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Summary

Background—Idiopathic pulmonary fibrosis (IPF) is a devastating disease that probably
involves several genetic loci. Several rare genetic variants and one common single nucleotide
polymorphism (SNP) of MUC5B have been associated with the disease. Our aim was to identify
additional common variants associated with susceptibility and ultimately mortality in IPF.

Methods—First, we did a three-stage genome-wide association study (GWAS): stage one was a
discovery GWAS; and stages two and three were independent case-control studies. DNA samples
from European-American patients with IPF meeting standard criteria were obtained from several
US centres for each stage. Data for European-American control individuals for stage one were
gathered from the database of genotypes and phenotypes; additional control individuals were
recruited at the University of Pittsburgh to increase the number. For controls in stages two and
three, we gathered data for additional sex-matched European-American control individuals who
had been recruited in another study. DNA samples from patients and from control individuals
were genotyped to identify SNPs associated with IPF. SNPs identified in stage one were carried
forward to stage two, and those that achieved genome-wide significance (p<5 x 1078) in a meta-
analysis were carried forward to stage three. Three case series with follow-up data were selected
from stages one and two of the GWAS using samples with follow-up data. Mortality analyses
were done in these case series to assess the SNPs associated with IPF that had achieved genome-
wide significance in the meta-analysis of stages one and two. Finally, we obtained gene-
expression profiling data for lungs of patients with IPF from the Lung Genomics Research
Consortium and analysed correlation with SNP genotypes.

Findings—In stage one of the GWAS (542 patients with IPF, 542 control individuals matched
one-by-one to cases by genetic ancestry estimates), we identified 20 loci. Six SNPs reached
genome-wide significance in stage two (544 patients, 687 control individuals): three TOLLIP
SNPs (rs111521887, rs5743894, rs5743890) and one MUC5B SNP (rs35705950) at 11p15.5; one
MDGA2 SNP (rs7144383) at 14921.3; and one SPPL2C SNP (rs17690703) at 17921.31. Stage
three (324 patients, 702 control individuals) confirmed the associations for all these SNPs, except
for rs7144383. Linkage disequilibrium between the MUC5B SNP (rs35705950) and TOLLIP
SNPs (rs111521887 [r2=0.07], rs5743894 [r2=0.16], and rs5743890 [r2=0.01]) was low. 683
patients from the GWAS were included in the mortality analysis. Individuals who developed IPF
despite having the protective TOLLIP minor allele of rs5743890 carried an increased mortality
risk (meta-analysis with fixed-effect model: hazard ratio 1.72 [95% CI 1.24-2.38]; p=0.0012).
TOLLIP expression was decreased by 20% in individuals carrying the minor allele of rs5743890
(p=0.097), 40% in those with the minor allele of rs111521887 (p=3.0 x 1074), and 50% in those
with the minor allele of rs5743894 (p=2.93 x 107°) compared with homozygous carriers of
common alleles for these SNPs.

Interpretation—Novel variants in TOLLIP and SPPL2C are associated with IPF susceptibility.
One novel variant of TOLLIP, rs5743890, is also associated with mortality. These associations and
the reduced expression of TOLLIP in patients with IPF who carry TOLLIP SNPs emphasise the
importance of this gene in the disease.

Funding—National Institutes of Health; National Heart, Lung, and Blood Institute; Pulmonary
Fibrosis Foundation; Coalition for Pulmonary Fibrosis; and Instituto de Salud Carlos IlI.

Introduction

Idiopathic pulmonary fibrosis (IPF) has a low incidence (4.6-16.3 cases per 100 000 person-
years),12 but is a devastating disease of unknown aetiology that is characterised by an
interstitial fibrotic process and high mortality.3 Lung transplantation is the only treatment
option that successfully improves survival; immunosuppression regimens have been shown
to be harmful.# Several rare genetic variants mostly associated with familial IPF and a
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common single nucleotide polymorphism (SNP) of MUC5B in sporadic IPF have been
identified, suggesting that genetic factors contribute to disease.>® As yet, no genetic variant
has been associated with IPF outcomes. Therefore, identification of genetic variants
associated with susceptibility to IPF and alleles involved in the heterogeneity of disease
course and mortality is an important research focus.

Mutations in TERT or TERC result in telomere shortening and are associated with both
familial and non-familial IPF.” A previous genome-wide association study (GWAS)
examining about 250 000 SNPs in only 159 IPF cases® supported this association. Rare
heterozygous variants in SFTPA2 and SFTPC have also been implicated in familial IPF.%
These findings suggest that the aetiology of IPF might involve several genetic loci.

GWAS continues to be the method of choice for identification of common genetic variants
associated with complex diseases.10 In view of the power of GWAS to detect expected
effects for common variants with realistic sample sizes,® we postulated that an independent
GWAS of IPF would identify novel polymorphisms associated with disease susceptibility
and allow assessment of whether these loci were also associated with mortality. Although
new knowledge of IPF susceptibility could provide targets for novel treatment strategies,
identification of genes associated with mortality in patients with IPF might draw attention to
potential therapeutic targets and enable prognostication.

Study design and samples

First, we did a three-stage GWAS (figure 1). Stage one was a discovery GWAS in European
Americans for susceptibility to IPF. Identified susceptibility loci were followed up for
replication in two independent case-control association studies (stages two and three).
Second, we assessed the association between susceptibility loci and mortality in three case
series with follow-up data selected from stages one and two (figure 1). Finally, we assessed
the correlation between SNP genotypes and gene expression in lung tissue with paired data
(figure 1). Complete methods are provided in the appendix.

Patients with IPF in stage one of the discovery GWAS were clinically characterised at the
University of Chicago and University of Pittsburgh, via the Lung Tissue Research
Consortium (LTRC), and from the Correlating Outcomes with biomedical Markers to
Estimate Time-progression in IPF (COMET) study. DNA samples were obtained from each
individual. Independent patients with IPF in stage two were obtained from the University of
Chicago, InterMune,!! Lung Transplant Outcomes Group (LTOG) cohort,12 and LTRC.
Independent patients for stage three were from LTOG and the AntiCoagulant Effectiveness
in Idiopathic Pulmonary Fibrosis (ACE-IPF) study.13 DNA samples were obtained from
each individual. The timeframe of sample collection varied by cohort. All DNA samples of
individuals with IPF used in each stage for association studies were of European-American
descent.

InterMune, ACE-IPF, COMET, and LTRC had guidelines for diagnosis of IPF, all of which
were adapted from 2000 guidelines from the American Thoracic Society and European
Respiratory Society.14 All patients from the University of Chicago and University of
Pittsburgh underwent similar diagnostic review in accordance with the 2000 and 2011
guidelines,314 with each institution engaging in the recommended multidisciplinary
(radiology, pathology, and clinical) approach to exclude an alternative diagnosis, as
recommended by the 2011 guidelines. Site investigators individually diagnosed patients
with IPF in LTOG.
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All eligible patients were at least 35-years-old and reported having symptoms of idiopathic
interstitial pneumonia for at least 3 months. A high-resolution CT scan that showed definite
or probable usual interstitial pneumonitis was necessary for inclusion.3 A surgical lung
biopsy sample to confirm usual interstitial pneumonitis could be obtained if the diagnosis
was in doubt. Patients with clinically significant exposure to known fibrogenic agents and
those with other known causes of interstitial lung disease were excluded before study entry.

For control individuals in stage one of the GWAS, we gathered data from European
Americans from the database of genotypes and phenotypes; additional healthy individuals
were recruited from the University of Pittsburgh to increase the available sample size. We
selected a subset of control individuals that matched individual IPF cases by means of
genome-wide genetic ancestry estimates for downstream case-control analysis.

For control individuals of the replication studies in stages two and three, we gathered data
for additional sex-matched European-American individuals of any age who were recruited
from 2005 to 2012, as part of the Translational Research in the Department of Medicine
study at the University of Chicago. Although the source was the same in all stages, all
control individuals were of European-American descent and were independent of each other.

For the mortality analysis, we included all patients with IPF in stages one and two who were
genotyped successfully and for whom follow-up data were available. Finally, we obtained
gene-expression profiling data for lungs of patients with IPF from the Lung Genomics
Research Consortium (LGRC; appendix p 5). We used samples that had paired data for gene
expression and genotypes of SNPs that we had identified in the GWAS.

The study was approved by institutional review boards and ethics committees at
participating centres. All participants provided written informed consent.

Genotyping and statistical analysis

Genotyping in stage one of the GWAS was done with the Genome-Wide Human SNP 6.0
array (Affymetrix, Santa Clara, CA, USA). Genotyping in stages two and three was done
with the iPLEX Gold Platform (Sequenom, San Diego, CA, USA). IMPUTE software
(version 2) was used for haplo type-based inference (ie, imputation) of missing genotypes in
regions for which genotype information was not covered by the SNP array, with data from
the 1000 Genomes Project as a reference. Association testing was done with SNPTEST
software (version 2.3; appendix p 3). To assess population stratification—ie, whether one
ance stral group was over-represented—we under took inflation of test statistics (SNPTEST;
appendix p 3).

SNPs compiled from the loci identified in stage one were carried forward to stage two
(appendix p 4). Because these selected SNPs were all based on imputed data, results were
validated by regenotyping stage one samples with the iPLEX Gold Platform. SNPs that
achieved genome-wide significancel® (overall p<5 x 1078) were carried forward to stage
three (appendix p 4).

Linkage disequilibrium between SNPs in identified regions was assessed with pairwise r2
measures.18 The mode of inheritance for the SNPs (ie, dominant or recessive) was
established by comparing the odds ratios of the heterozygous and at-risk homozygous
genotypes. A conditional regression-based analysis of the effects of the SNPs on IPF
susceptibility was implemented in R (version 2.15.1) to provide evidence for the
independence of association signals.1’
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We did Cox regression analyses using the Survival (version 2.36-10) and cmprsk (version
2.2-4) packages for R (version 2.15.0) on the IPF susceptibility loci that were significant in
the meta-analysis of stages one and two of the GWAS. Time at risk was defined as the
interval between the date of enrolment in a specific study and date of last follow-up, lung
transplantation, or death. Patients who underwent lung transplantation were censored at time
of transplant, because the procedure could have been a confounder of survival.

We did univariate and multivariable analyses, including relevant demographic and clinical
variables. We selected the best-fitting model on the basis of Akaike information criteria.
One aggregate result for each SNP was obtained with METASOFT (version 2.0.1), by
means of a meta-analysis applying both fixed-effects and random-effects models?8 to
account for the different available follow-up data in the case series studied. We did
additional sensitivity analyses, including patients who had undergone trans plantation as
non-survivors (transplant-free survival), or restricting the analyses to non-transplanted cases
only or treating transplantation as a competing risk for mortality (appendix pp 4-5).
Additionally, we did an assessment of drug—gene interactions (appendix pp 7-8).

In the analysis of data from LTRC, we stratified gene expression into two groups according
to presence or absence of the minor allele for SNPs identified by the GWAS. We then
compared the two groups with unequal variance (Welch's) t test with the stat package in R.

Role of funding source

Results

The sponsors of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.

Table 1 shows the sample sizes for each stage of the GWAS. As expected, similar to a large
single-centre experience for first presentation of IPF,19 the cases included in stage one had a
wide range of disease severity and age (table 2). Patients in stage two had similar overall
severity to those in stage one. Patients in stage three had more severe disease than did those
in stages one and two, as assessed by forced vital capacity (FVC) and diffusing capacity for
carbon monoxide (D, CO). However all IPF cases met diagnostic criteria,3 and patients in
each stage were of similar ages and similar proportions were men.

After completion of sample quality control and genotype filtering (appendix p 3), we
retained 542 European Americans with IPF for stage one (table 2) and 542 control
individuals who matched individual patients with IPF by means of genome-wide genetic
ancestry estimates. We used 555 432 high-quality genotyped variants for imputation,
resulting in 10 601 812 accurately imputed variants with minor allele frequencies of greater
than 5% for downstream association studies. Inflation was modest (A=1.06; appendix p 18),
indicating that the results were not significantly confounded by population stratification. We
identified 20 genomic loci in stage one, from which we compiled 52 SNPs, consisting of
genotyped SNPs, imputed SNPs, and tagging SNPs (appendix pp 3-5, 9-13).

Testing of SNPs in stage two nominally replicated many of the associations with IPF
susceptibility detected in stage one. Five imputed SNPs and the previously identified
MUCSB susceptibility SNP>6 reached genome-wide significance in a joint analysis of the
two stages: three TOLLIP SNPs (rs111521887, rs5743894, rs5743890) and one MUC5B
SNP (rs35705950) at 11p15.5; one MDGA2 SNP(rs7144383) at 14¢21.3; and one SPPL2C
SNP (rs17690703) at 17921.31 (table 3). We positively validated these results by
regenotyping available samples in stage one (appendix p 6).
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Stage three replicated the associations identified in stage two, except that with rs7144383 in
MDGA2 (table 3). Patients who carried minor alleles of the SNPs had effects in the same
directions (ie, increased risk of IPF or protection against the disorder) in all stages: minor
alleles rs35705950 T, rs111521887_G, and rs5743984 G constituted a risk for IPF; and
rs5743890_G and rs17690703_T protected against the disorder (table 3). In the 11p15.5
locus, linkage disequilibrium between the MUCS5B promoter SNP (rs35705950) and TOLLIP
SNPs (rs111521887 [r2=0.07], rs5743894 [r2=0.16], and rs5743890 [r?=0.01]) was low,
indicating that the signals of association for TOLLIP SNPs are independent from that of
MUCS5B (appendix p 4). When we assessed linkage disequilibrium between TOLLIP SNPs,
we established that at least two are independent (r2=0.97 between rs111521887 and
rs5743894; r2=0.04 between rs111521887 or rs5743894 and rs5743890). Moreover, the
mode of effect for the MUC5B SNP (dominant) was different from that for the TOLLIP
SNPs (additive or recessive), providing additional evidence that these are independent
signals. Lastly, in a conditional regression-based analysis, we combined genotypes
according to the mode of inheritance and, although the MUC5B SNP had the strongest signal
(p=2 x 10716), the TOLLIP SNPs were also significantly associated with IPF (p=0.05 for all
three).

683 patients from the GWAS were subsequently included in the mortality analysis (table 4).
Enrolment criteria in the InterMune study meant that patients from this study included in our
analysis had better pulmonary function (as assessed by FVC) and less heterogeneity of
disease severity (as assessed by SD for lung function) than did those from the University of
Chicago or the University of Pittsburgh (table 4). Additionally, InterMune had a shorter
follow-up (table 4). Because follow-up varied widely, we decided to assess the effect of the
newly identified susceptibility alleles in association with mortality both separately and
jointly through a meta-analysis.

Univariate meta-analysis of the three case series showed that the carriers of the minor allele
rs5743890_G that decreased susceptibility to IPF had increased mortality (table 5).
Conversely, carriers of the major allele rs5743890_A that increased susceptibility to IPF had
decreased mortality (figure 2). Various sensitivity analysis models sustained the findings for
rs5743890, but had mixed results for rs17690703 (appendix pp 7, 14-15).

The best fitting multivariate Cox regression model with adjustment for covariates, such as
demographic variables (age and sex), health status (smoking habits), and lung function
(FVC and D|_CO), individually for data from InterMune, University of Chicago, and
University of Pittsburgh, and collectively in meta-analysis also showed that the minor allele
rs5743890_G was associated with increased mortality (table 5). Cochran's Q test for
heterogeneity was done to ensure consistency of data. Although we detected only one
instance of heterogeneity across all the comparisons (rs17690703; Q=8.9, p=0.011; table 5),
we did meta-analyses with both fixed-effects and random-effects models to increase
confidence in the findings. The association between rs5743890 G and mortality was
sustained in both models (table 5). Three additional multivariate sensitivity analyses
maintained these findings (appendix pp 7, 15-16).

In an assessment of treatment interactions, only InterMune had a treatment group (interferon
gamma) with sufficient numbers and study duration for investigation of any level of drug-
gene interaction. We did not record evidence for an interaction (appendix pp 7-8). Although
we did not have a sufficient number for formal analysis, all cases in the ACE-IPF study with
genotyping data and a mortality event carried the MUC5B polymorphism, which suggests an
interaction (six given warfarin; one given placebo).
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We next correlated the genotypes of the six SNPs that were associated with IPF
susceptibility with gene-expression profiling data for IPF lung tissues from 67 individuals
from the LGRC. TOLLIP expression was decreased by 20% in individuals carrying the
minor allele rs5743890_G (p=0.097), 40% in those carrying the minor allele
rs111521887_G (p=3.0x107%), and 50% in those carrying the minor allele rs5743894 G
(p=2.93x107°) compared with homozygous carriers of common alleles for these SNPs. The
other three associated SNPs identified in the GWAS located in MUC5B, SPPL2C, and
MDGAZ2 did not correlate with the expression of their respective genes or with TOLLIP (data
not shown).

Discussion

We have identified novel genetic variants residing in two genetic loci—in TOLLIP at
11p15.5 and in SPPL2C at 17g21.31—that are associated with IPF susceptibility in
European Americans, and have replicated the previously identified association with an SNP
in MUCSB. As far as we are aware, we have shown for the first time that one of the novel
genetic variants for susceptibility—rs5743890 in TOLLIP—is also associated with IPF
mortality (panel).

MUCSB and TOLLIP reside at the same genetic locus. The difference in inheritability
(dominant vs additive) and the linkage disequilibrium structure of the region suggest that the
association of TOLLIP genetic variants with IPF susceptibility is independent from that of
the previously reported MUCS5B promoter SNP. Notably, the minor allele rs5743890_G in
TOLLIP was a protective allele, because it was associated with reduced susceptibility to IPF.
However, our mortality analysis showed that individuals who developed IPF despite having
the protective rs5743890_G allele had increased mortality. TOLLIP SNPs rs111521887 and
rs5743894 were in linkage disequilibrium with each other, but not with rs5743890. By
contrast, individuals with the susceptibility MUC5B rs35705950_T allele who develop IPF
have decreased mortality (unpublished). The independence of the association signals at
11p15.5 suggest that more than one variant at this locus might be modifying disease
susceptibility and course. Additional functional studies are needed to address the causality of
variants, and to fully establish either the individual contributions or the inter-relation
between these two genes.

The region that contains MUC5B and TOLLIP exemplifies the complexity of expected
association patterns in the genetic architecture of complex diseases. Patients with IPF
carrying the minor alleles of associated TOLLIP SNPs had decreased TOLLIP expression in
lung tissues, suggesting that this gene might modify disease course. As previously described,
although rs35705950 genotypes have been associated with differential gene expression of
MUCSB in healthy lung tissues, this correlation has been absent in patients with IPF.2
Similarly, in our study, stratification by rs35705950 genotype in MUC5B did not correlate
with expression of MUCS5B or TOLLIP in patients with IPF. Although this evidence is
compelling, it does not allow individual contributions or the inter-relation of these two genes
in IPF susceptibility and mortality to be assessed.

TOLLIP is an important regulator of innate immune responses mediated by Toll-like
receptor and the transforming growth factor § (TGF-) signalling pathway. TOLLIP
activates MY D88-dependent NF-xB to modulate Toll-like receptor signalling and
membrane trafficking;20 interacts with SMAD7 to modulate intracellular trafficking;
negatively regulates the TGF- signalling pathway by degrading ubiquitinated TGF-f type 1
receptor;2! and interacts with caveolin-1 interacting protein in monocytes, regulating
signalling in antigen-presenting cells to induce antigen-specific proliferation of T cells or B
cells, or both.22TOLLIP polymorphisms are involved in regulation of TLR2 and TLR4 and
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are associated with susceptibility to tuberculosis,?3 atopic dermatitis, 24 and sepsis.2
Additionally, TOLLIP is differentially hypomethylated in lungs affected by IPF.26 Toll-like
receptor signalling affects TLR9, which can be used to identify rapidly progressive cases of
IPF.27 Lastly, failure to upregulate TOLLIP expression in inflammatory bowel disease can
lead to chronic inflammation.28 These studies, in context of the debate about the role of the
immune system in IPF and its regulation of TGF-f signalling, make TOLLIP biologically
plausible as both a gene of susceptibility and modifier of disease course.

Microsatellite instability and loss of heterozygosity in the 17921 region has been reported in
patients with IPF and sarcoidosis in previous cytological sputum studies,??-30 and has been
associated with the response to inhaled corticosteroids in asthma and chronic obstructive
pulmonary disease.3! We recorded that the minor allele rs17690703 T in the 17¢21.31
region was associated with decreased susceptibility for IPF. This region—spanning 440 kb
—partly or entirely involves five genes (CRHR1, SPPL2C, MAPT, STH, and KANSL1),3?
includes a known inversion in a large region of conserved linkage disequilibrium?33 that is
positively selected in Europeans,34 harbours many copy number variants, and has been
associated with a microdeletion syndrome. The complexity of copy number variants and
structural variants can affect genotyping; however, the location of rs17690703 in the
17921.31 region is not near the commonly ascribed region known for copy number variants,
which mostly includes KANSL1.35 Although we detected many variants with nominal
significance in the region in stage one of our GWAS, we focused on only the top SNPs.
Additional sequencing and functional studies will be needed to establish causal variants,
presence of insertions or deletions, effects of copy number variants in this region, and the
effect of the inversion (if any).

We recorded a novel association between an SNP in MDGAZ2, which resides at 14g21.3, and
IPF susceptibility, but did not replicate the finding in stage three of the GWAS, which could
be because of our fairly small sample size. MDGAZ2 is a paralogue for ICAM, which has
been shown to be a potential biomarker of IPF disease activity.3® This gene is intriguing and
potentially important in IPF.

Our study has several limitations. First, IPF is a heterogeneous disease and by definition is a
diagnosis of exclusion. As such, misdiagnoses are possible, which might lead to a reduction
in power. However, all participants met accepted criteria for diagnosis® and many were
checked with core pathology and radiology as in InterMune, ACE-IPF, and other studies.
Analysis of the differences in minor allele frequencies of the susceptibility SNPs across the
IPF case series supported the homogeneity of these cohorts, confirming consistency of the
diagnostic criteria applied by each acquisition study. Second, additional SNPs could remain
undiscovered secondary to poor information available from the 1000 Genomes Project, as
the source of the enhanced number of SNPs by imputation. Third, as for most complex
traits,3’ the effects reported for the common variants involved in IPF susceptibility are
modest. Similarly, the hazard ratio for rs5743890 and IPF mortality was modest, and further
studies are necessary to establish its interactive effect. Lastly, clinical characteristics are
always limited by uncertainty about the date of onset of the disease, specifically relating to
severity of illness with time. However, adjustment for disease severity by pulmonary
function did not appreciably change the association between the TOLLIP SNP and mortality.

Although the genetic mechanisms underlying IPF are still not completely understood, our
GWAS identified novel genetic variants associated with IPF susceptibility. Furthermore, one
of the novel susceptibility alleles was associated with mortality and others were significantly
associated with gene expression in lung tissue. This combination of biology and outcome
emphasises the importance of TOLLIP in IPF; the gene warrants further investigation as a
possible site of intervention. Overall, identification of common genetic variants associated

Lancet Respir Med. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Noth et al.

Page 9

with IPF might provide insight into this complex disease and will hopefully lead to earlier
detection, more predictable prognosis, and personalised therapeutic strategies.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel: Research in context

Systematic review

We searched PubMed for reports of genome-wide association studies (GWAS) of
idiopathic pulmonary fibrosis (IPF) with the search terms “IPF and GWAS”, “IPF and
genetic variants”, “IPF and genetic association”, and “IPF and genetic association and
mortality”. We used no date or language restrictions. We did not identify any GWAS of a
similar scale to ours. Genetic variants of MUCS5B had been identified in other cohorts,>8
but none had been associated with IPF mortality.

I nterpretation

Our three-stage GWAS provides solid evidence that genetic variations underpin IPF. The
association between a susceptibility allele in a novel genetic variant—TOLLIP—and
mortality could provide insight into the complex disease process and will hopefully lead
to earlier detection, more predictable prognosis, and personalised therapeutic strategies.
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A B
Stage one: discovery GWAS :

9 atd H IPF case series extracted from stages one and two of
Patients with IPF (from University of Chicago, Control individuals (from University of GWAS with follow-up data (from InterMune [from
University of Pittsburgh, LTRC, and COMET) Pittsburgh and dbGaP stage twol; University of Chicago [from stages one

T 7 T and two]; University of Pittsburgh [from stage one])
1SNP genotyping
2 SNP imputation 1Regression analysis of mortality and IPF susceptibility
3 Case-control association loci identified in GWAS
2 Model selection from multivariable analyses
including covariates
Selection of susceptibility loci 3 Meta-analysis of results from the three case series

Stage two: replication

Control individuals (from University of
Chicago, 2005-08)

1SNP genotyping
2 Case-control association

Meta-analysis of stages one and two

Patients with IPF (from University of Chicago,
LTRC, InterMune, and LTOG)
!

H C
' Correlation of paired data for

T lung-tissue gene expression
and genotypes

Unequal variance (Welch's) t test
for SNPs identified in GWAS

Stage three: replication

Patients with IPF (from LTOG and ACE-IPF) |

Control individuals (from University of
Chicago, 2009-12)
T T

1SNP genotyping
2 Case-control association

Meta-analysis of stages one, two, and three

Figure 1. Study design

(A) Three-stage GWAS. Samples at each stage are independent. (B) Mortality analyses of
data from three case series. (C) Assessment in correlation between genotypes and gene
expression of lung tissue from LTRC. GWAS=genome-wide association study.
IPF=idiopathic pulmonary fibrosis. LTRC=Lung Tissue Research Consortium.
COMET=Correlating Outcomes with Biomedical Markers to Estimate Time-progression in
IPF study. dbGAP=database of genotypes and phenotypes. SNP=single nucleotide
polymorphism. LTOG=Lung Transplant Outcomes Group. ACE-IPF=AntiCoagulant
Effectiveness in Idiopathic Pulmonary Fibrosis study.
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A InterMune B University of Chicago C University of Pittsburgh

T T T T T T 1 T T d
o 10 20 30 0 0 10 20 30 40 S0 60 70 0 20 40 60 8 100 120
Time (months) Time (months) Time (months)

Figure 2. Survival analysis by rs5743890 genotype

Vertical lines indicate censoring. No homozygote minor patients from University of
Chicago. Homozygote minor=carries two minor alleles (rs5743890_G).
Heterozygote=carriers one minor allele (r5743890_G). Homozygous major=carries two
major alleles (r5743890_A) and no minor alleles.
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Sample size in each stage of the genome-wide association study

Sample size
Stage one: cases (N=633) *
University of Chicago 187
University of Pittsburgh 254
COMET 89
LTRC 103
Stage one: control individuals (n=1545) T
University of Pittsburgh 103
dbGAP 1442
Stage two: cases (n=544) T
University of Chicago 14
LTOG 174
LTRC 42
InterMune 314
Stage two: control individuals (n=687) U
University of Chicago 687
Stage three: cases (n=324) t
LTOG 234
ACE-IPF 90
Stage three: control individuals (n=702) U
University of Chicago 702

COMET=Correlating Outcomes of Biomedical Markers to Estimate Time-progression in IPF. LTRC=Lung Tissue Research Consortium.

Table 1

Page 15

dbGAP=database of genotypes and phenotypes. LTOG=Lung Transplant Outcomes Group. ACE-IPF=AntiCoagulant Effectiveness in Idiopathic
Pulmonary Fibrosis.

*

+

617 European Americans.

All European American.
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Table 4

Characteristics of patients in mortality analysis

Page 18

InterMune (n=314) Univer ?ntzfsf;): hicago Pitttétr)lh\igﬁgzoéﬂ) Overall (n=683)
Follow-up (months) 22 (7) 30 (20) 36 (29) 28 (21)
:’(?Irlg\(;\iy_asgts who were alive at last known 257 (82%) 94 (60%) 91 (43%) 444 (65%)
If’(;alrlgsy_asgts who had died at last known 57 (18%) 63 (40%) 121 (57%) 239 (35%)
Age at diagnosis (years) 67 (61-72) 69 (63-75) 68 (62-74) 68 (62-73)
Men 228 (73%) 118 (75%) 143 (67%) 489 (72%)
Women 86 (27%) 39 (25%) 69 (33%) 194 (28%)
Never smoker™ 97 (31%) 41 (29%) 23 (24%) 161 (29%)
Ever smoker® 217 (69%) 102 (71%) 74 (76%) 393 (71%)
E:gvcj:(fjglr%%\r’lfeugansplantation before last 6 (2%) 45 (29%) 10 (5%) 61 (9%)
Percentage of predicted FVC 71.56% (12.68) 65.17% (18.29)T 65.27% (19_72)12 68.32% (16.39)
Percentage of predicted D CO 47.24% (8.86) 48.17% (17.92) 47.55% (18.77) 47.61% (14.33)

Data are mean (SD), n (%), or median (IQR). Patients who had undergone lung transplantation were censored. F\VC=forced vital capacity.

DLCO=diffusion capacity of lung for carbon monoxide.

*
Percentages calculated with number of known phenotypes (314 InterMune; 143 University of Chicago; 97 University of Pittsburgh; 554 overall.

TSignificantIy different from that in InterMune (p=2.06 x 10_5).

*Significantly different from that in InterMune (p=4.48 x 10_5).
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