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Background: Family with sequence similarity 13, member A (FAM13A) variants have been associated with
susceptibility to chronic lung diseases. A recent genome-wide association study has shown an associa-
tion between a polymorphism in FAM13A rs2609255 and idiopathic interstitial pneumonias in a
Caucasian population. However, the relationship between rs2609255 polymorphism and prognosis in
idiopathic interstitial pneumonias has not been investigated.
Methods: Sixty-five patients with idiopathic pulmonary fibrosis (IPF) and 310 Japanese healthy volun-
teers were enrolled in this study. Genomic DNA was extracted from all subjects. rs2609255 was geno-
typed by a commercially available assay. The correlations between rs2609255 polymorphism and
survival and the occurrence of acute exacerbation were evaluated.
Results: The frequency of the minor G allele was significantly higher in IPF patients (59.2%) than in
controls (41.9%; OR ¼ 1.78, 95% CI; 1.29e2.44, p < 0.001). The rs2609255 major T allele was associated
with lower diffusing capacity of carbon monoxide values and higher composite physiologic index after
adjustment for age, sex and smoking (b ¼ �7.20, p ¼ 0.005 and b ¼ 5.59, p ¼ 0.009, respectively). In the
Kaplan-Meier analysis, the T allele carriers showed a significantly increased mortality compared to the
non-carriers (p < 0.05). In the multivariate Cox-proportional hazards analysis, the T allele of rs2609255
was independently associated with poor survival (hazard ratio, 5.37; p ¼ 0.031; 95% confidence interval,
1.16e24.82).
Conclusions: FAM13A gene polymorphism showed a significant association with the susceptibility to IPF,
with severity of lung function impairment and with poor prognosis.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Idiopathic pulmonary fibrosis (IPF) is characterized by a pro-
gressive fibrosis and irreversible destruction of the lung architec-
ture with a five-year survival rate of less than 50% [1,2,3]. Genome-
wide association studies have identified several single nucleotide
polymorphisms (SNPs) in genes including TOLLIP andMUC5Bwhich
were associated with the susceptibility to IPF [4,5]. A recent
Genome-wide association study has shown that a SNP in FAM13A
(rs2609255) is associated with the susceptibility to idiopathic
interstitial pneumonias in a non-Hispanic white population [6],
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List of abbreviations

AE-IPF acute exacerbation of idiopathic pulmonary fibrosis
CI confidence interval
COPD chronic obstructive pulmonary disease
CPI composite physiologic index
DLco diffusing capacity of carbon monoxide
FAM13A Family with sequence similarity 13, member A
FEV1 forced expiratory volume in 1 s
FVC forced vital capacity
HR hazard ratio
HV healthy volunteers
IPF idiopathic pulmonary fibrosis
PCR polymerase chain reaction
SNP single nucleotide polymorphism
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which was validated in a Mexican population [7]. However, the
correlation between rs2609255 and clinical outcomes of IPF has not
been investigated before. The aim of our study was to investigate
the correlations between rs2609255, a SNP in FAM13A, and the
susceptibility to IPF, the occurrence of acute exacerbation and
survival in Japanese patients with IPF.
Table 1
Clinical characteristics of the patients studied.

IPF HV

Number of subjects 65 310
Age (years) 65.8 ± 9.9 50.6 ± 7.8
Gender (male/female) 55/10 255/55
2. Methods

2.1. Subject

A total of 65 consecutive Japanese patients with IPF newly
diagnosed at Hiroshima university hospital between 2003 and 2013
and 310 healthy volunteers (HV) were enrolled in this study. All
patients and healthy volunteers completely consisted of the Japa-
nese population andwere of similar ethnic background. All patients
were diagnosed as having IPF in accordance with the criteria of the
American Thoracic Society/European Respiratory Society [8]. Each
HV underwent pulmonary function tests and chest X-ray studies,
which excluded apparent lung diseases, such as interstitial lung
diseases or chronic obstructive pulmonary disease (COPD). Diag-
nosis of acute exacerbation of IPF (AE-IPF) was made according to
the criteria defined by Collard et al. [9]: (1) Unexplained worsening
or development of dyspnea within 1 month, (2) HRCT with new
bilateral ground-glass abnormality and/or consolidation super-
imposed on a background reticular or honeycomb pattern, (3)
Exclusion of alternative causes, including infection, left heart failure
and identifiable cause of acute lung injury. We excluded patients
who presented AE-IPF at the time of diagnosis, or developed AE-IPF
within 1 month from the time of diagnosis. This study was
approved by the Ethics Committees of Hiroshima University Hos-
pital (IRB33) and conducted in accordance with the ethical stan-
dards established in the Helsinki Declaration of 1975. All patients
and HV gave informed consents in writing and permission to use
their samples.
Smoking (Cu or Ex/Non) 53/12 170/140
FVC (percent predicted) 79.7 ± 19.1 100.0 ± 12.9
FEV1 (percent predicted) 82.3 ± 19.0 95.9 ± 13.4
FEV1/FVC (%) 82.5 ± 9.3 81.1 ± 5.7
DLCO (percent predicted) 50.5 ± 15.0 ND
CPI 44.0 ± 12.5 ND
GAP score 3.45 ± 1.37 ND

Data are shown as mean ± SEM. IPF, idiopathic pulmonary fibrosis: HV, healthy
volunteers; Cu, current smoker; Ex, ex-smoker; Non, non-smoker; ND, no data; FVC,
forced vital capacity; FEV1, forced expiratory volume in 1 s; DLCO, diffusing capacity
of the lung for carbon monoxide; CPI, composite physiologic index; GAP score,
gender, age, physiology score.
2.2. Pulmonary function tests

Physiologic assessment included measurements of thoracic gas
volume, forced vital capacity (FVC), forced expiratory volume in 1 s
(FEV1), and single breath diffusing capacity of the lung for carbon
monoxide (DLco) according to the American Thoracic Society/Eu-
ropean Respiratory Society guidelines [10]. The composite physio-
logic index (CPI) was calculated as follows; 91.0 -(0.65 � %DLco)-
(0.53 � %FVC)þ(0.34 � %FEV1) [11]. We evaluated gender, age, and
physiology (GAP) staging system by using %FVC and %DLco values
[12].

2.3. DNA preparation and genotype analyses

We extracted DNA from peripheral whole venous blood samples
using the phenol-chloroform extraction and ethanol precipitation
methods, as previously described [13]. The rs2609255 genotype
was determined by using a real-time polymerase chain reaction
(PCR) method. PCR mixture was prepared with genomic DNA
(2.0 mg/mL), TaqMan SNP Genotyping Assay (C15906608-10; Life
Technologies Corp. Carlsbad, CA,USA) and TaqMan Fast Universal
PCR Master Mix(Life Technologies Corp.). Real-time PCR analysis
was conducted with Applied Biosystems 7500 Fast Real-Time PCR
System (Life Technologies Corp.)

2.4. Statistical analysis

Individual variables for two groups were analyzed by the Mann-
Whitney U test or chi-square test as appropriate. To avoid the as-
sumptions of genetic models, we analyzed by the dominant model
(heterozygotes; G/T plus minor allele homozygotes; G/G versus
major allele homozygotes; T/T), the recessive model (minor allele
homozygotes; G/G versus major allele homozygotes; T/T plus het-
erozygotes; G/T) and the additive model (minor allele homozy-
gotes; G/G versus heterozygotes; G/T versus major allele
homozygotes; T/T) for rs2609255 in association with IPF. The as-
sociations between the case-control status and rs2609255 geno-
types were estimated using logistic regression analysis. Linear
regression analysis was conducted to study the independent effect
of rs2609255 allele on lung function values. The survival analysis
was estimated with the Kaplan-Meier method, and the differences
in mortality rates were evaluated by log-rank test. Multivariate
analysis of predictive factors for mortality was done using the Cox
regression hazard model. All statistical analyses were performed
with EZR (Saitama Medical Center, Jichi Medical University) [14],
which is a graphical user interface for R (the R Foundation for
Statistical Computing, version 3.1.1). More precisely, it is a modified
version of R commander (version 1.25) that includes statistical
functions that are frequently used in biostatistics.

3. Results

3.1. Demographic characteristics

Table 1 shows the clinical characteristics of the patients studied.
A total of 53 (81.5%) patients had usual interstitial pneumonia



Table 3
Analysis of rs2609255 based on three genetic models.

Model OR 95%CI p-value

Dominant model
TT vs. GG þ GT

2.14 1.12e4.10 0.022

Recessive model
TT þ GT vs. GG

2.72 1.53e4.83 <0.001

Additive model 1.93 1.32e2.82 <0.001

Statistical significance was tested by logistic regression model. OR, odds ratio; CI,
confidence interval.

Table 4
Correlation between the number of T alleles of rs2609255 and lung function vari-
ables in patients with IPF.

b SE p-value

Unadjusted model
FVC (percent predicted) �4.44 3.23 0.17
DLCO (percent predicted) �6.34 2.50 0.014
CPI 4.81 2.08 0.024
Adjusted model
FVC (percent predicted) �5.14 3.22 0.12
DLCO (percent predicted) �7.20 2.46 0.005
CPI 5.59 2.06 0.009

Statistical significance was tested by linear regression model. Covariates included
age, sex and smoking history. SE, standard error; FVC, forced vital capacity; DLCO,
diffusing capacity of the lung for carbon monoxide; CPI, composite physiologic
index.
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pattern by HRCT and 12 (18.5%) patients had the histopathological
diagnosis of usual interstitial pneumonia. Eleven (16.9%) patients
had emphysematous changes in more than 10% area of the whole
lung. The mean follow-up period was 44.7 ± 16.9 months. During
follow-up period, 20 patients (30.8%) died and 17 patients (26.2%)
experienced AE-IPF.

3.2. Allele frequencies of rs2609255

DNA extraction and genotyping was successful in all subjects.
Table 2 shows the genotype distributions of rs2609255, whichwere
consistent with Hardy-Weinberg equilibrium both in patients with
IPF (p ¼ 0.86) and in HV (p ¼ 0.85). The genotype distributions of
rs2609255 in patients with IPF were significantly different from
those in HV (p ¼ 0.0012); the G/G genotype was more frequent in
patients with IPF than in HV, and the T/T genotype was more
frequent in HV than in patients with IPF. The calculated frequency
of the minor G allele was 59.2% in patients with IPF compared to
41.9% in HV, which was a significant difference between the groups
(OR ¼ 1.78, 95% CI; 1.29e2.44, p < 0.001). The results of the asso-
ciation analysis with three different genetic models (additive,
dominant, and recessive) are shown in Table 3. With the additive
model, the G allele of rs2609255 increased the risk of developing
IPF (OR ¼ 1.93, 95% CI ¼ 1.32e2.82, p < 0.001). Similar associations
were found with the dominant model (OR ¼ 2.14, 95%
CI¼ 1.12e4.10, p¼ 0.022) and with the recessive model (OR¼ 2.72,
95% CI ¼ 1.53e4.83, p < 0.001).

3.3. rs2609255 and pulmonary function

Table 4 shows the comparison of the FAM13A genotypes with
pulmonary function variables. In the univariate linear regression
analysis, the carriage of the T allele of rs2609255 was significantly
associated with decreased %DLCO and higher CPI (b ¼ �6.34,
p ¼ 0.014; b ¼ 4.81, p ¼ 0.024; respectively; Table 4). These asso-
ciations remained significant after adjustment for age, sex and
pack-years of smoking (b ¼ �7.20, p ¼ 0.005; b ¼ 5.59, p ¼ 0.009;
respectively; Table 4).

3.4. rs2609255 and prognosis

In the Kaplan-Meier analysis, the overall survival of patients
with IPF differed significantly among the three genotypes of
rs2609255 (p ¼ 0.021, Fig. 1A). No significant difference was
observed in the occurrence of AE-IPF between the groups (p ¼ 0.37,
Fig. 1B). The average time to first AE-IPF among the three genotypes
are G/G genotype; 33.6 ± 25.3months, G/T genotype; 21.7 ± 17.5
months, and T/Tgenotype; 24.2 ± 24.5months.We divided patients
according to the median value of lung function tests for analysis. In
the univariate Cox-proportional hazards analysis, %FVC lower than
80% and T allele carrier of rs2609255 were associated with poor
Table 2
Genotype distributions and allele frequency of rs2609255 in patients with IPF and
healthy volunteers.

Genotype IPF (n ¼ 65)
N (%)

HV (n ¼ 310)
N (%)

OR (95%CI) p-value

TT 13 (20.0%) 108 (34.8%) Ref
GT 27 (41.5%) 144 (46.5%) 1.47 (0.79e2.73) 0.29
GG 25 (38.5%) 58 (18.7%) 2.80 (1.53e5.16) <0.001
HWE p-value 0.86 0.85
MAF(G) 59.2% 41.9% 1.78 (1.29e2.44) <0.001

Statistical significance was tested by chi-square test. HWE, Hardy-Weinberg equi-
librium; IPF, idiopathic pulmonary fibrosis; HV, healthy volunteers; OR, odds ratio;
CI, confidence interval; MAF, minor allele frequency.
overall survival (Table 5). In the multivariate analysis, T allele car-
rier of rs2609255 was independently associated with poor survival
after adjustment for GAP score (HR 5.37, 95%CI 1.16e24.81,
p ¼ 0.031; Table 5).

4. Discussion

This study shows that the G allele in rs2609255 of FAM13A is
significantly associated with the susceptibility to IPF in the Japa-
nese population. The major T allele of rs2609255 was associated
with decreased %DLCO and higher CPI. Moreover, the T allele of
rs2609255 appears to be an independent risk factor for poor overall
survival in IPF.

FAM13A is expressed in airway and alveolar type II epithelial
cells and macrophages in human lungs [15]. While little is known
about its biological function, FAM13A has been shown to contain a
Rho GTPase activating proteins domain. Li et al. [16] demonstrated
that Fam13a activates the GTPase by interacting with AnexinA2 and
promote autophagosome in the P. aeruginosa infected mouse
model. Recently two studies revealed that FAM13A is associated
with the activation of Wnt signaling pathway [15,17]. Jin et al. [17]
showed that suppression of FAM13A in human lung cancer cells
induces an obvious reduction in Wnt signaling activity. Conversely,
Jiang et al. [15]found that FAM13A promotes the degradation of b-
catenin and decreases the Wnt signal in a COPD model. They dis-
cussed that the discrepancy between these two studies could be
explained by the different pathological conditions, namely lung
cancer and COPD. It is still unclear how FAM13A interacts with the
Wnt signal in a fibrosis model. However, the Wnt signaling
pathway was demonstrated to be significantly activated in the lung
tissue of patients with IPF, and activated Wnt signaling caused
increased fibroblast migration [18]. In addition, inhibition of Wnt
signaling attenuated bleomycin-induced pulmonary fibrosis in the
mouse model [19]. Based on these previous findings, we speculate
that the interaction of FAM13A with the Wnt signaling pathway
may play a role in the development and progression of pulmonary
fibrosis.



Fig. 1. Kaplan-Meier curves showing overall survival (Figure 1A) and acute exacerbation of IPF (Figure 1B). The heavy line indicates the G/G genotype of rs2609255 of FAM13A. The
heavy dotted line indicates the G/T genotype of rs2609255. The fine dotted line indicates the T/T genotypes of rs2609255. * Log rank test.

Table 5
Univariate andmultivariate Cox-proportional hazards analyses for predicting overall
survival in patients with IPF.

Variables HR 95%CI p-value

Univariate analysis
Age (continuous) 0.99 0.95e1.03 0.53
Male sex 1.07 0.31e3.68 0.91
Positive smoking history 0.76 0.25e2.30 0.63
%FVC<80%(median) 6.35 1.79e22.52 0.0042
%DLCO <50%(median) 2.70 0.83e8.83 0.10
GAP score (continuous) 1.46 0.95e2.25 0.088
rs2609255 T allele carrier 4.94 1.42e17.16 0.012
Multivariate analysisa

rs2609255 T allele carrier 5.37 1.16e24.82 0.031

HR, hazard ratio; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for
carbon monoxide; CI, confidence interval; GAP score, gender, age, physiology score.

a Adjusted for GAP score.
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We observed that the T allele of rs2609255 in FAM13A was
associated with reduced susceptibility to IPF, but also with poor
pulmonary function and with poor prognosis. These observations
seem to be conflicting. However, similar conflicting data have been
previously reported in studies investigating the MUC5B gene
polymorphism in patients with IPF. Peljto et al. [20] demonstrated
that the minor T allele of rs35705950 in theMUC5B genewhich was
associated with increased susceptibility to IPF, was associated with
improved survival. Stock et al. [21] observed a tendency of an as-
sociation between the T allele of rs35705950 and a slower decline
in FVC in patients with IPF. The association between the T allele of
rs35705950 and less severe pathological changes was also reported
in familial interstitial pneumonia [22]. The specific mechanisms of
the T allele of rs35705950 implicated in the survival advantage are
not yet clarified in IPF.

Noth et al. [5] suggested the concept of a “protective allele”.
They demonstrated that individuals who developed IPF despite
having theminor allele of rs5743890 in TOLLIP showed an increased
mortality. This minor allele of rs5743890 in TOLLIP is associated
with reduced susceptibility to IPF and was named a protective
allele. Although our findings have not yet beenwell validated, the T
allele of rs2609255 in FAM13A is also likely a protective allele
against IPF. Those individuals who develop IPF despite having this
allele may showmore severe lung function impairment and poorer
prognosis.

Our study has several potential limitations. First, the number of
the patients included in the study was not large. We need further
investigations with larger sample size and in a prospective manner
to confirm the role of rs2609255 in IPF. Second, there were differ-
ences in age and smoking history between patients with IPF and
controls. Because we could not match these variables between the
cohorts due to the limited sample size, we adjusted these variables
using multivariate analysis to minimize the potential bias intro-
duced by these variables. Third, our cohort included patients with
IPF concurrent with emphysematous changes, which could have
affected the pulmonary function variables.

In conclusion, the results from our study suggest that FAM13A
polymorphism is significantly associated with disease susceptibil-
ity, impaired pulmonary function and poor survival in IPF.
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