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Background: Patients with rheumatoid arthritis (RA) who develop interstitial lung disease (RA-ILD), show features of usual
interstitial pneumonia (UIP) on high-resolution computed tomography (HRCT). This retrospective exploratory
clinical study aimed to investigate the association between mutations in the MUC5B gene and clinical outcome
in patients with RA, with or without RA-ILD, using whole-exome sequencing (WES).

Material/Methods: WES was performed using peripheral blood samples for mutations in the MUC5B gene in 51 patients diagnosed
with RA without ILD, and 45 patients with RA-ILD. The cumulative incidence in acute exacerbations of RA-ILD
and variables associated with acute exacerbations of RA-ILD were analyzed.

Results: In patients with RA-ILD, the main genetic variants of MUC5B were identified, with an odds ratio (OR) of 3.410
(p=0.013). Nine patients with RA without ILD (17.6%) and 19 patients with RA-ILD (42.2%) expressed MUC5B
variants. Patients with RA-ILD carrying MUC5B variants had a significantly increased duration of RA-ILD (p=0.03)
and showed a UIP pattern on lung HRCT (p=0.01). Acute exacerbations of RA-ILD occurred in 25 patients dur-
ing follow-up, including 13 patients with mutant MUC5B and 12 patients with wildtype MUC5B. Univariate
analysis showed that MUC5B mutations (p=0.043), older age of onset of RA (p=0.041), increased serum anti-
citrullinated protein antibodies (ACPAs) (p=0.033), and a UIP imaging pattern on HRCT (p=0.015) were signifi-
cantly correlated with acute exacerbations of RA-ILD. However, these findings were not supported by multivar-
iate analysis (p=0.065).

Conclusions: The carrier status of MUC5B variants was an indicator of reduced prognosis and increased exacerbations of
RA-ILD.
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Material and Methods

Rheumatoid arthritis (RA) is an autoimmune disease with clin-
ical features that include symmetrical arthritis and synovitis.
Extra-articular complications occur in approximately 50% of
patients with RA, and clinical or subclinical pulmonary involve-
ment is an extra-articular feature of the RA phenotype [1].
Interstitial lung disease (ILD) is the main manifestation of
lung involvement and results in a three-fold increase in mor-
tality in patients with RA-ILD when compared with patients
with RA without ILD [2]. Patients who develop RA-ILD show
features of usual interstitial pneumonia (UIP) on high-resolu-
tion computed tomography (HRCT). Also, patients with colla-
gen vascular disease-associated ILD who have acute deterio-
ration in respiratory status, including increased dyspnea, new
bilateral ground-glass opacities, or consolidation on CT imag-
ing, in the absence of infection, pulmonary embolism, or lung
injury have an in-hospital mortality rate comparable with pa-
tients with idiopathic pulmonary fibrosis (IPF) [3,4]. However,
the pathogenesis and clinical outcome of acute exacerbations
in patients with RA-ILD remain poorly understood.

Given the similarities between IPF and RA-ILD, including UIP
seen on HRCT imaging [5], the association with cigarette smok-
ing [6], and male gender [7], the conditions may share molec-
ular risk factors. Juge et al. [8] reported increased TERT, RTEL]I,
PARN, and SFPTC gene mutations in patients with RA-ILD when
compared with 1,010 control individuals of European ances-
try, with an odds ratio (OR) of 3.17 and a 95% confidence in-
terval (CI) of 1.53-6.12 (p<0.001). In a further study [9], these
investigators also showed that the MUC5B promoter variant
rs35705950 was associated with UIP on imaging in patients
with RA-ILD (OR, 6.1; 95% Cl, 2.9-3.1; p<0.001). Because MUC5B
encodes respiratory tract mucin 5B glycoprotein, which has
a role in mucociliary clearance, these investigators proposed
that genetically-driven overexpression of MUC5B may result
in high levels of the protein, which would impair mucociliary
clearance and disrupt normal lung repair mechanisms [10].
However, Peljto et al. [11] reported that MUC5B promoter poly-
morphisms were associated with improved survival in patients
with IPF (p<0.001). Older age at onset of ILD (HR 1.11; p=0.01),
a UIP pattern on HRCT (HR 1.95; p=0.03), and treatment with
methotrexate (HR 3.04; p=0.001) have all been associated with
exacerbation of acute RA-ILD, which is a prognostic indicator
of poor clinical outcome (HR 2.47; p=0.003) [12]. However, no
genotype and phenotype correlation analysis has been per-
formed in RA-ILD in a Chinese population.

Therefore, this retrospective exploratory clinical study aimed to
investigate the association between mutations in the MUC5B
gene and clinical outcome in patients with RA, with or with-
out RA-ILD, using whole-exome sequencing (WES).

Patients studied

This study was conducted according to the principles of the
Declaration of Helsinki [13] and was approved by the Ethics
Committee of Peking Union Medical College Hospital (Approval
No. JS1127). A total of 96 outpatients admitted to Peking Union
Medical College Hospital between 2016 and 2019 were enrolled
in the study, including 51 patients with rheumatoid arthri-
tis (RA) without interstitial lung disease (ILD) and 45 patients
with RA and interstitial lung disease (RA-ILD). The diagnosis
of RA was confirmed using details from the medical records,
according to the diagnostic criteria of the 2010 European League
against Rheumatism and American College of Rheumatology
(ACR/EULAR) criteria [14]. All patients provided written in-
formed consent to participate in the study.

The diagnosis of ILD was based on the clinical presentation, pul-
monary function tests, and high-resolution computed tomogra-
phy (HRCT) imaging findings of the chest. Patients with chest
HRCT findings that included bilateral ground-glass opacities,
reticular opacities, and reticular (honeycomb) fibrosis were re-
viewed by radiologists and pulmonologists, who confirmed the
diagnosis of ILD. The HRCT imaging patterns were identified
as usual interstitial pneumonia (UIP), possible UIP, or incon-
sistent with UIP, based on current international clinical crite-
ria [15]. Patients with lung disease associated with occupational
or environmental exposure, drug use, or other known causes
of ILD were excluded from the study. Patients underwent six-
monthly follow-up after diagnosis to monitor acute exacerba-
tions. The clinical data collected included the results of routine
blood tests, serology, imaging, and pulmonary function testing.

Main clinical outcomes

The primary clinical outcomes or endpoints included acute
exacerbations of RA-ILD and all-cause mortality. Acute exac-
erbations were defined according to five criteria: previously
diagnosed RA-ILD; idiopathic worsening of dyspnea with-
in one month of onset of RA-ILD; new bilateral ground-glass
lung opacities or consolidation with reticular (honeycomb) fi-
brosis on HRCT, no evidence of lung infection or a negative
sputum culture test; and exclusion of known causes of respi-
ratory dysfunction, such as left heart failure, pulmonary em-
bolism, or lung injury.

Whole-exome sequencing (WES)

Peripheral blood samples were extracted from patients, fol-
lowing informed consent. Each patient provided 1 ml of pe-
ripheral blood. All the samples were stored at -80°C for fur-
ther analysis. WES was performed on the peripheral blood
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samples following DNA extraction and preparation of the DNA
library [16]. Sequencing, read mapping to the reference se-
quence, and data processing were performed according the
methods previously described [16].

Statistical analysis

Data were analyzed using SPSS version 23.0 software (IBM
Statistics, Chicago, IL, USA). Pearson’s chi-squared (x?) test,
Fisher’'s exact test, and the Kruskal-Wallis test were per-
formed to analyze the relationships between different vari-
ables. Kaplan-Meier survival analysis and the Cox proportion-
al hazard model were performed to evaluate the relationship
between MUC5B gene mutation status, and the primary end-
points of acute exacerbation or all-cause mortality in patients
with RA with and without ILD. All data were presented as the
meanzstandard deviation (SD). A p-value <0.05 was consid-
ered to be statistically significant.

Results

Clinicopathological findings of the patients with
rheumatoid arthritis (RA) with and without interstitial
lung disease (ILD)

The clinicopathological characteristics of patients with RA, with
and without ILD, are shown in Table 1. A total of 51 patients
with RA without ILD and 45 patients with RA-ILD were enrolled
in the study. The demographic and clinical features of the two
groups were compared, including age, gender, and laboratory
findings. Several clinicopathological features showed significant
difference between the two groups, including age at inclusion
into the study (p<0.001), age at onset of RA (p<0.005), serum
levels of anti-citrullinated protein antibodies (ACPAs) (p=0.01),
the erythrocyte sedimentation rate (ESR) (p=0.03), prednisone
treatment (p<0.001), methotrexate treatment (p<0.001), and
cyclophosphamide treatment (p=0.008).

Older patients with RA were more commonly affected by
ILD than younger patients (54.0+12.2 vs. 40.4+11.7 years;
p=0.005). Patients with RA-ILD had showed a significantly high-
er mean level of inflammatory indicators and serum antibod-
ies than patients with RA without ILD, including the erythro-
cyte sedimentation rate (ESR) (36.0+26.7 vs. 22.2+15.5 mm/h;
p=0.033) and ACPA (1139.6+112.8 vs. 423.4+697.0 U/mL;
p=0.012). These findings supported previous studies that
showed the production of ACPA in the lungs [17], and also
that patients with serum anti-citrullinated protein antibod-
ies (ACPAs) have a genetic predisposition to developing pul-
monary fibrosis via targeting of citrullinated epitopes [18].
Also, methotrexate treatment has been reported as a prog-
nostic indicator in RA-ILD [19], and in this study, patients with
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RA-ILD rarely received treatment with methotrexate (54.9% vs.
6.7%, p<0.001).

MUC5B mutations

The common genes associated with cell senescence and telo-
mere shortening or surfactant secretion in ILD, including TERT,
TERC, DKC1, RTEL1, PARN, SFTPC, ABCA3, and SFTPA2 were stud-
ied in all patients with RA to investigate the mechanisms in-
volved in RA-ILD. There were 434 and 345 single nucleotide
polymorphisms (SNPs) detected in patients with RA with and
without ILD, and 26 rare SNPs, with a minor allele frequency
(MAF) <0.01 that were detected, including missense or splic-
ing variants, nonsynonymous variants, and deleterious vari-
ants. These findings indicated that the MUC5B gene muta-
tion alone might be a significant predictor of RA-ILD compared
with RA without ILD (OR 3.410, 95% Cl 1.343-8.659; p=0.013).
No significant difference was observed between other poten-
tial risk indicators for ILD in patients with RA with and with-
out ILD (Figure 1).

Based on the above findings, further studies focused on the
MUC5B gene variants. There were 48 and 32 variants identi-
fied in patients with RA with and without ILD, including exon,
splicing, and nonsynonymous variants. Because the rare vari-
ants included few functional exchanges, we mainly focused
on the rare (MAF <0.01) and deleterious variants, which were
filtered using the Exome Aggregation Consortium (ExAC) da-
tabase, the SIFT database, the Polymorphism Phenotyping
(PolyPhen) tool, the MutationTaster web-based application,
and the Combined Annotation Dependent Depletion (CADD)
tool. There were 19 patients with 10 variants that included 15
cases of missense mutation (78.9%) and four cases of non-
frameshift deletion mutation (21.1%) that were detected in
the 45 patients with RA-ILD, representing an overall mutation
rate of 42.2% (19/45). The MUC5B mutant domains in patients
with RA-ILD are summarized in Figure 2A. The majority of vari-
ants (80%) were located in the O-glycosylation areas, and two
were located in the von Willebrand factor type D domain (vWD).
The overall MUC5B mutation rate in patients with RA was 17.6%
(9/51), with seven cases of missense mutation and two cases
of non-frameshift deletion mutation. The mutant domains of
MUC5B detected in patients with RA are shown in Figure 2B,
and all four variants were found in the O-glycosylation area.

The association between MUC5B mutations and clinical
features

Patients were divided into the mutant-type (MT) group and
the wild-type (WT) group, according to the mutation status
of MUC5B for further comparison of the patient clinicopatho-
logical characteristics. The associations between MUC5B mu-
tations and the clinical features of the study participants are
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Table 1. Demographic and phenotypic spectrum of patients with rheumatoid arthritis-associated interstitial lung disease (RA-ILD) and

RA without ILD.

Characteristics

Patients with RA
(N=51)

Patients with RA-ILD
(N=45)

p-Value

Male gender. No./Total No. (%) 32/96 (33.3) 14/51 (27.4) 18/45 (40.0) 0.203
Ageatincusion years s55e116 s61s122 s95:87 w0oorr
| AgeatonsetofRAGears a7se132 0417 5406122 0005
Durationof RA(ear) 6856 6042 72:62 0549
CAgeatonsetof LD years seie7s
CDurationof LD (years 22007
Eversmoker No/TotalNo. (%) 1696 (167) 7sL ) o/as (2000 047
CManifestation of RA
 Erosive disease. No/Total No. (%) 75/9 (781)  44/51 (864) 3145 (689) 0051
Claboratoryindicators
"""" ACPAtiter 9009410428 4234s6970 11396£11128 0012
"""" Rheumatoid factortiter 294846590  1124x1216 372247730 0220
"""" R 3lss44 226155 3608267 0033
CPatternof HRCT
"""" NSIPor possible NSIP. NoTotal No. (%) ess @3
"""" UP or possible U No.Total No. %) 1g/#s @oo)
CPumonary functon
"""" Forced vital capacity (% of predicted value) ~ 799;01
"""" DLCO (% of predicted valve) ~ sgamza
"""" Total lung capacity (% of predicted value) ~ 794r86
CTreatments
"""" Pred 4596 (469)  14/51 (74) 3145 (89)  0001*
"""" MIX 3196 (323)  es/s1549)  ¥45 (67) <0001
"""" ax s Ly o5t (O 1145 (244 0008

RA — rheumatoid arthritis; ILD — interstitial lung disease; ACPA — anti-citrullinated protein antibody; ESR — erythrocyte sedimentation
rate; NSIP — non-specific interstitial pneumonia; UIP — usual interstitial pneumonia; DLCO — diffusion capacity for carbon monoxide;
PRED - prednisone; MTX — methotrexate; CTX — cyclophosphamide; HRCT — high-resolution computed tomography.

summarized in Table 2. Patients with RA-ILD with MUC5B mu-
tations had a significantly longer duration of ILD than patients
with RA-ILD without MUC5B mutations (3.0+1.6 years vs. 1.9+1.4
years; p=0.03). Also, the UIP pattern of lung disease was found
in 63.2% (12/19) of patients with MUC5B mutations, but only
26.9% (7/26) of patients with wild-type MUC5B (p=0.01). Age at
onset of ILD (p=0.439), RA duration (p=0.537), laboratory indi-
cators, or pulmonary function showed no significant difference
between individuals with and without MUC5B gene mutations.

MUC5B gene mutations and clinical outcome

The primary outcome of acute exacerbation of ILD occurred in
25 patients (55.6%) during a median follow-up time of 25.0
months (interquartile range, 7-61 months). Four patients died
during follow-up (8.9%), two patients had MUC5B mutations,
and they died due from severe infection and heart failure. Of
the other two patients with wild-type MUC5B, one patient died
from advanced lung cancer, and the other died from severe
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Figure 1. The association between the interstitial pulmonary
fibrosis (IPF) panel mutations in patients with
rheumatoid arthritis (RA) without interstitial lung
disease (ILD) and patients with RA-ILD. The forest
plots show the odds ratio (OR) and 95% confidence
interval (Cl). The boxes in the plot indicate the odds
ratio (OR), and the horizontal lines represent the 95%
Cl. The vertical line indicates a mean OR=1. The results
show a lack of significance for the IPF panel between
patients with RA without ILD and patients with RA-ILD,
except for MUC5B mutation status.

infection. In the RA-ILD cohort, patients carrying MUC5B vari-
ants had a higher risk of acute exacerbation or death (HR,
2.308, 95% Cl 1.006-5.292; log-rank p=0.0430 (Figure 3A).
In patients with a UIP lung imaging pattern on high-resolution
computed tomography (HRCT), MUC5B gene mutations were
associated with a significantly shorter interval to acute exac-
erbation or death compared with patients with the wild-type

CLINICAL RESEARCH

gene (19.2+3.6 vs. 33.2+3.9; HR, 4.115, 95% Cl 1.196-14.164;
log-rank p=0.015) (Figure 3B). Older age at onset of RA (HR,
2.916; p=0.041) and higher ACPAs titers (HR, 3.949; p=0.033)
were associated with acute exacerbation or death.

Multivariate analysis was used to study the associations be-
tween MUC5B mutations and clinical outcomes further. MUC5B
mutation status (HR 2.312, 95% Cl 0.951-5.620; p=0.065)
was not an independent predictive factor of outcome in pa-
tients with RA-ILD, and age at RA onset and UIP were not as-
sociated with an acute clinical exacerbation or all-cause mor-
tality (Table 3).

Discussion

In this retrospective and exploratory clinical study, the associ-
ation between mutations in the MUC5B gene and clinical out-
come in patients with rheumatoid arthritis (RA) with intersti-
tial lung disease (RA-ILD) and without ILD were investigated
using whole-exome sequencing (WES). The carrier frequency
of MUC5B variants was significantly increased in patients with
RA-ILD compared with patients with RA without ILD (42.2% vs.
9.1%; p=0.013). Analysis of the associations between MUC5B
mutation status and acute exacerbation of RA-ILD or all-cause
mortality showed that rare MUC5B variants might be factors
associated with disease susceptibility, but were unlikely to be
reliable prognostic indicators in patients with RA-ILD.

A
Siaay D769V T3326M P48STR
T2475M T4408M
o V22326 4370_4370del
T o o s\
N N | | B x | | [ wiliels e
T T T
0 1440 2881 4321 5762
WL
B V22336 VWD
TZ:SM .(8
4370_4370del Mucin2_WxxW
T4091R .VWC
BN | | { | | [ B
T T T
0 1440 2881 4321 5762

NM_002458_MUC5B

Figure 2. Gene linkage diagram of the MUC5B gene and the location of the rare variants. Single nucleotide polymorphisms (SNPs) are
indicated by amino acid change and position. All the SNPs were confirmed by a minor allele frequency of 0.01 or less. There
were 10 variants identified in patients with rheumatoid arthritis and interstitial lung disease (RA-ILD) (A), and four variants
were found in patients with RA without ILD (B). Of these variants, eight were restricted to patients with RA-ILD. The red
circle indicates the mutant type of SNP. The blue circle indicates the mutant type of insertion-deletion mutation (indel).

The different rectangles show the different domains of MUC5B. Orange indicates the trypsin inhibitor-like cysteine-rich (TIL)
domain; blue indicates the von Willebrand factor type D domain (vWD); green indicates the C8 domain; yellow indicates the
Mucin-2 protein WxxW (PF13330) domain; and red indicates the von Willebrand factor type C (VWC) domain.
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Table 2. Demographic and phenotypic characteristics of patients with rheumatoid arthritis-associated interstitial lung disease (RA-ILD)
and RA without ILD according to MUC5B gene mutation status.

RA-ILD group RA group

MT MUC5B WT MUC5B MT MUC5B WT MUC5B

(N=19) (N=42)
Female gender. No./Total No. (%) 12/19 (63.2) 15/26 (57.7) 0.77 4/9 (44.4) 26/42 (61.9) 0.46
Ageatinclusion (year) 621185 577486 011  405t64 4924134 038
AgeatRAonset(ear)  S08+1l9 5254125 074 370457 4144123 063
RAduration (yearsy 71151 71170 098 35807 4644 037
AgeatonsetofIlD (jearsy  576t69  s52:84 o040
D duration (years  30sl6  19+14 o003
EversmokerNo/Total No. 8) 319 (158) 526 (192) 099 29 (222) 14/42 (381) 070
Erosive disease. No./Total No. (%) 1219 (632) 192 (731) 053 4/9 (444) 31/42 (738 012
Clboratory indicators
© ACPAtiter  9448:11580 1321.8+11058 038 1700.0:21213 560947298 058
© Rheumatoid factor titer - 145261143 5689+10117 013 12141585 89841148 071
CEBR 2081152 406323 024 284191 2294166 068
CPattermon HRCT
"""" NSIP or possible NSIP. No/Total No. (%) 219 (105)  4/26 154) 099
"""" U or possible UIP. No/Total No. (%) 1219 (632)  7/26 269) oo
CPulmonary function
"""" Forced vital capacity (% of predicted value) 785:17.4  8os:228 o081
"""" DLCO (% of predicted value) ~ 592:132  ss2s142  o0ge
"""" Total lung capacity (% of predicted value) 8084215  786+178 079
 Acute exacerbation. No./Total No. (%) 1319 684) 1226 462) o022

MT — mutant-type; WT — wild-type; ILD — interstitial lung disease; ACPA — anti-citrullinated protein antibody; ESR — erythrocyte
sedimentation rate; NSIP — non-specific interstitial pneumonia; UIP — usual interstitial pneumonia; DLCO - diffusion capacity for
carbon monoxide; HRCT — high-resolution computed tomography.

Previous genome-wide association studies in patients with RA
showed that MUC5B gene promoter variants were not indicators
of increased risk for the occurrence of RA, but were associated
with RA-ILD [20]. However, no such study has been performed
on Chinese patients. In this study, the use of WES to search
for gene variants in Chinese patients with RA with or without
ILD showed similar findings that MUC5B variants were signif-
icantly associated with the occurrence of ILD in patients with
RA. In this study, missense and frameshift mutations were the
most common mutations detected in the patients in the pres-
ent study, and 10 novel mutations were identified, in addition
to the reported promoter mutant, rs35705950. These muta-
tions are enriched in the O-glycosylation region of the protein,

which is associated with specific rheological and hydrodynamic
properties of mucins [21]. However, although functional studies
of MUC5B mutations and their effects on O-glycosylation are
limited, it may be hypothesized that the possible mechanism
for the effects of MUC5B variants in pulmonary involvement
in RA might be explained in three main ways. First, genetically-
driven overexpression of the MUC5B gene may contribute to
the overproduction of the mucin-5B protein, which interferes
with ciliary clearance or disrupts normal lung repair mecha-
nisms. Second, increased levels of mucin-5B may be expressed
in the metaplastic epithelium lining the reticular (honeycomb)
fibrosis cysts in RA-ILD [9]. Third, the exon variants may af-
fect the charge of mucin-5B in which the low-charge glycated
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Figure 3. Kaplan-Meier survival curves based on the MUC5B gene mutation status in patients in the rheumatoid arthritis with
interstitial lung disease (RA-ILD) cohort. (A) All the patients in the RA-ILD cohort. (B) The usual interstitial pneumonia (UIP)

pattern in patients with RA-ILD.

form of mucin-5B leads to the structural anomalies and func-
tional changes in the lung in RA-ILD [22].

The present study included genotype-phenotype correlation
analysis, which showed that MUC5B mutations were asso-
ciated with clinical heterogeneity of RA-ILD. This study was
the first to show that MUC5B mutations were more common
in patients with a longer history of RA-ILD. Also, MUC5B mu-
tations had a significantly higher frequency in patients with
a usual interstitial pneumonia (UIP) pattern on high-resolu-
tion computed tomography (HRCT), which is consistent with a
previous study [9] in which a variant in the MUC5B gene pro-
moter was associated with a UIP pattern or possible UIP pat-
tern on HRCT (OR 5.0, 95% Cl 2.1-12.3; p<0.001). Also, other
chronic lung diseases with a UIP pattern on imaging, includ-
ing chronic hypersensitivity pneumonitis, also showed an in-
crease in MUC5B variants [23]. Although it remains unclear
how increased MUC5B expression results in UIP in the lung,
MUC5B overexpression has been associated with increased
reticular (honeycomb) fibrosis in patients with idiopathic pul-
monary fibrosis (IPF) [24,25]. These findings suggest that the
MUC5B gene variants might have a potential clinical role as
indicators of UIP lung change [9].

Previous studies have shown that variants in the MUC5B gene
may be associated with the improved clinical outcomes from
lung disease in patients with RA who had rare alleles associat-
ed with risk in other genes in different pathways [26]. Studies
have also shown that MUC5B variants may improve resistance
to infection or enhance tissue repair [10]. However, in the

present study, patients with RA-ILD carrying MUC5B variants
were prone to early progression, perhaps due to the variable
functional consequences of missense variants in this gene.
These findings are supported by those of Hozumi et al. [12],
who reported that patients with RA-ILD and a UIP pattern on
imaging experienced more respiratory-related episodes of
hospitalizations and reduced survival when compared with
patients with RA without a UIP lung imaging pattern [27-29].
In the present study, patients with a UIP lung imaging pattern
and MUC5B gene variants had a worse prognosis. As acute
exacerbations of RA-ILD predict a poor outcome [30], further
studies are required to determine whether all patients with
RA should be evaluated for MUC5B gene carrier status, which
may guide early preventive therapy or have prognostic indi-
cations for personalized treatment planning.

This study had several limitations, including the small num-
ber of patients studied, and there was insufficient power to
test associations between variants and individual ILD subsets,
for example, with or without acute exacerbations. Also, data
on several potential confounding factors were not available,
including smoking status, which prevented the exclusion of
confounders in the analysis of gene associations. Also, this was
a retrospective study that was susceptible to selection bias.
Larger, prospective studies investigating MUC5B gene muta-
tions in Chinese patients with RA-ILD are required to refine
risk estimates and to determine the clinical implications of the
findings of this preliminary exploratory study.
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Table 3. Univariate and multivariate Cox proportional hazards analysis of risk factors for acute exacerbation or all-cause mortality in
the rheumatoid arthritis-associated interstitial lung disease (RA-ILD) cohort.

Univariate analysis Multivariate analysis

Variable

MT 2.308 (1.006-5.292)

2.312 (0.951-5.620)

HR — hazard ratio; Cl — confidence interval; WT — wild-type; MT — mutant-type; RA — rheumatoid arthritis; ILD — interstitial lung
disease; ACPA — anti-citrullinated protein antibody; NSIP — non-specific interstitial pneumonia; UIP — usual interstitial pneumonia;
DLCO - diffusion capacity for carbon monoxide; HRCT — high-resolution computed tomography.

Conclusions

This retrospective and exploratory clinical study aimed to inves-
tigate the association between mutations in the MUC5B gene
and clinical outcome in patients with rheumatoid arthritis (RA)
with interstitial lung disease (RA-ILD) and without ILD were in-
vestigated using whole-exome sequencing (WES). The carrier
status of MUC5B variants was an indicator of reduced prog-
nosis and increased exacerbations of RA-ILD.
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