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Abstract

Previous studies have indicated that in adult smokers, a history of
childhood pneumonia is associated with reduced lung function and
chronic obstructive pulmonary disease. There have been few previous
investigations using genome-wide association studies to investigate
genetic predisposition to pneumonia. This study aims to identify the
genetic variants associated with the development of pneumonia
during childhood and over the course of the lifetime. Study subjects
included current and former smokers with and without chronic

PHACTRI (P=6.1 X 10~7), near PRR27 (P =4.3 X 10 7), and near
MCPHI1 (P=2.7 X 10~ 7). Network analysis of the genes associated
with childhood pneumonia included top networks related to
development, blood vessel morphogenesis, muscle contraction, WNT
signaling, DNA damage, apoptosis, inflammation, and immune
response (P < 0.05). We have identified genes potentially associated
with the risk of pneumonia. Further research will be required to
confirm these associations and to determine biological mechanisms.

Clinical Trial Registration: NCT00608764

obstructive pulmonary disease participating in the COPDGene
Study. Pneumonia was defined by subject self-report, with childhood
pneumonia categorized as having the first episode at <16 years.
Genome-wide association studies for childhood pneumonia (843
cases, 9,091 control subjects) and lifetime pneumonia (3,766 cases,
5,659 control subjects) were performed separately in non-Hispanic
whites and African Americans. Non-Hispanic white and African
American populations were combined in the meta-analysis. Top
genetic variants from childhood pneumonia were assessed in
network analysis. No single-nucleotide polymorphisms reached
genome-wide significance, although we identified potential regions of
interest. In the childhood pneumonia analysis, this included variants
in NGRI (P=6.3 X 10 *), PAK6 (P=3.3 X 10~ 7),and near MATN1
(P=2.8 X 1077). In the lifetime pneumonia analysis, this included
variants in LOC339862 (P=8.7 X 10~ ), RAPGEF2 (P=84 X 10" 7),
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Clinical Relevance

To the best of our knowledge, this study is the first to
investigate the genetic factors that may be associated with
pneumonia during childhood and across the lifetime. It may
help identify children at risk of lung disease such as chronic
obstructive pulmonary disease later in life. This could
ultimately direct us toward a subtype of chronic obstructive
pulmonary disease with early childhood origins and could help
better prognosticate disease risk and treatment response.
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Pneumonia is a common pediatric
diagnosis, especially in young children,
that poses a significant risk of respiratory
disease later in life (1, 2). Pneumonia is
less common in adults, although smokers
are a subpopulation known to experience
increased rates of pneumonia (3-5). Our
previous investigations have demonstrated
that pneumonia in childhood is a risk factor
for chronic obstructive pulmonary disease
(COPD), reduced lung function, and airway
disease on chest computed tomography
scans in adult smokers (6). This variability
in the prevalence of childhood pneumonia
and its association with an increased risk of
lung disease later in life suggest some
underlying genetic susceptibility.

Few previous investigations have used
genome-wide association studies (GWAS)
to investigate the genetic predisposition to
pneumonia (7). The objective of this study
was to identify the genetic susceptibility loci
involved in the development of childhood
pneumonia in adult smokers from the
COPDGene study population. The primary
analysis used GWAS to assess genetic
associations with childhood pneumonia.
We focused on childhood pneumonia
because it may have an increased likelihood
of being driven by genetic factors, as
compared with pneumonia in adult
smokers, which may be driven more by
environmental factors such as smoking, an
exposure known to be associated with
pneumonia development (5). A secondary
analysis used GWAS to assess the history of
lifetime pneumonia to identify potential
common genes and pathways influencing
both childhood and adult pneumonias.

We hypothesized that this GWAS
would identify susceptibility loci related to
both childhood and lifetime pneumonia.
Furthermore, we postulated that these loci
were likely to show evidence of associations
with genetic variants related to lung
function, lung development, immune
response, COPD, and asthma. Some of the
results of these studies have been reported
previously in the form of an abstract (8).

Materials and Methods

Subjects

We evaluated 10,192 current and former
U.S. smokers with and without COPD from
the COPDGene Study. The subjects were
45-80 years old, of non-Hispanic white
(NHW) or African American (AA) race,

with at least a 10 pack-year smoking
history. Subjects were excluded for a
history of lung disease other than COPD
or asthma. COPDGene was approved by
institutional review boards at each of the
21 clinical sites (9). All participants
provided written informed consent. Study
protocol, enrollment criteria, and data
collection forms have been described
previously and are available at www.
copdgene.org (9, 10).

Data Collection

Pneumonia history was collected from
responses to a modified American Thoracic
Society Respiratory Epidemiology
Questionnaire (10, 11). Genotyping was
performed on DNA extracted from blood
samples using HumanOmniExpress
(Ilumina, San Diego, CA). Standard quality
control measures were completed on

DNA and single nucleotide polymorphism
(SNP) data, as described previously

(9, 12, 13). Additional genotypes were
imputed from 1,000 Genomes Phase I v3
reference panels (hgl9) using minimac
and MaCH (13-16). COPDGene datasets
are available publicly (dbGaP accession
number phs000179.v1.p1).

Case ldentification

Pneumonia was defined by subject self-
report, as described previously (6). The
subjects were classified as having childhood
pneumonia if their first episode was at <16
years of age or during childhood, and
lifetime pneumonia if they had ever had
pneumonia. Additional subjects were
excluded from lifetime pneumonia analysis
for not knowing whether they had history
of pneumonia.

Statistical Analysis

Four independent GWAS were performed
in subjects with childhood pneumonia and
lifetime pneumonia using PLINK 1.90, with
initial evaluations completed separately in
NHW and AA populations (17). A logistic
regression of SNPs on the basis of case-
control status was performed, adjusted for
sex and genetic ancestry (12). Lambda (\)
was calculated to assess the degree of
genomic inflation after principal
component adjustment (18). Genome-wide
significance for SNPs was defined as P <
5% 1078 (19, 20). Results from NHW and
AA populations were combined in separate
metaanalyses using a fixed-effect model
weighted by inverse variance (17, 21).
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Sensitivity analyses were run, adjusting
for pack-years of smoking and assessing
subjects with multiple lifetime
pneumonias.

In the individual population-based
GWAS, SNPs with minor allele frequency
(MAF) =5% were included for further
analysis. Childhood pneumonia GWAS
included 5,870,826 NHW SNPs and 8,151,810
in AAs. Lifetime pneumonia GWAS included
5,870,929 NHW SNPs and 8,150,616 in AAs.
For meta-analysis, SNPs with MAF =1% in
either population were included: 6,950,410
SNPs for childhood pneumonia and 6,950,930
for lifetime pneumonia. A lower MAF cutoff
was used for meta-analysis to account for the
more modest correlation of variants between
ancestries (21, 22).

In single SNP analyses, annotation of
variants to genes was performed using National
Center for Biotechnology Information
databases dbSNP/Gene, UCSC Genome
Browser, and LocusZoom (23-26). For gene-
based analysis, SNPs were mapped to genes
with VEGAS2 using the Monte Carlo
approach with simulations from a multivariate
normal to estimate the null distribution and
to generate gene-based P values (27-29).
VEGAS?2 software performs adjustment
for multiple testing using a Bonferroni-
corrected threshold of P<<2.0 X 10°°
(~~25,000 genes) (27, 28). The resulting
VEGAS?2 genes from childhood pneumonia
analysis with P < 0.01 were included in the
network analysis using Metacore (see online
supplement) (30-32).

Results

The COPDGene Study consists of 10,192
current and former smokers. Subjects with
both genotype and phenotype data
available were included in GWAS analysis
(see Figures E1 and E2 and Table El in the
online supplement). GWAS QQ and
Manhattan plots can be viewed in Figures
E3-E8; the lambda values ranged from
0.89 to 1.01. No SNPs in either childhood
pneumonia or lifetime pneumonia GWAS
reached genome-wide significance
(P<5X10"%). However, regions of
interest were identified at near genome-wide
significance, with SNPs at P<1X 10~°
(Tables 1 and 2). Top SNPs from the
pneumonia GWAS were examined for
overlap with known COPD variants;

there was a nominal association of
CHRNAS3, cholinergic receptor nicotinic
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Table 1. Top GWAS Variants Associated with Childhood and Lifetime Pneumonia*: Individual GWAS

Individual GWAS SNP
NHW childhood pneumonia  rs16833920
(n =685 cases, 5,967
control subjects)
NHW lifetime pneumonia rs55762539
(n=2,284 cases, 3,422
control subjects)
AA lifetime pneumonia rs1107268
(n =882 cases, 2,237 rs140541031
control subjects) rs34476983

Nearest Gene Locus Rsq Risk Allele Frequency (%) OR P Value
MATN1T 1p35.2 0.99 G 64.82 1.38 2.80E-07
MCPH1T 8p23.1  0.78 C 42.45 1.22 8.28E-07
LOC339862 3p24.3 0.95 G 25.32 1.38 8.67E-07
RAPGEF2 49321 0.81 A 17.55 1.47 8.40E-07
PHACTR1 6p24.1 0.86 C 87.12 1.66 6.06E-07

Definition of abbreviations: AA, African American; GWAS, genome-wide association study; NHW, non-Hispanic white; OR, odds ratio; Rsq, estimation of
imputation quality; SNP, single-nucleotide polymorphism.
*Includes the top SNP from each region where GWAS P value was <1 X 107°,

TSNP is near these genes, not in the genes.

a 3 subunit, with lifetime pneumonia,
which was not surprising in this cohort of
smokers (13).

Childhood pneumonia GWAS
included 6,652 NHW subjects with a case
prevalence of 10.3% and 3,282 AA subjects
with a prevalence of 4.8% (Figure E1 and
Table E1). NHW analysis identified a
potential region of interest near MATNI,
matrilin 1, cartilage matrix protein (Tables
1 and 2 and Figure 1). The AA GWAS had
no variants identified with P < 1.0 X 10~°.
Meta-analysis on the combined NHW and
AA populations included 9,934 subjects
with a childhood pneumonia case
prevalence of 8.5%. Meta-analysis identified
variants of interest approaching genome-
wide significance in NGRI, neuregulin 1
and PAK®6, p21 protein (Cdc42/Rac)-
activated kinase 6.

Lifetime pneumonia GWAS included
6,306 NHW subjects with a case prevalence
of 45.7% and 3,119 AA subjects with a
prevalence of 28.3% (Figure E2 and Table

E1). NHW analysis identified a potential
region of interest near MCPH]I,
microcephalin 1 (Tables 1 and 2 and
Figure E9). AA analysis identified variants
of interest in uncharacterized LOC339862,
RAPGEF2, Rap guanine nucleotide
exchange factor (GEF) 2, and PHACTRI,
phosphatase and actin regulator 1. Meta-
analysis of the combined NHW and AA
populations included 9,425 subjects with
a lifetime pneumonia prevalence of 40.0%.
Meta-analysis identified variants of
interest approaching genome-wide
significance near PRR27, proline rich

27 (also known as C4orf40), and near
MCPHI.

Gene-based analysis of childhood
pneumonia SNPs using VEGAS?2 identified
585 genes in the NHW population and 1,141
genes in the AA population with gene-based
P =< 0.01. Gene-based analysis of lifetime
pneumonia SNPs found 732 genes in the
NHW population and 1,159 genes in the
AA population with gene-based P < 0.01.

Two genes in the childhood pneumonia
analysis, RNF216P1 and TLE3, reached the
Bonferroni-corrected threshold of P <

2.0 X 10 for significance in gene-based
testing, and no genes reached this threshold
in the lifetime pneumonia analysis;
however, there were genes of interest

with P values approaching the level of
significance (Table 3) (27, 28). The top

10 genes for childhood pneumonia
included EPASI, endothelial PAS domain
protein 1, ORAII, ORAI calcium release-
activated calcium modulator 1, TLE3,
transducing-like enhancer of split 3,

and for lifetime pneumonia, included
uncharacterized LOC339862.

Network analysis of childhood
pneumonia genes in Metacore, performed
separately for NHW and AA populations,
identified association with networks
including development, blood vessel
morphogenesis, muscle contraction, DNA
damage, cytoskeleton, cell cycle, cell
adhesion, WNT signaling, inflammation,

Table 2. Top GWAS Variants Associated with Childhood and Lifetime Pneumonia*: GWAS Meta-Analysis

Nearest NHW  AA Risk NHW FRQ AA
GWAS Meta-Analysis SNP Gene Locus Rsq Rsq Allele (%) FRQ (%) OR P Value P
Childhood pneumonia rs188808012 NRG1 8p12 0.95 0.85 T 1.48 1.01 2.46 6.32E-08 65.44
(n =843 cases, 9,091 rs77554123 PAK6 15914.1  0.99 0.51 A 5.16 466 1.70 3.28E-07 37.09
control subjects)
Lifetime pneumonia rs56373127 PRR27" 4913.3 0.93 0.93 G 41.59 25.29 1.18 4.34E-07 0
(n=3,766 cases, 5,659 rs11136992 MCPH1T 8p23.1  0.72 0.74 T 40.34 37.75 1.21 2.71E-07 15.36

control subjects)

Definition of abbreviations: AA, African American; FRQ, frequency; GWAS, genome-wide association studly;

white; OR, odds ratio; Rsq, estimation of imputation quality; SNP, single-nucleotide polymorphism.
“Includes the top SNP from each region where GWAS P value was <1 X 1076,

TSNP is near these genes, not in the genes.
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Figure 1. Locus plots for top childhood pneumonia variants (Genome build hg19, linkage disequilibrium
population 1,000 Genomes Nov 2012 EUR). Regional LocusZoom plots from (A) non-Hispanic whites,
near MATN1, 1p35.2 (rs16833920), (B) meta-analysis NRG1, 8p12 (rs188808012), and (C) meta-analysis
PAKB, 15014 (rs77554123). Index single-nucleotide polymorphisms (SNPs) in purple and regional SNPs
plotted in colors represent their degree of linkage disequilibrium with the index SNP, as measured by 2, the
squared coefficient of correlation. The solid blue lines show the recombination rates. chr, chromosome.

immune response, and apoptosis (P < 0.05)
(Table 4). The top network in both NHW
and AA populations was related to
development, specifically blood vessel
morphogenesis (Table 4 and Figure E10).

Sensitivity Analyses

To assess whether additional adjustment for
pack-years would significantly affect the
lifetime pneumonia GWAS results, we
repeated GWAS analyses independently in

Hayden, Cho, McDonald, et al.: GWAS of Susceptibility to Childhood Pneumonia

NHW and AA populations with adjustment
for pack-years of smoking. No SNPs
reached genome-wide significance, and

the resulting top SNPs were similar

(Table E2).

To assess whether subjects who
experience multiple pneumonias may have a
stronger genetic association, we ran
additional GWAS analyses independently in
NHW and AA populations comparing
subjects who reported more than one
lifetime pneumonia with those with no
history of pneumonia. No SNPs reached the
level of genome-wide significance.

Discussion

We have presented results from, to the best
of our knowledge, the first GWAS of all-
cause pneumonia susceptibility during
childhood and over the lifetime. In a meta-
analysis of smokers from two ethnic groups,
we have identified potential genes and
chromosomal regions of interest. No SNPs
reached genome-wide significance.

In young children in the United States,
the prevalence of pneumonia annually is
~3-5% (2). In this GWAS population of
adult smokers, the prevalence of childhood
pneumonia was 8.5%. This increased
prevalence in the COPDGene population
was possibly related to the fact that a
significant number of these subjects had
risk factors for developing childhood
pneumonia, including childhood asthma
and living with a smoker during
childhood (6).

Variants of interest identified in the
childhood pneumonia GWAS were found in
NRGI, PAK6, and near MATNI, genes
related to lung function, cardiovascular
system growth and development, and repair
processes. The top variant possibly
associated with childhood pneumonia was
in NRGI1. NRGI has been associated with
lung function in a GWAS network analysis
from the Framingham Heart Study (33).
NRGI plays a critical role in cardiovascular
system growth and development, including
angiogenesis, and surfactant synthesis in
the fetal lung (23, 34, 35). NRGI encodes
neuregulin-1, a signaling protein that is
part of the epidermal growth factor family,
which is important in the coordination of
epithelial repair processes (23, 26, 36).
Expression of specific NRG1 isoforms in
human airway epithelium has been found
to induce the expression of MUC5AC and

23
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Figure 1. (Continued).

MUCSB protein, which are predominant
mucins in asthma and COPD (37). NRGI1
has also been found to be a contributor in
the pathophysiology of acute lung injury
(38). PAK6 encodes protein kinases that

function in cytoskeleton rearrangement and
apoptosis (23). MATNI is a cartilage
matrix protein expressed in skeletal and
cartilage tissue during embryogenesis

and throughout the lifespan, which is

important to both development and repair
processes (39).

Among the top NHW childhood
pneumonia genes from the gene-based
analysis were EPASI, a key regulator gene
in COPD, and ORAII, which is involved
in calcium channel conductance in the
bronchial epithelium, smooth muscle
physiology, and susceptibility to injury
from cigarette smoke in both asthma and
COPD (40-43). Among the top AA
childhood pneumonia genes, TLE3 has
been found in previous GWAS to be
significantly associated with lung function
as part of the THSD4-UACA-TLE3 locus
in the Hutterites, a founder population
from South Tyrol (44). TLE3 codes for
a transcriptional corepressor protein
that is in a family of proteins that
participate in the Notch signaling
pathway, which plays a role in
development by affecting cell fate
determination (23, 26).

Network analysis of the significant
childhood pneumonia genes identified the
same top network for both the NHW and
the AA population, a development network
related to blood vessel morphogenesis,
which included EPASI. A number of other
networks related to development were
present among the significant networks in

Table 3. Top Genes in VEGAS2 Gene-Based Analyses of Childhood and Lifetime Pneumonia

Childhood Pneumonia

Lifetime Pneumonia

Gene Locus nSNPs* P Value
NHW ANKRD63 15g15.1 209 5.00E-06
C150rf56 15015.1 177 1.00E-05
PLCB2 15915 266 2.50E-05
TAAR9 60923.2 288 6.10E-05
TAARS 6023.2 324 8.40E-05
MORNS3 12924.31 165 0.000134
STX7 6023.1 364 0.000139
ATXN7L1 7922.3 805 0.000142
ORAI1 12924.31 148 0.000158
EPAS1 2p21-p16 451 0.000163
AA RNF216P1 7p22.1 623 1.00E-06
TLE3 15022 365 2.00E-06
RBAK 7p22.1 636 3.00E-06
MMD2 7p22.1 792 4.00E-06
RBAK-RBAKDN 7p22.1 655 5.00E-06
RBAKDN 7p22.1 527 7.00E-06
MIR629 150923 217 7.00E-06
ZNF862 7936.1 497 1.70E-05
HNRNPK 9g21.32-g21.33 274 1.90E-05
HERC2P10 15913.2 358 2.10E-05

Gene

PRICKLE?
PRICKLE2-AS3
FAM184A
HPCA

MCM9
TMEM54
HAND2-AS1
FNDC5
WFDC1

ASF1A
LARGE-AS1
LOC339862"
VLDLR-AS1
NARS2
TMEM88B
MIR3688-1
FAM71E1
VWAT
MIR3688-2
ANKRD65

Locus nSNPs* P Value
3p14.1 557 1.00E-05
3p14.1 300 1.20E-05
6g22.31 646 4.20E-05
1p35-p34.2 115 5.00E-05
6g22.31 365 5.30E-05
1p35-p34 112 5.50E-05
4934.1 226 5.80E-05
1p35.1 104 5.90E-05
16924.3 691 6.10E-05
6022.31 238 7.80E-05
22g12.3 476 1.60E-05
3p24.3 562 3.00E-05
9p24.2 949 7.70E-05
11g14.1 929 9.00E-05
1p36.33 261 9.30E-05
— 222 0.000107
19g13.33 371 0.000113
1p36.33 284 0.000114
— 222 0.000119
1p36.33 295 0.000121

Definition of abbreviations: AA, African Americans; GWAS, genome-wide association study; NHW, non-Hispanic whites; SNPs, single-nucleotide

polymorphisms.
*Number of SNPs that map to the gene.

TAn SNP in this gene was near genome-wide significance in the lifetime pneumonia AA GWAS (Table 1).
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Table 4. Top Networks for Childhood Pneumonia Genes

Networks

NHW GWAS
Development
Blood vessel morphogenesis*
Muscle contraction
Muscle contraction*
Nitric oxide signaling in the
cardiovascular system
DNA damage
Checkpoint
Core
Cytoskeleton
Intermediate filaments
Regulation of cytoskeleton rearrangement
Cell cycle
Meiosis
S phase
G1-S growth factor regulation
Cell adhesion
Leukocyte chemotaxis
Cell junctions
Signal transduction
WNT signaling®
Androgen receptor nuclear signaling
Cholecystokinin signaling
Inflammation
Kallikrein-kinin system
Immune response
Phagocytosis
Transport
Iron transport
Neurophysiological process
Taste signaling

AA GWAS
Development
Blood vessel morphogenesis*
Skeletal muscle development
Ossification and bone remodeling
Cartilage development
Cardiac development
Role of NADPH oxidase and ROS
BMP TGF-B signaling
Signaling: Wt B-catenin, Notch,
VEGF, IP3, integrin
Muscle contraction
Muscle contraction*
Cell adhesion
Cadherins
Apoptosis
Apoptotic mitochondria
Regulation of metabolism
Bile acid regulation of lipid metabolism
and negative FXR-dependent
regulation of bile acids concentration
Transport
Calcium transport*
Reproduction
Male sex differentiation

Childhood
Pneumonia Genes

13
10

—_

—_

—
w » o © o N © o O © oo~ oo w o

23
15
15

16
12
13
18

18

16
19

Total

Genes P Value

228
173
124
124

29

81
183

106
149
195

205
162

177
126
106
185
222
108

34

228
144
157

66
134
117
150
173
180

77

71

192
243

0.004
0.010
0.032
0.011
0.033

0.014
0.014

0.015
0.030
0.050

0.029
0.045

0.030
0.035
0.045
0.038
0.046
0.049

0.050

0.001
0.005
0.012
0.016
0.001
0.014
0.037
0.002
0.004
0.014

0.025

0.030

0.035

Definition of abbreviations: AA, African American; BMP, bone morphogenic protein; FXR, farnesoid X
receptor; GWAS, genome-wide association study; IP3, inositol 1,4,5-trisphosphate; NADPH,

nicotinamide adenine dinucleotide phosphate; NHW, non-Hispanic white; ROS, reactive oxygen
species; TGF, transforming growth factor; VEGF, vascular endothelial growth factor.

*Networks included are those with P <0.05.

TShared networks in both NHW and AA populations.
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the AA analysis. A network for muscle
contraction was also a top finding for both
the NHW and the AA population. In
addition, there were shared networks in
both populations for WNT signaling, which
has been implicated in the pathogenesis of
impaired lung function related to asthma
and also to COPD (45, 46). Interestingly,
out of 30 significant networks identified in
the analysis, there was only one immune
response network implicated, which is less
than we would have predicted given that
the cases were all subjects with childhood
pheumonia.

Variants identified as possibly
associated with lifetime pneumonia GWAS
were found in RAPGEF2, PHACTRI, and
near MCPH1, genes related to vascular
functions, embryonic hematopoiesis, and
damage response. RAPGEF2 has been
found to be critical for murine embryonic
hematopoiesis and to be differentially
expressed in pulmonary arterial hypertension
(47, 48). PHACTRI plays a role in the
reorganization and regulation of the actin
cytoskeleton and appears to influence
important vascular functions (49, 50).
MCPH]I is a gene that encodes a DNA
damage response protein (23).

Previous investigations of genetic
susceptibility to pneumonia have largely
been candidate gene studies. The only
previous pneumonia GWAS in humans
focused on sepsis caused by pneumonia and
looked at the primary outcome of 28-day
survival, not SNPs associated with the risk
of developing pneumonia (7, 51). In this
population, the combined prevalence of
childhood pneumonia and childhood
asthma was 1.6%. Although it would have
been interesting to run GWAS looking
at genetic determinants of the shared
diagnoses, the power would be too limited
for this analysis (Table E1).

Potential Limitations

We acknowledge that this investigation is
limited by reliance on subject recall for
classification of childhood pneumonia.
Previous studies have shown that self-
reported pneumonia diagnosis has a
relatively good agreement with the medical
record (52). We have demonstrated
previously that recall bias did not play a
significant role in the characterization of
childhood pneumonia in COPDGene, and
that 96.1% of subjects reporting childhood
pneumonia indicated that they had
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pneumonia diagnosed by a medical
provider (6).

The current study has limited power to
detect significant variants at the strict
genome-wide level. Although the GWAS
meta-analysis includes 9,934 subjects, only
843 had childhood pneumonia and a
significant proportion of these were in the
NHW population. The childhood
pneumonia meta-analysis was estimated to
have 80% power to detect an SNP of MAF
0.2 with an odds ratio of 1.46 (53). GWAS
can require populations of 10-20 times
this size to detect a significant variants
(54). Despite these limitations, there were
a number of SNPs identified as
approaching genome-wide significance
and these may be involved in critical
pathways related to lung growth and
development, pulmonary function, and
future respiratory disease susceptibility.
To strengthen these findings, replication
will be an important part of future
investigations, followed by biologic
validation of relevant genes.

Conclusions

Our childhood pneumonia GWAS in
current and former adult smokers identified
potential genes of interest related to lung
growth and development, vascularization,
lung function, and repair processes. Genes
showing suggestive evidence of an
association with childhood pneumonia have
known relationships to acute lung injury,
asthma, and COPD. Network analysis of
childhood pneumonia genes implicated top
networks related to development,
particularly blood vessel morphogenesis,
muscle contraction, and WNT signaling.
These results could help explain a genetic
predisposition for developing pneumonia
during childhood and respiratory disease in
adult smokers. Further exploration of the
genetic susceptibility loci will be required to
learn more about the pathways of disease
association and to propose networks of
disease susceptibility on the basis of these
findings. W
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