylated interferon
regulatory factor 3; MBP, major basic protein; MR®@yeloperoxidase; KRT, keratin;
Foxjl, forkhead box protein | 1; IHC, immunohisteanstry; IF,

immunofluorescence.
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390
391
392
393
394
395

396 Table E3. Secondary antibodies used in immunofluoseence staining.

397
Antibody Concentration Clone ID Reference Source
IFKine™ Green donkey Abbkine Scientific
1:100 polyclonal A24221
anti-Rabbit 1IgG Company (Wuhan, China)

IFKine™ Red donkey
1:100 polyclonal A24411 Abbkine
anti-mouse IgG

IFKine™ Red donkey
1:100 polyclonal A24431 Abbkine
anti-Goat IgG

398

399

400

401

402

403

404

405
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408

409

410

411

412

Table E4. Primers used for quantitative RT-PCR ana}sis.
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Annealing Expect
Primer  Sequence temperature  product
(1) size (bp)

STING (F)5'-CACTTGGATGCTTGCCCTC-3 60 117
(R)5-GCCACGTTGAAATTCCCTTTTT-3'

SOCS1 (F)5-TTTTCGCCCTTAGCGTGAAGA-3 60 107
(R)5-GAGGCAGTCGAAGCTCTCG-3’

SOCS2  (F)5-TTAAAAGAGGCACCAGAAGGAAC-3’ 60 199
(R)5-AGTCGATCAGATGAACCACACT-3'

SOCS3  (F)5-CCTGCGCCTCAAGACCTTC-3’ 60 99
(R)5-GTCACTGCGCTCCAGTAGAA-3’

IFN-a (F)5'-CAGAGTCACCCATCTCAGCA-3’ 60 86
(R)5-CACCACCAGGACCATCAGTA-3’

IFN-B (F)5'-GCGACACTGTTCGTGTTGTCA-3 60 106
(R)5-CCAAGCAAGTTGTAGCTCATGGA-3’

IL-5 (F)5'-CCCACAAGTGCATTGGTGAA -3’ 56 81
(R)5-CCTCAGAGTCTCATTGGCTATCAG -3’

IL-13 (F)5'-CCTCATGGCGCTTTTGTTGAC-3’ 62 134
(R)5-TCTGGTTCTGGGTGATGTTGA-3’

IL-17A  (F)5'-CAAGACTGAACACCGACTAAG-3 60 230
(R)5-TCTCCAAAGGAAGCCTGA-3

IFN-y (F)5'-TCAGCTCTGCATCGTTTTGG -3 55 120
(R)5-GTTCCATTATCCGCTACATCTGAA -3’

CCL11 (F)5'-CCCCTTCAGCGACTAGAGAG -3’ 60 109
(R)5-TCTTGGGGTCGGCACAGAT -3’

CCL24  (F)5'-GGAGTGGGTCCAGAGGTACAT -3’ 60 120
(R)5-CAGGTGGTTTGGTTGCCAG -3’

CCL26 (F)5'-GGAACTGCCACACGTGGGAGTGAC-3’ 60 354
(R)5-CTCTGGGAGGAAACACCCTCTCC-3

GUSB (F)5'-GACACGCTAGAGCATGAGGG-3’ 60 121

(R)5-GGGTGAGTGTGTTGTTGATGG-3’
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413  STING, stimulator of interferon genes; SOCS, suggoe of cytokine signaling; IFN,
414  interferon; BAFF, B cell-activating factor of themor necrosis factor family; CXCL,
415 chemokine (C-X-C motif) ligand; IL, interleukin; MN~y, interferony; CCL,
416  chemokine (C-C motif) ligand; STAT, signal transduand activator of transcription;
417  GUSB, beta-glucuronidase

418

419  Table E5. Primary antibodies used in western blottig

Antibody  Species Concentration Clone ID  Reference dbirce
STING Rabbit 1:4000 EPR13130 Ab181125 Abcam, Cadgieri UK
SOCs1 Goat 1:1000 polyclonal Ab9870 Abcam
SOCS2 Rabbit 1:1000 EPR2588 Ab109245 Abcam
SOCS3 Rabbit 1:1000 polyclonal  Ab16030 Abcam
p-TBK1 Rabbit 1:1000 D52C2 5483 Cell signaling Tealogy, Boston, USA
TBK1 Rabbit 1:1000 D1B4 3504 Cell signaling Tecloml
p-IRF3 Rabbit 1:1000 D601M 29047 Cell signaling frealogy
IRF3 Rabbit 1:1000 D6l4C 11904 Cell signaling Tealbgy
p-P65 Rabbit 1:1000 93H1 3033 Cell signaling Tedtbay
P65 Rabbit 1:1000 D14E12 8242 Cell signaling Tetdmo
STAT6 Rabbit 1:1000 D3H4 5397 Cell signaling Tedbgg
p-STAT6 Rabbit 1:1000 D8S9Y 56554 Cell signalingfiology

420 STING, stimulator of interferon genes; SOCS, supgoe of cytokine signaling;

421  TBK1, TANK binding kinase 1; p-TBK1, phosphorylated TANdAding kinase 1;
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IRF3, interferon regulatory factor 3; p-IRF3, phbspy/lated interferon regulatory
factor 3; STAT6, signal transducer and activator t@nscription 6; p-STAT6,

phosphorylated signal transducer and activatorapiscription 6.

FIGURE LEGENDS

Fig E1. Mucosal type l/type 17 cytokine profiles and theirassociation with
STING expression in patients with CRSWNPA, The mRNA expression levels of
IL-17A and IFN« in sinonasal mucosal samples in different studyps as detected
by quantitative RT-PCR. Data are presented as medtia interquartile ranges and
analyzed byKruskal-Wallis test with the Dunpost hoc test. Controln = 16; Eos
CRSwWNP,n = 16; Non-Eos CRSwWNR) = 16. *P < 0.05 and *P < 0.001.B, No
correlation between STING mMRNA expression and I1&1@r IFN-y mRNA
expression in patients with CRSWNPR £ 32). Spearman’s correlation was used for
correlation analysis.CRSWNP, chronic rhinosinusitis with nasal polypsps,

eosinophilic; Non-Eos, noneosinophilic.

Fig E2. STING expression in infiltrating immune cells in naal polyps. Double
immunofluorescence staining of nasal polyp tissaiens demonstrates that STING
is expressed by CD3T cells, CD20 B cells, CD11¢ dendritic cells, CD68
macrophages;D138 plasma cells, major basic protein (MBP) positigsiaophils,

and myeloperoxidase (MPO) and elastase positiveraphils in nasal polyps.

23



445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

QTINC in ADQwANID

Representative photomicrographs are shown (origimagnification x 400). Scale bar,
100pum. Arrows indicate the representative positivescéfior CD3 T cells, CD20 B
cells, CD68 macrophagescD138 plasma cells, and major basic protein (MBP)
positive eosinophils, representative photomicrogsapf tissue sections from patients
with eosinophilic CRSWNP are shown; for CD1Hendritic cells, MPOneutrophils,
and elastaseneutrophils, representative photomicrographs sgueé sections from

patients with noneosinophilic CRSwWNP are shown.

Fig E3. Immunofluorescence staining (left) and quantifmat(right) of CD3 A),
CD4 B), CD8 (C), CD11c D), CD20 E), CD68 f), MBP (G), elastaseH), and
MPO () positive cells in the sinonasal mucosa (origmalgnification: x400). Scale
bar, 100um. Data are presented as median and interquaatiges and analyzed by
Kruskal-Wallis test with the Dunmpost hoc test. # < 0.05 and *P < 0.001.
CRSWNP, chronic rhinosinusitis with nasal polypsyskE eosinophilic; Non-Eos,

noneosinophilic; MBP, major basic protein; MPO, toperoxidase.

Fig E4. A) Representative immunofluorescence staining odlnaslyp tissue sections
demonstrates that STING is expressed by KRbdsal cells (original magnification x
400). Scale bar, 10@m. Arrows indicate representative KRT-Basal cells.B)

Representative immunofluorescence staining of nagalyp tissue sections
demonstrates that STING is expressed by KR&8cal cells (original magnification

x 400). Scale bar, 10@m. Arrows indicate representative KRT-8pical cells.C)

24



467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

QTINC in ADQwANID

Representative immunofluorescence staining of nagalyp tissue sections
demonstrates that STING is expressed by Fosijiated cells (original magnification

x 400). Scale bar, 10@m. Arrows indicate representative Foxgdiliated cells. FoA
and B, representative photomicrographs of tissue sestiom patients with
eosinophilic CRSwWNP are shown; f@, representative photomicrographs of tissue
sections from patients with noneosinophilic CRSvad® shown. Foxj1, forkhead box

protein j 1; KRT, keratin.

Fig E5. The immunoreactivity of STING in sinonasal mucosaltissues. The
representative photomicrographs are shown (origmalnification x 400). The
staining intensity in epithelium was quantified atige results were presented as
average optical density value per unit afeeale bar, 10@m. Control,n = 12; Eos
CRSwWNP,n = 16; Non-Eos CRSwWNHR) = 16. Data are presented as median and
interquartile ranges and analyzed by Kruskal-Waé#st with the Dunmpost hoc test.

** P < (0.01 and **P < 0.001. CRSwWNP, chronic rhinosinusitis with ngsalyps; Eos,

eosinophilic; Non-Eos, noneosinophilic.

Fig E6. Regulation of mMRNA expression of STING in human nad epithelial cells.
Human nasal epithelial cells (HNECs) scraped fraorerior turbinate mucosa of
control subjects were cultured with an air-liquidterface method.A, After
differentiation, HNECs were stimulated willler matophagoides pteronyssinus group

1 (Der pl) at 1Qug/mL, poly (I:C) (dsRNA) at 2mg/mL, staphylococcal enterotoxin
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B (SEB) at 1ug/mL, lipopolysaccharides (LPS) atyfy/mL, CpG at 2ug/mL, and
IL-18, TNF-a, IL-4, IL-6, IL-12, IL-13, IFN«, IL-17A, IL-22, and IL-10 at 10 ng/mL
for 6 hours K = 4-5). B, HNECs were stimulated with IL-4 or IL-13 at thelicated
concentrations for 6 hours. After stimulation, selVere harvested for quantitative
RT-PCR assayn(= 5). Data are presented as mean and SEM, andzadalyy

unpaired Studentstest. P < 0.05 and **P < 0.001, compared with controls.

Fig E7. The transfection efficiency of si-STAT6 in BEAS-2Bcells. BEAS-2B cells
were transfected with si-STAT6 (50 nM) or controaRNA for 24 hours. The
transfection efficiency was confirmed at mRNA) (and protein B) expression level
by RT-PCR and western blotting, respectively. Regnéative blots are shownP*<
0.05. Data of 5 independent experiments are presentethesn and SEM and

analyzed by unpaired Student’s t test.

Fig E8. 2’3-cGAMP activates canonical STING pathway and upegulates IFNe,
and IFN-B mRNA expression in BEAS-2B cells.A, Immunofluorescence
microscopy analysis of STING, p-TBK1, p-IRF3 ando@b in BEAS-2B cells
transfected with 2'3’-cGAMP (1@g/mL) or vehicle for 3 hours. The representative
photomicrographs are shown (original magnificatlor00). Scale bar, 2Qum. B,
BEAS-2B cells were transfected with 1@§/mL 2'3-cGAMP for 6 hours. Cells were
then harvested for quantitative RT-PCR assay ofdFhd IFN mRNA expression

(n = 6). Data are presented as mean and SEM and analyzedpayred Student’s
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test.**P < 0.01.

Fig E9. CCL11, CCL24 and CCL26 expression in nasapithelial cells and their
associations with tissue eosinophilia in patients ith CRSwWNP. A, The mRNA
expression of CCL11, CCL24, and CCL26 in nasalhgtiil cells in different study
groups as detected by quantitative RT-PCR. Contred,16; Eos CRSWNR) = 16;
Non-Eos CRSwWNRy = 16. Data are presented as median and interlgueatiges and
analyzed by Kruskal-Wallis test with the Dupost hoc test. < 0.05, *P < 0.01,
and ***P < 0.001.B, The correlations between CCL11, CCL24, and CCLZA\A
expression in nasal epithelial cells and tissuénepsilia in patients with CRSwNP.
Spearman’s correlation was used for correlationlyais|a CRSWNP, chronic

rhinosinusitis with nasal polyps; Eos, eosinophiNon-Eos, noneosinophilic.

Fig E10. The transfection efficiency of si-STING and STING gpression plasmid

in BEAS-2B cells.BEAS-2B cells were transfected with si-STING (50 n¢A and
B), STING expression plasmid (2g) (C and D) or their corresponding negative
control using Lipofectamine 3000 transfection agemt24 hours. The transfection
efficiency of si-STING was confirmed at mRNA) and protein B) expression level
by RT-PCR and western blotting, respectively. Tiamgfection efficiency of STING
expression plasmid was also confirmed at mMRRAdnd proteinD) expression level
by RT-PCR and western blotting, respectively. Regnéative blots are shown. Data

of 5 independent experiments are presented as mednSEM and analyzed by
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unpaired Student’s t testP*< 0.05.

Fig E11. STING overexpression is unable to inhibiCCL26 mMRNA expression in
SOCS1-KO BEAS-2B cellsWild-type (WT) and SOCS1-knockout (KO) BEAS-2B
cells were transfected with STING expression ortdrplasmid for 48 hours and
subsequently stimulated with IL-13 (10 ng/mL) forother 6 hours. Cells were then
harvested for quantitative RT-PCR assay of CCL2a\RRxpressionrf = 6). Data
are presented as mean and SEM and analyzed by ayn@&MOVA with the Tukey’s

post hoc test. < 0.05 and *P < 0.01.

Fig E12. Representative western blot films of SOCS1 progaipression in wild-type

(WT) and SOCS1-knockout (KO) BEAS-2B cells.

Fig E13. Representative western blot films of TBKA)(and IRF3 B) protein

expression in wild-type (WT) and TBK1- and IRF3-kkout (KO) BEAS-2B cells.

Fig E14. TBK1 and IRF3 knockout impair the mRNA production of IFN-a and
IFN-B induced by 2'3-cGAMP in BEAS-2B cells. A, Wild-type (WT) and
TBK1-knockout (KO) BEAS-2B cells were transfectedhw10 pg/mL 2’3-cGAMP
for 6 hours. Cells were then harvested for quantéaRT-PCR assay of IFN-and
IFN-B (n = 6). B, WT and IRF3-KO BEAS-2B cells were transfected withug/mL

2'3-cGAMP for 6 hours. Cells were then harvesteddoantitative RT-PCR assay of
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IFN-o. and IFN$ (n = 6). Data are presented as mean and SEM and adaby

one-way ANOVA with the Tukey'post hoc test. ***P < 0.001.

Fig E15. STING-induced SOCS1 expression is unrelate to canonical
TBK-IFR3-type | IFN pathway. A, Wild-type (WT) and TBK1-knockout (KO)
BEAS-2B cells were transfected with STING expressio control plasmid for 48
hours. Then the cells were subjected to westerttifido(n = 5). B, WT and IRF3-KO
BEAS-2B cells were transfected with STING expressio control plasmid for 48
hours. Then the cells were subjected to westerttitdo(n = 5). C, BEAS-2B cells
were stimulated with IFN- (10 ng/mL) for 6 hours. Cells were harvested for
guantitative RT-PCR assay of SOCS1, BAFF, CXCL10 @xCL11 expressiom(=

6). For western blotting, representative blotssirewn and densitometric analysis of
blots was performed. Data are presented as meaSENdand analyzed by unpaired

Student's test. ***P < 0.001.

Fig E16. Expression of SOCS1 in nasal epithelial k& as detected by
immunofluorescence staining.Representative photomicrographs from patients with
noneosinophilic CRSwWNP are shown (original magaifmn x 400).Scale bar, 100

um.

Fig E17. Assessment of SOCS2 and SOCS3 mRNA expressin nasal epithelial

cells and their associations with STING expressiom patients with CRSWNP. A,
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The mRNA expression of SOCS2 and SOCS3 in nas#hedjail cells in different
study groups as assessed by RT-PCR. Comtroll 6; Eos CRSWNRR = 16; Non-Eos
CRSwWNP,n = 16. Data were presented as median and inteflguaginges and
analyzed by Kruskal-Wallis test with the Dupnst hoc test. B, No correlation of
STING mRNA expression with SOCS2 or SOCS3 mRNA eggion in nasal
epithelial cells in patients with CRSwWNR € 32). Spearman’s correlation was used
for correlation analysis. CRSwWNP, chronic rhinositis with nasal polyps; Eos,

eosinophilic; Non-Eos, noneosinophilic.
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