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Background: Mucin 5AC (MUC5AC) and mucin 5B (MUC5B) are the major

components of airway mucins. The expression levels of MUC5AC and MUC5B

are related to connective tissue disease-associated interstitial lung disease

(CTD-ILD) in the promoter region of MUC5AC and MUC5B and the relevant

bronchoalveolar lavage fluid. However, the serum protein levels of MUC5AC

and MUC5B have not been tested in CTD-ILD patients. In this study, we tested

the serum levels of MUC5AC and MUC5B proteins in CTD-ILD patients and

assessed their relationship with the occurrence and development of ILD.

Methods: Serum samples were obtained from 168 CTD and 80 healthy

participants from the First Affiliated Hospital of Xiamen University. The serum

levels of MUC5AC and MUC5B proteins were measured by enzyme-linked

immunosorbent assay.

Results: Of the 168 individuals with CTD, 70 had primary Sjögren’s syndrome

(pSS), 64 had systemic sclerosis (SSc), and 34 had polymyositis/

dermatomyositis (PM/DM). There were 116 cases with concurrent ILD; ILD

scores were 1 (n=23), 2 (n=41), and 3 (n=52). Serum MUC5AC and MUC5B

protein levels were considerably higher in CTD-ILD than CTD-only individuals

or healthy controls (both p<0.005). Among the CTD subgroups, MUC5AC was

higher in individuals with concurrent ILD than in those without ILD (all p<0.05).

MUC5AC was positively correlated with ILD severity in all three CTD subgroups

(all R>0.47 and all p<0.05). The MUC5B levels varied substantially between SSc
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and SSc patients with concurrent ILD (p=0.032) and were related to ILD severity

only in PM/DM patients (R=0.346 and p=0.045).

Conclusion: MUC5AC is correlated with the occurrence and development of

ILD, while MUC5B is associated with ILD diagnosis and severity in CTD

subgroups. Serum MUC5AC levels present a definite diagnostic utility for

CTD-ILD and as proxies for its severity.
KEYWORDS

connective tissue disease, interstitial lung disease, mucin 5AC, mucin 5B, Sjögren’s
syndrome, systemic sclerosis, polymyositis (PM), dermatomyositis (dm)
Introduction

Connective tissue disease (CTD) refers to various

autoimmune diseases targeting connective tissues, commonly

resulting in collagen deposition, tissue destruction, and

ultimately leading to target organ failure (1). Interstitial lung

diseases (ILD) are the most common complications of CTD,

occurring in approximately 10–50% of CTD patients (2). CTD-

ILD mainly includes rheumatoid arthritis associated ILD (RA-

ILD), systemic sclerosis associated ILD (SSc-ILD), primary

Sjögren ’s syndrome associated ILD (pSS-ILD), and

polymyositis/dermatomyositis associated ILD (PM/DM-ILD)

(3–6). CTD-ILD is a more severe disease than CTD, as

individuals with RA-ILD show a rate of mortality that is 2–10

times higher than RA patients without ILD (7).

The pathophysiology of CTD-ILD is unclear but genetic

factors are thought to play an essential role in its development

(8). Previous studies have demonstrated a strong relationship

between ILDs and single nucleotide polymorphisms (SNPs) in

the promoter regions of mucin 5B (MUC5B) (7, 9–11) and

mucin 5AC (MUC5AC) (12). MUC5AC and MUC5B, which

account for approximately 90% of the mucoproteins (13), play a

crucial role in the respiratory mucosal defense arsenal. Li et al.

found that in ILD patients, levels of MUC5AC protein were

significantly higher in bronchoalveolar lavage fluid (BALF) than

in pleural effusions; these levels were associated with the severity

of pulmonary lesions. However, serum is a more readily

accessible biofluid than BALF in clinical practice. Meng et al.

reported that human epididymal protein 4 (HE4) expression was

higher in the serum and lung tissues of CTD patients who had

interstitial pneumonia vulgaris (UIP). Furthermore, serum HE4

was suggested to be a potential biomarker for measuring illness

severity and predicting the prognosis of UIP-CTD patients (14).

Prior research has primarily focused on the KL-6 protein in the

MUC1 family, which is present at higher levels in the serum of

ILD patients (15). However, there are no reports on MUC5AC
02
and MUC5B protein levels in the serum of CTD-ILD patients.

Given this, in the present study, we recruited CTD patients with

concurrent pSS, SSc, or PM/DM to quantify the serum levels of

MUC5AC and MUC5B proteins and to compare the differences

in expression among individuals with CTD, healthy controls,

and individuals with CTD and concurrent ILD. We further

evaluated the trends of MUC5AC and MUC5B in patients with

different ILD grades and explored the relationship between these

proteins and ILD severity in CTD patients.
Methods

Samples

The study was approved by the Ethics Committee of the First

Affiliated Hospital of Xiamen University (Ethics No.: KY2017-

026). Participants provided written informed consent before

participation in the study. Between February 2020 and

December 2021, we recruited 168 CTD patients and 80

healthy participants from the First Affiliated Hospital of

Xiamen University. The CTD group included individuals with

pSS, SSc, and PM/DM. The diagnoses of pSS and SSc were based

on the relevant criteria of the American College of

Rheumatology (ACR) and the European League Against

Rheumatism (EULAR) (16, 17). PM/DM patients were

diagnosed according to European Neuromuscular Centre

criteria. ILD diagnosis and grading among CTD patients were

conducted using the American Thoracic Society (ATS) and

European Respiratory Society (ERS) criteria (18). High

resolution computed tomography (HRCT) scan-based

classification was assessed by three independent reviewers

(blinded to the individual’s clinical data) with the following

grading scheme, which was assigned a numerical score based on

the type and distribution of interstitial lung abnormalities that

consisted of septal lines, reticulation, traction bronchiectasis,
frontiersin.org
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cyst formation, and/or ground glass opacification: 0=non ILD;

1=indeterminate ILD (focal or unilateral ground-glass

attenuation, focal or unilateral reticulation, or patchy ground-

glass abnormalities involving <5% of the lung); 2=mild/early

ILD (changes affecting >5% of any lobar region with non-

dependent ground-glass or reticular abnormalities, diffuse

centrilobular nodularity, non-emphysematous cysts,

honeycombing, or traction bronchiectasis); and 3=advanced

ILD (bilateral fibrosis in multiple lobes associated with

honeycombing and traction bronchiectasis in a subpleural

distribution) (19–21). Contradictory gradings were repeated

and then resolved via consensus; final scores ≥1 were classified

as ILD. Due to the COVID-19 outbreak, pulmonary function

testing was examined in only a little fraction of patients. Thus all

participants were graded for ILD severity by a chest HRCT for

this study. Peripheral blood was collected in coagulating tubes,

the blood placed at room temperature for 30min and centrifuged

at 1500g for serum collection, and immediately frozen at −80°C.
Enzyme-linked immunosorbent assay

Serum MUC5AC and MUC5B protein levels were measured

with double-antibody sandwich ELISA (Novus Biologicals, USA;

NBP2-76703 and NBP2-76705) according to the manufacturer’s

instructions. Briefly, samples and standards were diluted tenfold

with sample diluent, added in 100 mL volumes to the microplate,

and then incubated at 37°C for 90 minutes.in which a single-well

assay conducted the samples, and the standards were tested in

triplicates. Biotin-labeled antibody solution was added to the

samples and incubated at 37°C for 60 minutes. After washing, a

solution labeled with horseradish peroxidase streptavidin was

added and incubated at 37°C for 30 minutes. After washing,

TMB substrate solution was added and incubated at 37°C for 15

minutes, then terminated with a stop solution. Readings were

acquired at 450 nm and 630 nm using a microplate reader

(Antubio Diagnostics Co., Ltd., Zhengzhou) then the MUC5AC

and MUC5B protein concentrations were calculated using

wavelength-corrected optical densities and the standard

curve readings.
Statistical analysis

Statistical analyses were performed using IBM SPSS version

25.0 (Armonk, NY) and plots were generated using Graphpad

Prism 8 (Graphpad Software Corp.). Based on the normality and

homogeneity of variance of the data, between-group differences

in continuous variables were tested by using Student’s t-test or

the Mann-Whitney U test. Categorical variables were tested by

using the Chi-square test and Fisher’s exact test. Statistical

significance was determined using two-tailed tests and p<0.05.
Frontiers in Immunology 03
Results

Characteristics of the study population

168 CTD and 80 healthy participants were recruited. The CTD

group included 35 males and 133 females with a sex ratio of 0.263

which was significantly lower than in healthy controls (26/54,

p=0.046). The median age was 42 years (29.25–54.75 years) in

CTD and 53 years (43–61 years) in healthy controls (p=0.002).

The CTD group included 70 pSS, 64 SSc, and 34 PM/DM cases.

Among these CTD subgroups, ILD scores were distributed as

follows: 0 (n=30), 1 (10), 2 (15), and 3 (15) in pSS; 0 (15), 1 (10),

2 (15), and 3 (24) in SSc; and 0 (7), 1 (3), 2 (11), and 3 (13) in PM/

DM. Demographic and CTD characteristics and autoantibody

detection results of patients with pSS, SSc, and PM/DM are listed

in Table 1, most of which were not substantially different among the

distinct ILD severity scores. Only age, gender, and the anti-SSB

positive rate of pSS patients and the positivity rate of myositis-

specific antibodies (MSAs) in PM/DM patients were statistically

different between the different ILD scores, with p-values of 0.011,

0.007, 0.017, and 0.041(Table 1).
Serum MUC5AC levels in CTD patients
with and without ILD

Median MUC5AC levels were 1.30 ng/mL (IQR, 0.75 to 1.63

ng/mL) in the healthy controls, 0.84 ng/mL (IQR, 0.56 to 1.34 ng/

mL) in the CTD-non ILD group, and 1.80 ng/mL (IQR, 1.13 to 2.60

ng/mL) in the CTD-ILD group. Serum MUC5AC was significantly

higher in the CTD-ILD than in the CTD-non ILD (p<0.001) or

healthy control (p<0.001) groups. Serum MUC5AC was slightly

lower in the CTD-non ILD group than in healthy controls

(p=0.005) (Figure 1A). When evaluating patients with different

types of CTD (Figures 1B–D), serum MUC5AC was higher in the

pSS-ILD, SSc-ILD, and PM/DM-ILD subgroups than in the

respective non-ILD group (p=0.002, p<0.001, and p=0.003,

respectively). Compared to the healthy control group, serum

MUC5AC was much higher in the SSc-ILD (p=0.022) and PM/

DM-ILD (p<0.001) groups but not in the pSS-ILD group (p=0.103).

Compared to the healthy controls, serum MUC5AC levels were

lower in the pSS-non ILD (p=0.024) and SSc-non ILD (p=0.003)

groups but not in the PM/DM-non ILD group (p=0.873).
Serum MUC5B levels in CTD patients
with and without ILD

Median serum MUC5B protein levels were 16.62 ng/mL (IQR,

12.57 to 21.48 ng/mL) in healthy controls, 19.68 ng/mL (IQR, 15.75

to 27.67 ng/mL) in CTD-non ILD, and 23.25 ng/mL (IQR, 17.84 to

35.70 ng/mL) in CTD-ILD. Unlike MUC5AC, serum MUC5B
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TABLE 1 Characteristics of the CTD patients with different ILD severity.

No ILD (ILD
score 0)

Indeterminate ILD (ILD
score 1)

Mild/moderate ILD (ILD
score 2)

Severe ILD (ILD
score 3)

P
value

pSS (n=70)

Demographic characteristics

Number of individuals 30 10 15 15

Sex (male: female) 0.00 (0:30) 0.11 (1:9) 0.15(2:13) 0.50 (5:10) 0.011*

Age (median, range) 45.67 (30.0-57.25) 52.5 (46.00-61.00) 62.4(56.00-68.00) 61.47 (55.0-68.0) 0.007**

Disease duration (IQR), years 2.05(1.00-5.25) 1.50(0.63-5.38) 5.00(2.00-10.00) 2.00(1.00-4.20) 0.593

pSS characteristics

labial glands biopsy, positive.
(%)

14(46) 3(30) 4(27) 6(40) 0.503

xerophthalmia, positive. (%) 13(43) 2(20) 4(27) 6(40) 0.477

Autoantibodies

Antinuclear antibody, positive.
(%)

27 (90) 8 (80) 13 (87) 14 (94) 0.759

Anti-SSA/Ro, positive. (%) 24 (80) 7(70) 8(54) 9 (60) 0.266

Anti-SSB/La, positive. (%) 18 (60) 1 (10) 4(27) 5 (33) 0.017*

Anti Ro-52, positive. (%) 21(70) 6(60) 11 (73) 12(80) 0.744

SSc (n=64)

Demographic characteristics

Number of individuals 15 10 15 24

Sex (male: female) 0.15 (2:13) 0.67 (4:6) 0.15 (2:13) 0.26 (5:19) 0.347

Age (median, range) 43.26 (31.00-60.00) 49.40 (41.75-56.75) 47.26(42.00-56.00) 50.67 (43.25-60.00) 0.524

Disease duration (IQR), years 1.50(0.50-4.00) 2.50(0.31-6.25) 2.00(2.00-7.00) 4.43(2.00-9.50) 0.534

SSc characteristics

Raynaud phenomenon, positive
(%)

6(40) 5(50) 8(53) 13(54) 0.880

Finger swelling, positive. (%) 0(0) 1(10) 2(13) 7(29) 0.093

scleroderma, positive. (%) 0(0) 1(10) 2(13) 3(12) 0.932

Autoantibodies

Antinuclear antibody, positive.
(%)

12 (80) 9(90) 14 (94) 23 (96) 0.408

Anti Scl-70, positive. (%) 8(53) 6(60) 6 (40) 16 (67) 0.427

Anti CENP B, positive. (%) 1 (7) 1 (10) 5 (34) 6 (25) 0.438

DM/PM (n=34)

Demographic characteristics

Number of individuals 7 3 11 13

Sex (male: female) 1.33(4:3) 0.5 (1:2) 1.75(7:4) 0.18(2:11) 0.083

Age (median, range) 51.0 (39.0-69.0) 56 (41.00-57.50) 55.6 (52.0-60.0) 59.3(48.0-68.0) 0.822

Disease duration (IQR), years 0.50(0.25-1.00) 0.5(0.3-5.25) 1.20(0.17-3.00) 2.00(1.20-4.00) 0.773

DM/PM characteristics

Gottron sign, positive. (%) 3(43) 1(33) 5(45) 4(31) 0.886

Heliotrope sign, positive. (%) 2(29) 1(33) 5(45) 4(31) 0.860

Amyasthenia, positive. (%) 3(43) 1(33) 5(45) 3(23) 0.676

Autoantibodies

myositis specific antibody,
positive. (%)

7(100) 2(67) 11(100) 7(57) 0.041*
Frontiers in Immunology
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SSc, systemic sclerosis; pSS, primary Sjogren’s syndrome; DM, dermatomyositis; PM, polymyositis; *p < 0.05, **p < 0.01 when compared with the severity of ILD and the factors was
compared, Chi-square test were used to find p values were presented.
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levels were elevated in CTD-ILD patients compared to CTD-non

ILD patients (p=0.004) and healthy controls (p<0.001). CTD-non

ILD patients also showed higher MUC5B compared to healthy

controls (p=0.025) (Figures 2A). As shown in Figures 2B–D,

compared to healthy controls, serum MUC5B levels were higher

in pSS-ILD (p=0.006), SSc-ILD (p<0.001), and PM/DM-ILD

(p<0.001). Serum MUC5B levels were higher in SSc-ILD

compared to SSc-non ILD (p=0.032) and were considerably

elevated in PM/DM-non ILD compared to healthy

controls (p=0.003).
Frontiers in Immunology 05
Correlation between serum MUC5AC/
MUC5B and ILD severity

Serum MUC5AC and MUC5B levels among the ILD grades

in CTD patients were compared to investigate their association

with ILD severity (Figures 3A, 4A). Serum MUC5AC and

MUC5B were found to be positively correlated with ILD

severity. The correlation between ILD scores and serum

MUC5AC (R=0.500) was more substantial than with MUC5B

(R=0.255). When considering the different forms of CTDs,
B

C D

A

FIGURE 1

Elevation of MUC5AC levels in CTD-ILDs (A). CTD-ILD, CTD-non ILD, and healthy controls. (B). pSS-ILD, pSS-non ILD, and healthy controls. (C).
SSc-ILD, SSc-non ILD, and healthy controls. (D). DM/PM-ILD, DM/PM-non ILD, and healthy controls. Dot plots depict levels (measured by
standard solid-phase enzyme-linked immunosorbent assay) of MUC5AC in individual serum samples from patients without ILD (interstitial lung
abnormality ILD score 0), patients with ILD (indeterminate ILD (ILD score 1), mild ILD (ILD score 2), and advanced ILD (ILD score 3)) and healthy
controls, Each symbol represents an individual patient; horizontal lines show the mean. p values were determined by Mann-Whitney U test.
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serum MUC5AC levels were closely related to ILD severity

(Figures 3B–D); pSS (R=0.476), SSc (0.492), and PM/DM

(0.488). However, the correlation between serum MUC5B and

ILD severity was lower in pSS (R=0.189) and SSc (R=0.126;

Figures 4B, C), but was slightly higher in PM/DM

(R=0.346; Figure 4D).
Frontiers in Immunology 06
Discussion

ILD is a serious complication of CTD and is the leading

cause of CTD-associated deaths. ILD complications occur in

around 35–52% of SSc (22), 6–94% of pSS (23), and 35–48% of

PM/DM (24) patients. The mortality associated with SSc, pSS,
frontiersin.org
B

C D

A

FIGURE 2

Elevation of MUC5B levels in CTD-ILDs (A). CTD-ILD, CTD-non ILD, and healthy controls. (B). pSS-ILD, pSS-non ILD, and healthy controls. (C).
SSc-ILD, SSc-non ILD, and healthy controls. (D). DM/PM-ILD, DM/PM-non ILD, and healthy control. The methodology used for these
experiments was identical to those described in the legend for Figure 1.
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and DM with ILD is significantly higher than in CTDs without

ILD (23, 25, 26). Although disease severity has been linked with

SNPs in the promoter region of MUC5AC and MUC5B, which

are the most abundant airway mucins (7, 9–12), and MUC5AC

protein levels in BALF (27), there have been no reports on the

serum levels of MUC5AC and MUC5B in CTD-ILD patients.

Due to the lack of simple laboratory diagnostic targets, the

diagnosis of ILD still relies on high-resolution computed

tomography (HRCT) and lung function, which is influenced

by clinicians’ experience and highly subjective. Therefore, a

rapid and simple laboratory index is urgently needed for the

clinical differential diagnosis of ILD. We found that serum

MUC5AC and MUC5B are significantly increased in

individuals with CTD-ILD compared to those without ILD
Frontiers in Immunology 07
complications or healthy controls. We also found that the

serum levels of these proteins were positively correlated with

ILD severity. It indicates that both MUC5AC and MUC5B may

be potential biomarkers of ILD, so it may provide a simple

detection method for the diagnosis of ILD and assess its severity.

In the three CTD subgroups, serum MUC5AC was higher in

patients with concurrent ILD than in those without concurrent

ILD (Figures 1B–D). Considering the correlation with the

severity stratification of concurrent ILD in CTD patients, there

was a closer relationship between the ILD score and serum

MUC5AC than MUC5B.

While serum MUC5B was found to be higher in SSc-ILD

than in SSc-non ILD groups (Figure 2C), In contrast, MUC5B

was only associated with the ILD score in the PM/DM group
B

C D

A

FIGURE 3

Correlation between serum MUC5AC levels and ILD severity in patients with various autoimmune disease(s) (A) CTD-ILD. (B). pSS-ILD. (C). SSc-
ILD. (D). DM/PM-ILD. Dot plot depicts the correlation between the level of MUC5AC and the severity of ILD in individual serum samples from
patients with no ILD (interstitial lung abnormality (ILD score 0), uncertain ILD (ILD score 1), mild ILD (ILD score 2), or advanced ILD (ILD score 3)
(measured by standard solid-phase enzyme-linked immunosorbent assay). Each symbol represents an individual patient; horizontal lines show
the mean. Categorical variables were tested by using the Chi-square test and Fisher’s exact test. Statistical significance was determined using
two-tailed tests and p<0.05.
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(R=0.346, p=0.045). These suggest that MUC5B is not highly

correlated with ILD severity in CTD, despite being much higher

in CTD-ILD than in CTD-non ILD; this is consistent with the

results of Lee et al. Lee et al. also showed that the rs35705950

SNP in the MUC5B promoter region is associated with

idiopathic pulmonary fibrosis but has no apparent connection

with CTD-ILD. Therefore, MUC5B may be able to distinguish

ILD lesions caused by different CTDs. For example, DM/PM-

ILD has a significant correlation with MUC5B levels.

Because MUC5AC has a significant correlation with the

severity of ILD, with the increase of ILD severity, the expression

level of MUC5AC tends to rise. And by analyzing the differential

ability of MUC5AC between CTD-non ILD and CTD-ILD, the

AUC value of MUC5AC reached 0.78, which has a good ability

to distinguish whether CTD patients have ILD disease, While the

AUC value of MUC5B was only 0.68(Supplementary Figure 1).
Frontiers in Immunology 08
So we also found that the tested serum protein levels were

distinctly different among the CTD subgroups when

complicated by ILD, suggesting that there might exist some

variances in the mechanisms of ILD development within the

cohort. Given the patients with three clinical subtypes, serum

MUC5AC and MUC5B levels were significantly higher in SSc-

ILD than SSc, and MUC5AC was higher in pSS-ILD and PM/

DM-ILD than in those without ILD. Serum MUC5AC and

MUC5B were increased with ILD severity in PM/DM, whereas

only MUC5AC protein levels increased with ILD scores in the

pSS and SSc groups. These results suggest that we need to

evaluate different biomarkers for ILD severity when

considering different CTDs.

There were some limitations of this study. First, we recruited

only individuals with pSS, SSc, and PM/DM. Whether serum

MUC5AC levels might better reflect the occurrence and
B

C D

A

FIGURE 4

Correlation between serum MUC5B levels and ILD severity in patients with various autoimmune disease(s) (A). CTD-ILD. (B). pSS-ILD. (C). SSc-
ILD. (D). DM/PM-ILD. The methodology used for these experiments was identical to those described in the legend for Figure 3.
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development of ILD needs to be verified in more patients with

other CTDs. And when collecting the healthy control group, the

problem of age and sex matching was not considered in this

study. However, when analyzing the influence of age and sex on

the expression level of MUC protein, it was found that there was

no significant difference (Supplementary Figure 2), so the main

conclusions of this study were not affected. Smoking is a problem

of great concern in ILD. However, only 4 patients with smoking

history were found in this study, which may be due to that the

majority of patients were female (78%). In China, most women

do not smoke. So, the impact of smoking on MUC5AC levels

cannot be analyzed. In addition, some clinical indicators or

biomarkers, such as BMI, eGFR, CRP, etc., were not collected

due to the study design, which made it impossible to conduct a

more comprehensive analysis on their influence. Furthermore,

the clinical samples were relatively small, especially low-grade

ILD. Additional work is required to validate the utility of serum

MUC5AC in CTDs. And whether MUC5AC can be used as a

monitoring indicator for the treatment of ILD patients’ needs to

be further tested and evaluated by collecting the sample volume

of follow-up patients.

In general, serum MUC5AC protein levels were

considerably higher in individuals with CTD-ILD than in

those without ILD. Thus, MUC5AC is a potential biomarker

for predicting ILD progression. The levels of MUC5AC in the

peripheral blood are much higher expression that may be used

as a biomarker target for the early detection and treatment of

CTD-ILD patients.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding authors.
Ethics statement

The studies involving human participants were reviewed and

approved by ethics committee of the First Affiliated Hospital of

Xiamen University (Ethics No.: KY2017-026). The patients/

participants provided their written informed consent to

participate in this study.
Frontiers in Immunology 09
Author contributions

JC and SG conceived the study. JC acquired funding. LW

and WL collected the data, conducted data analysis, and drafted

manuscript. LW, WL, L-YW, ZW, DL, YL, SS, CY, and YC

performed laboratory tests. JC and SG were responsible for

supervision of the study. All authors critically reviewed the

manuscript and approved the final version.
Funding

This study was funded by the National Natural Science

Foundation of China (Grant No. 81771751) to JC and Fujian

Provincial Department of Science and Technology (Grant No.

2018J01383) to JC.
Acknowledgments

The authors would like to express their gratitude to

EditSprings (https://www.editsprings.com/) for the expert

linguistic services provided.
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.2022.987723/full#supplementary-material
References

1. Spagnolo P, Distler O, Ryerson CJ, Tzouvelekis A, Lee J S, Bonella F, et al.

Mechanisms of progressive fibrosis in connective tissue disease (CTD)-associated
interstitial lung diseases (ILDs). Ann Rheum Dis (2021) 80(2):143–50. doi: 10.1136/
annrheumdis-2020-217230
2. Hyldgaard C, Hilberg O, Pedersen AB, Ulrichsen S P, Løkke A, Bendstrup E,
et al. A population-based cohort study of rheumatoid arthritis-associated
interstitial lung disease: comorbidity and mortality. Ann Rheum Dis (2017) 76
(10):1700–6. doi: 10.1136/annrheumdis-2017-211138
frontiersin.org

https://www.editsprings.com/
https://www.frontiersin.org/articles/10.3389/fimmu.2022.987723/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.987723/full#supplementary-material
https://doi.org/10.1136/annrheumdis-2020-217230
https://doi.org/10.1136/annrheumdis-2020-217230
https://doi.org/10.1136/annrheumdis-2017-211138
https://doi.org/10.3389/fimmu.2022.987723
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Weng et al. 10.3389/fimmu.2022.987723
3. Spagnolo P, Lee JS, Sverzellati N, Rossi G, Cottin V. The lung in rheumatoid
arthritis: Focus on interstitial lung disease. Arthritis Rheumatol (2018) 70
(10):1544–54. doi: 10.1002/art.40574

4. Cottin V, Brown KK. Interstitial lung disease associated with systemic
sclerosis (SSc-ILD). Respir Res (2019) 20(1):13. doi: 10.1186/s12931-019-0980-7

5. Luppi F, Sebastiani M, Silva M, Sverzellati N, Cavazza A, Salvarani C, et al.
Interstitial lung disease in sjögren's syndrome: A clinical review. Clin Exp
Rheumatol (2020) 38Suppl 126(4):291–300. doi: 10.1016/j.autrev.2022.103099

6. Long K, Danoff SK. Interstitial lung disease in polymyositis and
dermatomyositis. Clin Chest Med (2019) 40(3):561–72. doi: 10.1016/
j.ccm.2019.05.004

7. Juge PA, Solomon JJ, Van Moorsel CHM, Garofoli R, Lee J S, Louis-Sydney F,
et al. MUC5B promoter variant rs35705950 and rheumatoid arthritis associated
interstitial lung disease survival and progression. Semin Arthritis Rheum (2021) 51
(5):996–1004. doi: 10.1016/j.semarthrit.2021.07.002

8. Fingerlin TE, Murphy E, Zhang W, Peljto AL, Brown KK, Steele MP, et al.
Genome-wide association study identifies multiple susceptibility loci for
pulmonary fibrosis. Nat Genet (2013) 45(6):613–20. doi: 10.1038/ng.2609

9. Sparks JA. Towards clinical significance of the MUC5B promoter variant and
risk of rheumatoid arthritis-associated interstitial lung disease. Ann Rheum Dis
(2021) 80(12):1503–4. doi: 10.1136/annrheumdis-2021-220856

10. Matson SM, Deane KD, Peljto AL, Bang TJ, Sachs PB, Walts AD, et al.
Prospective identification of subclinical interstitial lung disease in a rheumatoid
arthritis cohort is associated with the MUC5B promoter variant. Am J Respir Crit
Care Med (2022) 205(4):473–6. doi: 10.1164/rccm.202109-2087LE

11. Mcdermott G, Gill R, Gagne S, Byrne S, Huang W, Cui J, et al. Associations
of the MUC5B promoter variant with timing of interstitial lung disease and
rheumatoid arthritis onset. Rheumatol (Oxford) (2022). doi: 10.1093/
rheumatology/keac152

12. Seibold MA, Wise AL, Speer MC, Steele MP, Brown KK, Loyd JE, et al. A
common MUC5B promoter polymorphism and pulmonary fibrosis. N Engl J Med
(2011) 364(16):1503–12. doi: 10.1056/NEJMoa1013660

13. Hattrup CL, Gendler SJ. Structure and function of the cell surface (tethered)
mucins. Annu Rev Physiol (2008) 70:431–57. doi: 10.1146/annurev.physiol.
70.113006.100659

14. Meng K, Tian M, Gui X, Xie M, Gao Y, Shi S, et al. Human epididymis
protein 4 is associated with severity and poor prognosis of connective tissue
disease-associated interstitial lung disease with usual interstitial pneumonia
pattern. Int Immunopharmacol (2022) 108:108704. doi : 10.1016/
j.intimp.2022.108704

15. Hu Y, Wang L, Jin Y, Du S S, Du Y K, He X, et al. Serum Krebs von den
lungen-6 level as a diagnostic biomarker for interstitial lung disease in Chinese
patients. Clin Respir J (2017) 11(3):337–45. doi: 10.1111/crj.12341

16. Van Den Hoogen F, Khanna D, Fransen J, Johnson S R, BaronM, Tyndall A,
et al. 2013 classification criteria for systemic sclerosis: an American college of
rheumatology/European league against rheumatism collaborative initiative. Ann
rheumatic Dis (2013) 72(11):1747–55. doi: 10.1136/annrheumdis-2013-204424
Frontiers in Immunology 10
17. Shiboski C, Shiboski S, Seror R, Criswell LA, Labetoulle M, Lietman TM,
et al. 2016 American college of Rheumatology/European league against
rheumatism classification criteria for primary sjögren's syndrome: A consensus
and data-driven methodology involving three international patient cohorts.
Arthritis Rheumatol (Hoboken NJ) (2017) 69(1):35–45. doi: 10.1002/art.39859

18. Hoogendijk J E, Amato A A, Lecky B R, Choy EH, Lundberg IE, Rose MR,
et al, et al. 119th ENMC international workshop: trial design in adult idiopathic
inflammatory myopathies, with the exception of inclusion body myositis, 10-12
October 2003, naarden, the Netherlands. Neuromuscular Disord NMD (2004) 14
(5):337–45. doi: 10.1016/j.nmd.2004.02.006

19. American Thoracic S, European Respiratory S. American Thoracic Society/
European respiratory society international multidisciplinary consensus
classification of the idiopathic interstitial pneumonias. This joint statement of
the American thoracic society (ATS), and the European respiratory society (ERS)
was adopted by the ATS board of directors, June 2001 and by the ERS executive
committee, June 2001. Am J Respir Crit Care Med (2002) 165(2):277–304.
doi: 10.1016/j.nmd.2004.02.006

20. Vonk MC, Smith V, Sfikakis PP, Cutolo M, Del Galdo F, Seibold J R, et al.
Pharmacological treatments for SSc-ILD: Systematic review and critical appraisal of
the evidence. Autoimmun Rev (2021) 20(12):102978. doi: 10.1016/
j.autrev.2021.102978

21. Nannini C, Jebakumar AJ, Crowson CS, Ryu J H, Matteson E L. Primary
sjogren's syndrome 1976-2005 and associated interstitial lung disease: A
population-based study of incidence and mortality. BMJ Open (2013) 3(11):
e003569. doi: 10.1136/bmjopen-2013-003569

22. Sun KY, Fan Y, Wang YX, Zhong YJ, Wang GF, et al. Prevalence of
interstitial lung disease in polymyositis and dermatomyositis: A meta-analysis from
2000 to 2020. Semin Arthritis Rheum (2021) 51(1):175–91. doi: 10.1016/
j.semarthrit.2020.11.009

23. Roofeh D, Lescoat A, Khanna D. Treatment for systemic sclerosis-associated
interstitial lung disease. Curr Opin Rheumatol (2021) 33(3):240–8. doi: 10.1097/
BOR.0000000000000795

24. Yu KH, Wu YJ, Kuo CF, See LC, Shen YM, Chang HC, et al. Survival
analysis of patients with dermatomyositis and polymyositis: Analysis of 192
Chinese cases. Clin Rheumatol (2011) 30(12):1595–601. doi: 10.1007/s10067-
011-1840-0

25. Kumar A, Dougherty M, Findlay GM, Geisheker M, Klein J, Lazar J, et al.
Genome sequencing of idiopathic pulmonary fibrosis in conjunction with a
medical school human anatomy course. PloS One (2014) 9(9):e106744. doi:
10.1371/journal.pone.0106744

26. Lee MG, Lee YH. A meta-analysis examining the association between the
MUC5B rs35705950 T/G polymorphism and susceptibility to idiopathic
pulmonary fibrosis. Inflammation Res (2015) 64(6):463–70. doi: 10.1007/s00011-
015-0829-6

27. Wei L, Zhao J, Bao J, Ma Y, Shang Y, Gao Z., et al. The characteristics and
clinical significance of mucin levels in bronchoalveolar lavage fluid of patients with
interstitial lung disease. J Investig Med (2019) 67(4):761–6. doi: 10.1136/jim-2018-
000785
frontiersin.org

https://doi.org/10.1002/art.40574
https://doi.org/10.1186/s12931-019-0980-7
https://doi.org/10.1016/j.autrev.2022.103099
https://doi.org/10.1016/j.ccm.2019.05.004
https://doi.org/10.1016/j.ccm.2019.05.004
https://doi.org/10.1016/j.semarthrit.2021.07.002
https://doi.org/10.1038/ng.2609
https://doi.org/10.1136/annrheumdis-2021-220856
https://doi.org/10.1164/rccm.202109-2087LE
https://doi.org/10.1093/rheumatology/keac152
https://doi.org/10.1093/rheumatology/keac152
https://doi.org/10.1056/NEJMoa1013660
https://doi.org/10.1146/annurev.physiol.70.113006.100659
https://doi.org/10.1146/annurev.physiol.70.113006.100659
https://doi.org/10.1016/j.intimp.2022.108704
https://doi.org/10.1016/j.intimp.2022.108704
https://doi.org/10.1111/crj.12341
https://doi.org/10.1136/annrheumdis-2013-204424
https://doi.org/10.1002/art.39859
https://doi.org/10.1016/j.nmd.2004.02.006
https://doi.org/10.1016/j.nmd.2004.02.006
https://doi.org/10.1016/j.autrev.2021.102978
https://doi.org/10.1016/j.autrev.2021.102978
https://doi.org/10.1136/bmjopen-2013-003569
https://doi.org/10.1016/j.semarthrit.2020.11.009
https://doi.org/10.1016/j.semarthrit.2020.11.009
https://doi.org/10.1097/BOR.0000000000000795
https://doi.org/10.1097/BOR.0000000000000795
https://doi.org/10.1007/s10067-011-1840-0
https://doi.org/10.1007/s10067-011-1840-0
https://doi.org/10.1371/journal.pone.0106744
https://doi.org/10.1007/s00011-015-0829-6
https://doi.org/10.1007/s00011-015-0829-6
https://doi.org/10.1136/jim-2018-000785
https://doi.org/10.1136/jim-2018-000785
https://doi.org/10.3389/fimmu.2022.987723
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Serum MUC5AC protein levels are correlated with the development and severity of connective tissue disease-associated pulmonary interstitial lesions
	Introduction
	Methods
	Samples
	Enzyme-linked immunosorbent assay
	Statistical analysis

	Results
	Characteristics of the study population
	Serum MUC5AC levels in CTD patients with and without ILD
	Serum MUC5B levels in CTD patients with and without ILD
	Correlation between serum MUC5AC/MUC5B and ILD severity

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


