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Introduction: While cystic fibrosis (CF) lung disease is characterized by persistent
inflammation and infections and chronic inflammatory diseases are often
accompanied by autoimmunity, autoimmune reactivity in CF has not been
studied in depth.

Methods: In this work we undertook an unbiased approach to explore the
systemic autoantibody repertoire in CF using autoantibody microarrays.

Results and discussion: Our results show higher levels of several new
autoantibodies in the blood of people with CF (PwCF) compared to control
subjects. Some of these are IgA autoantibodies targeting neutrophil components
or autoantigens linked to neutrophil-mediated tissue damage in CF. We also
found that people with CF with higher systemic IgM autoantibody levels have
lower prevalence of S. aureus infection. On the other hand, IgM autoantibody
levels in S. aureus-infected PwCF correlate with lung disease severity. Diabetic
PwCF have significantly higher levels of IgA autoantibodies in their circulation
compared to nondiabetic PwCF and several of their IgM autoantibodies associate
with worse lung disease. In contrast, in nondiabetic PwCF blood levels of IgA
autoantibodies correlate with lung disease. We have also identified other
autoantibodies in CF that associate with P. aeruginosa airway infection. In
summary, we have identified several new autoantibodies and associations of
autoantibody signatures with specific clinical features in CF.
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Introduction

Cystic fibrosis (CF) affects an estimated 160,000 people worldwide
(1). CF is a genetic disease that originates from mutations in the Cystic
Fibrosis Transmembrane Conductance Regulator (CFTR) gene. CF is a
complex, multi-organ disease. While unbelievable progress has been
made in the past two decades in understanding CF pathogenesis and in
available treatment options, several questions remain unanswered
related to the etiologies of organ-specific dysfunction and their
potential connection to CF pathophysiology (2).

CF mortality and morbidity are still largely due to lung
complications (3-5). In CF, airway disease is characterized by
chronic, neutrophil-mediated inflammation, impaired mucociliary
clearance and infections by a select group of bacterial pathogens
including Staphylococcus aureus (S. aureus) and Pseudomonas
aeruginosa (P. aeruginosa) (5). While P. aeruginosa has been the
major respiratory pathogen in CF for years, its prevalence has
declined and S. aureus infections have become more common in the
past ten years (6). S. aureus is one of the earliest pathogens
discovered in the airways of CF children and remains one of the
two main respiratory pathogens persistent throughout the life of
people with CF (PwCF). Methicillin-resistant S. aureus (MRSA) and
small colony variants of S. aureus are especially of clinical relevance
in CF. MRSA respiratory infection has been associated in CF with
more aggressive antibiotic therapy (7), increased hospitalization (8),
accelerated decline in lung function (9-11) and increased mortality
(12). While S. aureus is a very important respiratory pathogen, less
is known about its pathogenesis in CF. Beyond a few clinical
measures such as the presence of CF-related diabetes (CFRD) or
numbers of hospitalizations per year, it is not really known what
host factors allow colonization of CF airways by S. aureus (6).

In addition to respiratory problems, PWCF also develop a variety
of non-pulmonary complications. CFRD, for instance, is a
comorbidity occurring in 20% of teen and 50% of adult PwCF (13,
14). CFRD is a distinct form of diabetes and is characterized by a
decrease in glucose-regulated insulin secretion, whereas insulin
sensitivity is most often normal (7). The development of CFRD is
associated with acceleration in decline of lung function and ultimately
death due to respiratory failure. Vascular disease, particularly
macrovascular disease, is much less common than in other forms
of diabetes. The mechanism whereby the development of CFRD
markedly worsens CF lung disease is largely unknown (13, 15).

Abbreviations: ANCA, antineutrophil cytoplasmic antibody; BPI, bacterial
permeability increasing protein; CF, Cystic fibrosis; CF-BR, Cystic fibrosis
biorepository; CFRD, CF-related diabetes; GADI, glutamic acid decarboxylase
1; HC, healthy control; IDDM, insulin-dependent diabetes mellitus; Ig,
immunoglobulin; MDAS5, melanoma differentiation-associated protein 5; MPO,
myeloperoxidase; MRSA, methicillin-resistant Staphylococcus aureus; MSSA,
methicillin-sensitive S. aureus; NETs, neutrophil extracellular traps; OGTT,
oral glucose tolerance test; PAD3, peptidylarginine deiminase 3; PAD4,
peptidylarginine deaminase 4; PCNA, proliferating cell nuclear antigen; PwCF,
people with cystic fibrosis; RA, rheumatoid arthritis; SLE, systemic lupus
erythematosus; SOX2, sex determining region Y-box 2; SS-B, Sjogren’s
syndrome type B antigen; TIDM, Type 1 diabetes mellitus; TTG,

tissue transglutaminase.
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CF lung disease pathogenesis has been classically characterized as
the triad of decreased mucociliary clearance, neutrophil-dominated
inflammation and polymicrobial infections. Chronic inflammation and
infections are also known to increase the chance for the development of
autoimmunity in several conditions (16-18). While CF has not been
considered traditionally as an autoimmune disease, we thought that the
circumstances are present for its potential development in CF.
Molecules derived from neutrophils that are chronically present in
CF airways could serve as autoantigens. Prior observations reported the
presence of anti-neutrophil cytoplasmic antibodies (ANCA) in CF that
target cytoplasmic components of neutrophils such as MPO (MPO-
ANCA (19, 20)), bacterial permeability increasing protein (BPI-ANCA
(21-23)) and proteinase 3 (PR3-ANCA (19, 20)). We have recently
identified two new autoantigens in CF: DNA (24) and peptidylarginine
deaminase 4 (PAD4) (25, 26). Neutrophil extracellular traps (NETs)
represent a likely source of the proteins that potentially could trigger an
autoimmune response in CF since all can be found in NETs (27-30). A
growing body of literature shows that NETs provide autoantigens in
several autoimmune disorders such as rheumatoid arthritis (RA) (31—
34), systemic lupus erythematosus (SLE) (35-38), ANCA-related
vasculitis (39-42) and autoimmune diabetes (30, 43). Anti-
citrullinated protein antibodies are biomarkers in RA pathogenesis
(34, 44-46). Nucleosomes trigger autoimmunity in SLE (35). The
human blood has natural nuclease activity mediated by DNAsel
(47). Impaired DNAsel-mediated NET degradation has been linked
to SLE pathogeneses (48-50) and anti-NET autoantibodies protect
NETs from DNAsel (49). Taken together, these data suggest an
underappreciated, potential autoimmune component of CF. Based
on all these, direct or indirect, associations we aimed at exploring
autoimmunity in CF in detail and hypothesized that novel
autoantibodies will be described in PwCF.

Instead of limiting our focus to a few specific autoantibodies, we
decided to undertake a more unbiased approach and to map the
autoantibody landscape in CF and explore its associations with
clinical parameters of the disease. This was done with powerful
autoantigen microarrays which assemble a panel of more than 100
autoantigens on a chip. Human sera are exposed to the autoantigens
and reveal IgG, IgM, IgA and IgE immunoreactivities. A limited
cohort of primarily young adults with CF was tested. Blood samples
obtained from non-CF control subjects and from people with well-
characterized autoimmune diseases, RA and SLE, were used
as comparisons.

Our results revealed several autoantibodies to be elevated in CF
compared to non-CF controls. Interestingly, unique autoantibody
signatures were found in PwCF that were associated with different
clinical phenotypes including S. aureus airway infection and CFRD.

Methods
Control subjects

All the human subject studies were performed according to the
guidelines of the World Medical Association’s Declaration of

Helsinki. Control human subjects recruited at the University of
Georgia provided informed consent before blood donation
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according to the protocol UGA# 2012-10769-06. Healthy subjects
were chosen to match the sex and age distributions of PwCF and did
not carry the diagnosis of CF, RA or SLE based on self-report
(Table 1; Supplementary Figure 1A). Eight to ten milliliters of blood
were collected by venipuncture, allowed to clot for thirty minutes
and were centrifuged. Serum aliquots were stored frozen until used.

People with cystic fibrosis (PwCF)

CF subjects were recruited from the Children’s + Emory CF
Care Center which follows approximately 700 PwCF from the
newborn period to old age. PWCF at this Center volunteer to
enroll in the CF Biospecimen Repository (CF-BR) (IRB00042577)
where biologic samples are collected longitudinally as disease
progresses, complications arise, and/or new treatments are
initiated. Samples are banked for future studies aimed at
understanding CF pathophysiology with the ultimate goal of
translating this new knowledge into the design of new therapeutic
strategies. For this current study, the biobank was queried for PwCF
who had serum samples collected and banked at the time of their
clinic appointment at the Care Center and 34 samples were selected
randomly that fulfilled all the following inclusion criteria: 1.
Diagnosis of CF confirmed by pilocarpine iontophoresis sweat
testing and/or CFTR gene mutation analysis showing the
presence of two disease causing mutations; 2. Consented for the
CE-BR for serum collection; 3. aged 12 years or older at the time of
blood draw; 4. Respiratory tract culture done the day of blood
collection and results available from the clinical microbiology
laboratory; 5. Pulmonary function measured via spirometry on
the same day blood was collected; 6. Clinically stable with no
acute illnesses within 3 weeks of the clinic visit; 7. On no new
medications within 3 weeks of the clinic visit and no new
medications, particularly antibiotics, prescribed at the clinic visit;
and 8. Sufficient serum volume banked for the autoantibody
microarray analysis. Finally, these samples were collected and
banked before the highly effective modulator therapy, Trikafta ™,
was approved for use in CF. The presence or absence of P.
aeruginosa or S. aureus as identified by the clinical microbiology
laboratory was noted. The percent predicted forced expiratory
volume in one second (FEV,%pred) for the day of the clinic visit
was recorded as a measure of lung function. The clinical
characteristics of PwCF participating in this study are

TABLE 1 Sex and age distribution of patient cohorts.

Patient cohort

Cystic Fibrosis

Healthy controls

10.3389/fimmu.2023.1151422

summarized in Table 2. Blood was drawn into a silicone coated
tube and processed as above until shipped to UGA for analysis.

SLE patients

SLE patients meeting four or more of the 1997 American
College of Rheumatology lupus criteria (51) were recruited from
the University of Michigan lupus clinic under IRB-Med 00066116.
All patients underwent written, informed consent. Five mL of blood
was collected in a serum separator tube and processed as above.

RA patients

Sera from RA patients were obtained from the University of
Alabama at Birmingham (UAB) Rheumatology Arthritis Database
and Repository. All patients met the 1987 ARA (now ACR) or 2010
ACR/EULAR classification criteria. All data and samples were
obtained in accordance with the UAB Institutional Review Board
for Human Use (IRB). Standard techniques for venipuncture and
isolation of serum were used as detailed above, and aliquots were
shipped on dry ice for analysis.

Autoantigen microarray

Autoantibody profiling was performed using an existing
autoantigen microarray platform developed at the University of
Texas Southwestern Medical Center Microarray Core (52). This
platform has the capacity to display large number of antigens on a
bio-chip and thereby serves as a high-multiplex screening method
for the determination of autoantibody specificities (53). In this
study, we designed an autoantigen microarray that contains 117
antigens which were selected based on a survey of the literatures to
identify autoantigens implicated in various human autoimmune
diseases (Supplemental Table 1). The protein array chips coated
with these autoantigens were used for profiling four isotypes of
autoantibodies, including IgG, IgM, IgA and IgE, in human serum
samples. Briefly, serum samples were pre-treated with DNAse-1,
then diluted at 1:50 (for serum) and hybridized to protein array
plates coated with 117 antigens and 8 controls. The array plates
were stained with either (I) Cy3-conjugated anti-human IgG

Rheumatoid arthritis Systemic Lupus Erythematosus
(RA) (SLE)

9 10

(CF) (HC)
34 26
Gender
% female 44.1% 30.4%
% male 55.9% 69.6%
Age (yrs, mean +/- 29.2+/-11.6

30.6+/-9.8
S.D))

60.0% 95.2%
40.0% 4.8%
32.5+/-4.8 45.1+/-12.6
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TABLE 2 Clinical characteristics of CF patients.

Clinical parameter N (percent)

Lung Function

FEV, % predicted >80% 18 (53%)
FEV, % predicted 60-80% 8 (24%)
FEV, % predicted 40-60% 7 (20%)
FEV; % predicted <40% 1 (3%)
Sputum or Throat Culture Microbiology
P. aeruginosa positive 22 (65%)
mucoid 13 (38%)
non-mucoid 5 (15%)
mucoid/non-mucoid 2 (6%)
unreported 2 (6%)
S. aureus positive 19 (56%)
MRSA 11 (32%)
MSSA 8 (24%)
F508del copy number
2 F508del alleles 15 (44%)
1 F508del allele 11 (32%)
0 F508del alleles 3 (9%)
undetermined 5 (15%)
CF-related diabetes (CFRD) 15 (44%)

Pancreatic exocrine insufficiency 34 (100%)

Musculoskeletal pain reported 7 (21%)

(1:2000, Jackson ImmunoResearch Laboratories, PA) and Cy5-
conjugated anti-human IgM (1:2000, Jackson ImmunoResearch
Laboratories), or (II) FITC-conjugated anti-human IgE (1:500,
BioLegend, CA) and Cy5-conjugated anti-human IgA (1:1000,
Jackson ImmunoResearch Laboratories). The fluorescent images
were acquired with a Genepix 4200 A scanner (Molecular Devices,
San Jose, CA) and converted to signal intensity values using
GenePix 7.0 software (Molecular Devices). Background was
subtracted and signal normalized to internal controls for IgG,
IgM, IgE or IgA, respectively. The final value for each
autoantibody was expressed as antibody score (Ab-score), which
is calculated based on the normalized signal intensity (NSI) and
signal-to-noise ratio (SNR) using the formula: Ab-score = log2
(NSI+SNR + 1).

The normalized and unit variance-scaled Ab-score values were
used to generate heat maps, organized by unsupervised hierarchical
co-clustering using Cluster and Treeview software (http://
bonsai.hgc.jp/~mdehoon/software/cluster/software.htm). In heat
maps (Supplementary Figure 1B), values were centered by rows;
each row in the heatmap represents an autoantibody and each
column represents a sample. Yellow color represents the signal
intensity higher than the mean value and the blue color represents

Frontiers in Immunology
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signal intensity lower than the mean value. Grey or black color
represents the signal is close or equal to the mean value of the raw.

In parallel with the above-described antigen array analysis, a
whole-chip citrullination was also performed to create a
corresponding array with the same 117 autoantigens but all
modified by citrullination. A protein citrullination kit
(Genecopoeia, MD) was used to produce the corresponding
citrullinated arrays. Antigens that had been immobilized to the
array chip were incubated with a mixture of 5 human recombinant
PAD enzymes (PAD1, PAD2, PAD3, PAD4 and PADS6) to produce
citrullinated antigens. The quality of citrullination was then
confirmed by antibody-based detection of protein citrullination.
Autoantibody reactivities against citrullinated autoantigens were
measured in the sera the same way as with the non-citrullinated
autoantigens described above.

Statistical analysis

Results between two subject cohorts were analyzed by Mann-
Whitney test while data among more than two cohorts were
compared by Kruskal-Wallis test. One-way ANOVA and Tukey’s
multiple comparisons test are also considered. Correlation between
two parameters was evaluated with Spearman’s rank correlation. Data
are expressed as mean plus-minus standard deviation. The
correlation coefficient (r) and two-sided p values were calculated.
To study how our conclusion can be influenced by the confounding
variables such as FEV;%pred, sex and age, we conducted multivariate
regression analysis for major observations. Specifically, multivariate
logistic regression was used to study how the binary variables (S.
aureus infections or CFRD) depend on the measured IgA or IgM
scores, plus confounding variables FEV, %pred, sex and age of PwCF.
Statistically significant differences were considered as *, p<0.05; **,
p<0.01; ***, p<0.001. Statistical analysis was carried out with
GraphPad Prism version 6.07 for Windows software.

Results

PwCF do not have significantly higher
levels of autoantibodies of a certain
immunoglobulin class

Autoantibodies directed mainly against neutrophil components
have been detected in CF in the past (19-23). Our team identified
recently two new autoantigens in CF: PAD4 (25, 26) and DNA (24).
Next, to explore the autoimmune landscape in CF in an unbiased
way, rather than one autoantibody at a time, we performed
autoantibody microarray experiments on blood samples of 34
PwCF (Children’s+Emory CF Care Center), 26 healthy control
(HC) subjects (University of Georgia), 9 RA patients (University
of Alabama) and 10 SLE patients (University of Michigan)
(Supplementary Figure 1A). The age and the sex distribution of
PwCEF corresponded to those of HCs (Table 1). Samples were tested
for the presence of antibodies against a customized list of 117
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autoantigens, several of which are known targets in a variety of
autoimmune diseases (Supplementary Table 1). The list contained
only one foreign, bacterial, antigen as a reference: flagellin Cbirl, a
well-known bacterial antigen in Crohn’s disease (54-56).
Autoantibodies of the IgA, IgG, IgM and IgE classes were
explored and results were received as heatmaps (Supplementary
Figure 1B). To assess overall autoimmunity, autoantibody scores
were calculated for each subject by summing up their fluorescence
of each autoantibody signal (Figure 1). This was done for each
immunoglobulin (Ig) class or for all Ig classes together (Total Ig)
(Figure 1). We did not observe any significant differences in
autoantibody scores of any given Ig class between HC and PwCF
(Figure 1.). Although relative fluorescence values were measured,
they allowed comparison between Ig classes. IgG, IgA and IgM
autoimmunity scores were detectable and comparable while the IgE
autoantibody scores were negligible (Figure 1). There was no
correlation observed between total autoantibody levels and age of
PwCF (Supplementary Figure 2). Thus, PWCF do not have elevated
systemic autoantibody levels.

PwCF do not have elevated levels of anti-
citrullinated protein autoantibodies

NETs and PAD4, the enzyme mediating NET formation in
neutrophils by generating citrullinated proteins, are abundant in CF
airways (26, 57). Anti-citrullinated protein antibodies are
characteristic in RA (58). Based on these observations, we next
explored whether autoantibodies exist in CF that target citrullinated
proteins. The 117 autoantigens were also citrullinated in vitro using
recombinant PAD4 and exposed to the same human serum
samples. The same pattern was true for citrullinated autoantigens

10.3389/fimmu.2023.1151422

as that of non-citrullinated ones (Figure 1). As expected, RA sera
were characterized by significantly higher levels of IgG, IgA and
total autoantibodies against citrullinated autoantigens than HC or
PwCF (Figure 1) (58, 59). Overall, we conclude that PwCF do not
produce autoantibodies against citrullinated autoantigens to a
greater degree than HC.

PwCF have significantly higher levels of
specific autoantibodies

No differences were found in the total IgG, IgM, IgA or IgE
autoimmune landscape in CF and similarly no such differences were
observed in samples of SLE, a well-characterized autoimmune
disease (Figure 1). We thus then explored whether specific
autoantibodies had significantly different levels in PwCF
compared to non-CF controls. For each autoantibody,
fluorescence values were compared between HCs and PwCF and
their CF/HC ratios were plotted against their p-values for each Ig
class (Figure 2A). Ten IgG autoantibodies were found to be
significantly lower in CF than in HCs while two IgG
autoantibodies had significantly higher levels in CF (Figures 2A,
C). In contrast, four IgM autoantibodies had significantly higher,
while two IgM autoantibodies had lower levels in CF compared to
HC (Figures 2A, D). Surprisingly, 14 IgA autoantibodies showed
significantly elevated blood levels in CF compared to HCs
(Figures 2A, E). The same trends were reflected when the number
of autoantibodies were counted that were either higher or lower in
CF, compared to controls (Figure 2B). The fluorescence values of
about two-thirds of IgG and IgE autoantibody signals were lower in
CF than in HCs (Figure 2B). On the contrary, about two-thirds of
the IgA and IgM autoantibody fluorescence values were higher in
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a separate subject. One-way ANOVA and Kruskal-Wallis test. AU, arbitrary unit; ns, non-significant. *, p<0.05; **, p<0.01; ***, p<0.001.
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difference (Y-axis) was plotted against the ratio of their average values in CF over HC cohorts (CF/HC, X-axis). Each dot represents an autoantibody.
Vertical dotted lines indicate a ratio of 1 corresponding to no difference between the two cohorts. Autoantibodies with elevated blood levels in CF
compared to HCs are on the right side of this line. Horizontal dotted lines indicate p=0.05, the level of significance. P-values are presented on the
Y-axis on a logl0-based scale in a reverse order. Autoantibodies with significant differences between CF and HC cohorts are above the horizontal
line while non-significant differences are shown below. CF and HC values were compared by Mann-Whitney test. (B) The 117 autoantibodies
measured for each Ig class were split into two groups: 1) those that are higher in CF (blue), and 2) those that are lower in CF (red), compared to HCs.
The average values in the CF cohort were compared to the average values of the HC cohort. (C) IgG autoantibodies are listed in the table that have
significantly different levels in PwCF compared to HCs and ranked from higher to lower. The CF/HC ratio was calculated based on dividing the
average CF value with the average HC value. The first p-value (fourth column from the left) was calculated by Mann-Whitney test for the difference
between CF and HC cohorts. Spearman correlation coefficient (r) was calculated between autoantibody levels and lung function (FEV,%pred) in the
CF cohort for the indicated autoantibodies. The significance of the correlation is indicated in the last column on the right side of the table. The raw
fluorescence data are presented for each autoantibody among the four patient cohorts. Each dot represents a separatesubject. (D) IgM and (E) IgA
autoantibodies with significantly different levels between CF and HC cohorts are presented and analyzed the same way as IgG autoantibodies above.
Autoantibodies labelled in orange boxes have significant correlation with the severity of CF lung disease. (F) IgA autoantibodies with significant
negative correlation with CF lung function are shown. Spearman correlation. Each dot represents a separate CF subject. *, p<0.05; **, p<0.01. AU,
arbitrary unit; CF, cystic fibrosis; HC, healthy controls; Rheumatoid arthritis; SLE, systemic lupus erythematosus.
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CF compared to the non-CF cohort (Figure 2B). The most
remarkable difference between PwCF and HCs was demonstrated
by IgA autoantibody signals (Figure 2E). The largest difference
between CF and HC was seen with the anti-flagellin CBirl signal
(Figure 2E). This measure served as a reference signal not
originating from host but from foreign antigens. A more than 2-
fold elevation of IgA autoantibody levels in CF were observed in
case of the following autoantigens: fibrinogen, Sex determining
region Y-box 2 (SOX2) and chromatin (Figure 2E). Neutrophils
components (LL-37 and proteinase-3) were also among the top IgA
hits (Figure 2E). Not only the majority of autoantibody signals
higher in CF belonged to the IgA class, but about half of them
demonstrated a significant, negative correlation with the lung
function of PwCF (FEV,%pred) (Figures 2E, F). In comparison,
only one of the 18 IgG or IgM autoantibodies that had significantly
altered levels in CF compared to HCs showed a significant
(negative) correlation with lung function (Figures 2C, D). These
data indicate that PwCF develop an autoimmune response against
certain host antigens, the blood levels of some of which interestingly
also correlate with the severity of CF lung disease.

PwCF without S. aureus airway infection
have high IgM autoantibody titers

S. aureus is one of the earliest pathogens recovered in the airways of
CF children and, along with P. aeruginosa, remains a main respiratory
pathogen persistent throughout the life of PWCF (60-62). MRSA, in
particular, is associated with accelerated decline in lung function,
increased hospitalization and mortality in CF (12, 63). While
persistence of MRSA in CF airways has been associated with
receiving care at a CF Center, pancreatic insufficiency, CFRD and
number of hospitalizations per year (60), no well-defined, molecular
host factors are known to date that correlate with S. aureus infection (or
its absence) in CF. PWCF were considered positive for S. aureus in our
study if the culture taken at the time of blood draw was positive. In a
preliminary study of 99 PwCEF, the culture done on the day of the blood
draw correctly identified the S. aureus status in 80% of the subjects
when the status was defined more stringently by the results of at least 4
cultures done in the previous 24 months (Stecenko, unpublished data).
Among the PwCF who participated in our study, 56% were positive for
S. aureus infection, 32% for MRSA and 24% for MSSA airway infection
(Table 2). As reported in Figure 1, the mean IgM autoantibody score
per subject, a reflection of the IgM-specific autoimmune response, was
not significantly different between CF and HC cohorts. When the CF
cohort was split, however, into people with or without S. aureus
infection, a clear difference was observed between their IgM
autoantibody profile: S. aureus-negative PwCF (SA- CF) had
significantly higher IgM autoantibody scores than S. aureus-positive
PwCF (SA+ CF) (Figure 3A). This difference was again confirmed
when comparing the number of IgM autoantibody signals that were
lower in PwCF compared to HCs (Figure 3B). About half of the IgM
autoantibodies are significantly lower in the blood of S. aureus-positive
PwCF compared to S. aureus-negative people (Figures 3B, C).
Figure 3C further confirms this trend in another way when for each
autoantibody a ratio was calculated by dividing their values in S.
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aureus-positive PWCF by the one observed in S. aureus-negative CF
individuals, and this ratio was plotted against the p-value of their
difference (Figure 3C). This difference in the IgM autoantibody
signature was not present in their IgG and IgA autoantibody scores
(Figures 3A-C). While S. aureus typically infects younger PwCF (64),
there was no significant difference (p=0.656, Mann-Whitney test)
between the age range of S. aureus-negative (30.8 + 10.1 years, mean
+ S.D., n=15) and S. aureus-positive PwCF (30.4 + 10.1 years, mean +
S.D., n=19) in our study, so we do not think an age bias drove the
observed IgM autoantibody difference among PwCF who are infected,
or not, with S. aureus (Supplementary Figure 3A). Similarly, no
difference was observed in the lung function values between the two
cohorts of PWCF based on their S. aureus status (Supplementary
Figure 3B). When multivariate logistic regression was also used for
the binary variable S. aureus infection against total IgM autoantibody
score, FEV%pred, sex and age, a p-value of 0.0382 was obtained for
total IgM autoantibody score, which means that after controlling for
FEV,%pred, sex and age, the difference in IgM autoantibody scores
between PwCF with or without S. aureus respiratory infection still
remain significant. Overall, we found a strong association between S.
aureus infection and low levels of systemic IgM autoantibodies. These
results suggest that certain IgM autoantibodies could be protective
against S. aureus infection in CF and could indicate the first molecular
determinants of S. aureus lung colonization in the disease.

The top IgM autoantibodies with higher
levels in S. aureus-negative PwWCF

The IgM autoantibodies were next ranked according to their p-
values between the S. aureus-positive and S. aureus-negative CF
cohorts. Figure 3D lists the top seven hits. Proliferating cell nuclear
antigen (PCNA) stood out amongst all the hits with the strongest
association (p=0.0002, Figure 3D; Supplementary Figure 4). Anti-
PCNA IgA and IgG autoantibody levels were not affected by S.
aureus infection status (Supplementary Figure 4). When PwCF were
split according to their anti-PCNA IgM levels into “low” and “high”
groups, low anti-PCNA IgM PwCF were all S. aureus-positive while
83% of “high” anti-PCNA IgM PwCF were S. aureus-negative.
Figure 3D shows the detailed results of the top two to seven IgM
autoantibodies. It is of note that myeloperoxidase (MPO, #2) is a
neutrophil-specific enzyme (65), PD-L1 (# 7) has increased expression
in neutrophils in CF airways (66) and hits #4-6 (filaggrin (67), laminin
(68), fibrinogen) are components of the airway epithelium, the
extracellular matrix or the blood clotting cascade, and are usually
linked to neutrophil-mediated tissue injury in pathological conditions.
Autoantibodies against PL-12, an alanyl-tRNA-synthetase (69), are
present in autoimmune diseases and associate with interstitial lung
disease (69, 70). Multivariate logistic regression was next performed for
binary variable S. aureus infection against FEV,%pred, sex, age, CFRD
and P. aeruginosa infection for each of the top 7 IgM autoantibodies.
While the p-value for anti-PCNA IgM between PwCF with or without
S. aureus infection became insignificant (p=0.361), it remained
significant for the remaining IgM autoantibodies tested after
including the indicated, additional variables into the analysis: MPO
(p=0.013), PL-12 (p=0.019), filaggrin (p=0.010), laminin (p=0.046),
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Association of S. aureus respiratory infection with a unique IgM autoantibody signature in cystic fibrosis. (A) Total IgG, IgM and IgA autoantibody
scores were calculated for each subject by summing up the fluorescence values of all 117 autoantibodies and compared between healthy controls
(HC, blue), S. aureus-negative (SA- CF, purple) and S. aureus-positive (SA+ CF, red) CF cohorts. One-way ANOVA, Kruskal-Wallis test. (B) The 117
autoantibodies measured for each indicated Ig class were split into four groups based on their average values and the significance of their
differences between SA- and SA+ PwCF: 1) significantly lower in SA+ CF (dark blue), 2) non-significantly lower in SA+ CF (light blue), 3) non-
significantly higher in SA+ CF (yellow), and 4) significantly higher in SA+ CF (red), compared to SA- PwCF. (C) SA- and SA+ PwCF were compared for
each autoantibody in each indicated Ig class and the p-value of their difference (Y-axis) was plotted against the ratio of their average values in SA+
CF over SA- CF cohorts (SA+/SA-, X-axis). Each dot represents an autoantibody. Vertical dotted lines indicate a ratio of 1 corresponding to no
difference between the two cohorts. Autoantibodies with elevated blood levels in SA+ CF compared to SA- CF are on the right side of this line.
Horizontal dotted lines indicate p=0.05, the level of significance. P-values are presented on the Y-axis on a logl0-based scale in a reverse order.
Autoantibodies with significant differences between SA+ and SA- CF cohorts are above the horizontal line while non-significant differences are
shown below. SA+ and SA- CF values were compared by Mann-Whitney test. (D) IgM autoantibodies are listed in the table that have significantly
different levels in SA+ PwCF compared to SA- PwWCF and ranked from higher to lower. The SA-/SA+ ratio was calculated based on dividing the
average SA- CF value with the average SA+ CF value for each IgM autoantibody. The p-value was calculated by Mann-Whitney test for the difference
between SA- and SA+ CF cohorts. *, p<0.05. MLR, multiple linear regression analysis; ns, non-significant; SA, Staphylococcus aureus; CF, cystic
fibrosis; HC, healthy control; FEV, forced expiratory volume; AU, arbitrary unit.

fibrinogen S (p=0.033) and PD-L1 (p=0.018), (Figure 3D). Overall,
most of the top IgM autoantibodies with higher levels in S. aureus-
negative PWCF target antigens specific to neutrophils or related to
neutrophil-mediated tissue damage.

The IgM autoantibody score
correlates with lung disease in
S. aureus-positive PwCF

We next addressed whether blood levels of IgM autoantibodies
show correlation with lung function in CF. In S. aureus-negative
PwCF, where levels of select IgM autoantibodies are higher, there
was no correlation between lung disease and IgM autoantibody
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levels (Supplementary Figure 5). In S. aureus-positive PwCF with
low total IgM autoantibody titers, however, a surprising negative
and strong correlation was observed with lung function (Figure 4A).
This is further demonstrated when the correlation coefficients
between the antibody’s fluorescent signal and lung function are
calculated for each IgM autoantibody and plotted against each other
between the S. aureus-positive and -negative CF patient cohorts
(Figure 4B). The cloud consisting of red dots is clearly shifted to the
right and even more to the bottom indicating a negative correlation
between lung disease and several IgM autoantibodies in the S.
aureus-positive population (Figure 4B). Figure 4C lists and ranks
the top IgM autoantibodies with the strongest negative correlation
with lung function in PwCF with S. aureus infection. The individual
data sets are shown for each of the top seven IgM autoantibodies in
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FIGURE 4

The IgM autoantibody score correlates with lung disease in S. aureus-positive PwWCF. (A) For each SA+ CF subject the total IgM autoantibody score
was calculated (X-axis) and correlated with lung function (FEV,%pred, Y-axis) (Spearman correlation coefficient). (B) For each IgM autoantibody
correlation coefficients were calculated with CF lung function (FEV;%pred) and plotted against each other in the SA- (X-axis) and SA+ (Y-axis) CF
cohorts. Each dot represents an IgM autoantibody. The top 7 IgM autoantibodies are C) ranked in the table according to their descending Spearman
correlation coefficient values with CF lung function (FEV;%pred) in SA+ PwCF and D) their correlation data are shown. **, p<0.01. SA,
Staphylococcus aureus; CF, cystic fibrosis; HC, healthy control; FEV1, forced expiratory volume; AU, arbitrary unit.

Figure 4D. Three of these IgM autoantibodies target different forms
of collagen (Figures 4C, D). In summary, these data indicate a
potentially complex role of IgM autoantibodies in CF.

Higher IgA autoantibody levels
characterize CF-related diabetes

CFRD represents a unique form of diabetes and it is unclear why
so many people with CF develop diabetes (7-9). We wished to
address a potential role of autoimmunity in CFRD given the
association between autoimmunity and other forms of diabetes
(71). CFRD was diagnosed by a CF endocrinologist using CF
Foundation guidelines which require a combination of two positive
tests (oral glucose tolerance test, OGTT, with the fasting glucose
greater than 125 mg/dl and/or the two-hour value greater than 199
mg/dl; hemoglobin Alc greater than 6.1%; and/or random plasma
glucose of 200 mg/dl or higher) done when the person is clinically
stable. CF without diabetes was defined as the absence of the
diagnosis of CFRD by the CF endocrinologist rather than by
OGTT criteria as during the time the blood samples were collected,
the rate of performing annual OGTTs to screen for CFRD in our
Center was less than 50% of eligible people. However, the fact that
CFRD was diagnosed in 44% of the CF cohort (Table 2) suggests that
CFRD was not significantly underdiagnosed in our study. Based on
these definitions, the CF cohort in our study was split into two groups
for analysis: PwCF with CFRD (CFRD +) and those without (CFRD
-). When the total autoantibody scores of each Ig class were analyzed,
a significant difference could only be observed for IgA autoantibodies
between the diabetic and nondiabetic CF cohorts (Figure 5A). This
was not the case for IgG and IgM autoantibody scores (Figure 5A).
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There were only a few IgG and IgM autoantibody signals that were
significantly different between diabetic and nondiabetic PwCF
(Figure 5B). However, when IgA autoantibody levels were analyzed,
a strong association with CFRD was uncovered (Figure 5B). A large
portion of the IgA autoantibodies had higher levels in diabetic PWCF
than in CF without diabetes and more than half of them were
significantly elevated (Figure 5C). Supplementary Figure 6A
presents the raw data for each IgA autoantibody that showed a
significant difference between CFRD- and CFRD+. In contrast, only
three IgG, two IgM and nine IgE autoantibody signals were
dependent on the diabetic status of PwCF (Supplementary
Figure 6B). CFRD typically manifests at older age (72). There was
no significant difference (p=0.056, Mann-Whitney test) between the
age range of CFRD-negative (27.7 + 9.7 years, mean + S.D., n=19)
and CFRD-positive PWCF (34.2 + 9.1 years, mean + S.D., n=15) in
our cohort, although the p-value was close to the level of significance.
Multivariate logistic regression analysis was next undertaken for the
binary variable CFRD against the total IgA autoantibody score,
FEV,%pred, sex and age. A p-value of 0.0069 for the total IgA
autoantibody score was recovered confirming that the difference
remains significant after controlling for FEV,%pred, sex and age of
PwCEF. Overall, a novel association between systemic IgA
autoimmunity and CFRD has been proposed in our study.

Autoantibodies linked to P. aeruginosa
airway infection in CF

In addition to S. aureus, P. aeruginosa represents another major

respiratory pathogen in CF (73). IgA autoantibodies targeting the
bacterial permeability increasing protein (BPI) have been found to
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FIGURE 5

Cystic fibrosis-related diabetes is associated with an elevated systemic IgA autoantibody profile. (A) Total IgA, IgG and IgM autoantibody scores were
calculated for each subject by summing up the fluorescence values of all 117 autoantibodies and compared between healthy controls (HC, blue),
diabetic PWCF (CFRD+, red) and nondiabetic PWwCF (CFRD-, purple). Each dot represents a human subject. One-way ANOVA, Kruskal-Wallis test. (B)
CFRD- and CFRD+ PwCF were compared for each autoantibody in each indicated Ig class and the p-value of their difference (Y-axis) was plotted
against the ratio of their average values in CFRD+ CF over CFRD- CF cohorts (CFRD+/CFRD-, X-axis). Each dot represents an autoantibody. Vertical
dotted lines indicate a ratio of 1 corresponding to no difference between the two cohorts. Autoantibodies with elevated blood levels in CFRD+
compared to CFRD- are on the right side of this line. Horizontal dotted lines indicate p=0.05, the level of significance. P-values are presented on the
Y-axis on a logl0-based scale in a reverse order. Autoantibodies with significant differences between CFRD+ and CFRD- CF cohorts are above the
horizontal line while non-significant differences are shown below. CFRD+ and CFRD- CF values were compared by Mann-Whitney test. (C) The 117
autoantibodies measured for each indicated Ig class were split into four groups based on their average values and the significance of their
differences between CFRD- and CFRD+ PwCF: 1) significantly lower in CFRD+ CF (dark blue), 2) non-significantly lower in CFRD+ CF (light blue), 3)
non-significantly higher in CFRD+ CF (yellow), and 4) significantly higher in CFRD+ CF (red), compared to CFRD- PwCF. *, p<0.05. Ns, non-
significant; CF, cystic fibrosis; CFRD, CF-related diabetes; HC, healthy control; AU, arbitrary unit.

be associated with P. aeruginosa infection in CF (74). We confirmed  proteins in CF over the past decades including BPI (21-23), MPO
this in our microarray data as anti-BPI IgA is one of our hits too (19, 20), proteinase 3 (10, 11), PAD4 (25, 26) and DNA (24). These
(Supplementary Figure 7A). An additional, five IgA and five IgG  autoantigens are either proteins highly and/or specifically expressed
autoantibodies could be identified in our scan that were all higherin  in neutrophils or extracellular DNA whose major source in CF
PwCF infected with P. aeruginosa compared to P. aeruginosa-free  airways has been thought to be neutrophils undergoing NET
CF individuals (Supplementary Figure 7A). We were also curious to ~ formation (75-78). Thus, neutrophils have been the prime
see whether any autoantibodies associate with the mucoid status of ~ suspect as the source of these autoantigens in CF (79, 80).
P. aeruginosa. Only P. aeruginosa-positive PWCF were analyzed ~ Antineutrophil cytoplasmic antibodies (ANCA) have been
here by grouping them into those infected with mucoid versus non-  described early and linked to several diseases including CF (81-
mucoid P. aeruginosa. Interestingly, we could identify four IgG ~ 84). Among many potential mechanisms exposing autoantigens
autoantibodies that had significantly different scores between the  from neutrophils to the immune system, NET formation has been
two cohorts (Supplementary Figure 7B). Three of them (CTLA-4,  proposed as a likely route as it delivers all antigens (proteins and
ferritin and muscarinic receptor) were higher in PwCF with non- ~ DNA) reported in CF to the extracellular space (27, 79, 81). NETs
mucoid P. aeruginosa while anti-Nup62 IgG scores were higher = were shown to provide autoantigens in several autoimmune

with mucoid P. aeruginosa. disorders such as RA (31-34), SLE (35-38), ANCA-related
Overall, these results reveal several novel associations between  vasculitis (39-42) and autoimmune diabetes (30, 43). We have
specific autoantibodies and different clinical phenotypes in PWCF.  recently reported the presence of autoantibodies against peptidyl

arginine deiminase type IV (PAD4), an enzyme highly expressed in
neutrophils that is essential for histone citrullination and

Discussion subsequent NET release (25, 26), and against human DNA (24).
While a handful of autoantibodies have been reported in CF in
CF is not considered an autoimmune disease. Sporadic  the past, it is not clear that they have any role in the disease as even
observations detected the presence of antibodies targeting host  healthy people have elevated levels of some autoantibodies without
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any clear health benefit or damage (85). Autoimmunity does not
necessarily mean autoimmune disease (85). Therefore, the next
important step is to prove that these autoantibodies do have a role
in pathogenesis, or on the contrary, have beneficial effects. Such an
indication can be obtained from data correlating autoantibody
levels with clinical parameters of the disease. While correlation
does not mean causality, it is a good first step in exploring the
potential clinical importance of an autoantibody. In CF, for
instance, several of the autoantibodies reported so far have been
correlated with worsening lung disease (24, 25, 79) or P. aeruginosa
infection (25, 80). A surprising, beneficial role has been proposed
for one BPI-ANCA autoantibody via promoting P. aeruginosa
phagocytosis by neutrophils in a CD18-dependent manner (86,
87). No other studies have suggested a beneficial or pathogenic role
of autoantibodies in CF, especially in in vivo experimental systems.

Here we employed an unbiased approach to study the
autoantibody landscape in CF using autoantigen microarrays that
have already been successfully used by us in the research of
autoimmune diseases (52, 53, 88) and chronic inflammatory lung
diseases (89, 90). We did not find elevated total blood levels of
autoantibodies of a certain Ig class in CF. Nor did we observe that
citrullinated proteins represent autoantigens in CF as is the case in
other diseases such as RA (58). This latter finding is in line with
prior reports by us (25) and others (79) when no difference in total
ACPA levels were seen between PwCF and control individuals as
measured by ELISA. At the same time, these data are somewhat
surprising since neutrophils, NETs and PAD4 are all present in CF
airways (26, 78) and autoantibodies targeting DNA and PAD4 are
also found in CF (24-26). These results led us to determine if
specific autoantibodies were elevated in CF and if so, were they
associated with a particular clinical phenotype. The following
paragraphs discuss the potential significance of this avenue
of investigation.

We identified two IgG, four IgM and 14 IgA autoantibodies that
have elevated blood levels in PWCF compared to control individuals.
Some of the targets of these autoantibodies have already been known
in CF: anti-chromatin IgA (including DNA) (24) and anti-proteinase
3 IgA and IgM (82). Interestingly, while BPI-ANCA antibodies have
been reported in CF (21, 23) and BPI was included onto the
microarray, we failed to detect significantly higher anti-BPI levels
in CF in case of any Ig class. Similarly, MPO-ANCAs have been
reported in CF (19, 20), but our study did not detect anti-MPO
autoantibodies to be elevated in PwCF compared to HCs, but did in S.
aureus-negative PWCF compared to S. aureus-infected PWCF (anti-
MPO IgM). This could be because some prior studies failed to detect
or detected only low levels of MPO-ANCAs in a small portion of their
CF cohorts (21, 82). Our data showing lower anti-MPO IgM levels in
PwCF infected with S. aureus could also indicate that autoimmunity
to MPO might decrease with the higher proportion of PwCF being
positive for S. aureus nowadays compared to years or decades ago.
IgG autoantibodies to tissue transglutaminase (TTG), the autoantigen
of coeliac disease (91), were found to be higher in CF blood than HC.
NETs have been described to induce the production of autoantigens
by airway epithelial cells including TTG (92) and thus could
contribute to TTG release in CF to induce autoimmunity. Type 1
or insulin-dependent diabetes mellitus (T1IDM, IDDM) is an
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autoimmune disease (93). The four main autoantibodies detected
in people with TIDM are those targeting GADG65, tyrosyl
phosphatase (IA-2), insulin (IAA) and zinc transporter (ZnT8)
(94). Our results indicate that IgG and IgA autoantibodies targeting
glutamic acid decarboxylase 1 (GAD1 or GAD67), a protein closely
related to GADG5, are significantly elevated in CF, and anti-GAD1
IgA autoantibodies are also significantly associated with CFRD.
While GAD1 autoantibodies have been detected in people with
TIDM (95), GAD65 remains the main autoantigen, not GAD], in
T1DM (96). We also found that IgM autoantibodies targeting
peptidylarginine deiminase 3 (PAD3), melanoma differentiation-
associated protein 5 (MDAS5) and heparan sulphate are elevated in
CF. Anti-PAD?3 antibodies have been found in a subset of RA patients
and associated with higher disease activity and joint damage scores
(97). MDA5 functions as a pattern recognition receptor detecting
long dsRNA and anti-MDA5 autoantibodies have been associated
with dermatomyositis or polymyositis patients (98, 99). The most
autoantibodies elevated in CF belonged to the IgA class. The
antimicrobial anti-flagellin CBirl IgA antibody was significantly
elevated in CF indicating a strong general immune response to
bacterial flagellin, most likely stemming from P. aeruginosa (100),
as indicated previously for anti-P. aeruginosa flagellin IgG antibodies
(101). Autoantibodies against fibrinogen have been implicated in the
pathogenesis of inflammatory arthritis in a mouse model (102). Sex
determining region Y-box 2 (SOX2) is a transcription factor
important in the maintenance of self-renewal, or pluripotency, of
undifferentiated embryonic stem cells and SOX2 autoantibodies are
being investigated -together with several others- as early detection
signals for different cancers (103). Phosphoprotein P2 is one of the
three acidic phosphorylated proteins found in the eukaryotic
ribosomes (104) and autoantibodies targeting them have been
detected in SLE and associated with nephritis (105). LL-37 is an
antimicrobial peptide mainly secreted by neutrophils and airway
epithelial cells and promote antibacterial innate immunity at mucosal
surfaces including the conducting airways (106, 107). LL-37 binds to
NETs and anti-LL-37 autoantibodies have been detected in SLE
(108). Laminin gamma 1 is an extracellular matrix glycoprotein
and main component of epithelial basement membranes besides
collagens including the dermal-epidermal junction. Anti-laminin-yl
(lam-y1) pemphigoid, an immunobullous disorder is characterized by
anti-laminin G1 IgG antibodies (109). Vitronectin is another
component of the extracellular matrix that has been shown to bind
to P. aeruginosa CF isolates and enhance their adhesion to host
epithelial cells (110). La/SSB is Lupus La protein also called Sjogren’s
syndrome type B antigen (SS-B), is involved in different aspects of
RNA metabolism and its reactivity with autoantibodies is
characteristic in patients with systemic autoimmune diseases, SLE
and Sjogren’s syndrome (111, 112). La/SSB binds to nucleolin whose
main localization is the nucleolus but is unconventionally secreted
and serves as a receptor or c-receptor for various bacteria and viruses
(113). Anti-nucleolin autoantibodies have been detected in a variety
of autoimmune conditions (114). Peroxiredoxin 1 is a redox enzyme
that belongs to the family of peroxiredoxins with diverse roles in
protection against oxidative stress, redox signaling, protein folding
etc. (115, 116). Its role in CF or autoimmunity remains to be
determined. Anti-transcription intermediary factor 1 (TIF1)-y
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autoantibodies have been strongly associated with cancer-associated
dermatomyositis (117, 118). The U1 small nuclear ribonucleoprotein
particle (snRNP) complex is a target in SLE and mixed connective
tissue disease (119). These hits indicate that neutrophil components
or molecules exposed due to neutrophil-mediated tissue damage
provide new autoantigens in CF at mucosal sites, likely at the
respiratory mucosa. In addition, blood levels of five of these IgA
autoantibodies correlate with CF lung disease that further indicates
their potential contribution to CF lung disease progression.

Our results indicate a strong association between high IgM
autoantibody levels and absence of S. aureus infection in PwCF.
Neutrophils represent the most important immune cell type
fighting S. aureus (120-122). Antibody- or complement-enhanced
phagocytosis and the associated respiratory burst represent the
main mechanism by which neutrophils kill S. aureus (120, 121,
123). Neutrophil-mediated killing of S. aureus in CF is impaired
(60-62). The reason for this remains unclear. S. aureus has been
detected inside neutrophils in CF airways indicating that
phagocytosis occurs to some extent (124).

IgM antibodies are the most potent Ig class activating the
complement system (125). The complement system is not capable of
lysing S. aureus, a Gram positive organism with a thick cell wall, but
acts as a strong opsonin for phagocytes (120). IgM autoantibodies
could bind to S. aureus to increase its neutralization, complement-
mediated opsonization and subsequent phagocytic killing (126). IgM
autoantibodies (made by B-2 cells in a T cell-dependent fashion) could
bind to their specific autoantigen target on the surface of S. aureus since
fibrinogen is bound to the surface of S. aureus (127) and components of
lysed neutrophils released into the airway lumen could also be attached
to S. aureus (MPO, PCNA, PD-L1). S. aureus binds host laminins to
promote its binding to epithelial surfaces (128). A clinical link between
filaggrin mutations and S. aureus infection in the skin has been
established (129). Anti-PD-L1 antibodies were shown to protect mice
against infection with common bacterial pathogens after burn injury
including S. aureus (130). Natural IgM autoantibodies (made by B-1
cells in a T cell-independent fashion) could bind S. aureus
nonspecifically since they are polyreactive with low affinity but high
avidity (pentamers) and have been shown to bind microbial molecules
(131, 132). IgM autoantibodies and subsequent Clq deposition could
also label S. aureus-phagocytosing, apoptotic neutrophils to increase
their apoptotic clearance by macrophages (both IgM- and Clg-
deficient mice have increased apoptotic cells and develop SLE-like
autoimmune disease (133, 134)). Delayed apoptosis of CF neutrophils
is well-documented (134-136). Overall, several mechanisms could lead
to the observed association between S. aureus infection and IgM
autoimmunity in CF.

In S. aureus-infected PwCF with low IgM autoantibody titers,
IgM autoantibodies targeting seven different antigens were found to
be related to lung disease. Collagen I, IIl and V are components of
the extracellular matrix and could be exposed due to neutrophil-
mediated tissue damage in CF airways. Filaggrin is a protein that
binds keratin fibers in epithelial cells and filaggrin mutations have
been associated with predisposition to eczema, a disorder of the skin
where S. aureus is a standard commensal or pathogen (137).
Filaggrin was reported to reduce S. aureus uptake by skin
epithelial cells (138). Anti-filaggrin IgM autoantibodies could
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enhance S. aureus uptake in airway epithelial cells. Calreticulin
resides in the lumen of the endoplasmic reticulum and performs
two main functions, Ca®>* binding and protein chaperoning, a
function clearly impaired in CF, a protein misfolding disease
(139). Anti-calreticulin autoantibodies were reported in a cohort
of idiopathic inflammatory myopathy patients and associated with
malignancy (140). IgM autoantibodies targeting catalase could
diminish the antioxidant potential in the airways and promote
oxidative stress-mediated lung disease in CF (141).

The exact etiology of CFRD remains incompletely understood
despite several theories (13). CFRD is not considered an
autoimmune disease despite occasional studies supporting this
view (13). Immune cells autoreactive to GAD65, a known beta-
cell autoantigen in type 1 diabetes, were found in people with CFRD
(142). The reports on the frequencies of beta-cell autoantibodies in
CFRD compared to type 1 diabetes are controversial (143, 144). In
our work, CFRD is characterized by a general enhancement of IgA
autoantibodies compared to nondiabetic patients in the same CF
cohort. Whether this correlation represents a causative relationship
between CFRD and autoimmunity, remains to be determined in the
future. IgA autoantibodies produced in the lung mucosa could bind
to targets in the pancreas to lead to the development of CFRD. IgA
autoantibodies could also be generated by long-lived plasmablasts
in the bone marrow and released in the circulation to result in the
same effect. On the other hand, the primary development of CFRD
could lead to an IgA-biased autoimmunity in CF.

There are several limitations to this study. This work was done on a
single CF cohort of a limited size. This study will have to be repeated on
independent CF cohorts and on larger number of subjects to explore
whether the interesting observations made here are reproducible. This
study only included samples obtained primarily from young adults
with CF. To expand on these observations, autoimmunity in younger
PwCF will have to be explored to learn more about the development of
CF autoimmunity. Another limitation is that while the array included
117 autoantigens, which is a relatively large number, it still represents a
sample of the overall possible several thousand potential autoantigen
targets. Therefore, results could also be influenced by the list of
autoantigens printed on the array.

Overall, our study delivered several novel observations related
to CF autoimmunity that have the potential to lead to a better
understanding of CF disease pathogenesis and to potentially lay
down the foundation for future novel therapeutic approaches
for PwCF.

Data availability statement

The datasets generated and analyzed during the current study
are available in the Dryad online repository: https://doi.org/10.
5061/dryad.3bk3j9kr1.

Ethics statement

The studies involving humans were approved by Institutional
Review Boards of University of Georgia and Emory University. The

frontiersin.org


https://doi.org/10.5061/dryad.3bk3j9kr1
https://doi.org/10.5061/dryad.3bk3j9kr1
https://doi.org/10.3389/fimmu.2023.1151422
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yadav et al.

studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

Project conceptualization and coordination: BR. Providing clinical
samples: AS, JK, SB and BR. Sample preparation: RY. Microarray
hybridization: Q-ZL. Data analysis: BR, RY, HH. Manuscript writing:
B.R. Manuscript revision: RY, Q-ZL, SB, JK, AS, BR. All authors
contributed to the article and approved the submitted version.

Funding

This work was funded by NIH grants: ROIHL136707 (Rada),
R21AI154343 (Rada), R21AI130504 (Rada), grants of the Cystic
Fibrosis Foundation: 701952 (Rada), 438903 (Rada) and by pilot
funds provided by the Georgia Clinical and Translational
Science Alliance.

Acknowledgments

Cystic fibrosis (CF) human subject samples were provided by
the CF Biospecimen Repository at the Children’s Healthcare of
Atlanta and Emory University CF Discovery Core. We thank the

References

1. Guo J, Garratt A, Hill A. Worldwide rates of diagnosis and effective treatment for
cystic fibrosis. J Cyst Fibros (2022) 21(3):456-62. doi: 10.1016/j.jcf.2022.01.009

2. Jia S, Taylor-Cousar JL. Cystic fibrosis modulator therapies. Annu Rev Med (2023)
74:413-26. doi: 10.1146/annurev-med-042921-021447

3. Bojanowski CM, Lu S, Kolls JK. Mucosal immunity in cystic fibrosis. J Immunol
(2021) 207(12):2901-12. doi: 10.4049/jimmunol.2100424

4. Moss RB. Mucosal humoral immunity in cystic fibrosis - a tangled web of failed
proteostasis, infection and adaptive immunity. EBioMedicine (2020) 60:103035. doi:
10.1016/j.ebiom.2020.103035

5. Conese M, Di Gioia S. Pathophysiology of lung disease and wound repair
in cystic fibrosis. Pathophysiology (2021) 28(1):155-88. doi: 10.3390/
pathophysiology28010011

6. Rumpf C, Lange J, Schwartbeck B, Kahl BC. Staphylococcus aureus and cystic
fibrosis-A close relationship. What can we learn from sequencing studies? Pathogens
(2021) 10(9). doi: 10.3390/pathogens10091177

7. Sawicki GS, Rasouliyan L, Pasta DJ, Regelmann WE, Wagener JS, Waltz DA, et al.
The impact of incident methicillin resistant Staphylococcus aureus detection on
pulmonary function in cystic fibrosis. Pediatr Pulmonol (2008) 43(11):1117-23. doi:
10.1002/ppul 20914

8. Vanderhelst E, De Meirleir L, Verbanck S, Pierard D, Vincken W, Malfroot A.
Prevalence and impact on FEV(1) decline of chronic methicillin-resistant
Staphylococcus aureus (MRSA) colonization in patients with cystic fibrosis. A single-
center, case control study of 165 patients. J Cyst Fibros (2012) 11(1):2-7.

9. Dasenbrook EC, Merlo CA, Diener-West M, Lechtzin N, Boyle MP. Persistent
methicillin-resistant Staphylococcus aureus and rate of FEV1 decline in cystic fibrosis.
Am ] Respir Crit Care Med (2008) 178(8):814-21. doi: 10.1164/rccm.200802-3270C

10. Cox DW, Kelly C, Rush R, O’Sullivan N, Canny G, Linnane B. The impact of
MRSA infection in the airways of children with cystic fibrosis; a case-control study. Ir
Med ] (2011) 104(10):305-8.

11. Com G, Carroll JL, Castro MM, Tang X, Jambhekar S, Berlinski A. Predictors
and outcome of low initial forced expiratory volume in 1 second measurement in

Frontiers in Immunology

13

10.3389/fimmu.2023.1151422

Clinical and Translational Research Unit at University of Georgia
for the collection of blood from all control subjects. We would like
to thank all the healthy subjects and people with CF, RA and SLE
who provided specimens for this study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.
1151422/full#supplementary-material

children with cystic fibrosis. J Pediatr (2014) 164(4):832-8. doi: 10.1016/
j.jpeds.2013.11.064

12. Dasenbrook EC, Checkley W, Merlo CA, Konstan MW, Lechtzin N, Boyle MP.
Association between respiratory tract methicillin-resistant Staphylococcus aureus and
survival in cystic fibrosis. JAMA (2010) 303(23):2386-92. doi: 10.1001/jama.2010.791

13. Moheet A, Moran A. New concepts in the pathogenesis of cystic fibrosis-related
diabetes. J Clin Endocrinol Metab (2022) 107(6):1503-9. doi: 10.1210/clinem/dgac020

14. Khare S, Desimone M, Kasim N, Chan CL. Cystic fibrosis-related diabetes:
Prevalence, screening, and diagnosis. J Clin Transl Endocrinol (2022) 27:100290. doi:
10.1016/j.jcte.2021.100290

15. Coderre L, Debieche L, Plourde J, Rabasa-Lhoret R, Lesage S. The potential
causes of cystic fibrosis-related diabetes. Front Endocrinol (Lausanne) (2021)
12:702823. doi: 10.3389/fendo.2021.702823

16. Padoan A, Musso G, Contran N, Basso D. Inflammation, autoinflammation and
autoimmunity in inflammatory bowel diseases. Curr Issues Mol Biol (2023) 45(7):5534—
57. doi: 10.3390/cimb45070350

17. Kwiat VR, Reis G, Valera IC, Parvatiyar K, Parvatiyar MS. Autoimmunity as a
sequela to obesity and systemic inflammation. Front Physiol (2022) 13:887702. doi:
10.3389/fphys.2022.887702

18. Favor OK, Pestka JJ, Bates MA, Lee KSS. Centrality of myeloid-lineage
phagocytes in particle-triggered inflammation and autoimmunity. Front Toxicol
(2021) 3:777768. doi: 10.3389/ftox.2021.777768

19. Chiappini E, Taccetti G, Campana S, Turchini S, Marianelli L. Anti-
Pseudomonas aeruginosa antibodies, circulating immune complexes, and
anticytoplasm antibodies of neutrophils in patients with cystic fibrosis with and
without Pseudomonas aeruginosa colonization. Pediatr Med Chir (2001) 23(1):27-30.

20. Noel LH. Antineutrophil cytoplasm antibodies (ANCA): description and
immunopathological role. Ann Med Interne (Paris) (2000) 151(3):178-83.

21. Carlsson M, Eriksson L, Erwander I, Wieslander J, Segelmark M. Pseudomonas-
induced lung damage in cystic fibrosis correlates to bactericidal-permeability increasing
protein (BPI)-autoantibodies. Clin Exp Rheumatol (2003) 21(6 Suppl 32):595-100.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1151422/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1151422/full#supplementary-material
https://doi.org/10.1016/j.jcf.2022.01.009
https://doi.org/10.1146/annurev-med-042921-021447
https://doi.org/10.4049/jimmunol.2100424
https://doi.org/10.1016/j.ebiom.2020.103035
https://doi.org/10.3390/pathophysiology28010011
https://doi.org/10.3390/pathophysiology28010011
https://doi.org/10.3390/pathogens10091177
https://doi.org/10.1002/ppul.20914
https://doi.org/10.1164/rccm.200802-327OC
https://doi.org/10.1016/j.jpeds.2013.11.064
https://doi.org/10.1016/j.jpeds.2013.11.064
https://doi.org/10.1001/jama.2010.791
https://doi.org/10.1210/clinem/dgac020
https://doi.org/10.1016/j.jcte.2021.100290
https://doi.org/10.3389/fendo.2021.702823
https://doi.org/10.3390/cimb45070350
https://doi.org/10.3389/fphys.2022.887702
https://doi.org/10.3389/ftox.2021.777768
https://doi.org/10.3389/fimmu.2023.1151422
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yadav et al.

22. Schultz H, Weiss JP. The bactericidal/permeability-increasing protein (BPI) in
infection and inflammatory disease. Clin Chim Acta (2007) 384(1-2):12-23. doi:
10.1016/j.cca.2007.07.005

23. Rotschild M, Elias N, Berkowitz D, Pollak S, Shinawi M, Beck R, et al.
Autoantibodies against bactericidal/permeability-increasing protein (BPI-ANCA) in
cystic fibrosis patients treated with azithromycin. Clin Exp Med (2005) 5(2):80-5. doi:
10.1007/510238-005-0070-7

24. Yadav R, Linnemann RW, Kahlenberg JM, Bridges LS]r., Stecenko AA, Rada B.
IgA autoantibodies directed against self DNA are elevated in cystic fibrosis and
associated with more severe lung dysfunction. Autoimmunity (2020) 53(8):476-84.
doi: 10.1080/08916934.2020.1839890

25. Yadav R, Yoo DG, Kahlenberg JM, Bridges SL Jr., Oni O, Huang H, et al.
Systemic levels of anti-PAD4 autoantibodies correlate with airway obstruction in cystic
fibrosis. J Cyst Fibros (2019) 18(5):636-45. doi: 10.1016/j.jcf.2018.12.010

26. Linnemann RW, Yadav R, Zhang C, Sarr D, Rada B, Stecenko AA. Serum anti-
PAD4 autoantibodies are present in cystic fibrosis children and increase with age and
lung disease severity. Autoimmunity (2022) 55(2):109-17. doi: 10.1080/
08916934.2021.2021193

27. Brinkmann V, Reichard U, Goosmann C, Fauler B, Uhlemann Y, Weiss DS, et al.
Neutrophil extracellular traps kill bacteria. Science (2004) 303(5663):1532-5. doi:
10.1126/science.1092385

28. Yoo DG, Floyd M, Winn M, Moskowitz SM, Rada B. NET formation induced by
Pseudomonas aeruginosa cystic fibrosis isolates measured as release of
myeloperoxidase-DNA and neutrophil elastase-DNA complexes. Immunol Lett
(2014) 160(2):186-94. doi: 10.1016/j.imlet.2014.03.003

29. Yoo DG, Winn M, Pang L, Moskowitz SM, Malech HL, Leto TL, et al. Release of
cystic fibrosis airway inflammatory markers from Pseudomonas aeruginosa-stimulated
human neutrophils involves NADPH oxidase-dependent extracellular DNA trap
formation. J Immunol (2014) 192(10):4728-38. doi: 10.4049/jimmunol.1301589

30. Leslie RD, Bradford C. Autoimmune diabetes: caught in a NET. Diabetes (2014)
63(12):4018-20. doi: 10.2337/db14-1382

31. Dwivedi N, Radic M. Citrullination of autoantigens implicates NETosis in the
induction of autoimmunity. Ann Rheum Dis (2014) 73(3):483-91. doi: 10.1136/
annrheumdis-2013-203844

32. Dwivedi N, Upadhyay J, Neeli I, Khan S, Pattanaik D, Myers L, et al. Felty’s
syndrome autoantibodies bind to deiminated histones and neutrophil extracellular
chromatin traps. Arthritis Rheumatol (2012) 64(4):982-92. doi: 10.1002/art.33432

33. Pratesi F, Dioni I, Tommasi C, Alcaro MC, Paolini I, Barbetti F, et al. Antibodies
from patients with rheumatoid arthritis target citrullinated histone 4 contained in
neutrophils extracellular traps. Ann Rheum Dis (2014) 73(7):1414-22. doi: 10.1136/
annrheumdis-2012-202765

34. Wright HL, Moots R]J, Edwards SW. The multifactorial role of neutrophils in
rheumatoid arthritis. Nat Rev Rheumatol (2014) 10(10):593-601. doi: 10.1038/
nrrheum.2014.80

35. Wang H, Li T, Chen S, Gu Y, Ye S. Neutrophil extracellular trap mitochondrial
DNA and its autoantibody in systemic lupus erythematosus and a proof-of-concept
trial of metformin. Arthritis Rheumatol (2015) 67(12):3190-200. doi: 10.1002/art.39296

36. YuY, Su K. Neutrophil extracellular traps and systemic lupus erythematosus. J
Clin Cell Immunol (2013) 4. doi: 10.4172/2155-9899.1000139

37. Barnado A, Crofford LJ, Oates JC. At the Bedside: Neutrophil extracellular traps
(NETs) as targets for biomarkers and therapies in autoimmune diseases. ] Leukocyte
Biol (2016) 99(2):265-78. doi: 10.1189/j1b.5BT0615-234R

38. Carmona-Rivera C, Kaplan M]J. Detection of SLE antigens in neutrophil
extracellular traps (NETs). Methods Mol Biol (2014) 1134:151-61. doi: 10.1007/978-
1-4939-0326-9_11

39. Tang S, Zhang Y, Yin SW, Gao XJ, Shi WW, Wang Y, et al. Neutrophil
extracellular trap formation is associated with autophagy-related signalling in
ANCA-associated vasculitis. Clin Exp Immunol (2015) 180(3):408-18. doi: 10.1111/
cei.12589

40. Kessenbrock K, Krumbholz M, Schonermarck U, Back W, Gross WL, Werb Z,
et al. Netting neutrophils in autoimmune small-vessel vasculitis. Nat Med (2009) 15
(6):623-5. doi: 10.1038/nm.1959

41. Sangaletti S, Tripodo C, Chiodoni C, Guarnotta C, Cappetti B, Casalini P, et al.
Neutrophil extracellular traps mediate transfer of cytoplasmic neutrophil antigens to
myeloid dendritic cells toward ANCA induction and associated autoimmunity. Blood
(2012) 120(15):3007-18. doi: 10.1182/blood-2012-03-416156

42. Jarrot PA, Kaplanski G. Pathogenesis of ANCA-associated vasculitis: An update.
Autoimmun Rev (2016) 15(7):704-13. doi: 10.1016/j.autrev.2016.03.007

43. Wang Y, Xiao Y, Zhong L, Ye D, Zhang J, Tu Y, et al. Increased neutrophil elastase
and proteinase 3 and augmented NETosis are closely associated with beta-cell autoimmunity
in patients with type 1 diabetes. Diabetes (2014) 63(12):4239-48. doi: 10.2337/db14-0480

44. Sakkas LI, Bogdanos DP, Katsiari C, Platsoucas CD. Anti-citrullinated peptides
as autoantigens in rheumatoid arthritis-relevance to treatment. Autoimmun Rev (2014)
13(11):1114-20. doi: 10.1016/j.autrev.2014.08.012

45. Muller S, Radic M. Citrullinated autoantigens: from diagnostic markers to
pathogenetic mechanisms. Clin Rev Allergy Immunol (2015) 49(2):232-9. doi:
10.1007/s12016-014-8459-2

Frontiers in Immunology

14

10.3389/fimmu.2023.1151422

46. Sur Chowdhury C, Giaglis S, Walker UA, Buser A, Hahn S, Hasler P. Enhanced
neutrophil extracellular trap generation in rheumatoid arthritis: analysis of underlying
signal transduction pathways and potential diagnostic utility. Arthritis Res Ther (2014)
16(3):R122. doi: 10.1186/ar4579

47. Kishi K, Yasuda T, Ikehara Y, Sawazaki K, Sato W, lida R. Human serum
deoxyribonuclease I (DNase I) polymorphism: pattern similarities among isozymes
from serum, urine, kidney, liver, and pancreas. Am | Hum Genet (1990) 47(1):121-6.

48. Leffler J, Martin M, Gullstrand B, Tyden H, Lood C, Truedsson L, et al.
Neutrophil extracellular traps that are not degraded in systemic lupus erythematosus
activate complement exacerbating the disease. J Immunol (2012) 188(7):3522-31. doi:
10.4049/jimmunol.1102404

49. Hakkim A, Furnrohr BG, Amann K, Laube B, Abed UA, Brinkmann V, et al.
Impairment of neutrophil extracellular trap degradation is associated with lupus
nephritis. Proc Natl Acad Sci USA (2010) 107(21):9813-8. doi: 10.1073/
pnas.0909927107

50. Leffler J, Ciacma K, Gullstrand B, Bengtsson AA, Martin M, Blom AM. A subset
of patients with systemic lupus erythematosus fails to degrade DNA from multiple
clinically relevant sources. Arthritis Res Ther (2015) 17:205. doi: 10.1186/s13075-015-
0726-y

51. Hochberg MC. Updating the American College of Rheumatology revised criteria
for the classification of systemic lupus erythematosus. Arthritis Rheumatol (1997) 40
(9):1725. doi: 10.1002/art.1780400928

52. Li QZ, Xie C, Wu T, Mackay M, Aranow C, Putterman C, et al. Identification of
autoantibody clusters that best predict lupus disease activity using glomerular
proteome arrays. J Clin Invest (2005) 115(12):3428-39.

53. Zhu H, Luo H, Yan M, Zuo X, Li QZ. Autoantigen microarray for high-
throughput autoantibody profiling in systemic lupus erythematosus. Genomics
Proteomics Bioinf (2015) 13(4):210-8. doi: 10.1016/j.gpb.2015.09.001

54. Morgan NN, Duck LW, Wu J, Rujani M, Thomes PG, Elson CO, et al. Crohn’s
disease patients uniquely contain inflammatory responses to Flagellin in a CD4
effector memory subset. Inflamm Bowel Dis (2022) 28(12):1893-903. doi: 10.1093/
ibd/izac146

55. Papadakis KA, Yang H, Ippoliti A, Mei L, Elson CO, Hershberg RM, et al. Anti-
flagellin (CBirl) phenotypic and genetic Crohn’s disease associations. Inflamm Bowel
Dis (2007) 13(5):524-30. doi: 10.1002/ibd.20106

56. Targan SR, Landers CJ, Yang H, Lodes MJ, Cong Y, Papadakis KA, et al.
Antibodies to CBirl flagellin define a unique response that is associated independently
with complicated Crohn’s disease. Gastroenterology (2005) 128(7):2020-8. doi:
10.1053/j.gastro.2005.03.046

57. Wang Y, Li M, Stadler S, Correll S, Li P, Wang D, et al. Histone
hypercitrullination mediates chromatin decondensation and neutrophil extracellular
trap formation. J Cell Biol (2009) 184(2):205-13. doi: 10.1083/jcb.200806072

58. Wu CY, Yang HY, Lai JH. Anti-citrullinated protein antibodies in patients with
rheumatoid arthritis: biological effects and mechanisms of immunopathogenesis. Int |
Mol Sci (2020) 21(11). doi: 10.3390/ijms21114015

59. Van Hoovels L, Vander Cruyssen B, Sieghart D, Bonroy C, Nagy E, Pullerits R,
et al. IgA rheumatoid factor in rheumatoid arthritis. Clin Chem Lab Med (2022) 60
(10):1617-26. doi: 10.1515/cclm-2022-0244

60. Akil N, Muhlebach MS. Biology and management of methicillin resistant
Staphylococcus aureus in cystic fibrosis. Pediatr Pulmonol (2018) 53(S3):S64-74. doi:
10.1002/ppul 24139

61. Lo DK, Muhlebach MS, Smyth AR. Interventions for the eradication of
meticillin-resistant Staphylococcus aureus (MRSA) in people with cystic fibrosis.
Cochrane Database Syst Rev (2018) 7:CD009650. doi: 10.1002/14651858.
CD009650.pub4

62. Muhlebach MS, Zorn BT, Esther CR, Hatch JE, Murray CP, Turkovic L, et al.
Initial acquisition and succession of the cystic fibrosis lung microbiome is associated
with disease progression in infants and preschool children. PloS Pathog (2018) 14(1):
€1006798. doi: 10.1371/journal.ppat.1006798

63. Ren CL, Morgan WJ, Konstan MW, Schechter MS, Wagener JS, Fisher KA, et al.
Presence of methicillin resistant Staphylococcus aureus in respiratory cultures from
cystic fibrosis patients is associated with lower lung function. Pediatr Pulmonol (2007)
42(6):513-8. doi: 10.1002/ppul.20604

64. Sobin L, Kawai K, Irace AL, Gergin O, Cunningham M, Sawicki GS, et al.
Microbiology of the upper and lower airways in pediatric cystic fibrosis patients.
Otolaryngol Head Neck Surg (2017) 157(2):302-8. doi: 10.1177/0194599817702332

65. Nauseef WM. Myeloperoxidase in human neutrophil host defence. Cell
Microbiol (2014) 16(8):1146-55. doi: 10.1111/cmi.12312

66. Ingersoll SA, Laval J, Forrest OA, Preininger M, Brown MR, Arafat D, et al.
Mature cystic fibrosis airway neutrophils suppress T cell function: evidence for a role of
arginase 1 but not programmed death-ligand 1. ] Immunol (2015) 194(11):5520-8. doi:
10.4049/jimmunol.1500312

67. Lee HJ, Lee NR, Kim BK, Jung M, Kim DH, Moniaga CS, et al. Acidification of
stratum corneum prevents the progression from atopic dermatitis to respiratory allergy.
Exp Dermatol (2017) 26(1):66-72. doi: 10.1111/exd.13144

68. Prabhala P, Wright DB, Robbe P, Bitter C, Pera T, Ten Hacken NHT, et al.
Laminin alpha4 contributes to airway remodeling and inflammation in asthma. Am J

frontiersin.org


https://doi.org/10.1016/j.cca.2007.07.005
https://doi.org/10.1007/s10238-005-0070-7
https://doi.org/10.1080/08916934.2020.1839890
https://doi.org/10.1016/j.jcf.2018.12.010
https://doi.org/10.1080/08916934.2021.2021193
https://doi.org/10.1080/08916934.2021.2021193
https://doi.org/10.1126/science.1092385
https://doi.org/10.1016/j.imlet.2014.03.003
https://doi.org/10.4049/jimmunol.1301589
https://doi.org/10.2337/db14-1382
https://doi.org/10.1136/annrheumdis-2013-203844
https://doi.org/10.1136/annrheumdis-2013-203844
https://doi.org/10.1002/art.33432
https://doi.org/10.1136/annrheumdis-2012-202765
https://doi.org/10.1136/annrheumdis-2012-202765
https://doi.org/10.1038/nrrheum.2014.80
https://doi.org/10.1038/nrrheum.2014.80
https://doi.org/10.1002/art.39296
https://doi.org/10.4172/2155-9899.1000139
https://doi.org/10.1189/jlb.5BT0615-234R
https://doi.org/10.1007/978-1-4939-0326-9_11
https://doi.org/10.1007/978-1-4939-0326-9_11
https://doi.org/10.1111/cei.12589
https://doi.org/10.1111/cei.12589
https://doi.org/10.1038/nm.1959
https://doi.org/10.1182/blood-2012-03-416156
https://doi.org/10.1016/j.autrev.2016.03.007
https://doi.org/10.2337/db14-0480
https://doi.org/10.1016/j.autrev.2014.08.012
https://doi.org/10.1007/s12016-014-8459-2
https://doi.org/10.1186/ar4579
https://doi.org/10.4049/jimmunol.1102404
https://doi.org/10.1073/pnas.0909927107
https://doi.org/10.1073/pnas.0909927107
https://doi.org/10.1186/s13075-015-0726-y
https://doi.org/10.1186/s13075-015-0726-y
https://doi.org/10.1002/art.1780400928
https://doi.org/10.1016/j.gpb.2015.09.001
https://doi.org/10.1093/ibd/izac146
https://doi.org/10.1093/ibd/izac146
https://doi.org/10.1002/ibd.20106
https://doi.org/10.1053/j.gastro.2005.03.046
https://doi.org/10.1083/jcb.200806072
https://doi.org/10.3390/ijms21114015
https://doi.org/10.1515/cclm-2022-0244
https://doi.org/10.1002/ppul.24139
https://doi.org/10.1002/14651858.CD009650.pub4
https://doi.org/10.1002/14651858.CD009650.pub4
https://doi.org/10.1371/journal.ppat.1006798
https://doi.org/10.1002/ppul.20604
https://doi.org/10.1177/0194599817702332
https://doi.org/10.1111/cmi.12312
https://doi.org/10.4049/jimmunol.1500312
https://doi.org/10.1111/exd.13144
https://doi.org/10.3389/fimmu.2023.1151422
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yadav et al.

Physiol Lung Cell Mol Physiol (2019) 317(6):L768-L77. doi: 10.1152/
ajplung.00222.2019

69. Solomon J, Swigris JJ, Brown KK. Myositis-related interstitial lung disease and
antisynthetase syndrome. J Bras Pneumol (2011) 37(1):100-9. doi: 10.1590/S1806-
37132011000100015

70. Kalluri M, Sahn SA, Oddis CV, Gharib SL, Christopher-Stine L, Danoff SK, et al.
Clinical profile of anti-PL-12 autoantibody. Cohort study and review of the literature.
Chest (2009) 135(6):1550-6. doi: 10.1378/chest.08-2233

71. Quattrin T, Mastrandrea LD, Walker LSK. Type 1 diabetes. Lancet (2023) 401
(10394):2149-62. doi: 10.1016/S0140-6736(23)00223-4

72. Prentice B, Nicholson M, Lam GY. Cystic fibrosis related diabetes (CFRD) in the
era of modulators: A scoping review. Paediatr Respir Rev (2023) 46:23-9. doi: 10.1016/
j.prrv.2022.11.005

73. Rada B. Interactions between Neutrophils and Pseudomonas aeruginosa in
Cystic Fibrosis. Pathogens (2017) 6(1). doi: 10.3390/pathogens6010010

74. Hovold G, Lindberg U, Ljungberg JK, Shannon O, Pahlman LI. BPI-ANCA is
expressed in the airways of cystic fibrosis patients and correlates to platelet numbers
and Pseudomonas aeruginosa colonization. Respir Med (2020) 170:105994. doi:
10.1016/j.rmed.2020.105994

75. Keir HR, Chalmers JD. Neutrophil extracellular traps in chronic lung disease:
implications for pathogenesis and therapy. Eur Respir Rev (2022) 31(163). doi: 10.1183/
16000617.0241-2021

76. Ravindran M, Khan MA, Palaniyar N. Neutrophil extracellular trap formation:
physiology, pathology, and pharmacology. Biomolecules (2019) 9(8). doi: 10.3390/
biom9080365

77. Khan MA, Ali ZS, Sweezey N, Grasemann H, Palaniyar N. Progression of cystic
fibrosis lung disease from childhood to adulthood: neutrophils, neutrophil extracellular
trap (NET) formation, and NET degradation. Genes (Basel) (2019) 10(3). doi: 10.3390/
genes10030183

78. Marcos V, Zhou-Suckow Z, Onder Yildirim A, Bohla A, Hector A, Vitkov L,
et al. Free DNA in cystic fibrosis airway fluids correlates with airflow obstruction.
Mediators Inflamm (2015) 2015:408935. doi: 10.1155/2015/408935

79. Skopelja S, Hamilton BJ, Jones JD, Yang ML, Mamula M, Ashare A, et al. The
role for neutrophil extracellular traps in cystic fibrosis autoimmunity. JCI Insight (2016)
1(17):e88912. doi: 10.1172/jci.insight.88912

80. Theprungsirikul J, Skopelja-Gardner S, Meagher RE, Clancy JP, Zemanick ET,
Ashare A, et al. Dissociation of systemic and mucosal autoimmunity in cystic fibrosis. J
Cyst Fibros (2020) 19(2):196-202. doi: 10.1016/j.jcf.2019.06.006

81. Skopelja-Gardner S, Jones JD, Rigby WFC. “NETtling” the host: Breaking of
tolerance in chronic inflammation and chronic infection. ] Autoimmun (2018) 88:1-10.
doi: 10.1016/j.jaut.2017.10.008

82. Sediva A, Bartunkova J, Kolarova I, Hrusak O, Vavrova V, Macek M Jr., et al.
Antineutrophil cytoplasmic autoantibodies (ANCA) in children with cystic fibrosis. J
Autoimmun (1998) 11(2):185-90. doi: 10.1006/jaut.1997.0186

83. Efthimiou J, Spickett G, Lane D, Thompson A. Antineutrophil cytoplasmic
antibodies, cystic fibrosis, and infection. Lancet (1991) 337(8748):1037-8. doi: 10.1016/
0140-6736(91)92694-W

84. Zhao MH, Jayne DR, Ardiles LG, Culley F, Hodson ME, Lockwood CM.
Autoantibodies against bactericidal/permeability-increasing protein in patients with
cystic fibrosis. Q/M (1996) 89(4):259-65. doi: 10.1093/qjmed/89.4.259

85. Pashnina IA, Krivolapova IM, Fedotkina TV, Ryabkova VA, Chereshneva MV,
Churilov LP, et al. Antinuclear autoantibodies in health: autoimmunity is not a
synonym of autoimmune disease. Antibodies (Basel) (2021) 10(1). doi: 10.3390/
antib10010009

86. Theprungsirikul J, Skopelja-Gardner S, Burns AS, Wierzbicki RM, Rigby WEC.
Bactericidal/Permeability-Increasing Protein Preeminently Mediates Clearance of
Pseudomonas aeruginosa In Vivo via CD18-Dependent Phagocytosis. Front
Immunol (2021) 12:659523. doi: 10.3389/fimmu.2021.659523

87. Theprungsirikul ], Skopelja-Gardner S, Wierzbicki RM, Sessions KJ, Rigby WFC.
Differential enhancement of neutrophil phagocytosis by anti-bactericidal/permeability-
increasing protein antibodies. J Immunol (2021) 207(3):777-83. doi: 10.4049/
jimmunol.2100378

88. Li QZ, Zhou ], Wandstrat AE, Carr-Johnson F, Branch V, Karp DR, et al. Protein
array autoantibody profiles for insights into systemic lupus erythematosus and
incomplete lupus syndromes. Clin Exp Immunol (2007) 147(1):60-70.

89. Packard TA, Li QZ, Cosgrove GP, Bowler RP, Cambier JC. COPD is associated
with production of autoantibodies to a broad spectrum of self-antigens, correlative with
disease phenotype. Immunol Res (2013) 55(1-3):48-57. doi: 10.1007/s12026-012-8347-x

90. Cass SP, Dvorkin-Gheva A, Yang Y, McGrath JJC, Thayaparan D, Xiao J, et al.
Differential expression of sputum and serum autoantibodies in patients with chronic
obstructive pulmonary disease. Am J Physiol Lung Cell Mol Physiol (2021) 320(6):
L1169-L82. doi: 10.1152/ajplung.00518.2020

91. Maki M. Tissue transglutaminase as the autoantigen of coeliac disease. Gut
(1997) 41(4):565-6. doi: 10.1136/gut.41.4.565

92. Choi Y, Pham LD, Lee DH, Ban GY, Lee JH, Kim SH, et al. Neutrophil
extracellular DNA traps induce autoantigen production by airway epithelial cells.
Mediators Inflamm (2017) 2017:5675029. doi: 10.1155/2017/5675029

Frontiers in Immunology

15

10.3389/fimmu.2023.1151422

93. Pugliese A. Autoreactive T cells in type 1 diabetes. J Clin Invest (2017) 127
(8):2881-91. doi: 10.1172/JCI94549

94. Paschou SA, Papadopoulou-Marketou N, Chrousos GP, Kanaka-Gantenbein C.
On type 1 diabetes mellitus pathogenesis. Endocr Connect (2018) 7(1):R38-46. doi:
10.1530/EC-17-0347

95. Park H, Yu L, Kim T, Cho B, Kang J, Park Y. Antigenic determinants to GAD
autoantibodies in patients with type 1 diabetes with and without autoimmune thyroid
disease. Ann N Y Acad Sci (2006) 1079:213-9. doi: 10.1196/annals.1375.033

96. Jayakrishnan B, Hoke DE, Langendorf CG, Buckle AM, Rowley MJ. An analysis
of the cross-reactivity of autoantibodies to GAD65 and GAD67 in diabetes. PloS One
(2011) 6(4):e18411. doi: 10.1371/journal.pone.0018411

97. Lamacchia C, Courvoisier DS, Jarlborg M, Bas S, Roux-Lombard P, Moller B,
et al. Predictive value of anti-CarP and anti-PAD3 antibodies alone or in combination
with RF and ACPA for the severity of rheumatoid arthritis. Rheumatol (Oxford) (2021)
60(10):4598-608. doi: 10.1093/rheumatology/keab050

98. Wu B, Peisley A, Richards C, Yao H, Zeng X, Lin C, et al. Structural basis for
dsRNA recognition, filament formation, and antiviral signal activation by MDAS5. Cell
(2013) 152(1-2):276-89. doi: 10.1016/j.cell.2012.11.048

99. Chen Q, Qian L. Clinical features of dermatomyositis/polymyositis with anti-
MDAS5 antibody positivity. Contrast Media Mol Imaging (2022) 2022:7102480. doi:
10.1155/2022/7102480

100. Floyd M, Winn M, Cullen C, Sil P, Chassaing B, Yoo DG, et al. Swimming
motility mediates the formation of neutrophil extracellular traps induced by flagellated
pseudomonas aeruginosa. PloS Pathog (2016) 12(11):€1005987. doi: 10.1371/
journal.ppat.1005987

101. Lagace J, Peloquin L, Kermani P, Montie TC. IgG subclass responses to
Pseudomonas aeruginosa a- and b-type flagellins in patients with cystic fibrosis: a
prospective study. ] Med Microbiol (1995) 43(4):270-6. doi: 10.1099/00222615-43-4-
270

102. Ho PP, Lee LY, Zhao X, Tomooka BH, Paniagua RT, Sharpe O, et al.
Autoimmunity against ﬁbrinogen mediates inﬂammatory arthritis in mice. |
Immunol (2010) 184(1):379-90. doi: 10.4049/jimmunol.0901639

103. Qin J, Zeng N, Yang T, Wan C, Chen L, Shen Y, et al. Diagnostic value of
autoantibodies in lung cancer: a systematic review and meta-analysis. Cell Physiol
Biochem (2018) 51(6):2631-46. doi: 10.1159/000495935

104. Remacha M, Jimenez-Diaz A, Santos C, Briones E, Zambrano R, Rodriguez
Gabriel MA, et al. Proteins P1, P2, and P0, components of the eukaryotic ribosome stalk.
New structural and functional aspects. Biochem Cell Biol (1995) 73(11-12):959-68.

105. Hirohata S. Anti-ribosomal P antibodies and lupus nephritis. Clin Exp Nephrol
(2011) 15(4):471-7. doi: 10.1007/s10157-011-0462-9

106. Tokajuk J, Deptula P, Piktel E, Daniluk T, Chmielewska S, Wollny T, et al.
Cathelicidin LL-37 in health and diseases of the oral cavity. Biomedicines (2022) 10(5).
doi: 10.3390/biomedicines10051086

107. Fahy RJ, Wewers MD. Pulmonary defense and the human cathelicidin hCAP-
18/LL-37. Immunol Res (2005) 31(2):75-89. doi: 10.1385/IR:31:2:075

108. Moreno-Angarita A, Aragon CC, Tobon GJ. Cathelicidin LL-37: A new
important molecule in the pathophysiology of systemic lupus erythematosus. J
Transl Autoimmun (2020) 3:100029. doi: 10.1016/j.jtauto.2019.100029

109. Solimani F, Pollmann R, Ishii N, Eming R, Hashimoto T, Schmidt T, et al.
Diagnosis of anti-laminin gamma-1 pemphigoid by immunoblot analysis. ] Eur Acad
Dermatol Venereol (2019) 33(4):735-41. doi: 10.1111/jdv.15170

110. Paulsson M, Singh B, Al-Jubair T, Su YC, Hoiby N, Riesbeck K. Identification of
outer membrane Porin D as a vitronectin-binding factor in cystic fibrosis clinical isolates of
Pseudomonas aeruginosa. ] Cyst Fibros (2015) 14(5):600-7. doi: 10.1016/j.,jcf.2015.05.005

111. Negrini S, Emmi G, Greco M, Borro M, Sardanelli F, Murdaca G, et al. Sjogren’s
syndrome: a systemic autoimmune disease. Clin Exp Med (2022) 22(1):9-25. doi:
10.1007/s10238-021-00728-6

112. Sieiro Santos C, Moriano Morales C, Alvarez Castro C, Diez Alvarez E.
Polyautoimmunity in systemic lupus erythematosus: secondary Sjogren syndrome. Z
Rheumatol (2023) 82(Suppl 1):68-73. doi: 10.1007/s00393-021-01051-x

113. Tonello F, Massimino ML, Peggion C. Nucleolin: a cell portal for viruses, bacteria,
and toxins. Cell Mol Life Sci (2022) 79(5):271. doi: 10.1007/500018-022-04300-7

114. Satoh M, Ceribelli A, Hasegawa T, Tanaka S. Clinical significance of
antinucleolar antibodies: biomarkers for autoimmune diseases, Malignancies, and
others. Clin Rev Allergy Immunol (2022) 63(2):210-39. doi: 10.1007/s12016-022-
08931-3

115. Wu M, Deng C, Lo TH, Chan KY, Li X, Wong CM. Peroxiredoxin, senescence,
and cancer. Cells (2022) 11(11). doi: 10.3390/cells11111772

116. Elko EA, Cunniff B, Seward DJ, Chia SB, Aboushousha R, van de Wetering C,
et al. Peroxiredoxins and beyond; redox systems regulating lung physiology and disease.
Antioxid Redox Signal (2019) 31(14):1070-91. doi: 10.1089/ars.2019.7752

117. Masiak A, Kulczycka J, Czuszynska Z, Zdrojewski Z. Clinical characteristics of
patients with anti-TIF1-gamma antibodies. Reumatologia (2016) 54(1):14-8. doi:
10.5114/reum.2016.58756

118. Venturini L, You J, Stadler M, Galien R, Lallemand V, Koken MH, et al.
TIFlgamma, a novel member of the transcriptional intermediary factor 1 family.
Oncogene (1999) 18(5):1209-17. doi: 10.1038/sj.0nc.1202655

frontiersin.org


https://doi.org/10.1152/ajplung.00222.2019
https://doi.org/10.1152/ajplung.00222.2019
https://doi.org/10.1590/S1806-37132011000100015
https://doi.org/10.1590/S1806-37132011000100015
https://doi.org/10.1378/chest.08-2233
https://doi.org/10.1016/S0140-6736(23)00223-4
https://doi.org/10.1016/j.prrv.2022.11.005
https://doi.org/10.1016/j.prrv.2022.11.005
https://doi.org/10.3390/pathogens6010010
https://doi.org/10.1016/j.rmed.2020.105994
https://doi.org/10.1183/16000617.0241-2021
https://doi.org/10.1183/16000617.0241-2021
https://doi.org/10.3390/biom9080365
https://doi.org/10.3390/biom9080365
https://doi.org/10.3390/genes10030183
https://doi.org/10.3390/genes10030183
https://doi.org/10.1155/2015/408935
https://doi.org/10.1172/jci.insight.88912
https://doi.org/10.1016/j.jcf.2019.06.006
https://doi.org/10.1016/j.jaut.2017.10.008
https://doi.org/10.1006/jaut.1997.0186
https://doi.org/10.1016/0140-6736(91)92694-W
https://doi.org/10.1016/0140-6736(91)92694-W
https://doi.org/10.1093/qjmed/89.4.259
https://doi.org/10.3390/antib10010009
https://doi.org/10.3390/antib10010009
https://doi.org/10.3389/fimmu.2021.659523
https://doi.org/10.4049/jimmunol.2100378
https://doi.org/10.4049/jimmunol.2100378
https://doi.org/10.1007/s12026-012-8347-x
https://doi.org/10.1152/ajplung.00518.2020
https://doi.org/10.1136/gut.41.4.565
https://doi.org/10.1155/2017/5675029
https://doi.org/10.1172/JCI94549
https://doi.org/10.1530/EC-17-0347
https://doi.org/10.1196/annals.1375.033
https://doi.org/10.1371/journal.pone.0018411
https://doi.org/10.1093/rheumatology/keab050
https://doi.org/10.1016/j.cell.2012.11.048
https://doi.org/10.1155/2022/7102480
https://doi.org/10.1371/journal.ppat.1005987
https://doi.org/10.1371/journal.ppat.1005987
https://doi.org/10.1099/00222615-43-4-270
https://doi.org/10.1099/00222615-43-4-270
https://doi.org/10.4049/jimmunol.0901639
https://doi.org/10.1159/000495935
https://doi.org/10.1007/s10157-011-0462-9
https://doi.org/10.3390/biomedicines10051086
https://doi.org/10.1385/IR:31:2:075
https://doi.org/10.1016/j.jtauto.2019.100029
https://doi.org/10.1111/jdv.15170
https://doi.org/10.1016/j.jcf.2015.05.005
https://doi.org/10.1007/s10238-021-00728-6
https://doi.org/10.1007/s00393-021-01051-x
https://doi.org/10.1007/s00018-022-04300-7
https://doi.org/10.1007/s12016-022-08931-3
https://doi.org/10.1007/s12016-022-08931-3
https://doi.org/10.3390/cells11111772
https://doi.org/10.1089/ars.2019.7752
https://doi.org/10.5114/reum.2016.58756
https://doi.org/10.1038/sj.onc.1202655
https://doi.org/10.3389/fimmu.2023.1151422
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Yadav et al.

119. Kattah NH, Kattah MG, Utz PJ. The U1-snRNP complex: structural properties
relating to autoimmune pathogenesis in rheumatic diseases. Immunol Rev (2010) 233
(1):126-45. doi: 10.1111/j.0105-2896.2009.00863.x

120. de Jong NWM, van Kessel KPM, van Strijp JAG. Immune evasion by staphylococcus
aureus. Microbiol Spectr (2019) 7(2). doi: 10.1128/microbiolspec.GPP3-0061-2019

121. Nasser A, Moradi M, Jazireian P, Safari H, Alizadeh-Sani M, Pourmand MR,
et al. Staphylococcus aureus versus neutrophil: Scrutiny of ancient combat. Microb
Pathog (2019) 131:259-69. doi: 10.1016/j.micpath.2019.04.026

122. Liu Q, Mazhar M, Miller LS. Immune and inflammatory reponses to
staphylococcus aureus skin infections. Curr Dermatol Rep (2018) 7(4):338-49. doi:
10.1007/s13671-018-0235-8

123. Rawat A, Bhattad S, Singh S. Chronic granulomatous disease. Indian J Pediatr
(2016) 83(4):345-53. doi: 10.1007/s12098-016-2040-3

124. Kahl BC, Becker K, Loffler B. Clinical significance and pathogenesis of
staphylococcal small colony variants in persistent infections. Clin Microbiol Rev
(2016) 29(2):401-27. doi: 10.1128/CMR.00069-15

125. Daha NA, Banda NK, Roos A, Beurskens FJ, Bakker JM, Daha MR, et al.
Complement activation by (auto-) antibodies. Mol Immunol (2011) 48(14):1656-65.
doi: 10.1016/j.molimm.2011.04.024

126. West EE, Spolski R, Kazemian M, Yu ZX, Kemper C, Leonard WJ. A TSLP-
complement axis mediates neutrophil killing of methicillin-resistant Staphylococcus
aureus. Sci Immunol (2016) 1(5). doi: 10.1126/sciimmunol.aaf8471

127. Espersen F. Interactions between human plasma proteins and cell wall
components of Staphylococcus aureus. Dan Med Bull (1987) 34(2):59-69.

128. Su YC, Halang P, Fleury C, Jalalvand F, Morgelin M, Riesbeck K. Haemophilus
protein F orthologs of pathogens infecting the airways: exploiting host laminin at
heparin-binding sites for maximal adherence to epithelial cells. J Infect Dis (2017) 216
(10):1303-7. doi: 10.1093/infdis/jix467

129. Clausen ML, Edslev SM, Andersen PS, Clemmensen K, Krogfelt KA, Agner T.
Staphylococcus aureus colonization in atopic eczema and its association with filaggrin
gene mutations. Br ] Dermatol (2017) 177(5):1394-400. doi: 10.1111/bjd.15470

130. Patil NK, Luan L, Bohannon JK, Hernandez A, Guo Y, Sherwood ER. Frontline
Science: Anti-PD-L1 protects against infection with common bacterial pathogens after
burn injury. J Leukoc Biol (2018) 103(1):23-33. doi: 10.1002/JLB.5HI0917-360R

131. Lobo PIL Role of natural autoantibodies and natural IgM anti-leucocyte
autoantibodies in health and disease. Front Immunol (2016) 7:198. doi: 10.3389/
fimmu.2016.00198

132. Lobo PIL Role of natural igM autoantibodies (IgM-NAA) and IgM anti-
leukocyte antibodies (IgM-ALA) in regulating inflammation. Curr Top Microbiol
Immunol (2017) 408:89-117. doi: 10.1007/82_2017_37

Frontiers in Immunology

16

10.3389/fimmu.2023.1151422

133. Walport MJ, Davies KA, Botto M. Clq and systemic lupus erythematosus.
Immunobiology (1998) 199(2):265-85. doi: 10.1016/S0171-2985(98)80032-6

134. Ogden CA, Kowalewski R, Peng Y, Montenegro V, Elkon KB. IGM is required
for efficient complement mediated phagocytosis of apoptotic cells in vivo.
Autoimmunity (2005) 38(4):259-64. doi: 10.1080/08916930500124452

135. Gray RD, Hardisty G, Regan KH, Smith M, Robb CT, Duffin R, et al. Delayed
neutrophil apoptosis enhances NET formation in cystic fibrosis. Thorax (2018) 73
(2):134-44. doi: 10.1136/thoraxjnl-2017-210134

136. Houston N, Stewart N, Smith DS, Bell SC, Champion AC, Reid DW. Sputum
neutrophils in cystic fibrosis patients display a reduced respiratory burst. J Cyst Fibros
(2013) 12(4):352-62. doi: 10.1016/j.jcf.2012.11.004

137. Moosbrugger-Martinz V, Leprince C, Mechin MC, Simon M, Blunder S,
Gruber R, et al. Revisiting the roles of filaggrin in atopic dermatitis. Int J Mol Sci
(2022) 23(10). doi: 10.3390/ijms23105318

138. Miyake R, Iwamoto K, Sakai N, Matsunae K, Aziz F, Sugai M, et al. Uptake of
Staphylococcus aureus by keratinocytes is reduced by interferon-fibronectin pathway
and filaggrin expression. J Dermatol (2022) 49(11):1148-57. doi: 10.1111/1346-
8138.16546

139. Yadav K, Yadav A, Vashistha P, Pandey VP, Dwivedi UN. Protein misfolding
diseases and therapeutic approaches. Curr Protein Pept Sci (2019) 20(12):1226-45. doi:
10.2174/1389203720666190610092840

140. Chen H, Yang H, Cheng QX, Ge YP, Peng QL, Zhang YM, et al. A novel
autoantibody targeting calreticulin is associated with cancer in patients with idiopathic
inflammatory myopathies. Clin Transl Immunol (2020) 9(10):e1195. doi: 10.1002/
cti2.1195

141. Dauletbaev N, Rickmann J, Viel K, Diegel H, von Mallinckrodt C, Stein J, et al.
Antioxidant properties of cystic fibrosis sputum. Am ] Physiol Lung Cell Mol Physiol
(2005) 288(5):L903-9. doi: 10.1152/ajplung.00349.2004

142. Stechova K, Kolouskova S, Sumnik Z, Cinek O, Kverka M, Faresjo MK, et al.
Anti-GADG5 reactive peripheral blood mononuclear cells in the pathogenesis of cystic
fibrosis related diabetes mellitus. Autoimmunity (2005) 38(4):319-23. doi: 10.1080/
08916930500124387

143. Konrad K, Kapellen T, Lilienthal E, Prinz N, Bauer M, Thon A, et al. Does beta-
cell autoimmunity play a role in cystic fibrosis-related diabetes? Analysis based on the
german/Austrian diabetes patienten Verlaufsdokumentation registry. Diabetes Care
(2016) 39(8):1338-44. doi: 10.2337/dc16-0020

144. Minicucci L, Cotellessa M, Pittaluga L, Minuto N, d’Annunzio G, Avanzini
MA, et al. Beta-cell autoantibodies and diabetes mellitus family history in cystic
fibrosis. J Pediatr Endocrinol Metab (2005) 18(8):755-60. doi: 10.1515/
JPEM.2005.18.8.755

frontiersin.org


https://doi.org/10.1111/j.0105-2896.2009.00863.x
https://doi.org/10.1128/microbiolspec.GPP3-0061-2019
https://doi.org/10.1016/j.micpath.2019.04.026
https://doi.org/10.1007/s13671-018-0235-8
https://doi.org/10.1007/s12098-016-2040-3
https://doi.org/10.1128/CMR.00069-15
https://doi.org/10.1016/j.molimm.2011.04.024
https://doi.org/10.1126/sciimmunol.aaf8471
https://doi.org/10.1093/infdis/jix467
https://doi.org/10.1111/bjd.15470
https://doi.org/10.1002/JLB.5HI0917-360R
https://doi.org/10.3389/fimmu.2016.00198
https://doi.org/10.3389/fimmu.2016.00198
https://doi.org/10.1007/82_2017_37
https://doi.org/10.1016/S0171-2985(98)80032-6
https://doi.org/10.1080/08916930500124452
https://doi.org/10.1136/thoraxjnl-2017-210134
https://doi.org/10.1016/j.jcf.2012.11.004
https://doi.org/10.3390/ijms23105318
https://doi.org/10.1111/1346-8138.16546
https://doi.org/10.1111/1346-8138.16546
https://doi.org/10.2174/1389203720666190610092840
https://doi.org/10.1002/cti2.1195
https://doi.org/10.1002/cti2.1195
https://doi.org/10.1152/ajplung.00349.2004
https://doi.org/10.1080/08916930500124387
https://doi.org/10.1080/08916930500124387
https://doi.org/10.2337/dc16-0020
https://doi.org/10.1515/JPEM.2005.18.8.755
https://doi.org/10.1515/JPEM.2005.18.8.755
https://doi.org/10.3389/fimmu.2023.1151422
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Cystic fibrosis autoantibody signatures associate with Staphylococcus aureus lung infection or cystic fibrosis-related diabetes
	Introduction
	Methods
	Control subjects
	People with cystic fibrosis (PwCF)
	SLE patients
	RA patients
	Autoantigen microarray
	Statistical analysis

	Results
	PwCF do not have significantly higher levels of autoantibodies of a certain immunoglobulin class
	PwCF do not have elevated levels of anti-citrullinated protein autoantibodies
	PwCF have significantly higher levels of specific autoantibodies
	PwCF without S. aureus airway infection have high IgM autoantibody titers
	The top IgM autoantibodies with higher levels in S. aureus-negative PwCF
	The IgM autoantibody score correlates with lung disease in S. aureus-positive PwCF
	Higher IgA autoantibody levels characterize CF-related diabetes
	Autoantibodies linked to P. aeruginosa airway infection in CF

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


