Land of hope and dreams

Selection of life science and
translational medicine literature
by Marco Confalonieri

Idiopathic pulmonary fibrosis (IPF) is a progressive fi-
brotic disease of the lungs that increases in prevalence
with advanced age. The prognosis of the disease re-
mains poor, similar to lung cancer, and the develop-
ment of novel specific treatments for IPF has been lim-
ited because etiology and many aspects of its patho-
genesis are still unclear. To better define the familiar
cases, encoding for 5 to 20% of the IPF patients, there
has been recently an explosion of genetic studies, as a
key to better define the pathways involved and to con-
tribute to the interpretation of pathogenesis mecha-
nisms, as in other complex diseases. In the brief peri-
od from April to June 2013 three different important pa-
per on IPF’s genetics were quite simultaneously pub-
lished in major journals. They used inkage analysis
and candidate gene approaches to identify genes im-
plied in familial and non-familial IPF. Initially, mutations
in gene encoding surfactant proteins C and A2 (SFTPC
and SFTPA2 respectively), telomerase reverse tran-
scriptase (TERT), and telomerase RNA component
(TERC) were discovered in familial IPF. Furthermore, a
strong association with a single-nucleotide polymor-
phism (SNP), rs35705950 located 3 kb upstream of
MUC5B, was associated with high odds ratio for IPF
(9.0 for heterozygotes and 21.8 for homozygotes).
MUCS5B is known as a gene that produces a protein in
mucus. These loci and others with as yet less clear at-
tributions to particular genes have been recently iden-
tified in a genome wide association study published
this year by Hunninghake and co-workers in the New
England Journal of Medicine (1). Hunninghake et al.
(1) reported rs35705950 in a general population sam-
ple from the Framingham Heart Study showing intersti-
tial lung abnormalities on chest computed tomography
(CT) and reduced lung volumes. About one quarter of
subjects with abnormal CT and reduced volumes ful-
filled criteria for diagnosis of IPF, and the odds ratio of
having each copy of the minor rs35705950 allele were
increased by a factor of 6.3.

Another genome-wide association study by Fingerlin et
al. (2) published this spring on Nature Genetics identi-
fied multiple susceptibility loci for pulmonary fibrosis.
Researchers from more than 20 institutions, led by Na-
tional Jewish Health and the University of Colorado (2),
confirmed the risk associated with specific genetic vari-
ants at region 11p15 of MUC5B, and a strong evidence
for the role of telomeres (variants of TERT and TERC
genes). The researchers (2) also identified three genes
associated with connections that hold adjoining cells
together, known as cell-cell adhesion. Impaired cell-
cell adhesion can lead to lost tissue integrity. These
findings support the researchers’ belief that pulmonary
fibrosis may be influenced by different genes in differ-
ent people. Careful genotyping could identify different
forms of the disease, allowing for more effective, indi-
vidualized therapy.
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Finally, Noth et al. (3) recently reported on The Lancet
Respiratory Medicine the results of a genome-wide as-
sociation study of more than 1,500 patients with IPF
finding multiple association with the disease. More-
over, one variant in a gene called TOLLIP (toll interact-
ing protein) was linked to an increased risk of death.
That variant resulted in decreased expression of TOL-
LIP in the lungs of IPF patients. Because TOLLIP plays
a role in regulating immunity to certain stimuli, this find-
ing suggests that an abnormal immune response, pos-
sibly to infectious agents or even environmental in-
juries, may be central to the disease. Noth et al. (3) al-
so confirmed the already reported independent associ-
ation between the p-terminus of chromosome 11 (SNIP
of MUCS5B transcription start site) and IPF, suggesting
that among patients with IPF, a common risk polymor-
phism in MUCS5B is associated with better prognosis.
In conclusion, all these novel contributions to the ge-
netics of IPF have highlighted the importance of genet-
ic variants loci always linked with the response to ex-
ternal injuries, either viruses or other environmental
factors. Genome-wide association studies continues to
be the method of choice for identification of common
genetic variants associated with complex diseases, but
other more specific studies are needed to better under-
stand the relationships between IPF-related genetic
variants and environmental factors.
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Abstract

Background. A common promoter polymorphism
(rs35705950) in MUC5B, the gene encoding mucin
5B, is associated with idiopathic pulmonary fibrosis. It
is not known whether this polymorphism is associated
with interstitial lung disease in the general population.
Methods. We performed a blinded assessment of in-
terstitial lung abnormalities detected in 2633 partici-
pants in the Framingham Heart Study by means of
volumetric chest computed tomography (CT). We
evaluated the relationship between the abnormalities
and the genotype at the rs35705950 locus.

Results. Of the 2633 chest CT scans that were evalu-
ated, interstitial lung abnormalities were present in
177 (7%). Participants with such abnormalities were
more likely to have shortness of breath and chronic
cough and reduced measures of total lung and diffu-
sion capacity, as compared with participants without

93



M. Confalonieri

such abnormalities. After adjustment for covariates,
for each copy of the minor rs35705950 allele, the
odds of interstitial lung abnormalities were 2.8 times
greater (95% confidence interval [CI], 2.0 to 3.9;
P<0.001), and the odds of definite CT evidence of pul-
monary fibrosis were 6.3 times greater (95% Cl, 3.1 to
12.7; P<0.001). Although the evidence of an associa-
tion between the MUC5B genotype and interstitial
lung abnormalities was greater among participants
who were older than 50 years of age, a history of cig-
arette smoking did not appear to influence the associ-
ation.

Conclusions. The MUC5B promoter polymorphism
was found to be associated with interstitial lung dis-
ease in the general population. Although this associa-
tion was more apparent in older persons, it did not ap-
pear to be influenced by cigarette smoking.
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Abstract

We performed a genome-wide association study of
non-Hispanic, white individuals with fibrotic idiopath-
ic interstitial pneumonias (IIPs; n = 1,616) and con-
trols (n = 4,683), with follow-up replication analyses
in 876 cases and 1,890 controls. We confirmed as-
sociation with TERT at 5p15, MUC5B at 11p15 and
the 3926 region near TERC, and we identified seven
newly associated loci (Pmeta = 2.4 x 1078 to 1.1 x
10-19), including FAM13A (4g22), DSP (6p24),
OBFC1 (10g24), ATP11A (13g34), DPP9 (19p13)
and chromosomal regions 7g22 and 15g14-15. Our
results suggest that genes involved in host defense,
cell-cell adhesion and DNA repair contribute to risk
of fibrotic IIPs.
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Abstract

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

Methods First, we did a three-stage genome-wide asso-
ciation 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 geno-
types 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 as-
sociated with IPF. SNPs identified in stage one were
carried forward to stage two, and those that achieved
genome-wide significance (p<5 x 10-8) in a meta-analy-
sis were carried forward to stage three. Three case se-
ries with follow-up data were selected from stages one
and two of the GWAS using samples with follow-up da-
ta. 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-expres-
sion profiling data for lungs of patients with IPF from the
Lung Genomics Research Consortium and analyzed
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 14g21.3; and one SP-
PL2C SNP (rs17690703) at 17921.31. Stage three
(824 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 de-
veloped IPF despite having the protective TOLLIP mi-
nor allele of rs5743890 carried an increased mortality
risk (meta-analysis with fixed-effect model: hazard ra-
tio 1-72 [95% CIl 1-24-2-38]; p=0-0012). TOLLIP ex-
pression 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=3-0x10-4), and
50% in those with the minor allele of rs5743894
(p=2-93%x10-5) compared with homozygous carriers of
common alleles for these SNPs.

Interpretation Novel variants in TOLLIP and SPPL2C
are associated with IPF susceptibility. One novel vari-
ant of TOLLIP, rs5743890, is also associated with mor-
tality. These associations and the reduced expression
of TOLLIP in patients with IPF who carry TOLLIP SNPs
emphasize the importance of this gene in the disease.
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