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Background—The association between smoking induced chronic obstructive pulmonary disease
(COPD) and lung cancer (LC) is well documented. Recent genome-wide association studies
(GWAS) have identified 28 susceptibility loci for LC, 10 for COPD, 32 for smoking behavior
(SM), and 63 for pulmonary function (PF), totaling 107 non-overlapping loci. Given that common
variants have been found to be associated with LC in GWAS, exome sequencing of these high-
priority regions has great potential to identify novel rare causal variants.

Patients and Methods—Using a variation of the extreme phenotype approach, we selected 48
sporadic LC patients reporting heavy smoking histories, 37 of whom also exhibited carefully
documented severe COPD (in whom smoking is considered the overwhelming determinant), and
54 unique familial LC cases from families with at least three first-degree relatives with LC (who
are likely enriched for genomic effects), to search for disease-causing rare germline mutations.

Results—BYy focusing on exome profiles of the 107 target loci, we identified two key rare
mutations. A heterozygous p.Arg696Cys variant in the Coiled-Coil Domain Containing 147
(CCDC147) gene at 10g25.1 was identified in one sporadic and two familial cases. The minor
allele frequency (MAF) of this variant in the 1000 Genomes (TG) database is 0.0026. The
p.Val26Met variant in Dopamine Beta-Hydroxylase (DBH) gene at 9q34.2 was identified in two
sporadic cases; MAF of this mutation is 0.0034 from the TG database. We also observed three
suggestive rare mutations on 15925.1 IREB2/CHRNAS/CHRNBA.

Conclusion—Our results demonstrated highly disruptive risk-conferring CCDC147 and DBH
mutations.

Keywords

Exome sequencing; Single nucleotide variants (SNV); Lung cancer (LC); Chronic obstructive
pulmonary disease (COPD); Familial and Sporadic

INTRODUCTION

Chronic tobacco-induced airway inflammation provokes a milieu conducive to pulmonary
carcinogenesis. We and others have previously shown that tobacco-induced chronic
obstructive pulmonary disease (COPD), also characterized by a sustained inflammatory
reaction in the airways and lung parenchyma, is a significant contributor to lung cancer (LC)
risk in smokers [1]. Likewise, reduced pulmonary function is also reported as an important
variable when included in risk prediction models [2]. Recent genome-wide association
studies (GWAS) have identified 28 susceptibility loci for LC, 10 loci for COPD, 32 loci for
smoking behavior (SM), 63 loci for abnormal pulmonary function (PF) and related
phenotypes, totaling 107 unique GWAS susceptibility loci (as of November 2014,
Supplemental Table 1). Interestingly, there is considerable overlap among the susceptibility
loci for these phenotypes. For example, 6p21.32 MHC class 111 region (AGER/HLA/BAT/
MSHS5), 15924-25.1 CHRNA3/CHRNAS/IREB2, and 19q13.2 CYP2AG6 are shared by all four
phenotypes; 5p15.33 TERT/CLPTM1L/AHRR, 10925.1 GSTO2/VTI1A, and 10g23.31
ACTA2/PLCEL are shared by three of these phenotypes; and over 15 loci are shared by two
of the four phenotypes (Supplemental Table 1). Therefore, LC and COPD are not discrete
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diseases related only through smoking exposure, but genetic predisposition mechanisms may
also be shared.

Given the common variants that have been found to be associated with LC in GWAS,
exome sequencing with a focused analysis provides a cost-effective approach for further
investigation of high-priority regions of the genome and has great potential to identify rare
causal variants in GWAS loci, as targeted studies of inflammatory bowel disease [3] and
hypertriglyceridemia [4] have demonstrated. Rare variants, with minor allele frequencies
(MAFs) of less than 0.01, and with modest to high effect sizes [5-7], might play a crucial
role in the etiology of complex traits and could account for missing heritability unexplained
by common variants.

Our approach to unveil these hidden rare variants was to sequence selective LC cases
adopting a modified extreme phenotype approach. Only about 13 percent of LC cases are
reported as familial [8]. However, individuals with a family history of LC are at
approximately two- to three fold increased risk of developing this disease [9, 10]. Therefore
it could be assumed that LC cases from high risk families would tend to reflect the genetic
component of LC etiology more clearly than those not from high risk families. In the present
study, we selected: (1) 48 sporadic LC patients reporting heavy smoking histories, 37 of
whom exhibited carefully documented severe COPD in whom the environmental factor of
smoking is considered overwhelming, and (2) 54 unrelated unique familial LC cases from
families with at least three first-degree relatives with LC who are likely enriched for
genomic signal, to search for the disease-causing germline rare mutations within the target
107 GWAS loci.

METHODS
Study Population

Familial LC Study Subjects—Phenotype data and biospecimens for 54 LC patients with
three or more first-degree relatives affected with histologically-confirmed LC were provided
by the Genetic Epidemiology of Lung Cancer Consortium (GELCC) collection. Only one
LC patient per family was included in the current study. The selection criteria included
availability of adequate amounts and good quality genomic DNA stored at the GELCC
biorepository for probands for whom no DNA samples were available on other affected
family members. Samples and data were collected by the familial LC recruitment sites of the
GELCC, that included the University of Cincinnati, University of Colorado Health Science
Center, Karmanos Cancer Institute at Wayne State University, Louisiana State University
Health Sciences Center-New Orleans, Mayo Clinic, University of Toledo, Johns Hopkins
University, and Saccomanno Research Institute. The GELCC study population and
recruitment scheme have been described in detail previously [11]. COPD phenotype was not
available on these familial LC patients.

Sporadic LC Study Subjects—Forty-eight sporadic LC patients were selected from
enrollees into an on-going study of COPD in current- or former- smokers that was launched
in 2002 [12-14]. Ever-smokers aged over 40 were enrolled from three clinics within the
Texas Medical Center in Houston, Texas: Ben Taub General Hospital, Houston Methodist
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Hospital, and Michael E. DeBakey Veterans Affairs Medical Center. The COPD phenotype
was carefully defined by irreversible airflow limitation (reduced Forced Expiratory Volume
in 1 sec. [FEV1] < 50% predicted and FEV1/FVC < 0.7) assessed by post-bronchodilator
spirometry. For this analysis, we selected smokers enrolled into this study who had
histologically confirmed LC. Family history of LC information was not available for these
sporadic LC patients.

DNA was isolated from peripheral blood from both familial and sporadic LC patients. The
study was approved by the institutional review board of all sites accruing participants and by
the institutional review board at the Baylor College of Medicine (BCM) for exome
sequencing conducted at the BCM Human Genome Sequencing Center (HGSC).

Library Preparation and Capture Enrichment

DNA samples were constructed into Illumina paired-end pre-capture libraries according to
the manufacturer’s protocol (Illumina Multiplexing_SamplePrep_Guide 1005361 D). The
complete library and capture protocol, as well as oligonucleotide sequences have been
described in detail previously [15]. For exome capture, each library pool was hybridized in
solution to the BCM-HGSC designed VCRome 2.1 capture reagent according to the
manufacturer’s protocol (NimbleGen) with minor revisions.

Exome Sequencing, Alignment, and Variant Calling

The sequencing runs were performed in paired-end mode using the Illumina HiSeq 2000
platform. Sequence analysis was performed using the BCM-HGSC Mercury analysis
pipeline [16]. All sequence reads were mapped to the GRCh37 Human reference genome
using the Burrows-Wheeler aligner (BWA) [17]. The resulting BAM (binary alignment/
map) file underwent quality recalibration using GATK [18]. Putative variants, including
single nucleotide variants (SNV), insertions or deletions (Indels), were called using the
Atlas2 suite [19]. Read qualities were recalibrated with GATK and a minimum quality score
of 30 was required; also, the variant must have been present in > 15% of the reads that cover
the position.

Variant Annotation and Filtering

This analysis was restricted to rare mutations mapping to the exons within the 107 selected
regions described above (See Supplemental Table 1 for genomic coordinates). Variants were
annotated for effect on the protein and predicted function using the SNP & Variation Quite
(SVS) software (Golden Helix, Inc). This suite integrates over 378 databases for variant
information including: (1) MAF in the European American population in the reference
database (dbSNP, 1000 Genomes [TG], Exome Sequencing Project [ESP] 6500) and the
UCSC Common SNPs 135/137/141 tracks which include all variants with MAF = 0.01 in the
general population; (2) experimental evidence from disease variant databases (such as the
COSMIC and ClinVar); and (3) deleterious prediction of variant function determined either
by mutation type (truncating, splicing [SP], frame shift [FS], stop gain/loss, or exonic
Indels) or mutation effects predicted by dbNSFP Functional Predictions.
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To generate a list of disease causing candidate variants, we focused on identifying genes
with rare and novel variants (never having been reported in a publicly available database and
UCSC All SNPs 135/137/141 tracks) (Fig. 1). We used scaled C-scores from the Combined
Annotation-Dependent Depletion (CADD) method [20] for prioritization of causal variants.
A C-score of 10, 20, and 30, indicates variants predicted to be in the top 10%, 1%, and 0.1%
of the most deleterious in the human genome, respectively [20]. After implementing the
above filtering schema, we used GenomeBrowse (Golden Helix, Inc) to visually confirm the
potential candidate variants by re-checking the raw BAM file data. We then tabulated the
number of candidate deleterious mutations per gene and within our two study subgroups
(familial vs. sporadic), and created a Venn diagram for the list of candidate variants that
were significantly associated with the four different phenotypes (LC, COPD, PF, and SM) in
previous GWAS.

Sanger Validation

The potential candidate variants were verified and segregation examined using Sanger
capillary bidirectional sequencing in the selected sample sites. Primers specific to the region
containing the variant to be tested were designed, PCR reactions were prepared according to
the Qiagen Multiplex PCR Kit protocol (Qiagen), and touchdown PCR was performed (All
PCR primers and conditions are available upon request). SNVs were identified using SNP
Detector and visually displayed in Sequence Scanner v1.0 (Applied Biosystems).

Candidate Variant Protein Annotation, Structure Modeling and Protein-Protein Interaction

We used online databases Pfam [21] and PRINTS[22] to annotate and classify protein
families and domains, the BioGrid and the STRING [23] for predicting protein-protein
interaction, and the PHYREZ2 server [24] for modeling the 3D structure of the candidate
variant gene encoded protein. These resources use sequence-, structure- and systems
biology-based features to predict whether the mutation in the protein is likely to have a
functional/phenotypic effect.

RESULTS

Demographic information including age, gender, smoking history, and histology is
summarized in Table 1. All 54 unrelated familial and 48 sporadic LC cases were adult non-
Hispanic whites. The mean age of onset in the familial and sporadic LC cases were 56.0 and
60.9 years, respectively. More than 85% of familial cases and all the sporadic cases (due to
study design criteria) reported being ever smokers, with mean pack-years of 52.3, and 60.3,
respectively. Overall, 86.0% of the familial and 90.5% sporadic LC cases were diagnosed
with non-small cell LC (NSCLC). Adenocarcinoma was diagnosed in 40.5% of the sporadic
group, and 30.2% in the familial group for whom histology data were available.

0f 99,489 SNVs and 1,206 Indels located in the exons of the target 107 loci, our stepwise
filtering strategy identified 39 potential candidate variants (Fig.1). Of these 39 variants
interrogated by Sanger sequencing, 9 mutations failed, and 30 variants (80%) were verified
in the original LC samples (Table 2). All the failed mutations were singletons. Of the 30
verified candidate variants, 5 variants were present in two or more patients, three variants
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were located in highly likely functional sites (CHRNAS ¢.78880766 splice donor, MYOZ3 g.
150051315 splice acceptor, and C10orf11 p.Ser8 frameshift), and three SNVs were novel
(PNPLAS8 p.l1e479Ser, PANK1 p.Phel63Ser, and IDE p.Asp9Asn) (Table 2).

Overall, the total number and proportion of LC patients (n = 32) carrying these 30 candidate
variants was only slightly higher among familial (18 cases, 18/54 = 33.3%) than sporadic
cases (14 cases, 14/48 = 29.2%; 11 out these 14 patients also had severe COPD). The mean
ages of the familial and sporadic candidate mutation carriers were not different from the
overall means. However, in terms of smoking intensity, familial mutation carriers reported
lower pack-years than their mean (43 vs. 52) while there was no difference in smoking
intensity among sporadic carriers.

We identified two highly deleterious mutations occurring in more than three LC patients
(Table 2 and Supplemental Fig.1). The first was a heterozygous ¢.2086C>T in the Coiled-
coil Domain-containing 147 gene (CCDC147, also named CFAP58), resulting in a
p.Arg696Cys substitution. This variant was identified in two familial cases (both female,
mean age 54.5, mean pack-years 40, and squamous histology) and one sporadic case (male,
age 57, pack-years 88, with adenocarcinoma, without COPD). Notably, the MAF of this
variant is 0.0026 from the TG, and 0.0072 from the ESP6500 databases. The mutation is
predicted to be protein damaging by PolyPhen-2 (score: 1.0) and highly functional by
Mutation taster. This variant has a high scaled CADD C-score of 16.2, which indicates that
the Arg696 is predicted to be in the 10% most deleterious of all possible substitutions in the
human genome. The CCDC147 spans 101kb, contains 18 exons, and has 872 amino acids
(AA) (Fig. 2); the p.Arg696Cys is located in exon 14 and affects a strictly evolutionarily
conserved AA residue in the crystal structure of tropomyosin (Protein ID: Q5T655). This
p.Arg696Cys mutation is predicted to perturb the tertiary structure (folding of the domain
and stability of the three-dimensional shape) of the protein because the Cys696 forms a
covalent bond disulfide bridge with 697Cys. It is also very close to the p.Arg698GIn which
is a confirmed somatic mutation in cutaneous melanoma patients shown from COSMIC
database and the Acetylation modification site Lys692.

The 2" candidates were two missense SNVs, p.Val26Met and p.Met563Thr, in the
Dopamine beta-hydroxylase (DBH) gene (Table 2 and Supplemental Fig.1). The
p.Val26Met presented in two sporadic cases (both male, age 64 and 65, pack-years 40,
adenocarcinoma histology, with severe COPD), and p.Met563Thr presenting in one familial
case (male, age 30, pack-years 52, histology not specified). MAF of these two variants were
0.0034/0.0045, 0.0002/0.0002 from the TG/ESP6500 databases, respectively. The two
mutations were predicted to be protein damaging by PolyPhen-2 (score 0.93 and 0.87), with
CADD C-scores (17.3 and 20.3), and exhibited extremely high degrees of sequence
conservation (0.96 and 0.99, respectively). The DBH gene contains 12 exons, spans 23 kb,
and has 617 AA (Protein ID: P09172; Fig. 2). The p.Val26Met is located within exon 1, lies
in the hydrophobic transmembrane (TM) region and possesses helical structure. The
p.Met563Thr located in exon 11, lies in a highly conserved region of a helix and the DB
monoxgenase (DBM) motif 1X that may influence the stability of the enzyme. This somatic
mutation is also reported in acute myeloid leukemia patients from the COSMIC database.
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These observations suggest that the two DBH mutations are likely to have a detrimental
effect on the protein.

The other interesting candidates were three SNVs located in the 15925.1 loci: IREB2
p.Gly747GIlu, CHRNAS g.78880766 splice donor, and CHRNB4 p.Ala435Val. The CHRNAS
splicing variant presenting in a sporadic case (male, 63 years old, 48 pack-years of smoking,
NSCLC, with severe COPD), who was also a carrier of another two candidate mutations
(NID2 p.Thr567Met and KARS p.Arg448Cys); the IREB2 and CHRNB4 SNVs presented in
two familial cases (both female, age 45 and 64, pack-years 45 and 80, small cell and
unknown histology).

There were three additional candidate variants, NID2 p.Thr567Met, MIPEP p.Leu197Pro,
and C1orf100 p.Asp71His, which were present in multiple LC cases. Other genes that
harbored multiple different mutations in different patients included TNSL, FBXO38,
PNPLA8, KARS and BPTF. In addition, a sporadic patient with extremely heavy smoking
pack-years (male, 65 years old, 150 pack-years of smoking, adenocarcinoma, with severe
COPD) was a carrier of two novel mutations with CADD C-score over 30 (IDE p.Asp9Asn
and NAV3 p.Ser278lle) (Table 2).

Of the 30 candidate variants belonging to 20 loci and 24 genes (Fig. 3A), seven genes
(including CCDC147 and DBH) had candidate variants observed in both the familial and
sporadic LC groups. Also, as shown in Fig. 3B, among the candidate genes examined in the
current study, the CCDC147, IREB2/CHRNAS/CHRNB4, PANKY/IDE, and EGLN2 genes
were shared by three or more phenotypes (LC, COPD, PF, and SM) from the previously
published GWAS (Table 2 and Fig. 3B).

DISCUSSION

Despite previous family-based linkage studies, intensive population-based GWAS analyses
and candidate gene screening, a large proportion of the heritability of LC remains
unexplained. Using an extreme phenotype design, this report describes the first exome
sequencing approach comparing familial and sporadic heavy smoking LC patients
evaluating the effects of rare coding variation in the GWAS loci associated with LC, COPD,
SM, and PF. Our results showed the familial mutation carriers reported lower pack-years
than their group’s mean (43 vs. 52) while there was no difference in smoking intensity
among sporadic carriers. Further, we identified two disease-causing rare mutations on
10g25.1 (CCDC147 p.Arg696Cys) and 9g34.2 (DBH p.Val26Met and p.Met563Thr), and
three suggestive rare mutations on 15925.1 (IREB2 p.Gly747Glu, CHRNAS g.78880766
splice donor, and CHRNB4 p.Ala435Val), although the findings require replication. Familial
and sporadic LC cases are indistinguishable upon clinical presentation and our results
demonstrated that the two forms of LC may have both shared determinants and distinct
components.

Strong evidence for a LC-conferring deleterious mutation was observed at CCDC147
p.Arg696Cys in three LC patients (2 familial and 1 sporadic). Interestingly, the two familial
carriers were lighter smokers and had earlier age of onset than the overall means for familial

J Thorac Oncol. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liuetal.

Page 8

cases. The sporadic carrier was a heavier smoker with 88 pack-years and did not present
with documented COPD. Although several genes in 10g25.1 loci have been implicated in
susceptibility to LC [25], PF [26], and SM [27] in GWAS, very little is known about the
function of CCDC147 gene in humans or mice, although it is expected to produce a
functional protein as described in the Proteomics database. CCDC147 protein, also known
as cilia- and flagella-associated protein 58 (CFAP58), demonstrates high expression in T
cells, nasal epithelium, lungs and alveolar fluids (http://www.genecards.org/cgi-bin/
carddisp.pl?gene=CFAP58). It is expected to interact with members of the shelterin
complex, the human Telomere Repeat-Binding Factors (TRF1) and Protection of Telomeres
1 (POT1), as reported in the BioGRID database and STRING Interaction Network.
Interestingly, recent studies have shown that rare mutations in POT1 are associated with
chronic lymphocytic leukemia [28], familial melanoma [29] and familial glioma [30], where
it is thought to result in telomere de-protection and length extension associated with cancer.
Further, one of the most important functions of shelterin includes modulation of telomerase
activity, which has been detected in ~85% of cancers, and is linked to genomic instability
and tumorigenesis. Although direct evidence regarding the biological function of CCDC147
is lacking, our finding of CCDC147, as a novel telomere-interacting protein, underscores the
need for future work that could elucidate the role of this gene in LC pathogenesis.

Another main finding was the highly disruptive and deleterious rare mutations on 9934.2
DBH p.Val26Met and p.Met563Thr, in three LC patients (1 familial and 2 sporadic). The
familial carrier was very young (age 30). Both sporadic carriers were adenocarcinoma and
had severe COPD. Previous GWAS identified DBH rs3025343 as a locus associated with
SM [31]. The DBH (OMIM 609312) primarily contributes to conversion of dopamine to
noradrenaline. Dopamine is known to be released from neurons in response to nicotine and
plays a well-documented role in determining an individual's predisposition to nicotine
dependence, through its role in mediating drug reward in the brain [31-34]. The contribution
of cigarette smoking to both LC and COPD could invoke a variety of underlying biological
processes including inflammation, epithelial-mesenchymal transition, oxidative stress, DNA
repair and abnormal cellular proliferation.

NID2 is a known GWAS hit for PF [35] and blood lipid phenotypes [36], and a new
biomarker for ovarian cancer [37], hepatocellular carcinoma [38] and oral squamous cell
carcinoma [39]. NID2 (OMIM 605399) encodes a member of the highly conserved nidogen
family of basement membrane proteins. This protein binds collagens I/1V and laminin, is
involved in stabilizing and maintaining the structure of the basement membrane, and plays a
key role in cell-extracellular matrix. Unbalanced proteolysis in the extracellular matrix is a
potential mechanism to explain inflammatory processes within the emphysematous lung.
NID2 mutation in LC patients may favor invasion and metastasis of tumor cells by loosening
cell interaction with basal membrane and by weakening the strength of the basement
membrane itself, and could be a marker of progression as well.

A main strength of the study is the focus on patients with extreme phenotypes who are most
likely to be informative. For quantitative traits, one can select individuals with extreme trait
values after adjusting for known covariates. Alternatively, in disease-focused studies,

selecting individuals with extreme phenotypes can be conducted on the basis of known risk
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factors. Smoking, family history of LC and COPD are all well documented risk factors for
LC. Because the frequencies of alleles that contribute to the trait/disease are enriched in
phenotype extremes (such as familial LC or patients with both LC and COPD), studying
extremes has been shown to provide >5 times power (only 20% of the subjects compared to
traditional designs) [7]. In the present study, the recurrent rare mutations described herein
suggest that it may be possible to identify susceptibility genes in a relatively small sample
size, although we cannot rule out the possibility that the results are observed by chance. The
small sample size and lack of validation of the identified mutations in a separate large scale
cohort limit the relevance of our findings. Another limitation in this analysis is phenotype
misclassification between familial and sporadic LCs. For the familial LC patients, we lacked
COPD phenotype data, and for the sporadic LC cases, family history of LC was not
available. Also, we acknowledge the existence of gender imbalance between familial and
sporadic cases that could cause bias and limit applicability of the findings to the general
population.

In summary, our results demonstrated highly disruptive germline mutations in CCDC147
and DBH in LC patients that are interesting candidates for LC risk alleles. The overlap in
risk loci between familial and sporadic LC, and between COPD and LC may be due to genes
and mutations involving telomere maintenance, inflammation, or to a lack of family history
in the sporadic cases being due to no smoking exposure in other carriers of the mutation in
their families. Therefore, going forward, comprehensive genomic analyses of whole
genomes, from point mutations to large structural variants, of a large number of LC samples
in diverse race/ethnic groups for validation, and further functional works for the two top
candidate genes will be needed to better understand the underlying molecular genetics and to
guide screening for mutations in this unique subset of patients to assess their potential LC
risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviation

LC lung cancer

COPD chronic obstructive pulmonary disease
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smoking behavior
pulmonary function
cC Genetic Epidemiology of Lung Cancer Consortium

Single nucleotide variants

Indels Insertions or deletions

MAF minor allele frequency

AA
FS
SP

amino acid
frameshift

splicing
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Susceptibility loci by GWAS Catalog: 107 loci
28 LC +10 COPD + 32 SM + 63 PF; some loci are overlapping

|

Variant in 107 loci : 99,489 SNVs + 1,206 Indels
103 LC cases: 55 familial + 48 sporadic

!

Variant quality and classification filter: 1,437 SNVs + 9 Indels
1,411 nonsynonymous + 10 splicing + 16 stop gain + 9 frame shift Indels

!

Variant frequency filter: 630 SNVs + 4 Indels
MAF in Caucasians < 0.01 from ESP, TG, dbSNP and Common SNP tracks

!

Functional prediction filter: 71 SNVs + 4 Indels
Predicted as damaging by dbNSFP NS Functional Predictions tools

!

Variants verification: 46 SNVs + 2 Indels
GenomeBrowse re-check variant’s coverage and read depth

!

Sanger sequencing validation: 38 SNVs+ 1 Indels

30 validated, 9 failed

Candidate deleterious variants: 29 SNVs+ 1 Indels
27 rare + 3 novel variants were present in 18 familial and 14 sporadic LCs

Figure 1. Workflow and Annotation Pipeline for the Identification of Candidate Variants
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Figure 2. Chromosomal Position, Gene Structure, Protein Domain(s), and Sequence of the
Candidate Mutations of CCDC147 and DBH Genes

The mutations were confirmed with Sanger sequencing and indicated with red arrows.
CCDC147 includes two coiled coil regions: 106-595 AA, and 642—-839 AA. DBH consist of
five domains: TM (transmembrane; 20-37 AA), DOMON (dopamine beta-monooxygenase
N-terminal; 56-172 AA), Cu2_N (Copper type Il, N-terminal; 213-341 AA), Cu2_C
(Copper type Il, C-terminal; 360-524 AA), and DBM (DB-monooxygenase motif 1X; 552—
572 AA).
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Figure 3. Venn Diagrams and Schematic Representations of All Genes with Candidate
Mutations in the Familial and Sporadic LC Groups

A. Shared and specific genes with candidate deleterious variants in the familial, sporadic or
both LC groups; B. The list of genes with candidate deleterious variants that were
significantly associated with these 4 different phenotypes in previous GWAS studies.
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Table 1

Demographic and Histologic Characteristics of Familial and Sporadic LC Cases

Characteristics

Familial LC  gporadic LC *

(n=54) (n=48)

Age of diagnosis

Mean (SD) 56.0 (10.1)  60.9 (4.7)

Range 30-70 48 - 65
Sex

Male (%) 22 (40.0) 44 (91.7)

Female (%) 32 (60.0) 4(8.3)
Smoking history

Ever-smokers (%) 46 (85.2) 48 (100)

Nonsmoker (%) 8 (14.8) 0 (0)
Cigarette Pack-years

Mean (SD) 52.3(30.8) 60.3 (30.9)

Range 0-165 14 - 150
Histology #

Non-small cell LC (NSCLC) 37 (86.0) 37 (90.5)
Adenocarcinoma 13 (30.2) 17 (40.5)
Squamous cell carcinoma 17 (39.5) 16 (38.1)
Large cell carcinoma 7 (16.3) 5(11.9)

Small cell LC (SCLC) 6 (14.0) 4(9.5)

*
Of the 48 sporadic LC, 37 also had severe COPD.

# .
Numbers do not add up because of missing data.
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