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Background: Recent studies have revealed that Staphylococcus
aureus and its components participate in the pathogenesis of
eosinophilic airway diseases, such as chronic rhinosinusitis with
nasal polyps.
Objective: We sought to determine whether staphylococcal
protein A (SpA) from S aureus regulated cellular responses in
nasal polyps, especially when coupled to immunoglobulins in
immune complexes (ICs).
Methods: Dispersed nasal polyp cells (DNPCs) or peripheral
blood monocytes were cultured in vitro with SpA in the presence
or absence of IgG, and IL-5, IL-13, IFN-g, IL-17A, and IL-10
levels were measured in the supernatants. The effect of SpA
exposure on staphylococcal enterotoxin B–induced cytokine
production by DNPCs in the presence and absence of IgG, IgA,
and autologous serum was also examined.
Results: Exposure to SpA induced DNPCs to produce
significantly higher IL-10, IL-13, and IL-17A levels than DNPCs
without SpA, although the magnitude of the IL-17A increase
was less than that of IL-10 and IL-13. SpA induced IL-10
production mainly from adherent DNPCs, and this was
significantly enhanced in the presence of IgG; similar results
were observed in peripheral blood monocytes. IC formation
between SpA and IgG (SpA-IgG ICs) was confirmed by using
native polyacrylamide gel electrophoresis. SpA-IgG ICs, but not
SpA alone, almost completely suppressed staphylococcal
enterotoxin B–induced IL-5, IL-13, IFN-g, and IL-17A
production by DNPCs; similar inhibition was observed in
DNPCs treated with SpA in the presence of either IgA or
autologous serum.
Conclusions: Our results suggest that SpA can regulate the
pathogenesis of enterotoxin-induced inflammation in patients
with chronic rhinosinusitis with nasal polyps through coupling to
immunoglobulins. (J Allergy Clin Immunol 2015;nnn:nnn-nnn.)
From athe Department of Otolaryngology–Head & Neck Surgery, Okayama University

Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama;
bthe Department Otorhinolaryngology, Kagawa Rosai Hospital, Marugame; and cthe

Department of Otorhinolaryngology, Kagawa Prefectural Central Hospital,

Takamatsu.

Supported in part by grants from theMinistry of Education, Culture, Sports, Science, and

Technology, Japan (23592511 and 26670742).

Disclosure of potential conflict of interest: The authors declare that they have no relevant

conflicts of interest.

Received for publication April 16, 2014; revised September 9, 2014; accepted for publi-

cation October 2, 2014.

Corresponding author: Mitsuhiro Okano, MD, Department of Otolaryngology–Head &

Neck Surgery, Okayama University Graduate School of Medicine, Dentistry and

Pharmaceutical Sciences, 2-5-1 Shikatacho, Okayama 700-8558, Japan. E-mail:

mokano@cc.okayama-u.ac.jp.

0091-6749/$36.00

� 2015 American Academy of Allergy, Asthma & Immunology

http://dx.doi.org/10.1016/j.jaci.2014.10.058
Key words: Chronic rhinosinusitis with nasal polyps, cytokines,
enterotoxins, immune complexes, immunoglobulins, immune
evasion, Staphylococcus aureus, staphylococcal protein A

Microbes, including viruses, fungi, and bacteria, can elicit
cellular responses in patients with chronic rhinosinusitis with
nasal polyps (CRSwNP).1,2 Staphylococcus aureus is one of the
most common bacterial species found in both mucin and the sinus
epithelium in patients with chronic rhinosinusitis (CRS).2 Of
particular concern, S aureus releases a number of molecules
associated with CRS pathogenesis, including exotoxins and
biofilm components.2-6

S aureus plays several roles in airway inflammation.7-10

For example, S aureus stimulates release of the eosinophil
chemoattractant eotaxin from human airway epithelial cells.7 In
contrast, administration of formalin-fixed S aureus particles
into mice followed by intranasal allergen challenge induces
TH1-biased immune responses and prevents airway inflammation,
including local eosinophilia.9 In human subjects S aureus
exposure induces secretion of the immunosuppressive cytokine
IL-10 by monocytes, as well as by cocultured B cells and
plasmacytoid dendritic cells.10,11

Staphylococcal protein A (SpA) is a major surface protein on
almost all S aureus strains, especially respiratory isolates, and is
freely secreted into the extracellular environment.12,13 SpA can
bind to various host-derived proteins, including the Fc and VH3
domains of immunoglobulins, von Willebrand factor,
complement C3, epidermal growth factor receptor, and TNF-a
receptor 1 (TNFR1). Thus SpA can potentially modulate host
immune responses to S aureus in various ways,13-15 as illustrated
in the following examples. SpA-TNFR1 signaling can induce
IL-8 expression in human airway epithelial cells through nuclear
factor kB activation.14 Intranasal exposure to SpA can lead to
airway hyperresponsiveness and eosinophilic inflammation in
SpA-immunized mice,16 and SpA in combination with a-toxin
can loosen tight junctions between airway epithelial cells.17

SpA can also act as a superallergen to induce B-cell apoptosis.13

Moreover, binding of SpA to epidermal growth factor receptor or
TNFR1 on epithelial cells and macrophages induces shedding of
TNFR1, which can then neutralize available TNF-a.12,17,18

Thus depending on its binding partner and responding cell
type in a host, SpA can act as either a proinflammatory or
anti-inflammatory molecule.17

Despite the fact that SpA is detected in sinonasal tissues,
especially in eosinophilic nasal polyps, little is known about how
or even whether SpA regulates inflammation in patients with
CRSwNP.19 Patou et al20 reported that a 30-minute exposure to
SpA led to histamine, leukotriene C4/D4/E4, and prostaglandin
1
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Abbreviations used
CRS: C
hronic rhinosinusitis
CRSsNP: C
hronic rhinosinusitis without nasal polyps
CRSwNP: C
hronic rhinosinusitis with nasal polyps
DNPC: D
ispersed nasal polyp cell
IC: Im
mune complex
SEB: S
taphylococcal enterotoxin B
SpA: S
taphylococcal protein A
SpA1AS: S
taphylococcal protein A mixed with 5% autologous

serum
TLR: T
oll-like receptor
TNFR1: T
NF-a receptor 1
D2 release by nasal polyp fragments.20 In the present study we
sought to determine the effect of SpA on proinflammatory and
anti-inflammatory cytokine production by using an ex vivo
CRSwNP model.6 Moreover, because SpA can strongly couple
to immunoglobulins to form immune complexes (ICs) and the
noses of patients with CRSwNP have high levels of immuno-
globulins, such as IgG and IgA,21 we investigated the effect of
SpA-containing ICs on the previously observed staphylococcal
enterotoxin B (SEB)–induced cytokine production by nasal polyp
cells.14
METHODS

Patients
Nasal polyps were surgically excised from 52 Japanese patients with

CRSwNP (age range, 17-82 years; mean age, 54.8 years). CRSwNP was

diagnosed based on the criteria reported in the ‘‘European position paper on

rhinosinusitis and nasal polyps 2012.’’22 Exclusion criteria were described

previously.6 Eleven patients (age range, 35-75 years; mean age, 55.4 years)

with chronic rhinosinusitis without nasal polyps (CRSsNP) were enrolled as

control subjects.22 Informed consent for participation in the study was

obtained from each patient or from a parent of patients less than 20 years

old. The study was approved by the Human Research Committee of the

Okayama University Graduate School of Medicine and Dentistry.
Antigen and reagents
SpA, RPMI 1640, L-glutamine/penicillin/streptomycin solution, protease,

collagenase, hyaluronidase, DNase I, and FCS were purchased from

Sigma (St Louis, Mo). Human IgG and IgA were purchased from Jackson

ImmunoResearch Laboratories (West Grove, Pa). Red blood cell lysis buffer

was purchased from Roche (Indianapolis, Ind). SEB was purchased from

Toxin Technology (Sarasota, Fla). Ficoll-Paque was purchased from GE

Healthcare Bio-Sciences AB (Uppsala, Sweden). Rabbit complement was

purchased from Cedarlane Laboratories (Hornby, Ontario, Canada). Rat

anti-human IL-10 mAb was purchased from LifeSpan BioSciences (Seattle,

Wash). Rat IgG1 was purchased from R&D Systems (Minneapolis, Minn).
Culturing dispersed nasal polyp cells and uncinate

tissue cells with SpA
Dispersed nasal polyp cells (DNPCs) were prepared from nasal polyps by

means of enzymatic digestion with protease, collagenase, hyaluronidase, and

DNase, as previously described.6 The frequency of DNPCs expressing c-kit

(8.5% 6 5.3%), eosinophil cationic protein/eosinophil peroxidase

(11.7% 6 8.9%), CD79a (8.9% 6 8.2%), CD68 (8.5% 6 6.8%), CD4

(7.8% 6 11.1%), CD8 (10.9% 6 10.5%), cytokeratin (15.5% 6 6.7%), and

vimentin (21.6%6 7.7%) indicated the presence of both stromal and immune

cells, including mast cells, eosinophils, B cells, macrophages, CD41 and

CD81 T cells, epithelial cells, and fibroblasts/vascular endothelial cells,
respectively.3 DNPCs (2 3 106/mL) were stimulated with 0.1, 1.0, or

10 mg/mL SpA and incubated at 378C and 5% CO2. Supernatants were

collected after 24 and 72 hours and stored at 2808C for subsequent cytokine

analysis. For preparing adherent and nonadherent cells, DNPCs (23 106/mL)

were rested in a culture bottle (Sumitomo Bakelite, Tokyo, Japan) in RPMI

1640 supplemented with 10% heat-inactivated FCS and L-glutamine/

penicillin/streptomycin solution. After incubation at 378C and 5% CO2 for

120 minutes, nonadherent cells were removed, and adherent cells were

collected with a cell scraper (Becton Dickinson Labware, Franklin Lakes,

NJ). Cells were then cultured in the presence or absence of 10 mg/mL SpA

for 24 hours. Alternatively, DNPCs were cultured in the presence of human

IgG (100 mg/mL) with or without 10 mg/mL SpA, and supernatant was

collected 24 hours later. Dispersed uncinate tissue cells were prepared from

the uncinate mucosa of patients with CRSsNP and cultured with or without

10 mg/mL SpA; supernatant was collected 24 hours later.
Culturing human monocytes with SpA
Heparinized blood was collected from 8 healthy Japanese volunteers (age

range, 26-48 years; mean age, 34.3 years), and PBMCs were isolated, as

previously described.23 Monocytes were generated from PBMCs by using a

positive-selection method with the MACSMonocyte Isolation kit II (Miltenyi

Biotec, Bergisch Gladbach, Germany) and cultured with 10mg/mL SpA in the

presence or absence of 100 mg/mL human IgG, and the supernatant was

collected 24 hours later. In a separate experiment monocytes were cultured

with a mixture of SpA and IgG in the presence or absence of complement

(10% normal rabbit serum).
Effect of SpA and SpA-containing ICs on SEB-

induced cytokine production by DNPCs
DNPCs were treated with 10 mg/mL SpA in the presence or absence of

100 mg/mL human IgG or IgA and then immediately stimulated with 1 ng/mL

SEB for 72 hours. In some experiments anti-human IL-10 mAb or control rat

IgG1 (20 mg/mL) was also added to the culture.
Effect of autologous serum on SpA-mediated

regulation
Serum was collected from each patient immediately before surgery. Some

of the autologous serum was heated for 30 minutes at 568C with mixing to

inactivate complement. DNPCs were stimulated with 10 mg/mL SpA in the

presence or absence of freshly isolated native autologous serum (0.2%, 1%,

and 5%) for 24 hours. In some experiments DNPCs were first treated with a

mixture of SpA and either native or heat-inactivated autologous serum and

then stimulated with 1 ng/mL SEB for 72 hours.

Cytokine determination
IL-5, IL-13, IL-17A, IFN-g, IL-10, and IL-12 p70 levels in culture

supernatants were determined by means of ELISA.1 IL-5, IFN-g, and IL-10

levels were measured with Opt EIA sets (BD Biosciences, San Jose, Calif),

according to the manufacturer’s instructions. IL-12 p70 and IL-17A

levels were measured by using a DuoSet ELISA development kit (R&D

Systems). IL-13 levels were measured by using paired capture and detection

antibodies (BD Biosciences) and recombinant standards (R&D Systems).

The detection limit for each assay was 4 pg/mL for IL-5, 2 pg/mL for IL-12

p70, 2 pg/mL for IL-13, 8 pg/mL for IL-17A, 4 pg/mL for IFN-g, and

8 pg/mL for IL-10.
Polyacrylamide gel electrophoresis
Native polyacrylamide gel electrophoresis (4-15% Mini-Protean TGX

gels; Bio-Rad Laboratories, Hercules, Calif) was performed to confirm the

formation of a complex between SpA and IgG.24 SpA (1 mg) and human IgG

(11 mg) in Tris-glycine buffer (pH 8.3) were loaded onto gel lanes alone or

after being mixed together for various time periods (1 minutes, 30 minutes,



FIG 1. SpA-induced IL-5 (A), IL-13 (B), IFN-g (C), IL-17A (D), and IL-10 (E) production by nasal polyp cells.

Within the box plots, the box represents the 25th to 75th percentile range, the horizontal line indicates

the median, and the vertical line indicates the 10th to 90th percentile range. P values were determined by

using the Dunn test. �P < .001.
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FIG 2. Cellular source of SpA-induced IL-10 production in nasal polyp cells.

Nonadherent and adherent cells were cultured with or without 10 mg/mL

SpA for 24 hours, and IL-10 levels in the supernatants were measured.

P values were determined by using the Wilcoxon signed-rank test.
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1 hour, or 4 hours) and electrophoresed. Gels were stained with BioSafe

Coomassie G250 to detect precipitated protein (Bio-Rad Laboratories).
Statistical analysis
Values are given as medians. The nonparametric Mann-WhitneyU test was

used to compare data between groups, and the Wilcoxon signed-rank test was

used for analysis within groups. AKruskal-Wallis test followed by a Dunn test

was used for multiple comparisons. P values of less than .05 were considered

statistically significant. Statistical analyses were performed with SPSS

software (version 11.0; SPSS, Chicago, Ill).
FIG 3. Enhanced IL-10 production by cells cultured with SpA plus IgG.

DNPCs (A) and peripheral blood monocytes (B) were stimulated with SpA

(10 mg/mL) in the presence or absence of IgG (100 mg/mL) for 24 hours,

and IL-10 levels in the supernatants were measured. P values were

determined by using the Dunn test.
RESULTS

SpA induces cytokine production by nasal polyp

cells
Incubation of DNPCs with various SpA doses for 24 or 72

hours significantly increased IL-13 (P < .001 at 24 and 72 hours),
IL-17A (P < .001 at 24 and 72 hours), and IL-10 (P 5 .002 at 24
and 72 hours) production in a dose-dependent manner but not
IL-5 (P 5 .879 at 24 hours and P 5 .647 at 72 hours) or IFN-g
(P 5 .400 at 24 hours and P 5 .238 at 72 hours) production.
A Dunn test further revealed that SpA significantly increased
IL-13, IL-17, and IL-10 production from DNPCs at the
10mg/mL dose (P <.001, Fig 1). This significant increase in levels
of the immunosuppressive IL-10 cytokine led us to focus on
investigating the regulatory effects of SpA in this study, especially
with respect to IL-10.
SpA induces IL-10 production primarily from

adherent cells in nasal polyps and SpA-containing

ICs enhance IL-10 production
Because a variety of cell types could produce IL-10, we first

sought to determine which cell types produced IL-10 in response
to SpA25 by comparing the effect of SpA on nonadherent versus
adherent DNPCs. No significant increase in IL-10 production
was observed from nonadherent DNPCs in response to SpA
(n 5 9, P 5 .128). In contrast, adherent DNPCs spontaneously
produced higher IL-10 levels than nonadherent cells at
baseline, and SpA significantly enhanced this IL-10 production
(P 5 .008, Fig 2). This increase was not observed in
SpA-treated dispersed uncinate tissue cells from control subjects
with CRSsNP (n5 11,P5.588, see Fig E1 in this article’s Online
Repository at www.jacionline.org), suggesting that adherent cells
in nasal polyps might be the primary source of SpA-induced
IL-10 production in patients with CRS.

SpA can couplewith immunoglobulins, especially IgG, to form
ICs that affect immune responses.26 To begin testing whether
SpA-containing ICs altered DNPC responses, we first confirmed
that SpA could form ICs within minutes of being mixed with
human IgG (SpA-IgG ICs) under our culture conditions (see
Fig E2 in this article’s Online Repository at www.jacionline.
org). The Kruskal-Wallis test revealed a significant difference in
IL-10 production by DNPCs in the presence or absence of
10 mg/mL SpA with or without 100 mg/mL IgG (n 5 10,

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org


FIG 4. Effect of SpA-IgG ICs on SEB-induced IL-5 (A), IL-13 (B), IFN-g (C), and IL-17A (D) production by nasal

polyp cells. DNPCs were treated with SpA (10 mg/mL) in the presence or absence of IgG (100 mg/mL) and

then stimulated with SEB (1 ng/mL) for 72 hours. P values were determined by using the Wilcoxon

signed-rank test.

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

OKANO ET AL 5
P 5 .003). Moreover, although the presence of 100 mg/mL IgG
itself did not significantly affect IL-10 production (P 5 .145),
the addition of 10 mg/mL SpA significantly enhanced
IgG-induced IL-10 production from DNPCs (P 5 .009). A trend
toward enhancing SpA-induced IL-10 production from DNPCs
was observed in the presence of 100 mg/mL IgG (P 5 .092,
Dunn test; Fig 3, A), and statistical significance was achieved
when confirming these results in human monocyte cultures
(n5 8, P <.001; Fig 3, B). Although complement was previously
shown to enhance IC-mediated cytokine production,27,28 the
addition of complement (10% normal rabbit serum) did not alter
IL-10 (n 5 6, P 5 .753) or induce IL-12 production in
IC-stimulated monocytes (see Fig E3 in this article’s Online
Repository at www.jacionline.org). We further tested the effect
of ICs on adherent DNPCs alone and found that ICs induced
significantly higher IL-10 levels than adherent DNPCs without
ICs (n5 8,P5 .012, see Fig E4 in this article’s Online Repository
at www.jacionline.org).
SpA-containing ICs functionally regulate

enterotoxin-induced cellular responses by nasal

polyp cells
Consistent with our previous study,6 exposure of DNPCs

to SEB induced significantly higher IL-5 (P 5 .003), IL-13
(P 5 .002), IFN-g (P 5 .002), and IL-17A (P 5 .002) levels
than untreated control cells (Fig 3). Therefore we next sought to
determine whether SpA and/or SpA-containing ICs could exert
a regulatory effect on this SEB-induced, eosinophilia-associated
cytokine production by nasal polyp cells. Although no significant
changes were observed in the presence of SpA alone (P > .05),
SpA-IgG ICs dramatically suppressed SEB-induced IL-5
(95.5%, P 5 .003), IL-13 (94.0%, P 5 .002), IFN-g (99.3%,
P 5 .002), and IL-17A (97.8%, P 5 .002) production (n 5 12;
Fig 4). IL-10 played a role in this IC-mediated cytokine
suppression because IL-10 blockade by anti-human IL-10 mAb
(20 mg/mL) partially yet significantly restored IL-5 (P 5 .012),
IL-13 (P 5 .018), IFN-g (P 5 .028), and IL-17A (P 5 .028)
production compared with control rat IgG1 (n 5 8, see Fig E5
in this article’s Online Repository at www.jacionline.org). With
the exception of IL-13 (P5 .790), similar inhibition was observed
when SpA was mixed with IgA, although to a lesser extent than
IgG (n 5 11; see Fig E6 in this article’s Online Repository at
www.jacionline.org).
SpA mixed with autologous serum inhibits

superantigen-induced cellular responses by nasal

polyp cells
With respect to the clinical application of SpA-containing ICs

to locally treat patients with CRSwNP, autologous serum would
be a stronger candidate than allogeneic IgG in terms of lower

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org


FIG 5. Effect of SpA plus autologous serum on SEB-induced IL-5 (A), IL-13 (B), IFN-g (C), and IL-17A

(D) production by nasal polyp cells. DNPCs were treated with SpA (10 mg/mL) in the presence of 0%,

0.2%, 1%, or 5% autologous serum (AS) and then stimulated with SEB (1 ng/mL) for 72 hours. P values

were determined by using the Wilcoxon signed-rank test.
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costs and risk of infection with unknown pathogens. Thus we next
determined whether staphylococcal protein A mixed with 5%
autologous serum (SpA1AS) could inhibit SEB-induced
cytokine production by nasal polyp cells. Similar to SpA-IgG
ICs, SpA1AS dose-dependently induced IL-10, but not IL-12,
production by DNPCs (n5 13; see Fig E7 in this article’s Online
Repository at www.jacionline.org). Furthermore, SpA1AS
significantly suppressed SEB-induced IL-5 (92.0%, P 5 .002),
IL-13 (93.7%, P 5 .002), IFN-g (99.9%, P 5 .002), and IL-17A
(99.9%, P 5 .002) production in a dose-dependent manner
(n5 13; Fig 5); similar results were observed by using SpAmixed
with heat-inactivated autologous serum (see Fig E8 in this
article’s Online Repository at www.jacionline.org), indicating
minimal involvement of complement in this suppression.
DISCUSSION
The present study reveals that SpA has both inflammatory

and regulatory effects on the pathogenesis of CRSwNP. In
particular, SpA-containing ICs strongly inhibited nasal polyp
cell responses to SEB. Because S aureus freely secretes SpA into
the extracellular environment and immunoglobulins reside in the
airways, these results might not only provide a basis for using
SpA to treat airway inflammation but also enhance our current
understanding of the mechanisms used by commensal bacteria,
such as S aureus, to evade immune responses in the nose.18,24,26

Because our study is the first to report that SpA induces IL-10
production in the airways, we have focused on exploring the
regulatory effect of SpA on CRSwNP. IL-10 produced in the
respiratory tract limits inflammation in response to pathogens and
allergens.29,30 Our results demonstrate that adherent nasal polyp
cells are the primary source of SpA-induced IL-10 production.
Together with the observed significant increase in IL-10 from
peripheral blood monocytes after SpA exposure, these results
suggest that SpA stimulates phagocytes (eg, macrophages) to
produce IL-10. Parcina et al11 recently demonstrated that
S aureus–induced IL-10 release by cocultured B cells and
plasmacytoid dendritic cells was impaired after simulation with
an SpA-deficient strain of S aureus. Thus our results underscore
the importance of SpA expression by S aureus for IL-10
production in human subjects. However, in the present study we
observed that DNPC reactivity to SpAwas highly variable among

http://www.jacionline.org
http://www.jacionline.org
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the tested samples. Because DNPCs are bulk cell lines containing
a wide variety of cells that vary in composition from sample to
sample, differing proportions of adherent cells, including
CD681 macrophages, might lead to the observed variation in
SpA-induced IL-10.3

The presence of IgG (or IgA) enhanced SpA-induced IL-10
production from both DNPCs and peripheral blood monocytes in
our study. This result suggests that SpA-containing ICs are strong
IL-10 inducers. Although ICs in combination with Toll-like
receptor (TLR) ligands, such as LPS, can induce IL-10 production
frommyeloid cells, whether ICs alone can induce IL-10 remains a
matter of debate.27,31,32 Insoluble ICs induce IL-10 production in
human monocytes, but soluble ICs formed by heat-aggregated
gamma globulins do not.27,32 IC-induced IL-10 production by
myeloid cells is regulated by several factors, including the anti-
gen/antibody ratio and IgG density within ICs.33,34 By using the
Limulus amebocyte lysate assay (Cape Cod, East Falmouth,
Mass), we confirmed that endotoxin contamination in our SpA
and IgG preparations was negligible (data not shown). Thus the
observed induction of IL-10 by SpA-containing ICs might have
been due to the rapid binding of SpA and IgG shown in Fig E2.

SpA-IgG ICs, but not SpA alone, dramatically inhibited SEB-
induced IL-5, IL-13, IFN-g, and IL-17A production by nasal
polyp cells, suggesting that SpA-containing ICs are capable of
both inducing IL-10 production and suppressing inflammation in
patients with CRSwNP. ICs have anti-inflammatory properties
due in part to their ability to enhance the generation of regulatory
macrophages.29,31 MacLellan et al26 recently demonstrated that
intraperitoneally injecting 100 mg of SpA every other day into
mice substantially alleviated the clinical severity and histologic
inflammation of collagen-induced arthritis. They also showed
that SpA-IgG ICs significantly inhibited LPS-induced IL-12
and TNF-a production by human blood monocyte-derived
macrophages. However, they did not detect any IL-10 production
in their cultures. The discrepancy in IC-induced IL-10 production
between their study and ours might be due to the different cell
types (monocytes vs macrophages), concomitant TLR
stimulation (with vs without LPS), or both. Our results suggest
that SpA-IgG ICs have a broader anti-inflammatory effect
involving TH1-, TH2-, and TH17-type responses in patients with
CRSwNP than in those with arthritis. In addition, blocking
IL-10 partially abrogated the effect of SpA-IgG ICs on
SEB-induced cytokine production, suggesting that ICs might
also induce anti-inflammatory factors other than IL-10.

Although nearly 100% of clinical S aureus isolates harbor at
least 1 superantigenic toxin, S aureus is one of the most common
commensal bacterial species residing in the human upper
respiratory tract.35 The mechanism underlying immune evasion
by S aureus in the nose is not fully understood. However, IL-10
production by nasal macrophages in response to TLR2 ligands
(eg, peptidoglycans on the cell wall of S aureus) might play
some role35 because these ligands can downregulate
superantigen-induced T-cell activation.36 The results presented
here are consistent with these reports in terms of finding that
adherent DNPCs produce IL-10 and that IL-10 might play a
role in SpA-mediated suppression of superantigen-induced
cytokine production. Collectively, these findings suggest that
both TLR2 ligands and SpA secreted by S aureus facilitate
immune evasion by this organism in the nose by limiting
superantigen-mediated inflammatory responses.
Autologous serum usually lacks antigenicity and contains a
variety of essential components, including growth factors,
immunoglobulins, and anti-inflammatory factors (eg, IL-1Ra
and IL-10), that accelerate wound healing and tissue repair.37,38

Indeed, topical application of autologous serum has been used
to treat various types of wounds and inflammatory diseases,
such as dry eye syndrome, tympanic membrane perforation, and
osteoarthritis, without serious complications (eg, infections).37-39

Because S aureus frequently colonizes the human nose, our
results demonstrating that a mixture of SpA and native autologous
serum significantly suppresses SEB-induced cytokine production
byDNPCs (>90% inhibition) suggest that autologous serum nasal
drops might be a viable option for managing inflammatory
sinonasal diseases. An SpA-containing silica column (Prosorba
column; Fresenius HemoCare, Inc, Redmond, Wash) is currently
used as an IgG immunoadsorption strategy for treating rheuma-
toid arthritis. Although low SpA levels have been detected
in treated patients, indicating that this column can release
SpA into the bloodstream, several clinical trials show that this
technique does not induce serious side effects.40 Thus we think
that the potential risks of using intranasal autologous serum
with SpA as a therapeutic approach to treat CRSwNP are
low and that such treatment would pose a negligible risk to the
patient.

Complement can regulate IC-stimulated IL-10 and IL-12
production by human immune cells, including monocytes
and PBMCs.27,28 Our results using heat-inactivated serum
suggest that complement has a minimal effect on amplifying
inflammation rather than on IL-10 production for suppressing
TH2/TH17-mediated inflammation in this model.

The SpA levels observed in the present study were similar to
those shown in previous in vitro or ex vivo studies, which
ranged from 8.4 to 200 mg/mL.12,18,20 It would be helpful to
know how these observed SpA levels correlate with the
physiologic levels that occur during Staphylococcus species
colonization and infection. Determining SpA concentrations
together with exotoxin levels in nasal secretions should be
investigated in future studies along with determining how the
balance between SpA and exotoxins is altered during homeostatic
and disease conditions.

In conclusion, we show evidence that SpA secreted by
S aureus plays various roles in CRSwNP pathogenesis. In
particular, SpA coupled with immunoglobulins in ICs strongly
regulates eosinophilia-associated cytokine production from
SEB-stimulated nasal polyp cells. Thus the present observations
might provide a basis for developing novel therapeutic
approaches that target SpA to manage airway inflammatory
diseases. Because no animal models are currently available
to investigate treating inflammatory diseases with SpA-
formulated ICs, animal studies should be performed in the
future to provide evidence to support such a therapeutic
approach in human subjects. In addition, although SpA-
containing ICs formed by using IgG or autologous serum
strongly and broadly inhibited enterotoxin-induced TH1, TH2,
and TH17 inflammatory cytokine production, the possibility
that improved bacterial survival by IL-10 induction could also
drive further inflammation should be investigated.

We thank OsamuMatsushita, Takahisa Koyama, and Abhay R. Satoskar for

discussions, as well as Yuko Okano for editorial assistance.



J ALLERGY CLIN IMMUNOL

nnn 2015

8 OKANO ET AL
Clinical implications: Our findings might provide the basis for
novel therapeutic approaches using SpA-containing ICs inman-
aging eosinophilic airway diseases, including CRSwNP, allergic
rhinitis, and asthma.
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FIG E1. IL-10 production by dispersed uncinate tissue cells (DUTCs). Cells

were stimulated with or without SpA (10 mg/mL) for 24 hours, and IL-10

levels in the supernatant were measured. P values were determined by

using the Wilcoxon signed-rank test.
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FIG E2. Formation of SpA and IgG ICs. SpA (1 mg) and human IgG (11 mg)

were mixed for 1 minute, 30 minutes, 1 hour, or 4 hours and then subjected

to 4-15% polyacrylamide gel electrophoresis under native conditions. After

electrophoresis, the gel was stained with Coomassie brilliant blue. Lanes

containing only SpA and IgG are also shown as controls.
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FIG E3. Effect of complement on SpA-IgG IC–induced IL-10 and IL-12 production by monocytes. Monocytes

were cultured with the SpA and IgG mixture in the presence or absence of complement for 24 hours, and

IL-10 (A) and IL-12 (B) levels in the supernatant were measured. P values were determined by using the

Wilcoxon signed-rank test.
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FIG E4. Effect of SpA-IgG ICs on IL-10 production by adherent cells in nasal

polyps. Adherent DNPCs were cultured with or without the mixture of SpA

(10 mg/mL) and IgG (100 mg/mL) for 24 hours, and IL-10 levels in the

supernatant were measured. P values were determined by using the

Wilcoxon signed-rank test.
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FIG E5. Effect of IL-10 neutralization on SpA-IgG IC–induced suppression against SEB-induced IL-5 (A), IL-13

(B), IFN-g (C), and IL-17A (D) production by nasal polyp cells. DNPCs were treated with or without the

mixture of SpA (10 mg/mL) and IgG (100 mg/mL) and then stimulated with SEB (1 ng/mL) in the presence

or absence of anti-human IgG mAb or control rat IgG1 (20 mg/mL) for 72 hours. P values were determined

by using the Wilcoxon signed-rank test.
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FIG E6. Effect of SpA-IgA ICs on SEB-induced IL-5 (A), IL-13 (B), IFN-g (C), and IL-17A (D) production by nasal

polyp cells. DNPCs were treated with SpA (10 mg/mL) in the presence or absence of IgA (100 mg/mL) and

then stimulated with SEB (1 ng/mL) for 72 hours. P values were determined by using the Wilcoxon

signed-rank test.
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FIG E7. Enhanced IL-10 production by nasal polyp cells cultured with SpA

plus autologous serum (AS). DNPCs were stimulated with SpA (10 mg/mL)

in the presence of 0%, 0.2%, 1%, or 5% autologous serum for 24 hours, and

IL-10 levels in the supernatant were measured. P values were determined

by using the Wilcoxon signed-rank test.
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FIG E8. Effect of SpA plus native or heat-inactivated autologous serum (AS) on SEB-induced IL-5 (A), IL-13

(B), IFN-g (C), and IL-17A (D) production by nasal polyp cells. DNPCs were treated with SpA (10 mg/mL) in the

presence or absence of 5% autologous serum with or without heat inactivation, and the cells were then

stimulated with SEB (1 ng/mL) for 72 hours. P values were determined by using the Wilcoxon

signed-rank test.

J ALLERGY CLIN IMMUNOL

nnn 2015

8.e8 OKANO ET AL


	Staphylococcal protein A–formulated immune complexes suppress enterotoxin-induced cellular responses in nasal polyps
	Methods
	Patients
	Antigen and reagents
	Culturing dispersed nasal polyp cells and uncinate tissue cells with SpA
	Culturing human monocytes with SpA
	Effect of SpA and SpA-containing ICs on SEB-induced cytokine production by DNPCs
	Effect of autologous serum on SpA-mediated regulation
	Cytokine determination
	Polyacrylamide gel electrophoresis
	Statistical analysis

	Results
	SpA induces cytokine production by nasal polyp cells
	SpA induces IL-10 production primarily from adherent cells in nasal polyps and SpA-containing ICs enhance IL-10 production
	SpA-containing ICs functionally regulate enterotoxin-induced cellular responses by nasal polyp cells
	SpA mixed with autologous serum inhibits superantigen-induced cellular responses by nasal polyp cells

	Discussion
	References


