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Abstract

Aim: B cells, plasma cells, and local immunoglobulins, are important as a mucosal immune barrier function, and tend to increase
in patients with chronic rhinosinusitis with nasal polyposis (CRSWNP). However, their association with eosinophils’aggregation has
not been fully understood. The objectives of this study was to explore whether BAFF expression in the subepithelial area in nasal
polyp tissues of CRSWNP was associated with eosinophils’accumulation, and also to evaluate cells which cells produce BAFF.

Methodology: Immunohistochemical and immunofluorescence staining were used to analyse expression of BAFF, CD20, im-
munoglobulin A (IgA) and a proliferation inducing ligand (APRIL) on nasal tissues from CRSWNP patients and control subjects.
To identify the relationship between BAFF and tissue eosinophilia, CRSWNP subjects were divided into eosinophilic polyp and
non-eosinophilic groups. Double immunofluorescence analysis for BAFF and CD11c or CD11b was performed to identify cells
producing BAFF.

Results: The numbers of BAFF, CD20, and IgA-positive cells in the subepithelial area were significantly higher in the CRSWNP
group (both eosinophilic polyps and non-eosinophilic polyps) compared to the control group, and also significantly higher in
eosinophilic polyps compared to non-eosinophilic polyps. There were statistically significant correlations between the number of
BAFF and CD20-positive cells, CD20 and IgA-positive cells, and BAFF and IgA-positive cells. CD11b-positive cells were co-localized
with BAFF positive cells.

Conclusion: The subepithelial expression of BAFF was associated with increased number of B cells and plasma cells, and increased
production of IgA in the patients with CRSWNP, especially eosinophilic nasal polyps. Therefore, BAFF-induced IgA production may
be associated with eosinophils’aggregation and degranulation, which cause aggravation of tissue inflammation and finally polyp
formation. The expression of BAFF in the subepithelial area may be associated with innate inflammatory cells (CD11b* cells), such
as monocytes, granulocytes, macrophages, and natural killer cells.
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Introduction polyclonal immunoglobulin-E (IgE) production ?3.

Chronic rhinosinusitis with nasal polyposis (CRSWNP) is a chronic ~ Recent studies have reported increased infiltration of B cells
inflammatory disease of nasal and paranasal sinus mucosa and and plasma cells, and production of local Ig, especially antigen-
its precise etiologies are still unclear . It has been known that specific IgE, IgG and IgA in the nasal polyps of patients with
patients with nasal polyps are more likely to be associated with CRSwWNP 9, Although recent evidence showed that B cell and Ig

Th2-based inflammation, an increase of tissue eosinophils, and in the tissue play an important role in pathogenesis of CRSWNP,
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their exact mechanisms have not been fully understood.

B cell-activating factor of the TNF family (BAFF) and a prolife-
ration inducing ligand (APRIL) have recently been identified

as members of the TNF superfamily 7). They are known to play
important roles in B cell survival, proliferation, and maturation ©.
BAFF is an important regulator of immunoglobulin class-switch
recombination and production in B lymphocytes by T cell-inde-
pendent or —~dependent manner ©'9, Overproduction of BAFF

in nasal polyps may contribute to the pathogenesis of CRSWNP
through the local infiltration of B cells and IgA production ©.

IgA in the mucosa acts as the defensive factor against infectious
microorganisms, and is also known as an important immune fac-
tor for maintaining and controlling the homeostasis of symbiotic
bacteria "". It is known that locally elevated antigen-specific IgE
and plasma cells increases the degranulation of eosinophils and
aggravate local mucosal inflammation in nasal polyps ¢¢. Ho-
wever, it remains unclear whether locally elevated IgA actually
increases the degranulation of eosinophils and basophils in the
nasal polyps. In the blood circulation, IgA has been known to
interact with an Fc receptor called FcaRI (CD89): expressed on
the surface of the immune effector cells to initiate inflammatory
reactions '?. Ligation of FcaRl by IgA containing immune com-
plexes causes antibody-dependent cell-mediated cytotoxicity
(ADCC): degranulation of eosinophils and basophils, phagocyto-
sis by monocytes, macrophages, and neutrophils 2.

Although there have been many studies relating BAFF and
APRIL with various types of auto-immune diseases, B-cells
related malignancy, and obesity, few studies have explored their
role in nasal polyps of CRSWNP patients 3. In the present
study, we explored possible differences in the expression of
BAFF and APRIL between eosinophilic polyps and non-eosinop-
hilic polyps, and whether the expressions of these factors were
associated with eosinophils aggregation. In addition, we also
examined potential cells involved in the production of BAFF in
the subepithelial area.

Materials and methods

Patients

A total of 45 patients were enrolled in this study, of which 30
had CRSWNP, while 15 were undergoing septoplasty for nasal
septal deformity. The nasal polyps of CRSWNP were sub-
classified into eosinophilic polyps (EP) and non-eosinophilic
polyps (NEP) according to the result of hematoxylin and eosin
(H&E) stain ®. The polyp was defined as an EP if the proportion
of eosinophils exceeded 10% of the total infiltrating cells in the
tissue, if lower, it was defined as a NEP. Inferior turbinate mucosa
from control subjects and nasal polyps from CRSWNP patients
were collected for immunohistochemical or immunofluorescent
staining. The diagnosis of sinus disease was based on history,
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Table 1. Patient characteristics.

Non- Eosinophilic
Controls eosinophilic CRS\:NP
CRSWNP

Total of subjects, n 15 15 15
Sex, male, n 12 9 11
Age, yr mean 29.00 (18-55)  40.27 (13-74)  41.60 (15-60)
(range)
Eatlents with Atopy, 6 5 10
Lund-Mackay CT : 163+ 45 154435
score
Infiltration of tissue B 67+42 485+ 24.8

eosinophils , %

CRSWNP, chronic rhinosinusitis with nasal polyps.

clinical examination, nasal endoscopy, and computed tomo-
graphy of the paranasal sinuses. Reasons for exclusion included
use of oral or nasal corticosteroids, use of other medications
(e.g., antibiotics or antileukotrienes) for 4 weeks prior to sample
collection, histories of recent upper respiratory tract infection,
and revision surgeries.

Details of the subjects’ characteristics are included in Table 1. A
written informed consent was obtained from each study partici-
pant before enrollment into the study. The study was approved
by the Institutional Review Board of the Chungnam National
University Hospital.

Immunohistochemistry (IHC) and immunofluorescence (IF)
study

Paraffin-embedded tissue samples were soaked in xylene to
remove the paraffin wax and then sequentially in solutions of
100%, 95%, and 70% ethanol for rehydration. Antigen unmas-
king was performed by heating the slides in a Decloaking Cham-
ber (Biocare Medical, Concord, CA, USA) to 120°C. H,0, block
(Lab Vision, Fremont, CA, USA) and protein block (Dako Cyto-
mation, Carpinteria, CA, USA) were then applied to the tissue to
block endogenous peroxidases and prevent non-specific protein
binding, respectively. Primary antibodies were applied at the fol-
lowing concentration: 1:200 rabbit anti-BAFF antibody (Abcam,
Cambridge, MA, USA), and 1:200 rabbit anti-APRIL antibody
(Prosci inc., Poway, CA, USA). Primary antibodies were applied for
24 hrs at 4°C and the slides were rinsed thrice with PBS before
incubating for 2 hrs with appropriate secondary antibodies.
After further washing, the slides were stained with DAB (Vector,
Burlingame, CA, USA), and counterstained with hematoxylin.
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Figure 1. Immunohistochemical stain for B cell activating factor (BAFF)
(A, C, E: 200x/ B,D,F: 400x). A and B are control. C and D are non-eosin-
ophilic polyp (NEP). E and F are eosinophilic polyp (EP). Differences of
the number of B cell activating factor positive cells among the group in
subepithelium (G). Differences of the number of B cell activating factor
positive cells among the group in epithelium (H). (*: P<0.05, ns: statisti-

cally non-specific).

Immunofluorescence (IF) study was performed using rabbit po-
lyclonal antibody/FITC (DakoCytomation, Glostrup, Denmark) for
the human-IgA and mouse monoclonal antibody (BD Bioscien-
ces) for the human-CD20. Cy2-streptoavidin (green) was added
for CD20 as secondary reagent.

Double immunofluorescence experiments were performed
using Cy3-biotin Rb (red)-conjugated anti-rat IgG for BAFF
(Abcam) or Cy3-biotin Rb (red)-conjugated anti-rabbit IgG for
BAFF-R (Prosci inc.) and Cy2-Streptoavidin (green)-conjugated
anti-mouse IgG for CD20 (BD Biosciences). The other experi-
ments were performed using Cy3-biotin Rb (red)-conjugated
anti-rat IgG for BAFF (Abcam) and Cy2-Streptoavidin (green)-
conjugated anti-mouse IgG for CD11b (AbD serotec, Kidlington,
UK) or Cy2-Streptoavidin (green)-conjugated anti-mouse IgG
for CD11c (Santa Cruz Biotechnology Inc, Dallas, TX, USA). After
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Figure 2. Immunohistochemical stain for a proliferation inducing ligand
(APRIL) (A, C, E: 200x/ B,D,F: 400x). A and B are control. C and D are non-
eosinophilic polyp (NEP). E and F are eosinophilic polyp (EP). Differences
of the number of a proliferation inducing ligand positive cells among
the group in subepithelium (G). Differences of the number of a prolifera-
tion inducing ligand positive cells among the group in epithelium (H).

(ns: statistically non-specific).

rinsing with PBS, the 4’-, 6-diamidino-2 phenlylindole dihydro-
chloride (DAPI, Santa Cruz biotechnology) was used for nucleus
staining. Species- and subtype-matched antibodies were used
as negative controls. The slides were subsequently observed
under a fluorescence microscope (Olympus, Tokyo, Japan).

The numbers of BAFF-positive, APRIL-positive, CD20-positive,
and IgA-positive cells were counted per high-powered field
(HPF, x 400) at three different sites. The numbers of BAFF-posi-
tive and APRIL-positive cells were also counted in both epithelial
layer and sub-epithelial layer. The BAFF+CD20+, BAFF-R+CD20+,
BAFF+CD11b+, and BAFF+CD11c+ cells were observed in the
eosinophilic polyps to localize BAFF or BAFF-R on different type
of cells. The slides were examined by three pathologists who
were blinded for the patients’ clinical information.
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Figure 3. Immunofluorescence assay (x400) for CD20 on control (A), noneosinophilic polyp (NEP) (B), and eosinophilic polyp(EP) (C). Differences of the

number of CD20 positive cells among the group (D). Correlation between B cell Activating Factor and CD20 (E). (*: P<0.05)

Statistical analysis

All statistical analyses were performed using SPSS (version 18.0,
SPSS, Inc., Chicago, IL, USA). One-way ANOVA with post-mortem
analysis using Tukey method, and Spearman correlation tests
were applied with significance levels set at p<0.05.

Results

Expression patterns of BAFF and APRIL in nasal mucosa
Expressions of both BAFF and APRIL were localized in the tissue
using immunohistochemistry. BAFF-positive cells were detec-
ted in both epithelial layers and subepithelial area from three
groups (Figure 1A-F). The estimates of the BAFF+ cells in the epi-
thelial layer were 31.47 + 9.00 in the control, 38.07 £ 6.35 in the
NEP, and 35.27 + 8.49 in the EP group, while the BAFF+ cells in
subepithelial area were 24.27 + 5.90 in the control, 37.00 + 12.77
in the NEP, and 47.47 + 10.36 in the EP group. There were no
significant differences in BAFF-positive cells within the epithelial
layers (Figure 1H). However, in the subepithelial area, the BAFF+
cells were significantly higher in either EP or NEP compared to
control group (Figure 1G) (p < 0.001). In addition, BAFF+ cells
were significantly higher in EP compared to NEP (Figure 1G) (p

< 0.05).

The APRIL-positive cells were also detected in epithelial layers,
subepithelial area and submucosal gland (Figure 2A-F). The
numbers of the APRIL+ cells in the epithelial layer were 43.00 +
17.32 in the control, 36.87 + 11.39 in the NEP, and 39.87 + 10.94
in the EP group, while the numbers in the subepithelial area
were 45.07 + 18.10 in the control, 46.07 +9.72 in the NEP, and
46.13 + 16.41 in the EP group. There were no significant differen-

Figure 4. Representitive images of double immunofluorescence assay in

eosinphilic polyps; B cell activating factor (BAFF) with CD20 (x400) (A),
B cell activating factor with CD20 and Dapi (x400) (B), B cell activating
factor receptor (BAFFR) with CD20 (x400) (C) and B cell activating factor
receptor with CD20 and Dapi (x400) (D).

ces among the groups within either the subepithelial (Figure 2G)
or epithelial layers (Figure 2H).
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Figure 5. Immunofluorescence assay (x200) for IgA on control (A), non-eosinophilic polyp (NEP) (B), and eosinophilic polyp (EP) (C). Differences of the

number of IgA positive cells among the group (D). Correlation between B cell activating factor (BAFF) and IgA (E). Correlation between CD20 and IgA

(F). (*: P<0.05)

Distribution of CD20 positive cells in the tissue

Since the expression of BAFF was significantly higher in nasal
polyps, an IF stain was conducted to evaluate if CD20 positive
cells (B cells) were also higher in nasal polyps (Figure 3 A-C). The
estimates of the CD20+ cells were (0.8 + 1.42) in the control,
19.87 £12.11 in the NEP, and 34.73 £ 7.53 in the EP group. The
CD20+ cells were significantly higher in both EP and NEP groups
compared to the control group (Figure 3D) (p < 0.001). In ad-
dition, the numbers of the CD20+ cells were significantly higher
in the EP compared to the NEP group (Figure 3D) (p < 0.001). The
number of the CD20+ cells also showed a statistically significant
correlation with the number of BAFF positive cells in the subepi-
thelial area (Figure 3E) (r = 0.4546, p < 0.005). Therefore, the ex-
pression of BAFF may be associated with accumulation of B cells
in the nasal polyps, especially eosinophilic polyps. Eosinophilic
polyps were stained with CD20 and BAFF or BAFF-R in a double
IF study. Although the expression of BAFF did not co-localize
with CD20+ cells (Figure 4A, B), BAFF-R expression is co-localized
with CD20+ cells in the eosinophilic polyps (Figure 4C, D).

Detection of IgA-positive cells

IgA+ cells were increased tremendously in nasal polyps,
especially EPs compared to control mucosa (Figure 5A-C). The
estimates of the IgA+ cells were 0.67 + 1.68 in the control, 15.53
+7.29 in the NEP, and 68.93 + 23.13 in the EP group. IgA+ cells
were significantly higher in the NEP and the EP group compared
to the control group (p < 0.001). Furthermore, IgA+ cells were
significantly higher in the EP compared to the NEP group (Figure
5D) (p < 0.001). There was significant correlation between the

Figure 6. Representitive images of double immunofluorescence assay on

eosinophilic polyp; B cell activating factor (BAFF) with CD11c (x200) (A)
and B cell activating factor with CD11c and Dapi (x200) (B), B cell activat-
ing factor (BAFF) with CD11b (x200) (C) and B cell activating factor with
CD11b and Dapi (x200) (D).

number of IgA+ cells and the BAFF+ cells (Figure 5E) (r = 0.73,
p <0.001) or CD20+ cells (Figure 5F) (r =0.85, p < 0.001).

BAFF is mainly produced by CD11b+ cells in the lamina
propria of nasal polyps

It is generally known that BAFF is usually produced by epithelial
cells, monocytes, fibroblasts, macrophages, and other submu-
cosal stromal cells ¢, Since only subepithelial expression

of BAFF was significantly higher in the EPs compared to the
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NEPs or the control group in the present study (Figure 1G), we
investigated which type of inflammatory cells produces BAFF in
the lamina propria. Most of the BAFF positive cells were not co-
localized with CD11C+ cells (Figure 6A, B), but with CD11b+ cells
(Figure 6C, D) in both epithelial layers and subepithelial area of
EPs using double immunofluorescent staining.

Discussion

Unlike our study, previous studies evaluated expression of BAFF
using different groups. They showed that BAFF-positive cells in
the subepithelial area were significantly higher in polyp tissue of
a CRSWNP group compared to the uncinate process mucosa of a
CRSsNP (CRS without NP) or control group ©. Nevertheless, our
study demonstrated that BAFF-positive cells in the subepithelial
area were also significantly higher in the CRSWNP group, especi-
ally in eosinophilic nasal polyps, compared to the control group.
In addition, there were no significant differences in epithelial
expression among the groups ©.

It has been known that most Asian patients have neutrophilic,
IL-17-biased polyps unlike Caucasian patients with eosinophi-
lic predominant polyps . However, eosinophilic infiltrations
can be also predominant in some polyps found among Asians.
Our study cohort showed that nasal polyps from patients with
CRSWNP can be classified as EPs and NEP. Furthermore, our
result indicated that the number of BAFF-positive cells in the la-
mina propria may be associated with eosinophils’aggregation in
nasal polyps, because BAFF-positive cells are significantly higher
in eosinophilic polyps compared to non-eosinophilic polyps.

In the human intestine, epithelial cells release APRIL after
sensing bacteria through Toll-like receptors (TLRs) and further
increased APRIL production by activating dendritic cells via
thymic stromal lymphopoietin (TSLP) ©. Therefore, the intestinal
mucosa maintains a high baseline expression of APRIL, and this
level of APRIL involves an IgA class switching in B-cells through
aT cell independent pathway ©. In our study, nasal epithelial
cells and subepithelial stromal cells also preserved a high level
of APRIL expression regardless of the group, with no significant
differences. This result indicates that the level of APRIL in the
nasal mucosa is not associated with nasal polypogenesis. It also
demonstrates, that BAFF may be more important than APRIL

in triggering the induction of immunoglobulin class-switch
recombination and production induced by pathogens in nasal
airways ©.

BAFF is known to function by binding with three receptors; the
BAFF receptor (BAFF-R), the B-cell maturation antigen (BCMA),
and the transmembrane activator and the CAML interactor
(TACI) “®. BAFF binds to BAFF-R with high affinity, and BAFF-R
was co-localized on the surface of B cells in our study (Figure
4C,D). APRIL, on the other hand, is known to act through the
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combination with TACl and BCMA ?9. These receptors are
uniquely expressed on B-cells and plasma cells, and are known
to maintain homeostais and control the activity of the B-cell
through binding with BAFF or APRIL (1820),

Enhanced expression of BAFF in the subepithelial area of nasal
polyps may be due to increased binding of BAFF to its receptor
on B cells or plasma cells. However, BAFF did not co-localize
with B cells in our study (Figure 4A,B), and this may indicate that
other cells in lamina propria of eosinophilic nasal polyps may
produce BAFF.

Our study showed BAFF expression was significantly correlated
with B-cell aggregation (Figure 3E) and IgA production (Figure
5E). Mucosal immunoglobulin can activate the isotype-specific
Fc receptors on the surface of phagocytes or other immune cells
and accelerate the defensive capacities against infiltrated patho-
gens V. In human, there are three isotype-specific Fc receptors;
three types IgG-specific Fc receptors (FcyRl, FcyRll, FcyRlIIl);

an IgA-specific Fc receptor (FcaRl); and a high-affinity IgE Fc
receptor (FceRil). These receptors are expressed on various types
of immune cells in the lamina propria of the mucosa ?'?2, When
the pathogenic antigen that is surrounded by immunoglobulin
is combined with these Fc receptors, it gets eliminated through
phaygocytosis, secretion and degranulation of antimicrobial
agents, including the production of activated oxygen species
(.23 In the present study, IgA was detected mainly on the cellu-
lar surface in the subepithelial area of eosinophilic nasal polyps
(Figure 5C). Our results indicate that the subepithelial accumu-
lation of IgA and activation of various immune cells through Fc
receptors may be involved in pathogenesis of eosinophilic nasal

polyps.

It has been known that subepithelial BAFF is produced by sever-
al stromal cells such as monocytes, histiocytes, fibroblasts, epi-
thelial cells of submucosal glands and blood vessels #2425, Our
study showed that subepithelial BAFF was produced mainly by
the CD11b-positive cells, and not by CD11c cells in eosinophilic
nasal polyps. This implies that CD11b-positive cells play a pivotal
role in producing BAFF, controlling the inflammatory responses,
and in the pathophysiology of nasal polyps. CD11b is known as
integrin alpha M which is one protein subunit that forms the he-
terodimeric integrin alpha M beta-2 (aMB2) molecule @9, aMp2
is expressed on the surface of many leukocytes involved in the
innate immune system, including monocytes, granulocytes,
macrophages, and natural killer cells 2. Therefore, prospective
research that examines which type of CD11b-positive cells and
which pathways are involved in BAFF production are necessary.

In conclusion, the expression of BAFF is related to increased
number of B cells and plasma cells, and increased production
of IgA. Furthermore, BAFF-induced IgA production may be



associated with aggravation of tissue inflammation, polyp
formation and both eosinophils’aggregation and degranulation.

The expression of BAFF in the subepithelial area may be as-

sociated with innate inflammatory cells (CD11b+ cells), such as
monocytes, granulocytes, macrophages, and natural killer cells.
Future studies are required to elucidate which cells are related in

pathophysiology of this phenomenon.
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