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Abstract

Background and Purpose Neutrophils and the release of neutrophil extracellular traps (NETs) play important roles in the

pathogenesis of RA. However, IgD, which was abnormally higher in RA, has not been studied for its pathological role in

neutrophil activation and NETs formation. Experimental Approach Peripheral blood of RA patients and healthy controls

were collected and adjuvant-induced arthritis (AA) rat models were established. Body weights, the severity of arthritis of AA

rats were monitored regularly. After being stimulated with IgD, expression of FcδR on neutrophils and NETs formation were

analyzed with multiple approaches such as flow cytometry, scanning electron microscopy, western blot, and qPCR. IgD-Fc-Ig

were used to block interactions between IgD-FcδR. Additionally, the effect of IgD-induced neutrophils or NETs on FLS was

assayed. Key Results As a specific marker of NETs, the level of citrullinated histone H3 was positively correlated with sIgD and

FcδR in RA patients. IgD enhances the release of NETs by activating neutrophils. IgD-Fc-Ig could significantly reduce NETs

formation and FcδR expression on neutrophils in vitro. In vivo, IgD-Fc-Ig treatment significantly regulates the neutrophil

activity and NETs formation. IgD-Fc-Ig could restrain IgD-induced neutrophil activation and NETs formation, thus inhibiting

FLS proliferation. Conclusions and Implications Neutrophils were activated by IgD, which suggests that neutrophils play a role

in inducing FLS proliferation in RA patients who have abnormally higher IgD levels, there by increasing the severity of the

disease. Blocking FcδR inhibited neutrophil activation and may represent an additional attractive novel therapeutic strategy

for the treatment of RA.
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Abstract

Background and Purpose

Neutrophils and the release of neutrophil extracellular traps (NETs) play important roles in the pathogenesis
of RA. However, IgD, which was abnormally higher in RA, has not been studied for its pathological role in
neutrophil activation and NETs formation.

Experimental Approach

Peripheral blood of RA patients and healthy controls were collected and adjuvant-induced arthritis (AA)
rat models were established. Body weights, the severity of arthritis of AA rats were monitored regularly.
After being stimulated with IgD, expression of FcδR on neutrophils and NETs formation were analyzed with
multiple approaches such as flow cytometry, scanning electron microscopy, western blot, and qPCR. IgD-Fc-
Ig were used to block interactions between IgD-FcδR. Additionally, the effect of IgD-induced neutrophils or
NETs on FLS was assayed.

Key Results

As a specific marker of NETs, the level of citrullinated histone H3 was positively correlated with sIgD and
FcδR in RA patients. IgD enhances the release of NETs by activating neutrophils. IgD-Fc-Ig could signif-
icantly reduce NETs formation and FcδR expression on neutrophils in vitro. In vivo, IgD-Fc-Ig treatment
significantly regulates the neutrophil activity and NETs formation. IgD-Fc-Ig could restrain IgD-induced
neutrophil activation and NETs formation, thus inhibiting FLS proliferation.

Conclusions and Implications

Neutrophils were activated by IgD, which suggests that neutrophils play a role in inducing FLS proliferation
in RA patients who have abnormally higher IgD levels, thereby increasing the severity of the disease. Blocking
FcδR inhibited neutrophil activation and may represent an additional attractive novel therapeutic strategy
for the treatment of RA.

Keywords : Neutrophil; NETs; FcδR; IgD-Fc-Ig; adjuvant-induced arthritis

Abbreviations

AA, adjuvant-induced arthritis; ACPA, anti-citrullinated protein antibody; anti-CCP; anti-cyclic citrulli-
nated peptide; CCK-8, Cell counting kit-8; CCP, cyclic citrullinated peptide; CitH3, Citrullinated histone
H3; CFA, complete Freund’s adjuvant; CRP, C-reactive protein; DG, IgD-Fc-Ig; ESR, erythrocyte sedimen-
tation rate; FLS, fibroblast-like synoviocytes; FcδR, the IgD receptor; HC, healthy control; HE, hematoxylin-
eosin; Ig, immunoglobulin; MHCII, major histocompatibility complex class II; MPO, myeloperoxidase; mIgD,
transmembrane IgD; NE, neutrophil elastase; NETs, neutrophil extracellular traps; PAD4, Peptidylarginase
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deiminase4; PB, peripheral blood; PMA, phorbol 12-myristate 13-acetate; RA, rheumatoid arthritis; RF,
rheumatoid factors; sIgD, secreted IgD.

Introduction

Rheumatoid arthritis (RA) is characterized by synovial inflammation and hyperplasia, autoantibody pro-
duction rheumatoid factor, and anti-citrullinated protein antibody (ACPA) (McInnes & Schett, 2017). Ac-
cumulating evidence has implicated the involvement of local immunoglobulin (Ig), such as IgG and IgA in
the pathogenesis of RA(Mikuls et al., 2020; Sanz, 2016). Compared to other Igs, IgD remains an enigmatic
antibody class. IgD includes transmembrane and secretory molecule, secreted IgD (sIgD) is released into the
blood as well as respiratory, salivary, lacrimal, and mammary secretions (Chen & Cerutti, 2010; Chen et al.,
2009; van der Linden et al., 2009). Recently, our studies investigated that in more than half of RA patients,
the levels of sIgD were higher than the cut-off value of 80 μg/ml and sIgD levels were positively correlated
with anti-cyclic citrullinated peptide (anti-CCP) and rheumatoid factors (RF) (Y. Wu et al., 2016; Zhang
et al., 2020).

The new effector function of neutrophils was known as the product of neutrophil extracellular traps (NETs)
have was found in 2004 (Brinkmann et al., 2004). NETs can damage host tissue and play a vital role in many
diseases including infectious and non-infectious diseases, autoimmune diseases (Jorch & Kubes, 2017). NETs
are decorated with citrullinated histone H3 (CitH3), myeloperoxidase (MPO), neutrophil elastase (NE),
peptidyl arginase deiminase 4 (PAD4), and other intracellular molecules, with filamentous web-like structures
(Honda & Kubes, 2018). NETs formation can be triggered by diverse stimuli (Alemán, Mora, Cortes-
Vieyra, Uribe-Querol, & Rosales, 2016; Khan et al., 2017). In addition, anti-neutrophil cytoplasmic antibodies
are considered the important autoantibodies to stimulate neutrophil activation, and then NETs formation
(Söderberg & Segelmark, 2016). Thus, further investigation to explore the crucial factors in regulating NETs
is important for RA.

Among the different Ig isotypes, IgA has been reported to enhance NETs formation via Fcα receptor I on
neutrophils (Aleyd et al., 2014). As the plasma concentrations of IgD were abnormally higher in part of RA
patients. But till now, the correlation between the abnormally increased IgD and the formation of NETs
has not been reported yet.

Our previous study suggests that IgD can bind to a specific Fc receptor (FcδR or IgDR), also demonstrated
that FcδR expression on fibroblast-like synoviocytes (FLS) in RA patients was higher than in HC (Y. J.
Wu et al., 2017). Our group reported that high levels of IgD may accompany high expression FcδR in
RA patients. Thus, investigating IgD-activated neutrophils may offer a potential therapeutic strategy that
can be used to treat overexpressed NETs in RA. To block interactions between IgD-FcδR, IgD-Fc-Ig fusion
protein was synthesized (patent license NO.ZL201510600762X, ZL201810692531X), it has been shown that
IgD-Fc-Ig has the potential to be a therapeutic drug in RA via T cell regulation (Han et al., 2020; Hu et
al., 2021; Zhang et al., 2020).

In this study, we sought to compare the expressions of FcδR on neutrophils in RA patients and HC. We
further investigated how IgD can regulate NETs formation and IgD-Fc-Ig whether decrease excessive NETs
in adjuvant-induced arthritis (AA) rat model.

Materials and methods

Samples collection and animals

The study protocol was carried out following the Declaration of Helsinki and approved by the Ethics Com-
mittee of Anhui Medical University (PZ-2021-022). Blood samples from 44 RA patients and 13 age-matched
healthy donors were collected from the First Affiliated Hospital, Anhui Medical University. Written in-
formed consent was obtained from each donor. Six-week-old male SD rats (160 ± 20 g) (Certificate No.
110324211103177231) were obtained from Beijing Si Bei Fu Laboratory Animal Technology Co., Ltd., and
maintained in a specific pathogen-free animal laboratory at Anhui Medical University.
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Clinical, serological assessments and human plasma IgD and CitH3 detection

Medical history, baseline characteristics, and demographic data were recorded and physical examination was
performed for each patient at the beginning of the study. The levels of sIgD and CitH3 were determined in
serum samples using the ELISA method according to the manufacturer’s instructions. The clinical indexes
of 44 RA patients were collected, including gender, age, RF (rheumatoid factor), CRP (C-reactive protein),
ESR (erythrocyte sedimentation rate), and anti-CCP (anti-cyclic citrullinated peptide).

Drugs and reagents

The IgD-Fc-Ig fusion protein (Han et al., 2020) and IgG1-Fc protein were supplied by the Institute of
Clinical Pharmacology, Anhui Medical University (Hefei, China), and the purity of the IgD-Fc-Ig is more
than 90%. Complete Freund’s adjuvant (CFA)and Phorbol 12-myristate 13-acetate (PMA) were purchased
from SigmaAldrich (St. Louis, MO, USA). rhTNFR:Fc fusion protein was purchased from Guojian Phar-
maceutical Company (Shanghai, China). Anti-human/rat MPO (ab208670), anti-human/rat anti-histone
H3 (citrulline R2+R8+R17) antibody (ab5103) were obtained from Abcam (USA). Brilliant Violet 421-
anti-human CD15(323040), PE-anti-human-CD177 (315806), and PE-anti-human HLA-DR (307605) were
purchased from Biolegend (USA). APC-anti-human-CD16 (561304) was purchased from BD Pharmingen
(USA). FITC-anti-human myeloperoxidase(92008) was obtained from Invitrogen (USA). Human IgD protein
(FITC-IgD) was labeled with FITC fluorescent labeling kit (DOJINDO LABORATORIES). Anti-human/rat
NE(AF0010) were purchased from Affinity Biotechnology (China). Alexa Fluor 647-conjugated goat anti-
rabbit IgG and Alexa Fluor 488-conjugated goat anti-rabbit IgG (Cat. No. FMS-Msaf48801, Fcmacs, China)
second antibodies were purchased for this study.

Isolation and treatment of human neutrophils

Neutrophils were isolated from peripheral blood that was obtained from HC and RA patients using
PolymorphprepTM(Axis-Shield, Dundee, UK)according to the manufacturer’s instructions. Briefly, den-
sity gradient centrifugation, then to remove any erythrocytes contamination of the neutrophils, resuspend
the cell pellet in 3 ml of Solution ammonium chloride lysis buffer (0.83%(w/v)NH4Cl, 10 mM Hepes-NaOH,
PH 7.4) and incubate at 37degC for 5 min at room temperature (RT). After lysis, Neutrophils were washed
with PBS. Cells were resuspended in RMPI 1640 supplemented with 10% fetal bovine serum (HyClone,
Carlsbad, CA, USA). The cell preparations contained 90-95% neutrophils with viability higher than 95%, as
established by exclusion with trypan blue.

For neutrophil stimulation, neutrophils were plated in 24-well plates at a concentration of 1.5x106 cells/ml
in 1ml RPMI1640medium for each well. Neutrophils were cultured for 6 h after incubated with various
concentrations of IgD (0.1, 0.3, 1, 3, 10μg/ml) or IgD (3μg/ml) combined with IgD-Fc-Ig(1,3,9μg/ml).
Following treatment for 6 h, neutrophils were collected for further analysis, and the supernatant was collected
for NETs isolation.

Flow cytometric analysis

After cells were collected, surface and intracellular markers of neutrophils were evaluated by flow cytometry.
After fixation, neutrophils were stained with fluorescently labeled mAbs against surface molecules (Brilliant
Violet 421-anti-CD15, APC-anti-CD16, and FITC-FcδR). MPO and anti-histone H3 (citrulline R2 + R8 +
R17)(CitH3) are highly specific markers of NETs and are used to evaluate NETs. In short, cells were fixed
and permeabilized with a fixation/permeabilization kit (Invitrogen) and incubated with combinations of the
following antibodies; FITC-conjugated anti-MPO antibody and rabbit anti-CitH3 antibody as a primary
antibody for 30 min at 4, then use Alexa Fluor 647 goat IgG anti-rabbit as a secondary antibody to detect
CitH3. Neutrophils untreated with primary antibodies were used as a negative control. Each incubation was
followed by a wash with 2% BSA in PBS and centrifugation at 3000 rpm at 4°C for 5 minutes. Samples were
then resuspended in 2% BSA in PBS. All data were collected using flow cytometry (Beckman Coulter)and
analyzed with CytExpert (2.1.0.92).

Imaging flow cytometry acquisition and analysis
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It has described the rapid quantification of NETs in vitro and whole blood samples by imaging flow cyto-
metry(Lelliott et al., 2019). Neutrophils (3×105) were treated as mentioned above. Subsequently, cells were
resuspended in 80 ml HBSS-2% BSA. The cells were analyzed in an imaging flow cytometer (ImageStreamX
MkII) using the 60 objectives. Cells were filtered through a cell strainer directly before the acquisition, a
minimum of 30,000events per sample was acquired. Data were analyzed by the IDEAS software package with
gating first on single cells; second, on focused cells; and third, with criteria on MPO and CitH3 positive cells.
The same analysis template file was used for each sample for gating.

NETs isolation

After 6-hour treatment of neutrophils, supernatants were collected and centrifuged at 450g for 5 min and
then by centrifugation (1,8000g, 10 min) at 4°C. NETs were prepared by suspending the cold PBS.NETs
supernatants were transferred to a fresh tube, obtained DNA concentrations in each sample were measured
with spectrophotometry. An adequate concentration in the sample should range between 140-180 ng/μl and
be stored at-80°C until used (Najmeh, Cools-Lartigue, Giannias, Spicer, & Ferri, 2015).

Western blot analysis

Neutrophils from HC were collected after treatment. Then, cells are lysed in lysis buffer on ice for 30
minutes. Primary antibodies of MPO (rabbit,1:500, ab208670), NE (rabbit,1:300, AF0010), CitH3 (rab-
bit,1:500,ab5103), and β-actin (mouse, 1:1000, Cat. No. 66009-I-Ig, proteitech, USA) were then incubated
at 4overnight, and goat anti-rabbit (1:30000, Cat. No. 7074P2, Cell Signaling, Germany)/mouse conjugated
secondary antibodies (1:30000, Cat. No. SA00001-1, Proteintech, USA) were incubated for 2 h at 37 °C.
The membrane was scanned using GS-700 Imaging Densitometer. The image was analyzed with Image J
software(1.51j8).

Confocal immunofluorescence microscopy analysis

Neutrophils were seeded at a density of 3× 105cells/ml on glass coverslips in a 24-well plate. The cells were
incubated with or without IgD (3μg/ml) and IgD-Fc-Ig (10μg/ml) for 6 h. Then, cells were fixed with 4%
paraformaldehyde for 15 min and were permeabilized with 0.1% Triton X-100 in PBS for 10 min. After
blocking with 5% BSA/PBS for 1 h, cells were incubated with anti-MPO, anti-NE, or anti-CitH3 antibodies
at 4 overnight and subsequently with Alexa Fluor 647-conjugated goat anti-rabbit IgG and Alexa Fluor
488-conjugated goat anti-rabbit IgG was incubated at a 1:200 ratio in a 4 incubator for 1 h. Nuclei were
counterstained with 4’,6-diamidino-2-phenylindole (DAPI) (Beyotime, cat. No. C1005) for 5 min. Images
were acquired on a Leica SP8 TCS STED ×3 confocal microscope system.

Scanning electron microscopy analysis

Add 100μl cells to the 24-well plate and keep it for 10 minutes. Then cells were fixed with 2.5 % glutaraldehyde
for 30min,then the cells were washed with PBS. Thereafter, the samples were dehydrated in an ascending
gradient of 35%, 50%, 75%, 95%,100% ethanol with 10 min. Transfer the sample from 100% ethanol to 1:2
(HMDS: 100% ethanol) solution, and let stand for 20 minutes, then transfer to 2:1 (HMDS: 100% ethanol)
solution and let stand for 20 minutes. Finally, transfer the sample to 100% HMDS solution and overnight
in a ventilated place.Images were scanned under a scanning electron microscope (ZEISS GeminiSEM 300)
(Fischer, Hansen, Nair, Hoyt, & Dorward, 2012).

Induction and treatment of AA rats

We established a rat adjuvant-induced arthritis (AA) model via intradermal injection of CFA. Each arthritis
rat was induced by a single intradermal injection of 0.15ml of CFA into the right hind paw for the AA model
rat (Luo et al., 2020). Rats were maintained in a specific pathogen-free animal laboratory at Anhui Medical
University. The rats were divided into six treatment groups: normal, AA model, IgD-Fc-Ig (3,9 mg/kg),
IgG1-Fc (9mg/kg), Etanercept (3 mg/kg). After the onset of arthritis at day 14, the rats were treated with
IgD-Fc-Ig, IgG1-Fc, or etanercept through subcutaneous injection (every three days, for 24 days). The rats
in the normal control group were treated with an equal volume by subcutaneous injection.
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Arthritis assessment

Two independent observers with no knowledge of the treatment protocol evaluated the severity of AA. The
severity of arthritis was evaluated every three days about arthritis index, paw volume,the number of joint
swelling, global scoring,and body weight.The evaluation criteria of arthritis index are as follows: 0: no
redness and swelling; 1: slight swelling of the small toe joint; 2: swelling of the toe joint and plantar; 3:
swelling of the paw below the ankle; 4: swelling of all-paw including the ankle. The evaluation criteria of
the swelling joint count are as follows: one foot of each rat counted one ankle (or wrist) and five fingers
(toe) joints. The evaluation criteria of global scoring are as follows: Ears: 0: no nodules or redness, 1:
nodules or redness in one ear, 2: nodules or redness in both ears; Nose: 0: no connective tissue swelling, 1:
obvious connective tissue swelling; Tail: 0: no nodules, 1: nodules; forefoot: 0: no swelling, 1: swelling of
one forefoot, 2: swelling of two forefeet; Hindfoot: 0: no swelling, 1: swelling of one hind paw, 2: swelling
of two hind paws. The rat paw volume was measured before CFA injection and after CFA injection using a
plethysmometer (Panlab, Spain).

Rat plasma sIgD, CitH3, and anti-CCP2 Detection

Rat whole blood was collected on day 35 and then centrifuged at 2,500 rpm for 10 min to isolate the plasma.
Rat plasma levels of sIgD, citrullinated histone (CitH3), and anti-CCP2 were quantified by ELISA (Shanghai
Enzyme-linked Biotechnology Co. Ltd). The absorbance at 450 nm of each sample was detected with an
Infinite M1000 PRO microplate reader.

Histopathological analysis

The hind paws and spleen of rats in each group were fixed in 4% formaldehyde. For histological assessment,
the fixed joint, and knee tissues were decalcified and embedded in paraffin, and 5 μm slides were prepared
and stained with hematoxylin-eosin (HE). Inflammatory cell infiltration, cartilage erosion, vascular pannus
formation, and synovial hyperplasia were semi-quantitatively assessed for each joint. The spleen tissue
sections were evaluated for parameters such as peripheral arterial lymphatic sheath density, germinal center
hyperplasia, marginal zone hyperplasia, and red pulp. Cartilage damage was evaluated by staining with
safranin-O.

Measurement of apoptosis

Cell apoptosis was analyzed after Annexin V-FITC/PI double staining, collection of neutrophils from rat
peripheral blood, cells were washed by PBS twice, centrifuged, and resuspended in 500 μl binding buffer 5μl
Annexin V-FITC was added to the cell suspension and mixed thoroughly, kept in the dark 15 min, then
10μl PI was added to the cell suspension 5 min, followed by detected by flow cytometry. Cell apoptosis was
analyzed with CytExpert (2.1.0.92).

Measurement of ROS production

Neutrophils were incubated with 10μM dichlorofluorescein diacetate (DCFH-DA; Sigma-Aldrich) as a
peroxide-sensitive fluorescent probe for 30 min at 37 °C and washed three times with serum-free RPMI
1640. Intracellular ROS accumulation was measured via flow cytometry (Beckman Coulter, Beckman Coul-
ter Biotechnology, CA, USA).

Immunofluorescence was performed to detect the levels of neutrophils

Rat ankle tissues were fixed with 4% paraformaldehyde overnight and subsequently embedded in paraf-
fin. Serial sections of 5 μm thickness were cut and deparaffinized in xylene and rehydrated by decreasing
alcohol-water series (100%-90%-75% ethanol-water). Then, the antigen was retrieved with 2% citrate antigen
retrieval solution at 100 for 10 minutes and blocked with 5% BSA-PBS buffer for 1 hour at room temper-
ature. Then, the sections were incubated separately with MPO antibodies at 4 overnight. Nuclei were
counterstained with DAPI (2 μg/ml) and washed three times with PBS. Fluorescence images were captured
using the 3D HISTECH (Pannoramic MIDI).

6
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Real-time quantitative PCR (qPCR)

To quantify the mRNA expression levels of MPO, PAD4, and NE. The samples were collected from the
treated human neutrophils and rats’ spleen. Total RNA from each group was extracted in 1 mL Trizol®
reagent (Invitrogen, CA, USA), and centrifuged at 12,000 rpm at 4 for 10 min. The extracted total
RNA was reverse-transcribed into cDNA.Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
an internal control gene for mRNA expression. PAD4, MPO, and NE genes were synthesized using specific
primer sequences (Sangon Biotech, China). Transcription levels of target genes were analyzed by qPCR using
an ABI 7500 (Applied Biosystems) and SYBR Green Master Mix (Vazyme). The novel primer sequences of
human and rat PAD4, MPO, and NE are as follows:

Human:

MPO- Forward 5’ -CCAAATTGCAGTGGATGAGATC-3’

Reverse 5’ -AGATGTTGTTCTTAGACACGGT-3’

NE-Forward 5’ -CTCCCGCTGCTCCCTCTGTC-3’

Reverse 5’ -TCACCGCTCAGAACCTCAGTCTC-3’

PAD4-Forward 5’ -CCCTGCCCTCGTGTTGCTTTC-3’

Reverse 5’ -AACTCCACTCCTCACTCCACATCC-3’

GPADH- Forward 5’ -GACTTCAACAGCGACACCCACTC-3’

Reverse 5’ -CCCAGCCACATACCAGGAAATGAG-3’

Rat:

PAD4-Forward 5’ -CAGCGGTTATTCCAGCAGTGAGAG-3’

Reverse 5’ -CCCACAAAGAGCCAATCGGAGAAG-3’

MPO-Forward 5’ -CACACCCTCATCCAACCCTTCATG-3’

Reverse 5’ -GCCACCTTCCAGCACAACTCTC-3’

NE-Forward 5’ -CCGAGGAGGCTGTGGATCTGG-3’

Reverse 5’ -GGTCATCATGGCTGCGGATAATGG-3’

GAPDH-Forward 5’ -ACGGCAAGTTCAACGGCACAG-3’

Reverse 5’ -CGACATACTCAGCACCAGCATCAC-3’

Isolation and treatment of FLS

FLS from RA patients (RA FLS) and AA model rats (AA FLS) were isolated (Song et al., 2020). For
CCK-8 analysis, RA FLS were cultured in the presence or absence of generated human NETstreated with
IgD (3μg/ml), IgD (3μg/ml)+IgD-Fc-Ig(1,3,10ug/ml), PMA(20nmol), or DnaseI(100u/ml)in 96-well plates
for 48 hours at 37°C in an atmosphere of 5% CO2. In the AA rat study, neutrophils were isolated from rat
peripheral blood in six different groups (normal, AA model, IgD-Fc-Ig (3,9 mg/kg), IgG1-Fc (9mg/kg), and
Etanercept (3 mg/kg) groups) were co-cultured with AA FLSfor 18h. For flow cytometric assay, RA FLS
were added to 6-well plates at 1x106 cells/well, stimulated with NETs from different treatment groups, and
cultured at 37 degC with 5% CO2. After 48 h, RA FLS were collected and centrifuged at 3000/rpm for 5
min at 4 degC. Cells were stained with labeled anti-human HLA-DR for 30 min at 4 degCand analyzed by
flow cytometry as mentioned before.

Cell counting kit-8 (CCK-8) analysis

7
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To assess the proliferative responses of cultured cells, a CCK-8 (Cat. No. CK04, DOJINDO, Japan) assay
was used to explore the viability of FLS. 10 μl of CCK-8 solution was added per well at the end of treatment.
The cells were incubated for 4 h at 37 °C in an atmosphere containing 5% CO2, and the absorbance at 450
nm was measured on a microplate reader (Infinite M1000 PRO, TECAN, Switzerland).

Statistical analysis

Data were analyzed using GraphPad Prism 7 software. For samples with non-Gaussian distribution, we used
Student’s 2-tailed Mann-Whitney U test. Multiple comparisons were analyzed by one-way ANOVA with
Dunnett’sT3 test. Correlations were calculated using Spearman’s correlation. Results are presented as the
means ± SEM. P values of less than 0.05 were considered significant.

Results

Τηε εξπρεσσιονς οφ σΙγΔ ανδΦςδΡ ιν νευτροπηιλς φρομ ΡΑ πατιεντς.

We identified the clinical and demographic characteristics of 44 RA patients and 13 healthy controls (Table1
). Then assessed neutrophil FcδR using immunofluorescence microscopy and flow cytometry in neutrophils
isolated from RA or HC. A significant increase in neutrophil FcδR in RA patients’ neutrophils compared to
HC was observed (Fig.1A-C ). Next, we determined whether plasma CitH3 levels in RA patients correlate
with sIgD and FcδR. As compared with plasma samples from 13 HC, RA patients showed higher levels
of CitH3 (5.8289±1.692 ng/ml vs. 2.268±0.211 ng/ml) and sIgD (87.475±34.385 μg/ml vs. 43.860±7.708
μg/ml) in their plasma compared to HC (Figure.1D and E ). CitH3 is generally regarded as relatively
specific for NETs formation. The data showed that sIgD and CitH3 demonstrated a significant correlative
relationship (Figure.1F ), the association between FcδR and CitH3 was significant as well (Figure.1G ).

Effects of IgD on neutrophilsfrom Healthy Controls.

Following detection of FcδR and the presence of FcδR in RA patients, we sought to determine whether
neutrophils were capable of inducing NETs release and the increase of FcδR by IgD. This prompted us
to examine the effect of IgD on neutrophils. To confirm the effect of IgD on neutrophil activation in HC,
neutrophils were treated with IgD(0.1 ,0.3 ,1, 3 and 10 μg/ml)within 6h. We observed changes of FcδR
in neutrophils (Figure.2A, B) similar to those found in RA patients with active neutrophils. Then, we
examined NETs formation by neutrophils in the presence or absence of IgD. NETting neutrophils, defined as
MPO+CitH3+ events were increased in IgD (3 and 10 μg/ml) treatment groups (Figure.2C, D) , indicating
that signs of NETs were increased than control. By western blotting, little CitH3 was observed in the control
group, while MPO, NE, and CitH3 were observed to increase in the IgD (3μg/ml) group(Figure.2E-H) .

Effects of IgD-Fc-Ig on IgD activated neutrophils.

The observations described above prompted us to explore the role of IgD-Fc-Ig in neutrophils activated by
IgD (3μg/ml). Human neutrophils treated with IgD (3μg/ml) have been shown to induce NETs forming
and FcδR expression from peripheral blood in HC. To confirm this finding, neutrophils were incubated
with different concentrations of IgD-Fc-Ig(1,3, 10 μg/ml) combined with IgD (3μg/ml) for 6 h. Then, the
effect of IgD-Fc-Ig on NETs formation and FcδR expression in neutrophils was observed by flow cytometry.
Compared with the IgD(3μg/ml) group, IgD-Fc-Ig(10μg/ml) strongly inhibited NETs formation and FcδR
expression (Figure.3A-D ). The mRNA of MPO, PAD4, NE after IgD-Fc-Ig-treatment for 6 h was measured
via qPCR(Figure.3E-G) . The result showed significantly decreased MPO, NE, and PAD4 mRNA levels
compared to the IgD(3μg/ml) group.

Next, we examined NETs formation by neutrophils in the presence or absence of IgD-Fc-Ig observed by imag-
ing flow cytometry, confocal microscopy, and scanning electron microscopy. First, We intended to visually
observe NETs formation by imaging flow cytometry. Consistent with the findings by flow cytometry, MPO
and CitH3 fluorescent signals were increased after IgD (3μg/ml) treatment, and IgD-Fc-Ig (10 μg/ml) could
significantly downregulate the signals (Figure.4A, B ). Next, we visualized NETs location using confocal
microscopy, neutrophils from the IgD (3 μg/ml) group significantly augmented NETs which were presented
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by MPO, NE, and CitH3, and IgD-Fc-Ig (10 μg/ml) could decrease the release of NETs (Figure.4C-E
). And some neutrophils appeared non-activated, with a distinctive lobulated nucleus while others showed
signs of nuclear decondensation, which is a characteristic of NETs. Scanning electron microscopy analysis
showed that the surface of neutrophils covered with plasma membrane elaborated into irregular ridges or
small ruffles in the normal group. In IgD (3 μg/ml) group, it has shown a range of morphological variations.
Neutrophils were covered mainly by a smooth plasma membrane in which there were crater-like pits. Those
neutrophils which have plasma membrane contours consistent with the existence of bulges, and pits on their
surface had cytoplasm which seemed markedly disordered. And IgD-Fc-Ig (10μg/ml) can significantly reduce
NETs generation(Figure.4F ).

Effects of IgD-Fc-Ig on inflammatory index assessment of rat

Secondary joint inflammation was apparent on approximately day 14 following the first immunization. AA
rat developed typical manifestations of severe arthritis and showed front and hind paw swelling and redness
(Figure.5A, B) . Administration of IgD-Fc-Ig (3 and 9mg/kg) significantly alleviated these abnormalities
in varying degrees (Figure.5C and Supplementary figure 1) . Results from the H&E staining and
Safranin O-fast green cartilage staining of the ankle joint sections showed that synoviocyte proliferation and
inflammatory infiltration, pannus formation, damaged articular cartilage, as well as cartilage erosion, were
significantly attenuated following administration of IgD-Fc-Ig (3 and 9mg/kg)(Figure.6A-F ) . The effects
of IgD-Fc-Ig(3 and 9mg/kg) on AA rats were similar to the effects of the positive control drug etanercept.
Similarly, the histopathology of the spleen, which was characterized by the density of periarterial lymphatic
sheath, the emergence of germinal centers, marginal zone hyperplasia, and red pulp proliferation was sig-
nificantly alleviated by IgD-Fc-Ig (9mg/kg) treatment (Figure.6H-L ). Etanercept treatment exhibited
similar effects to that observed with IgD-Fc-Ig treatment. Thus, IgD-Fc-Ig treatment significantly alleviated
arthritis in AA rats.

Effects of IgD-Fc-Ig on the levels of IgD, CitH3, and CCP2 in AA rat

Rat serum levels of sIgD, CitH3, and CCP2 were detected by ELISA. As we expected, IgD levels in AA
rats were significantly higher than those in normal rats. Compared with the normal group rats, the levels of
serum CitH3 and CCP2 were also significantly elevated in AA rats. With the administration of IgD-Fc-Ig
(9mg/kg), sIgD, CitH3, and CCP2 levels were significantly reduced in AA rats (Figure5D-F ).

Effects of IgD-Fc-Ig on the neutrophils function of AA rats

In comparison with the normal group, the model group showed a significant increase in ROS levels from
neutrophils. Administration of IgD-Fc-Ig (3 and 9mg/kg) significantly reduced the neutrophil ROS produc-
tion (Figure.7A, B ). The levels of apoptosis neutrophils in AA rats were significantly decreased, IgD-Fc-Ig
(9mg/kg)administration could promote neutrophil apoptosis (Figure.7C, D ). Etanercept (3 mg/kg) could
downregulate the expression of ROS and increase the apoptosis rate of neutrophils in AA rats. We further
performed an immunohistochemistry assay to assess MPO expression in the ankle joints of rats. The results
showed that the expression of MPO was low in the normal rats. The high expression of MPO was observed
as rings associated with pannus formation. IgD-Fc-Ig (9mg/kg) treated rats exhibited decreased expression
of MPO in the ankle joints (Figure.6G ). There were significant effects of IgD-Fc-Ig on MPO, NE, PAD4
mRNA expression, IgD-Fc-Ig (9mg/kg) significantly decrease the expression of MPO, NE, CitH3 mRNA
relative to neutrophils in the AA model group (Figure.7F-H ). Etanercept (3 mg/kg) exhibited similar
effects to that observed in IgD-Fc-Ig treatment groups.

Effects of IgD andIgD-Fc-Ig on neutrophil-FLS interaction.

To observe the effect of IgD-induced NETs RA FLS function. We observed the major histocompatibility
complex (MHC) class II expression and proliferation of FLSs after cocultured with NETs isolated from IgD
and IgD-Fc-Ig treatment groups. The expression of surface MHCII was upregulated in RA FLS in IgD
(3μg/ml) stimulated NETs group compared to FLS not exposed to NETs, and IgD-Fc-Ig(9μg/kg) NETs
group could downregulate the expression of MHCII (Figure.8B, C) .NETs stimulated with IgD (3μg/ml)
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increased the proliferation of FLS, while IgD-Fc-Ig(10μg/ml) treatment NETs decreased FLS proliferation
after cocultured for 48h(Figure.8D) . To confirm our finding, in vivo study we observed the proliferation
changes of AA FLS cocultured with neutrophils isolated from different groups (normal, AA model, IgD-
Fc-Ig (3,9 mg/kg), IgG1-Fc (9mg/kg), and etanercept (3 mg/kg)). Compared with the control group, the
proliferation of AA FLS increased significantly after coculturing with neutrophils from the AA model rats
group, neutrophils from IgD-Fc-Ig (9mg/kg) and etanercept groups could significantly decrease the abnormal
proliferation of FLS (Figure.8E) .

Discussion

RA is a systemic inflammatory autoimmune disorder in which genetic and environmental risk factors con-
tribute to disease development. Immunoglobulins are essential components of the adaptive immune system
to fight against pathogens. For the past six decades, IgD has remained an enigmatic antibody that belongs
to an ancient form of immune surveillance and can profoundly influence immune responses mediated by
binding to effector molecules such as the Fc receptor via its carboxyl-constant regions. Several FcRs, namely
FcR for IgG, IgE, IgA, and IgM, have been characterized at both the protein and nucleic acid levels. In
contrast, FcδR has defied genetic identification. In the past decade, our research group has been committed
to the research of IgD and FcδR in RA (Basu et al., 2016; Hu et al., 2021; Y. Wu et al., 2016). Our previous
experiments proved the existence of FcδR on T cells, B cells, and FLSs through quantitative immunoflu-
orescence techniques (Dai et al., 2019; Y. J. Wu et al., 2017). It has been demonstrated that IgD serves
as a ligand for FcδR expressed on CD4+ T cells (Coico et al., 1985). As we know, neutrophils express a
large number of cell surface receptors for the recognition of microbial invasion, which are capable of innate
recognition of microbial structures or activation of the adaptive immune response (Futosi, Fodor, & Mócsai,
2013). For instance, when IgA immune complexes cross-linked IgA Fc receptor (FcαRI) on neutrophils re-
sults in neutrophil recruitment and the release of NETs, which induces joint damage in RA patients (Aleyd,
Al, Tuk, van der Laken, & van Egmond, 2016). Our group has reported abnormal levels of IgD in plasma
and FcδR on CD4+T cells from RA patients and arthritis rodent animal models. While it is currently not
known the expression of FcδR and roles of IgD on neutrophils. In this study, the expression of FcδR on
human neutrophils was observed. As a result, the expression of FcδR was higher on RA-neutrophils than on
HC-neutrophils.

We have reported that in RA patients the levels of sIgD were increased (Y. Wu et al., 2016) and positively
correlated with RF and anti-CCP (Zhang et al., 2020). Here we showed that besides plasma IgD, the levels
of plasma CitH3 in RA patients were significantly higher than that of HC. The association between plasma
IgD, FcδR expression on neutrophils, and plasma CitH3 in RA patient blood samples were observed. MPO,
NE, and CitH3 are proposed as target biomarkers reflecting NETs formation (Mauracher et al., 2018). MPO
catalyzes the oxidation of halides by hydrogen peroxide. NE is a neutrophil-specific serine protease that
degrades virulence factors and kills bacteria (Papayannopoulos, Metzler, Hakkim, & Zychlinsky, 2010). We
observed that the levels in plasma CitH3 in RA patients were significantly higher than in HC. It has also been
found that IgD significantly triggered NETs release and these structures were composed of DNA decorated
with MPO, NE, and CitH3, which revealed the typical NETs-like structures triggered by IgD. Scanning
electron microscopy analysis was used to observe the morphology of IgD-induced NETs. Our data clearly
show that IgD significantly increases the expression of FcδR and NETs formation in neutrophils, indicating
that sIgD and FcδR as potential specific immunological hallmarks in RA diagnosis and therapeutic targets.

The aberrant formation of NETs from neutrophils has been demonstrated in the pathogenesis of RA (Berth-
elot, Le Goff, Neel, Maugars, & Hamidou, 2017). First, NETs are responsible for autoantigen formation
in RA patients. Second, during NETs formation, potent enzymes which can promote tissue injury are re-
leased into the extracellular space. Third, impaired clearance of NETs in autoimmune diseases prolongs
the presence of active NETs and their components and, in this way, accelerates immune responses (Fousert,
Toes, & Desai, 2020). Thus, NETs may be an important therapeutic target in treating RA. Although there
have been many medications taken for RA therapy in recent years (Smolen et al., 2020), they are not suf-
ficiently safe or effective. Therefore, an increasing number of methods for the targeted treatment of RA

10



P
os

te
d

on
A

u
th

or
ea

5
F

eb
20

22
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
64

40
80

19
.9

69
69

40
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

with FcRs are emerging (Y. Wu, Pan, Hu, Zhang, & Wei, 2021). To neutralize overexpressed IgD in RA,
we synthesized a fusion protein known as IgD-Fc-Ig successfully by connecting human IgD-Fc and IgG1-Fc
domains. We herein used in vitro IgD treatment to simulate the aberrant formation of NETs in RA. As
we had hypothesized, IgD-Fc-Ig could selectively inhibit the IgD-induced formation of NETs in HC in vitro
, and the imbalance of NETs was restored. After treatment with IgD-Fc-Ig, the specific blocking of the
activated neutrophils induced by IgD suggests that IgD-Fc-Ig may repress neutrophil activation and NETs
generation through selectively targeting FcδR.

We further assess the therapeutic effects and pharmacology mechanisms of IgD-Fc-Ig on neutrophils in the
AA rat model. Consistent with our previous reports in CIA animal models (Han et al., 2020; Tai et al.,
2021; Zhang et al., 2020), the disease progression of AA rats was significantly alleviated after IgD-Fc-Ig
treatment, restored the arthritis index, global scoring, paw volume, and swollen joint counts of AA rats. AA
rats presented higher levers of IgD, CitH3, and CCP2 in serum, administration of IgD-Fc-Ig significantly
reduced abnormal levels of IgD, CitH3, and CCP2, suppressed the proliferation of synoviocytes, cartilage
erosion, inflammatory cell infiltration, and pannus formation of AA rats’ joints, and improved the pathological
deterioration of joints.

The NETs signal-transduction cascade included the generation of ROS, nuclear de-lobulation involving the
MPO and NE, and chromatin modification via the citrullination of histones by PAD4. These signaling
elements are significantly enhanced to promote NETs in RA compared with HC (Sur Chowdhury et al.,
2014). NETs can be initiated by ROS, it can also promote the morphological changes that occur during
NETs (Remijsen et al., 2011). AA rats presented a higher level of ROS in plasma, IgD-Fc-Ig (9mg/kg)
administration could significantly inhibit ROS overproduction. It has been shown that mitochondrial ROS
combine with increased intracellular calcium levels to activate PAD enzymes (e.g., PAD4) leading to hyper-
citrullination of histones and NETs release (Douda, Khan, Grasemann, & Palaniyar, 2015). And consistent
with ourin vitro study results, the mRNA expression of PAD4 was significantly reduced in AA rats after
IgD-Fc-Ig (9mg/kg) administration.

Apoptosis is crucial for neutrophil turnover and the resolution of inflammation (Greenlee-Wacker, 2016).
The levels of apoptosis were significantly delayed in AA rats compared to normal rats. However, following
IgD-Fc-Ig treatment, we discovered that IgD-Fc-Ig (9mg/kg) significantly promoted apoptosis of activated
neutrophils. In the ankle joints of rats, high expression of MPO was observed as rings associated with pannus
formation andIgD-Fc-Ig treated rats exhibited decreased expression of MPO. Our in vivo data indicated that
IgD-Fc-Ig could reduce neutrophil infiltration in the inflamed tissue.

Recently, it has been described that neutrophil-FLS interactions in the RA synovium might play crucial
roles in the promotion of joint damage and the development of systemic dysregulated innate and adaptive
immunity against citrullinated intracellular autoantigens (Carmona-Rivera et al., 2017). We studied the
effect of neutrophils and NETs on FLS from RA patients and AA rats. We observed that the production
of NETs treated with IgD could induce not only the proliferation but also surface expression of MHCII on
RA FLS. IgD-Fc-Ig could repress the promotion effect of IgD stimulated NETs. At the same time, after
co-culture of rat neutrophils and FLS, the proliferation of FLS from the IgD-Fc-Ig group and etanercept
group rats were significantly reduced compared with AA rats. FLS can acquire nonprofessional antigen-
presenting cell capabilities in the RA synovial environment by internalizing NETs containing citrullinated
autoantigens, up-regulating MHCII, and presenting the modified autoantigens to CD4+ T cells (Carmona-
Rivera et al., 2017). Our data indicated that neutrophil-FLS interactions may take part in the development
of the AA model. There were parallels between human in vitro results and rats in vivo assays, suggesting that
the therapeutic mechanism of IgD-Fc-Ig may be related to the regulation of neutrophil-mediated immune
responses.

Taken together, our study showed a correlation between aberrant NETs formation and IgD-FcδR in RA
pathogenesis. We demonstrated that cross-linking of FcδR by IgD may act via a positive feedback loop
mechanism contributing to neutrophil activation and leading to NETs generation and processing of RA
(Figure 9 ). IgD-Fc-Ig selectively blocks IgD binding to FcδR, suppresses the abnormal NETs generation and
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activation of neutrophils induced by IgD, recovers the imbalance of NETs. However, further studies focusing
on the molecular mechanisms of IgD-Fc-Ig on FcδR and downstream signaling pathways in neutrophils are
needed. This may help to explain how neutrophils act in patients with RA and animal models and the exact
pharmacological therapeutic effect of IgD-Fc-Ig.

Conclusions

In summary, activation of neutrophils was reduced when FcδR was blocked. Our results show that neutrophils
are activated by IgD via FcδR. Because neutrophils are found abundant in RA patients, and IgD can activate
neutrophils. After releasing NETs and upregulating the CitH3 and anti-CCP levels, which are involved in the
collaboration of FLS, in this way worsens disease in RA patients. IgD-induced inflammation by neutrophils
might be prevented by blocking FcδR using IgD-Fc-Ig therapy, which may help to alleviate disease in RA
patients.
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(A) We stained for neutrophils using immunofluorescence in peripheral blood from RA patients. Neutrophils
express FcδR (red). DAPI serves as a nuclear DNA counterstain (blue). The scale bar denotes 3μm. (B,
C)The expression of FcδRon neutrophils from healthy controls (HC) (n=13), RA patients(n=25). (D, E)
The plasma CitH3 and IgD levels in HC (n=13) and RA patients (n=44). (F)Spearman correlation analyses
were shown for the association of CitH3 with the plasma level of sIgD (n=44). (G)Spearman correlation
analyses were shown for the association of CitH3 with the expression of FcδR(n=25).

Figure2.Effects of IgD-activated neutrophils in healthy controls (HC).

Neutrophils were collected from HCperipheral blood and treated with IgD(0.1, 0.3, 1, 3, and 10μg/ml) within
6h. After cell culture, neutrophils were obtained. The effects of IgD on neutrophils and NETs formation
(MPO+CitH3+ in neutrophils) were compared between different treatment groups. (A, B) FcδR expression
on neutrophils was assayed by flow cytometry. (C,D) Expression of NETs in neutrophils was assayed by
flow cytometry. (E) The protein expressions of (F)MPO, (G)NE, and (H) CitH3 in neutrophils from HC
were monitored by western blot. Data were expressed as the mean ± SEM (n=5). *P <0.05 and **P <0.01
vs.control.

Figure3.Effects of IgD-Fc-Ig (DG) on IgD activated neutrophils in healthy controls (HC).

Effects of DG on neutrophils fromHC induced by IgD. Neutrophils were incubated with IgD (3μg/ml) and
different concentrations of DG (1, 3, and 10μg/ml) for 6h. The effects of DG on neutrophils and NETs
formation (MPO+CitH3+) in neutrophils were compared between different treatment groups. (A, B) FcδR
expression on treated neutrophils was assayed by flow cytometry. (C, D) NETs formation in treated neu-
trophils was assayed by flow cytometry. Q-PCR was conducted to determine the expression levels of gene
(E) MPO, (F) PAD4, and (G) NE. Data were expressed as mean±SEM(n=5). **P < 0.01 vs. control,#P <
0.05 and##P < 0.01 vs. IgD (3μg/mL) group.

Figure 4. Effects of IgD-Fc-Ig(DG) on the morphology of neutrophils and NETs formation.

Imaging flow cytometry, confocal immunofluorescence microscopy, and scanning electron microscopy assays
were performed to observe the morphology of neutrophils and NETs formation after treatment of IgD and
DG. In imaging flow cytometry assay,(A, B)representative example images of cells, NETsin IgD(3μg/ml)
group with strong positive staining(green is MPO, red is CitH3) were presented. And the DG (10μg/ml)
could weaken the fluorescence intensity and reduce the NETs formation (MPO+CitH3+ in neutrophils).
NETs were imaged by confocal microscopy, neutrophils were stained for (C)MPO(green), (D)NE(red), and
(E)CitH3(red).DNA was labeled with DAPI. The scale bar denotes 5μm. (F) Scanning electron microscopy
showed NETs generated from neutrophils treated with IgD and DG. Data were expressed as the mean ±
SEM (n=5).*P <0.01 vs.Control, ##P <0.01 vs. IgD (3 μg/ml) group.

Figure 5. Effects of IgD-Fc-Ig(DG) on arthritis index and IgD, CitH3, CCP2 levels of AA
rats.

SD male rats were immunized with CFA on D0. Then the rats were treated with DG, IgG1-Fc, and etanercept
by subcutaneous injection administration. (A)The time points of DG fusion protein administrated. (B-C)
Effects of IgD-Fc-Ig on the arthritis index of AA rats. (C-G) Effects of IgD-Fc-Ig on serum levels of sIgD,
CitH3, and CCP2 of AA rats. Data were expressed as the mean ± SEM (n=8).**P < 0.01 vs. normal, #P
<0.05vs. AA model.

Figure 6. Effects of IgD-Fc-Ig(DG) on ankle joints and spleens histopathology of AA rats. (
A-F) HE staining pathology and Safranin O-fast green cartilage staining of each group of rat ankle joints.
Original magnification x5. Synovial cell proliferation is represented by—, inflammatory cell infiltration
was represented by —, vascular pannus formation is represented by -, cartilage erosion is represented by -.
Comparison of pathologic modification of rat ankle joints between groups. (G)Immunofluorescence was used
to assess the expression of MPO in the ankle joints of rats. DG decreased MPO expression in the ankle joints
of arthritic rats. (H-L)A photomicrograph of spleen histopathology showed red pulp congestion—, geminal
center-, marginal zone— , and peripheral arterial lymphatic sheath-. Comparison of pathologic modification
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of rat spleen between groups. Data were expressed as the mean +- SEM (n=5). *P < 0.05 and **P <0.01,
vs . AA model.

Figure 7. Effects of IgD-Fc-Ig(DG)on the neutrophils functions of AA Rat.

Isolated neutrophils from rat peripheral blood in different groups were measured with flow cytometry. And
samples from the spleens were lysed and detected with qPCR analysis. (A, B) ROS production by the
rat neutrophils from different groups. (C)Apoptosis rates for neutrophils were analyzed by flow cytometry
with annexin V-FITC/PI apoptosis analysis. (D) The percentage of apoptotic cells. Neutrophils from the
DG treated groups weree compared with the AA model group. Q-PCR was conducted to determine the
expression levels of gene (F) MPO, (G) PAD4, and (H) NE. Etanercept group was set as a positive control.
Data are mean +- SEM(n=5). **P <0.01 vs control,#P <0.05 and##P <0.01 vs AA model.

Figure 8. Effects of IgD and IgD-Fc-Ig(DG) on neutrophil-FLS interaction.

RA FLS was incubated with NETs from human neutrophils stimulated by IgD in the presence or absence of
DG for 48 hours. AA rat FLS was incubated with AA rat neutrophils for 18 hours. (A) NETs and neutrophils
are cultured separately with FLS from RA patients and AA rats. After co-culture, (B, C)flow cytometry
evaluated surface expression of MHCII in RA FLS treated with NETs by staining HLA-DR.The proliferation
of RA FLS(D) and AA FLS (E) were performed. Data were expressed as the mean +- SEM(n=5). *P <0.05
and **P < 0.01 vs.Control; #P <0.05 and##P <0.01 vs.IgD(3μg/ml);*P <0.05 vs. Normal,##P <0.01
vs. AA.

Figure 9. Possible mechanisms of NETs mediated RA pathogenesis

IgD induces neutrophils to formation NETs. Neutrophils stimulated by IgD exhibited increased NET forma-
tion in vitro , associated with enhanced myeloperoxidase (MPO), neutrophil elastase (NE), peptidyl arginine
deiminase 4 (PAD4), and citrullinated histone 3 (CitH3) expression in neutrophils. NETs also promote the
activation and proliferation of FLS, leading to the increase of MHCII in FLS. This cascade contributes to
the RA autoimmune responses. And IgD-Fc-Ig may inhibit the activation of the neutrophil and generation
of NETs invivo and in vitro .
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