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Abstract: Objectives: Idiopathic pulmonary fibrosis (IPF) is a group of lung diseases that cause irreversible archi-
tectural distortion and impair gas, and finally progressive pulmonary functional decline and death, in which the 
common variant in the promoter region of the mucin 5B (MUC5B) gene may be involved. The present study aims 
to investigate whether variants within the MUC5B gene rs35705950 contributed to IPF susceptibility and severity 
in Chinese Han Population. Methods: A total of 187 patients diagnosed with IPF and 250 healthy controls were 
enrolled in this study. All subjects were genotyped for MUV5B SNP rs35705950. The demographic, comorbidity, 
clinical and functional data were recorded. Results: The rs35705950 of MUC5B were found significantly associated 
with increased risk of IPF susceptibility. One way ANOVA analysis found that there was a significant decreased FVC (P 
< 0.0001) and DLco (P < 0.0001) in correction with the minor allele of the SNP rs35705950. In the 5 years’ follow-
up, the carriers of the minor allele T increased mortality (P = 0.0294). Conclusion: This study demonstrated that the 
MUC5B polymorphism rs35705950 is associated with increased risk of idiopathic pulmonary fibrosis susceptibility, 
severity, and the decreased overall survival. 
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Introduction

The Interstitial Lung Diseases (ILDs) or diffuse 
interstitial lung diseases (DILD) are a heteroge-
neous group of lung diseases that cause irre-
versible architectural distortion and impair gas, 
and finally result in progressive pulmonary 
functional decline and death. Idiopathic pulmo-
nary fibrosis (IPF) is the most common idiopath-
ic ILD, with an estimated 100,000 Americans 
affected and about 0.7 per 100,000 affected 
in East Asia [1]. The incidence of IPF increases 
with advancing age, and the peaks in those 
over 75 years of age. Aberrant remodeling and 
repair is an archetypal feature of this chronic, 
unrelenting inflammatory disorder [2, 3], which 
is resulting from various patterns of inflamma-
tion and fibrosis of unknown cause, which 

results in a loss of mechanical and functional 
properties of the lungs with consequent respi-
ratory failure and death. 

This patient group has a shorter clinical history 
before diagnosis, even more, it is difficult to 
identify patients who are at significant risk of 
death at initial diagnosis. This prevents early 
referral for lung transplantation and optimum 
clinical management. As a result, several risk 
prediction models have been developed, like 
CC chemokine ligand-18 (CCL-18), KL-6, inter-
cellular adhesion molecule-1, matrix metallo-
proteinase-7, IL-8, and vascular cell adhesion 
molecule-1 (VCAM-1).

Most cases of IPF are sporadic, but also familial 
form is common in clinic, which is defined as IPF 
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occurring in two or more first-degree relatives 
within the same family. Consequently, current 
theory suggests that fibrotic lung disease 
occurs when genetically susceptible individuals 
are exposed to environmental triggers. In the 
largest genome-wide association study to date 
of fibrotic idiopathic interstitial pneumonias, a 
total of 10 genetic loci were identified as  
significantly associated with IPF [4]. In another 
study, Noth et al. identified two additional SNPs 
that were associated with idiopathic pulmonary 
fibrosis [5]. Among these recently reported 
associations, a common variant in the promot-
er region of the mucin 5B (MUC5B) gene 
rs35705950 was found to be associated with 
the development of idiopathic pulmonary fibro-
sis as well an increased production of MUC5B, 
an airway mucin. The gene MUC5B encodes a 
member of the mucin family of proteins, which 
are highly glycosylated macromolecular compo-
nents of mucus secretions. This family member 
is the major gel-forming mucin in mucus. It is a 
major contributor to the lubricating and visco-
elastic properties of whole saliva, normal lung 
mucus and cervical mucus. This gene has been 
found to be up-regulated in some human dis-
eases, including sinus mucosa of chronic rhino-
sinusitis (CRS), CRS with nasal polyposis, 
chronic obstructive pulmonary disease (COPD) 
and H. pylori-associated gastric disease, and it 
may be involved in the pathogenesis of these 
diseases. The association between MUC5B 
polymorphism and IPF susceptibility has been 
widely researched around the word, however, 
few is based on the Han population. And no 
study is performed with regard to the severity 
and over-all survival with the MUC5B polymor-
phism rs35705950. Hence, the present study 
aims to determine whether the MUC5B SNP 
rs35705950 was associated with idiopathic 
pulmonary fibrosis susceptibility and severity in 
Chinese Han Populations.

Methods and materials

Study subjects

Subjects were recruited from Qilu Hospital of 
Shandong University between 2004 and 2009. 
This study was approved by the Qilu Hospital, 
Shandong University. The diagnosis of IPF was 
established according to the criteria of the 
American Thoracic Society (ATS)/European 
Respiratory Society published in 2002 [6]. All 
subjects provided a written informed consent 

for participation. A total of 187 patients diag-
nosed with IPF and 250 age and sex matched 
healthy controls were enrolled in this study. All 
subjects included in this study were Chinese 
Han Population. All demographic, comorbidity, 
clinical and functional data were recorded. The 
HRCT investigation was performed using a 
SOMATOM Sensation 40 machine (Siemens 
AG, Berlin and Munich, Germany). The results 
were evaluated by an experienced consultant 
using interstitial and alveolar score scales, 
which were based on the IPF HRCT description 
system of Gay et al.

Genotyping

DNA samples were obtained from all the par-
ticipants from peripheral blood with the 
Chelex-100 method [19]. The SNP was then 
genotyped using a competitive allele specific 
PCR system (Kaspar genotyping, Kbioscience, 
Hoddeston, UK) and Taqman SNP genotyping 
assay-allelic discrimination method (Applied 
Biosystem, Foster City, CA). The primer and 
probe were designed and synthesized by Sigma 
(Sigma-Proligo, The Woodlands, TX). Genotyping 
was performed by independent laboratory per-
sonnel who were blinded to the study, and three 
authors independently reviewed the genotyping 
results, data entry, and statistical analyses. In 
addition, we randomly selected 5% samples of 
case and control subjects for reproducibility 
tests at least twice in different days and yielded 
a 100% concordant. 

Statistical analysis

The Statistical Package for Social Sciences 
software for Windows (SPSS, version 16.0, Inc., 
Chicago, IL, USA). To analyze baseline charac-
teristics, the continuous variables was present-
ed as Mean ± SD and compared between 
groups by the Student’s t-tests, and the cate-
gorical data compared by Chi-square tests. The 
genotype and allelic frequencies were evaluat-
ed by Hardy-Weinberg equilibrium and com-
pared by the Chi-square test. The association 
between the MUC5B gene SNP rs35705950 
and IPF susceptibility was assessed under the 
following genetic models, which were treated 
as a dichotomous variable: (i) T-allele versus 
C-allele for allele level comparison; (ii) CT + TT 
versus CC for a dominant model of the T allele; 
(iii) TT versus CT + CC for a recessive model of 
the T-allele; and (iv) TT versus CC for the 
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extreme genotype. The P < 0.05 was consiered 
to indicate a statistically significant difference. 
Additionally, associations between MUC5B SNP 
and over survival of the patients with IPF were 
estimated using adjusted relative risks and 
95% confidence intervals (95% CIs) from multi-
variate logistic regression. Survival time was 
calculated from the date of IPF diagnosis to the 
date of death or last follow-up. Survival analysis 
was estimated using the Kaplan-Meier method, 
log-rank test, and Cox-proportional hazards 
regression model. 

Results

Patient characteristics

A total of 187 patients diagnosed with IPF and 
250 age and sex matched healthy controls 
were enrolled in this study. Demographic data 
of the population studied and the number  
of individuals in each group were shown in  
Table 1. There were no significant differences 
between groups in terms of age and gender. 
The smoking rate of the cases is marked higher 
than the controls (OR = 1.819, 95% CI = 1.211 
to 2.733, P = 0.0046). The percentage of pre-
dicted forced vital capacity (FVC) of the cases  
is 78.8 ± 7.1, and the percentage of predicted 
diffusion capacity of lung for carbon monoxide 
(DLCO) is 46.2 ± 6.2.

Association of MUC5B polymorphism with IPF 
susceptibility: As expected, the distribution of 
the genotypes of SNP rs35705950 of MUC5B 
conformed to the Hardy-Weinberg equilibrium 
and the genotyping success rate was 100%. 
Table 2 listed the genotyped and allele distribu-
tions of the SNP for the cases and controls. The 
increased T allele was found significantly asso-
ciated with increased susceptibility of IPF with 
the allele level comparison (P = 0.0007), with 

of the FVC and DLco. One way ANOVA analysis 
found that there was a significant decreased 
FVC (Figure 1A, P < 0.0001) and DLco (Figure 
1B, P < 0.0001) in correction with the minor 
allele of the SNP rs35705950.

Association of MUC5B polymorphism with  
survival in patients with IPF: In the 5 years’ fol-
low-up, the association between rs35705950 
and prognosis was detected using Kaplan-
Meier method and log-rank test. Carriers of the 
minor allele rs35705950T that increased mor-
tality (P = 0.0294, Figure 2). 

Discussion

This study investigates the relationship be- 
tween the MUC5B polymorphism rs35705950 
and risk of idiopathic pulmonary fibrosis  
susceptibility, severity, and the overall survival.  
We observed that the minor allele T was associ-
ated with increased IPF susceptibility. In 
addtion, the increased minor allele T was also 
significantly correlated with aggressive clinico-
pathological features, namely, the decreased 
FVC and DLco. The results of Kaplan-Meier 
analyses showed that IPF patients with the 
increased T allele tend to have shorter overall 
survival. 

IPF is associated with abnormal invasive fib- 
roproliferation and enhanced myofibroblast 
transformation [7]. This results in the excessive 
deposition of collagen and other extracellular 
matrix components within the lung interstitium, 
which promotes the progressive loss of alveolar 
and interstitial [7, 8] architecture, impaired  
gas exchange, and respiratory failure. Despite 
recent therapeutic advances, IPF remains 
refractory to pharmacologic therapy and is 
invariably fatal with amedian survival of 2-3 
years.

Table 1. The summary of the basic characteristics of the groups
IPF Control

No. of patients 187 250
Age (year) 69.7 ± 4.3 67.7 ± 7.3
Gender Male 138 172

Female 49 78
Smoking (n) Yes 135 147

No 52 103
Pulmonary Fonction (Percentage of predicted, %) FVC 78.8 ± 7.1 /

DLCO 46.2 ± 6.2 /
FVC = forced vital capacity. DLCO = diffusion capacity of lung for carbon monoxide.

dominant model com-
parison (P = 0.0293), 
with recessive model co- 
mparison (P = 0.0018), 
and with the extreme 
genotype comparison (P 
= 0.0015). 

Association of MUC5B 
polymorphism with IPF 
severity: The assocition 
between the SNP and 
the IPF severity was ana-
lyzed based on the value 
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The single-nucleotide polymorphism (SNP) 
rs35705950 is located 3 kb upstream of the 
MUC5B transcription start site on the gene 
encoding the Mucin 5 subtype B, which is a gel-
forming mucin and a major component of 
mucus in the respiratory tract [9, 10]. Seibold 
et al. first used linkage and fine mapping to 
identify a region of interest on the p-terminus of 
chromosome 11 that included gel-forming 
mucin genes [11]. The polymorphism of the 
MUC5B gene has a profound effect on the risk 
of familial interstitial pneumonia and sporadic 
IPF in the American population [11, 12] and 

was recently confirmed in 2 genome wide asso-
ciation studies [4, 13]. The strong assotion of 
the MUC5B variant with IPF was also recently 
confirmed in other European Caucasian popu-
lations, including Italian, French, and British 
cohorts. The subjects who were heterozygous 
or homozygous for the minor allele of this 
MUC5B polymorphism rs35705950 have a sig-
nificantly increased risk for IPF (OR = 6.8 and 
20.8) and for sporadic IPF (OR = 9.0 and 21.8), 
respectively [11]. Interestingly a trend was 
observed by Stock and colleagues between the 
MUC5B variant and slower decline in forced 
vital capacity, whereas no difference was evi-
denced in this cohort regarding age or severity 
at diagnosis between carriers or non carriers of 
the T allele risk [14]. Borie et al. reported that 
the distribution of the rs35705950 T-allele risk 
did not differ by gender in Caucasian popula-
tions. However, recent gene association stud-
ies in the Caucasian population also confirmed 
an association with IPF but a lack of associa-
tion with systemic sclerosis-ILD or sarcoidosis 
[14-16]. The MUC5B rs35705950 T allele has 
been recently shown to be associated with bet-
ter survival among patients with IPF [17].

The exact role of the polymorphism rs35705950 
in IPF pathophysiology remains to be deter-

Figure 1. The association between the SNP and the value of the FVC and DLco.

Figure 2. Analysis of the overall survival rate of the 
patients with SNP rs35705950 using Kaplan-Meier 
method and log-rank test.

Table 2. The genotype and allele distributions of the SNP rs35705950 of MUC5B for the cases and 
controls

Group
rs35705950

TT vs. GG GT + TT vs. GG TT vs. GG + GT G (%) T (%)
Control 7 vs. 202 48 vs. 202 7 vs. 243 89.0 11.0

Case 19 vs. 134 53 vs. 134 19 vs. 168 80.7 19.3

OR (95% CI) 4.092 (1.674 to 10.00) 1.664 (1.064 to 2.604) 3.926 (1.614 to 9.549) / 1.929 (1.319 to 2.822)
P 0.0015 0.0293 0.0018 / 0.0007
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mined, Seibold et al. suggested it was function-
al [11]. MUC5B is the major gel-forming mucin 
in the normal distal airway epithelium. Indeed, 
the carriage of the T allele was found assoc- 
iated with a 37 fold increased expression of 
MUC5B gene in the lung in unaffected subjects 
[11], and with a 14-fold increased expression in 
IPF patients when compared to controls [14]. 
Also in contrast to chronic obstructive pulmo-
nary disease, MUC5B was found the predomi-
nant mucin in the abnormal mucus cells in 
patients with IPF [18, 19], which may be related 
to the abnormal differentiation of the respira-
tory epithelium. MUC5B may interfere with the 
normal repair process of the alveolar epitheli-
um. For example, MUC5B overexpression intro-
duces an aggressive behavior of breast cancer 
MCF7 cells, like increased proliferation and 
invasion in vitro [20]. 

There are some limitations in this study. First, 
the sample size is relatively small. Given the 
infrequency of the T allele of rs35705950,  
further investigations with larger number of  
subjects are needed for further validation.  
Second, there are distinctions in smoking his- 
tories between patients and health controls. 
Third, it is only an observation study with li- 
mited evidence level, and no functional study  
is performed. Despite these limitations, the 
results from our study are important in that we 
can successfully validate the association 
between the MUC5B polymorphism and IPF 
susceptibility and severity in the Chinese Han 
population.

In conclusion, data from this study demonstrat-
ed that the MUC5B polymorphism rs35705950 
is associated with increased risk of idiopathic 
pulmonary fibrosis susceptibility, severity, and 
the decreased overall survival. 
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