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Association of SERPINE2 With Asthma
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Original Research

ASTHMA

Background: The “Dutch hypothesis” suggests that asthma and COPD have common genetic deter-
minants. The serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1),
member 2 (SERPINEZ2) gene previously has been associated with COPD. We sought to determine
whether SERPINE? is associated with asthma and asthma-related phenotypes.

Methods: We measured the association of 39 SERPINE?2 single-nucleotide polymorphisms (SNPs)
with asthma-related phenotypes in 655 parent-child trios from the Childhood Asthma Manage-
ment Program (CAMP), and we measured the association of 19 SERPINE2 SNPs with asthma in a
case-control design of 359 CAMP probands and 846 population control subjects. We attempted to
replicate primary asthma-related phenotype findings in one independent population and primary
asthma affection status findings in two independent populations. We compared association results
with CAMP proband expression quantitative trait loci.

Results: Nine of 39 SNPs had P <.05 for at least one phenotype in CAMP, and two of these repli-
cated in an independent population of 426 people with childhood asthma. Six of 19 SNPs had
P <.05 for association with asthma in CAMP/Illumina. None of these replicated in two indepen-
dent populations. The expression quantitative trait loci revealed that five SNPs associated with
asthma in CAMP/Illumina and one SNP associated with FEV, in CAMP are strongly correlated with
SERPINE? expression levels. Comparison of results to previous COPD studies identified five SNPs
associated with both asthma- and COPD-related phenotypes.

Conclusions: Our results weakly support SERPINE2 as a Dutch hypothesis candidate gene through
nominally significant associations with asthma and related traits. Further study of SERPINE? is
necessary to verify its involvement in asthma and COPD. CHEST 2011; 140(3):667-674

Abbreviations: AHR = airways hyperresponsiveness; CAMP = Childhood Asthma Management Program;
EMR = electronic medical record; eQTL = expression quantitative trait loci; iCAP = i2b2 Crimson Asthma Project;
ICD-9 = International Classification of Diseases, Ninth Revision; LD = linkage disequilibrium; LoglIgE = log-transformed
total serum IgE; SERPINE2 = serpin peptidase inhibitor, clade E (nexin, plasminogen activator inhibitor type 1), member 2;
SNP = single nucleotide polymorphism

Aithma and COPD are complex human airway dis-
ases that are influenced by various genetic and
environmental susceptibility factors. In 1961, Orie and
colleagues! proposed that these diseases were differ-
ent expressions of one basic pulmonary disease whose
expression in individuals was shaped differently depend-
ing on a combination of endogenous (ie, host) and exog-
enous (ie, environmental) factors. This view, which
became known as the “Dutch hypothesis,” suggests that
overlapping clinical features of asthma and COPD
are partly based on an allergic diathesis and airways
hyperresponsiveness (AHR).2 Although there is some

www.chestpubs.org

opposition to the original Dutch hypothesis, little doubt
exists that common mechanisms underlie asthma and
COPD.? Identifying genetic variants that influence
some of these common mechanisms would provide
important insights into both diseases.

Genetic linkage studies of COPD,* asthma,>¢ and
general population lung function” have demonstrated
linkage peaks on chromosome 2q, suggesting that in
this region are good Dutch hypothesis candidate genes.
This is further supported by linkage results observed
on chromosome 2q for asthma and COPD being
strongest for the FEV,/FVC phenotype. A promising
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Dutch hypothesis candidate gene within this region is
the serpin peptidase inhibitor, clade E (nexin, plasmino-
gen activator inhibitor type 1), member 2 (SERPINE2)
gene (MIM 177010). SERPINEZ variants have been
associated with lung function among patients with
COPD .5 Additionally, SERPINE2 protein products
are present in lung tissue from individuals with asthma
and COPD, and there is evidence that SERPINE2
plays a role in the formation and maintenance of
mouse lung structure.® Here, we determine whether
SERPINE?2 is associated with asthma affection status in
three cohorts and with lung function and IgE in two
cohorts with the aim to determine whether SERPINE2
is a Dutch hypothesis gene.

MATERIALS AND METHODS

Subjects

Childhood Asthma Management Program: Detailed methods
are provided in e-Appendix 1. Our primary population consisted
of 655 non-Hispanic white subjects from the Childhood Asthma
Management Program (CAMP), a multicenter clinical trial that
followed 1,041 children with asthma for 4 years and 84% of the
original participants for 12 years.! In addition to asthma diagno-
sis, we considered phenotypes that capture components of the
Dutch hypothesis: FEV,, FEV/FVC, AHR quantified as the log-
transformed percentage dose of methacholine causing a 20%
decrease in FEV |, and log-transformed total serum IgE (LogIgE)
levels. CAMP participants and their parents provided DNA for
the family-based genetic studies. Additionally, blood was drawn
from a subset of CAMP participants for gene expression profiling
studies of CD4+ T lymphocytes.!!
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CAMP/Illumina: In a previous asthma genome-wide associa-
tion study, CAMP/Illumina, a subset of 359 CAMP probands of
the 655 CAMP probands who had genome-wide genotype data
available, were genetically matched using the genetic matching
algorithm?2 with 846 publicly available population control subjects.!3
Because CAMP/Illumina is better powered to measure asthma
affection status than CAMP parent-child trios, CAMP/Illumina
results were used to measure the association of SERPINE2 vari-
ants with asthma affection status.

Genetics of Asthma in Costa Rica: This population consisted of
426 probands from the Genetics of Asthma in Costa Rica study
that comprised Costa Rican schoolchildren with asthma and their
parents.!*15 For the current study, FEV,, FEV/FVC, and LogIgE
phenotypes were defined as they were in CAMP. For asthma
affection status and AHR, we selected available phenotypes most
similar to those defined in CAMP: Asthma affection status was
defined as the presence of methacholine dose responsiveness
(=8.58 uM) or evidence of bronchodilator responsiveness plus
the recruitment criteria,’® and AHR was quantified as the log-
transformed dose-response slope for methacholine.'6

The i2b2 Crimson Asthma Project: The i2b2 Crimson Asthma
Project (iCAP) consists of Partners Healthcare System, Inc (Boston,
Massachusetts) patients who were selected based on extracted
deidentified electronic medical record (EMR) data.'” In a pilot
study of white subjects, cases (n =220) were defined as those
patients whose EMR contained an asthma International Classifi-
cation of Diseases, Ninth Revision (ICD-9), code and whose med-
ication history included usage of at least one B-agonist or inhaled
corticosteroid. Control subjects (n = 853) were selected as those
patients who had been seen in the 3 years prior to blood collec-
tion in at least one of more than 850 outpatient clinics but did
not have any asthma ICD-9 codes.

Ethics Statement: The CAMP study was approved by the insti-
tutional review board of Partners Healthcare (Partners Human
Research Committee; Protocol#: 1999-P-001549/29) and by all
eight CAMP clinical centers and the CAMP Data Coordinating
Center. The Genetics of Asthma in Costa Rica study was approved
by the Partners Human Research Committee (Protocol#: 2000-
P-001130/55) and the Hospital Nacional de Nifios (San José, Costa
Rica). The iCAP study was approved by the Partners Human
Research Committee (Protocol#: 2007-P-000184/9). Informed
consent was obtained for all study participants if they were
aged > 18 years. Otherwise, informed consent was obtained from
parents of participating children, and the child’s assent was obtained
prior to study enrollment. For iCAP subjects, informed consent
was obtained at the time of blood collection as part of standard
Crimson Project procedures.'?

Variant Selection and Genotyping

We selected single-nucleotide polymorphisms (SNPs) within
SERPINEZ2 to be genotyped on the basis of two criteria: (1) previ-
ously reported associations in COPD cohorts and (2) capture of
maximal variation based on linkage disequilibrium (LD) (e-Table 1).
For the first criterion, we selected 14 SNPs that were previously
associated with FEV,, FEV /FVC, or both.5 For the second, we
selected 15 SNPs to capture LD across the SERPINE2 gene with
an r2>0.8 and a minor allele frequency of >5%. The data for
29 SNPs selected for genotyping in 655 CAMP trios were supple-
mented by genome-wide association data for 10 additional SNPs
available for a cohort of 403 CAMP probands and their parents.
Genotyping was performed using four methods. Genotyping
pass rates for individual SNPs were >98%. All SNPs were in
Hardy-Weinberg equilibrium among parents or controls of each
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Table 1—Characteristics of Children in Family-Based Cohorts

Variable CAMP (n=655) Costa Rica (n = 426) P Value
Sex 44
Male 394 (0.60) 267 (0.63)
Female 261 (0.40) 159 (0.37)
Age.y 89+21 91+18 077
FEV, % predicted 94.3+14.2 99.9+15.9 6.6 X 10
FEV/FVC 79.7+£8.3 82.6+7.1 9.8 X 1010
Methacholine responses 1.08 (0.48-2.77) 1.34 (0.71-3.37) 026
Total serum IgE 407 (159-1072) 426 (121-977) 28

Data are presented as No. (%), mean * SD, or median (interquartile range). CAMP = Childhood Asthma Management Program.
“Measured as methacholine provocation concentration causing a 20% fall in FEV, in CAMP and methacholine provocation dose causing a 20% fall

in FEV, in Costa Rica.

population (P >.05). A summary of all SNPs genotyped in each
population is available in e-Table 2.

Statistical Analysis

Family-based association tests were calculated under an addi-
tive inheritance model using Golden Helix PBAT, version 6.4.0
(Golden Helix, Inc; Bozeman, Montana) in CAMP and Costa Rica
parent-child trios to measure associations with asthma affection
status, LogIgE, FEV,, FEV /FVC, and AHR."S No covariates were
included in the analysis of asthma affection status or LoglIgE.
Analyses of FEV,, FEV/FVC, and AHR included statistical
adjustment for age, sex, and height. LD among SNPs was inferred
from r2 measures in family data using Haploview.? The Cochran-
Armitage trend test as implemented in PLINK? was used to mea-
sure association of asthma affection status in CAMP/Illumina and
iCAP3 All other statistical analyses were performed in R (R Founda-
tion for Statistical Computing; Vienna, Austria).2! Joint evidence
for association across populations was measured by combining
P values using the Liptak method.22 In combining P values, hypoth-
esis tests in replication populations had one-sided alternatives
(based on the direction of association in CAMP or CAMP/Illu-
mina) so that SNPs with association tests in opposite directions
would not produce inappropriately small P values.

RESULTS

There were no significant differences in the sex,
age, or IgE distributions between the CAMP and
Costa Rica cohorts (Table 1). Despite statistically sig-
nificant differences in FEV,, FEV /FVC, and meth-
acholine responsiveness between the two groups, both
groups were characterized by a mild decrease in lung
function that is not clinically significantly different.
The sex distribution of CAMP/Illumina cases is simi-

lar to that of probands from the CAMP trios, but
opposite that of CAMP/Illumina control subjects
(Table 2). The age of CAMP/Illumina control sub-
jects is not known, but all are reported to be adults
(ie, aged =18 years). The largely female iCAP com-
position partly reflects the sex distribution of patients
from Brigham and Women’s Hospital, the primary hos-
pital where iCAP subjects were recruited. Also in con-
trast to the other populations, the iCAP patients with
asthma are adults.

Based on results in CAMP trios, nine of 39 SNPs
had nominally significant associations (ie, P <.05)
for at least one asthma-related phenotype, but
none were below the multiple comparisons correc-
tion threshold of 2.9 X 10-4 (ie, 0.05/175, where
175 was the number of measurements made
[(39 SNPs X 4 phenotypes) + (19 SNPs X 1 pheno-
type)]. Eight of these nine SNPs were successfully
genotyped in Costa Rica (Table 3). The LD patterns
among the eight SNPs genotyped in CAMP and Costa
Rica were similar (e-Figure 1). Association results
for these SNPs with asthma-related phenotypes are
shown in (Table 4). Of the five SNPs that were nomi-
nally associated with FEV,/FVC in CAMP and geno-
typedin Costa Rica, only one (rs6738983) supported
the CAMP findings (combined P =2.8 X 10-3). One
SNP (rs10164837) was nominally associated with
FEV, in both the CAMP and the Costa Rica cohorts,
with a combined P =2.3 X 10-3. The other nominally
significant CAMP associations failed to replicate in
the Costa Rica cohort.

Table 2—Characteristics of Case-Control Cohorts

CAMP/Illumina iCAP
\ \ \ \
Variable Case Subjects (n =359) Control Subjects (n = 846) Case Subjects (n =223) Control Subjects (n = 858)
Sex
Male 229 (62) 309 (37) 43 (19) 136 (16)
Female 137 (38) 537 (63) 180 (81) 722 (84)
Age,y 88+21 30+4 29+6

Data are presented as No. (%) or mean = SD. iCAP =i2b2 Crimson Asthma Project. See Table 1 legend for expansion of other abbreviation.
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Table 3—SNPs Genotyped in CAMP and Costa Rica to Measure Association With Asthma-Related Phenotypes

CAMP Costa Rica

\ \ \ \
SNP CHR BP Allele MAF Parent MAF MAF Parent MAF
rs6734100 2 224550239 G 0.14 0.12 0.12 0.12
rs7597833 2 224550394 T 0.49 0.49 0.61 0.60
rs10164837 2 224555512 C 0.30 0.29 0.19 0.18
rs6712954 2 224564894 A 0.07 0.07 0.26 0.24
rs6738983 2 224566994 T 0.32 0.33 0.45 0.44
rs6715768 2 224570735 A 0.19 0.20 . .
rs3795879 2 224571065 T 0.19 0.20 0.23 0.24
rs6747096 2 224571086 G 0.19 0.20 0.20 0.20
rs3795877 2 224574421 G 0.19 0.20 0.20 0.20

BP = base pair; CHR = chromosome; MAF = minor allele frequency; SNP = single-nucleotide polymorphism. See Table 1 legend for expansion of

other abbreviation.

Because CAMP/Illumina was better powered to
measure association with asthma affection status than
CAMP trios,'” we used CAMP/Illumina as the primary
population to study affection status. Of 19 SNPs with
association data available, six showed nominally sig-
nificant (ie, P <.05) association with asthma affection
status, but none was below the multiple compari-
sons correction threshold of 2.9 X 10—+, Replication
of the nominally significant associations was attempted
in the Costa Rica and iCAP cohorts (Table 5). Three
of these six SNPs were successfully genotyped in the
Costa Rica cohort, and four of six were genotyped in
iCAP. Measures of LD among the six SNPs revealed
that there were three pairs of SNPs with r2=0.94 in
CAMP trios (e-Figure 2, Table 5), and hence, the
associations in this region could be captured by a sub-
set of three SNPs. At least one SNP from each strong-
LD pair was genotyped in the Costa Rica and iCAP
cohorts. The CAMP/Illumina findings were not repli-
cated in the Costa Rica or iCAP cohorts.

To determine whether the CAMP and CAMP/
Illumina associations correspond to potential functional
loci, we referenced results from a recent genome-
wide survey for cis-acting expression quantitative trait

loci (eQTL) in peripheral blood CD4+ lymphocytes
performed in a subset of 200 CAMP subjects. There
was strong evidence for regulatory genetic variation in
a SERPINEZ2 region spanning the putative promoter
region and first intron of all three RefSeq SERPINE2
isoforms (Fig 1). The strongest eQTL observed was
that of the CAMP/Illumina asthma-associated SNP
rs920251, where the minor allele conferred reduced
SERPINE2 transcript abundance relative to the major
allele and explained 42% of the total variation in tran-
script abundance (P =1.5X10-2) (Table 6). Several
additional asthma-associated SNPs demonstrated
similar evidence of being regulatory variants, as did
one SNP (rs3795877; eQTL P =2.8 X 10-5; propor-
tion variation explained, 14.3%) that was associated
with FEV /FVC in CAMP.

DiscussioN

SERPINE2 encodes a serpin that is synthesized
and secreted by many cell types. Its protein product
is an inhibitor of several biologically important serine
proteases, including thrombin and urokinase-type

Table 4—Association Results for Asthma-Related Phenotypes in CAMP and Costa Rica

LoglgE FEV. FEV/FVC AHR

\ | \ | \ | \ |
SNP Allele CAMP Costa Rica CAMP Costa Rica CAMP Costa Rica CAMP Costa Rica
rs6734100 G 70 .69 43 .61 .83 .76 —.038 —.36
rs7597833 T 018 74 11 .09 —.49 —-.10 —.82 —.50
rs10164837 C .20 .89 .042: 0112 .33 .79 .20 .98
rs6712954 A 24X 103 .63 —.49 —-.09 —1.3X 103 —.31 -.15 —.76
rs6738983 T 15 15 —.66 —.11 —.038 —.0162 —.20 —.83
rs6715768 A 12 .96 —.027 .55
rs3795879 T 17 41 72 .78 —.040 — .47 .62 91
rs6747096 G 17 45 .84 .82 —.020 —-.25 45 .96
rs3795877 G 13 .39 —.69 —.18 —.025 —-.17 .66 91

Minus signs before P values indicate direction of effect in the case where increased dosage of allele is associated with decreased phenotype.
AHR = airways hyperresponsiveness; LoglgE = log-transformed total serum IgE. See Table 1 and 3 legends for expansion of other abbreviations.

sNominally significant P < .05.

670

Original Research

Downloaded from chestjournal.chestpubs.org at Swets Information Services Inc on February 22, 2012
© 2011 American College of Chest Physicians


http://chestjournal.chestpubs.org/

8 = plasminogen activator.2*2> As such, it has been impli-
A B P cated in many cell processes, including coagulation,
- 7% cell movement, and fibrinolysis. Following reports of
- - - ° SERPINEZ association with quantitative phenotypes
2l =22 |& of lung function among patients and COPD*? and its
2T e r e presence in lung tissue from individuals with asthma
R s and COPD,* SERPINEZ2 also has become an attractive
5] . .
=2 .99 .|%% Dutch hypothesis candidate gene. In the current analy-
O~ A4 EN sis, we found mixed evidence that SERPINEZ is asso-
ol = A2 ciated with asthma and asthma-related phenotypes.
SIEE: g5 Seven of the eight SNPs that were genotyped in
TISE S 288 1|53 the CAMP and Costa Rica cohorts were analyzed
=3 é S in at least one of two previous COPD studies.*® The
= =3 SNP (rs6738983) associated with FEV/FVC in CAMP
< @ . . .
v g & and Costa Rica cohorts was not genotyped in either
SEle .m2s ; 5 COPD study. The SNP (rs10164837) associated with
E 2| ees TEy FEV, in CAMP and Costa Rica was genotyped in one
T = . . .
L 58 previous COPD study® but was not significantly asso-
+ B0
2 ro £= ciated with any phenotype. Three SNPs (rs3795879,
3 2 ©w 1= =@ ) ,
IS = 20 N g2 1s6747096, and rs3795877) associated with FEV /FVC
@« < | | = . . . .
< & g oi in CAMP were previously associated with postbron-
2| s Z2~ chodilator FEV//FVC in one COPD cohort.® Further.
S1E ¢ B ! ; ’
é é S I F% = two of these SNPs (rs6747096 and rs3795877) were
‘§ K E| e TP S associated with postbronchodilator FEV,, whereas
g z Tg b two (1rs3795879 and rs6747096) were associated with
S . o = = COPD .8 The SNP (rs6734100) associated with AHR
f S zz :u; R in CAMP was previously associated with COPD,
“‘:s - 2z COPD severity, and postbronchodilator FEV, and
S| [ ¢|ZLZ LIEE FEV/FVC.? Finally, the SNP (rs7597833) associated
é EIEER S y: with LogIgE in CAMP was found to be associated
g ~RTE SIEs with postbronchodilator FEV, and COPD severity
s g3 in one COPD study.® Thus, in the present study, we
S, g E =i § § E o £ found evidence that some SERPINE2 SNPs are asso-
g £ < ciated with pulmonary function phenotypes in both
g =
NEIE £ 8 asthma and COPD, whereas other SERPINE2 SNPs
" % llsgsenge S £ are only associated in one disease.
= SE|Sss3833 |82 Our eQTL results demonstrate that some SERPINE2
)P gz SNPs have a large influence on gene expression levels
2z of SERPINE2, making it more likely that these variants
g o e (or ones in LD to them) play a functional role in
2% I .
s S13II¥R=RY =8 SERPINEZ biology. Many of the eQTL SNPs, which
ZTE| oo 2T , . R
= :59 g are near the 5" end of the gene, are associated with
- g%z asthma in CAMP/Illumina (association P values
5e - between 3.6 X 103 and .011). Most of the SNPs
ER|o00=<=0|En . .
== § 9 associated with asthma-related phenotypes were
) not eQTL, except for rs3795877, which had an
2ILERS % g eQTL P=2.8X 1075 This SNP also was associated
Bl g2z 22 with postbronchodilator FEV, and FEV /FVC in
1818l el gl gl g i a previous COPD study.® Overall, the eQTL results
=2 strengthen some observed associations and suggest
Elm o oror o | & O that further study of some SERPINE2 SNPs may
= . . . . . . ~ .
© 2 A yield insights into their role in gene function.
- =2 The present study is limited by the small popu-
owwd — |5z p Y Y pop
SESE2R | ® lation sample sizes, and consequently, low power, to
S I 3 al 0 o g . .
2| B25524 2 £ detect associations. We chose to pursue replication of
A~ R =l | > P . . . .
Glie%2222IL 8 nominally associated SNPs despite being below the
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FIGURE 1. SERPINE2 eQTL. The top displays the negative log
P values for the association of single-nucleotide polymorphisms
with SERPINE? transcript levels. The three known SERPINE2
transcripts, according to RefSeq, demonstrate that single-nucleotide
polymorphisms between the promoter region and first intron are
those that are most strongly associated with SERPINE2 transcript
levels. bp = base pair; eQTL = expression quantitative trait loci;
MRPL44 = mitochondrial ribosomal protein L44; SERPINE2 =
serpin peptidase inhibitor, clade E (nexin, plasminogen activator
inhibitor type 1), member 2.

multiple comparisons threshold for two reasons. First,
some of our findings were supportive of previous
COPD studies, and if they had been strict replica-
tions, a nominal significance threshold of .05 would
have been considered adequate. Second, the strict cor-
rection was conservative in that it assumes indepen—
dence of measurements, whereas the LD among the
genotyped SNPs demonstrates that many are not inde-
pendent. Another limitation is cohort heterogeneity.
Although CAMP and Costa Rica cohorts are similar

populations (Table 1) that comprise children with
asthma who were carefully ascertained for asthma
studies, they are ethnically different and have dif-
ferent environmental exposures. Although the LD
among the eight SNPs genotyped in the CAMP and
Costa Rica cohorts is generally similar, there are
some differences that could have affected our ability
to replicate results (e-Figure 1). In contrast to CAMP
and Costa Rica cohorts, the iCAP cohort is a general
clinical population identified on the basis of ICD-9
codes for asthma and medication history extracted
from deidentified EMRs.

One physiologic process through which SERPINE2
could have an influence on asthma and COPD sus-
ceptibility and severity is airway remodeling, the pro-
cess by which injury and inflammation leads to changes
in the cellular and structural architecture of the air-
ways.2029 Evidence that modulation of airway remod-
eling could be used to treat asthma has been suggested
by studies in which inhalation of urokinase-type plas-
minogen activator reduced airway remodeling in a
mouse model of asthma.?* In COPD, the involvement
of airway remodeling genes is supported by a gene
expression study in which extracellular matrix synthe-
sis and degradation pathway genes were related to a
forced expiratory flow between 25% and 75% of FEV.3!
In a study that evaluated the relationship between
the expression of 54 tissue-repair genes and COPD

Table 6—SNPs With eQTL Results

Proportion of CAMP or CAMP/Illumina Phenotype(s)

SNP CHR BP eQTL P Value Variation Explained With Nominal Association P Value
rs6754561 2 224547940 .95 0 e
rs6734100 2 224550239 . . AHR
rs7597833 2 224550394 .96 0 Loglgkl
rs10164837 2 224555512 FEV,
rs975278 2 224555951 97 0 e
rs6712954 2 224564894 LoglgE, FEV,/FVC
rs10191694 2 224565510 .064 0.052 -
rs6738983 2 224566994 81 —0.007 FEV/FVC
rs13396978 2 224568460 8.3 X 10 —0.11

rs11695803 2 224569405 0.77 0.009 .
rs3795879 2 224571065 FEV/FVC
rs6747096 2 224571086 e . FEV/FVC
rs3795877 2 224574421 2.8X10-3 0.14 FEV/FVC
rs7590948 2 224581934 - - Asthma
rs7563931 2 224585805 0.65 —0.015

rs6436459 2 224588580 0.93 0.002 .
rs2037755 2 224591549 3.0X10-> —0.14 Asthma
rs13008520 2 224597627 0.019 —0.069 -
rs10194024 2 224599084 3.0 X101 0.27 Asthma
rs920251 2 224601189 1.4X10-2 —0.42 Asthma
rs6719480 2 224601673 7.3X 10712 0.28
rs1438831 2 224614559 4.7X10-1s 0.39 Asthma
rs282254 2 224615591 8.9X10-12 —0.28 Asthma

eQTL entries containing an ellipse were not available. Negative values for proportion of variation explained denote that the minor allele confers
reduced SERPINE2 transcript abundance relative to major allele. SERPINE2 = serpin peptidase inhibitor, clade E (nexin, plasminogen activator
inhibitor type 1), member 2. See Table 1, 3, and 4 legends for expansion of other abbreviations.
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progression, SERPINE2 was found to have increased
expression in the small airways as FEV, declined.?
Thus, it is plausible that genetic variants in SERPINE2
influence asthma and COPD through modulation of
airway remodeling processes.

In conclusion, the current results weakly support
SERPINE2 as a Dutch hypothesis candidate gene
through nominally significant associations with asthma
and related traits. Further study of SERPINEZ is neces-
sary to verify whether it is involved in pathophysi-
ological processes common to asthma and COPD.
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e-Appendix 1.

METHODS AND MATERIALS

Subjects

Childhood Asthma Management Program

Our primary population consisted of 655 non-Hispanic white subjects from the Childhood
Asthma Management Program (CAMP), a multi-center clinical trial that followed 1,041 children
with asthma for four years and 84% of the original participants for 12 years'. Stringent inclusion
criteria ensured that participants had mild to moderate asthma. CAMP subjects had increased
airway responsiveness, as established by a bronchoprovocation test of up to 12.5mg/dl of
methacholine resulting in 20% or greater forced expiratory volume in one second (FEV})
reduction. During the trial, total immunoglobulin E (IgE) was measured from serum specimens
using radioimmunoabsorbent assays, and spirometry was performed according to American
Thoracic Society recommendations as previously described'. For the current study, we focused
on phenotype data obtained during the randomization visit to maximize the number of subjects
used for association analyses, without having to adjust for effects of trial medications. In addition
to asthma diagnosis, we considered intermediate phenotypes that capture components of the
Dutch hypothesis: FEV, the FEV] to forced vital capacity ratio (FEV/FVC), airways
responsiveness (AHR) quantified as the log-transformed percentage dose of methacholine
causing a 20% decrease in FEV, and log-transformed total serum IgE levels (LoglgE). CAMP
participants and their parents provided DNA for family-based genetic studies. Additionally,
blood was drawn from a subset of CAMP participants during either the Year 3 or Year 4
CAMPCS/2 follow-up visit at four of the eight CAMP study centers (Baltimore, Boston, Denver,

and St. Louis) for gene expression profiling studies of CD4+ T lymphocytes”.
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CAMP/Illumina

In a previous asthma genome-wide association (GWA) study, a subset of 359 CAMP probands
of the 655 CAMP probands who had genome-wide genotype data available were genetically
matched using the Genetic Matching (GEM) algorithm® with 846 publicly available population
controls®. Because CAMP/Illumina is better powered to measure asthma affection status than
CAMP parent-child trios, the CAMP/Illumina results within and near SERPINE?2 were utilized to
measure the association of SERPINE? variants with asthma affection status. No data is available
on the asthma status of the [llumina controls. Hence, these subjects are considered to be
“population controls” and can be expected to have asthma at the rate that is prevalent in the
general population (~10%). Association of additional phenotypes could not be assessed in
CAMP/Illumina due to the lack of pulmonary function and IgE data corresponding to the

Illumina controls utilized.

Genetics of Asthma in Costa Rica

This population consisted of 426 probands from the Genetics of Asthma in Costa Rica study,
comprised of Costa Rican schoolchildren with asthma and their parents™°. Children had a high
probability of having at least six great-grandparents born in the Central Valley of Costa Rica and
were included in the study if they had a doctor’s diagnosis of asthma and at least two respiratory
symptoms or asthma attacks in the year prior to enrollment. Phenotyping of subjects in this study
has been described previously’. Briefly, total IgE was measured from serum specimens using
radioimmunoabsorbent assays and spirometry was performed following American Thoracic

Society recommendations. For the current study, FEV,, FEV/FVC, and LogIgE phenotypes
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were defined as they were in CAMP. For asthma affection status and AHR, we selected available
phenotypes most similar to those defined in CAMP: asthma affection status was defined as the
presence of methacholine responsiveness (PD20 <8.58 umoles) or evidence of bronchodilator
responsiveness plus the recruitment criteria (i.e., doctor’s diagnosis of asthma and at least two
respiratory symptoms or asthma attacks in the year prior to enrollment)®, and AHR was

quantified as the log-transformed dose response slope for methacholine®.

Variant Selection and Genotyping

We selected single nucleotide polymorphisms (SNPs) within SERPINE? to be genotyped based
on two criteria: (1) previously reported associations in COPD cohorts, and (2) capturing maximal
variation within the gene based on linkage disequilibrium (LD). For (1), we selected 14 SNPs
that were previously associated with FEV, and/or FEV/FVC’. For (2), we selected 15 SNPs to
capture LD across the SERPINE?2 gene with an r* >0.8 and a minor allele frequency >5%. The
selection of LD-tagging SNPs was performed with TAGGER ' using HapMap Phase 2 European
American (CEU) data''. The data for 29 SNPs selected for genotyping in 655 CAMP trios were
supplemented by GWA data for 10 additional SNPs that were available for a cohort of 403
CAMP probands and their parents. Because the candidate gene data were collected for a larger
set of trios than the GWA data, the candidate gene results were used whenever possible.
Genotyping was performed using four methods. Most CAMP SERPINE2 SNPs selected for this
study were genotyped using either a SEQUENOM MassARRAY matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass spectrometer (Sequenom, San Diego,
CA) or an Illumina BeadStation 500G (Illumina, Inc., San Diego, CA) using the GoldenGate

assay. Remaining CAMP SNPs and all Costa Rica SNPs were genotyped using Taqman real-
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time PCR with an ABI Prism 7900 machine (Applied Biosystems, Foster City, CA). The CAMP
GWA data was obtained with Illumina’s HumanHap550 Genotyping BeadChip (Illumina, Inc.,
San Diego, CA) as detailed previously’. iCAP SNPs were genotyped using the Illumina
BeadStation 500G with a GoldenGate assay. Genotyping pass rates for individual SNPs were
>98%. All SNPs were in Hardy-Weinberg Equilibrium among parents or controls of each

population (p-values >0.05).

Peripheral Blood CD4+ T Lymphocyte Expression Profiling

Peripheral CD4+ T lymphocytes were isolated from blood samples of CAMP participants as
described previously”. Genome-wide gene expression profiles were generated with Illumina
HumanRef8 v2 BeadChip arrays (Illumina Inc., San Diego, CA) using 100ng of CD4+ total
RNA from each sample and the Illumina BeadStation 500G according to protocol. Resultant
microarray data have been deposited in NCBI's Gene Expression Omnibus'? and are accessible
through GEO Series accession number GSE22324

(http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE22324).

Statistical Analysis

Family-based association tests were calculated under an additive inheritance model using Golden
Helix PBAT version 6.4.0 in CAMP and Costa Rica parent-child trios to measures associations
with asthma affection status, LoglgE, FEV,, FEV/FVC and AHR'. No covariates were
included in the analysis of asthma affection status or LogIgE. Analyses of FEV;, FEV/FVC and
AHR included statistical adjustment for age, gender, and height. LD among SNPs was inferred

from r* measures in family data using Haploview'*. The Cochran-Armitage trend test as
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implemented in PLINK was used to measure association of asthma affection status in
CAMP/Illumina and iCAP*. All other statistical analyses were performed in R">. Joint evidence
for association across populations was measured by combining p-values using the Liptak
method'®. In combining p-values, hypothesis tests in replication populations had one-sided
alternatives (based on the direction of association in CAMP or CAMP/Illumina) so that SNPs
with association tests in opposite directions would not produce inappropriately small p-values.
The nominal significance threshold, after correcting for multiple comparisons, was equal to
2.9E-04 (= 0.05/175, where 175 was the number of measurements made: (39 SNPs x 4
phenotypes) + (19 SNPs x 1 phenotype)). Population-based expression quantitative trait loci
(eQTL) analyses of quantile-normalized SERPINE? transcript (Illumina probe ILMN 1655595)
abundance were conducted using generalized least squares models with the n/me R package,
adjusting for age, sex and four principle components derived from EIGENSTRAT'” analysis of
genome-wide SNP data (see” for details). For this study, analyses were restricted to SNPs
mapping to within 50kb of SERPINE? (n=32), and associations were declared significant at a
False Discovery Rate of 0.05 in the context of a genome-wide screen for cis-acting (i.e. within

50kb) eQTL, corresponding to a p-value of 0.0008.
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e-Table 1. SNPs genotyped in CAMP parent-child trios for
this SERPINE? candidate gene study.

Parent
SNP CHR BP Allele | MAF | MAF
rs6734100 2 224550239 G 0.14 0.12
1s7597833 2 224550394 T 0.49 0.49
1s729631 2 224553163 C 0.18 0.17
rs10164837 2 224555512 C 0.30 0.29
1s975278 2 224555951 T 0.18 0.17
1s7605945 2 224556050 C 0.21 0.20
154674835 2 224562037 A 0.31 0.31
1s7608941 2 224562312 C 0.24 0.23
1s6712954 2 224564894 A 0.07 0.07
rs10191694 2 224565510 A 0.34 0.34
rs6738983 2 224566994 T 0.32 0.33
1s6715768 2 224570735 A 0.19 0.20
rs3795879 2 224571065 T 0.19 0.20
1s6747096 2 224571086 G 0.19 0.20
rs1866153 2 224572796 T 0.15 0.15
1s3795877 2 224574421 G 0.19 0.20
rs7581619 2 224574631 A 0.11 0.10
rs2118409 2 224577887 G 0.26 0.26
1s3948261 2 224578136 C 0.26 0.26
rs1530020 2 224579614 C 0.26 0.26
157590948 2 224581934 G 0.44 0.45
1s6436459 2 224588580 T 0.24 0.24
rs13022548 2 224592334 C 0.16 0.16
rs4368321 2 224595584 A 0.18 0.19
rs10194024 2 224599084 C 0.43 0.43
1s7562213 2 224606671 A 0.33 0.34
rs840088 2 224608088 T 0.34 0.35
1s7579646 2 224608940 A 0.19 0.19
rs1438831 2 224614559 T 0.32 0.34
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e-Table 2. SNPs genotyped (X) in each population or with CAMP eQTL data available.

CAMP
SNP CHR BP Trio

1s6754561 2 | 224547940

rs6734100 | 2 | 224550239 |
157597833 | 2 | 224550394 |
rs729631 2 | 224553163 |
rs10164837 | 2 | 224555512 |
1$975278 2 | 224555951 |
rs7605945 2 | 224556050 |
1s4674835 | 2 | 224562037 |
157608941 2 | 224562312 |
156712954 | 2 | 224564894 |
rs10191694 | 2 | 224565510 |
rs6738983 | 2 | 224566994 |
rs13396978 | 2 | 224568460

rs11695803 | 2 | 224569405

1s6715768 | 2 | 224570735 |
rs3795879 2 | 224571065 |
rs6747096 | 2 | 224571086 |
rs1866153 | 2 | 224572796 |
1s3795877 2 | 224574421 |
157581619 | 2 | 224574631 |
rs2118409 | 2 | 224577887 |
1s3948261 2 | 224578136 |
rs1530020 | 2 | 224579614 |
157590948 | 2 | 224581934 |
1s7563931 2 | 224585805 | |
rs6436459 | 2 | 224588580 |
152037755 2 | 224591549 | |
rs13022548 | 2 | 224592334 |
152083121 2 | 224593246 | |
rs4368321 2 | 224595584 |
rs13008520 | 2 | 224597627 | |
rs10194024 | 2 | 224599084 |
rs920251 2 | 224601189

rs6719480 | 2 | 224601673

1s7562213 | 2 | 224606671 |
rs840088 2 | 224608088 |
157579646 | 2 | 224608940 |
rs1438831 2 | 224614559 |
1$282254 2 | 224615591

CAMP/
Illumina

CAMP
eQTL

Costa

Rica 1ICAP

Downloaded from chestjournal.chestpubs.org at Swets Information Services Inc on February 22, 2012
© 2011 American College of Chest Physicians


http://chestjournal.chestpubs.org/

e-Figure 1. LD among 8 SNPs that were genotyped in both CAMP and Costa Rica. LD

. . . . 2
was calculated using corresponding trio data and is expressed as r° values.
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e- Figure 2. LD among SNPs that were associated with asthma at a nominally significant
level (i.e. p<0.05) in CAMP/Illumina. LD was calculated using CAMP trio data and is
expressed as r* values. Dashes denote SNPs genotyped in Costa Rica and/or iCAP. At
least one SNP from each pair of SNPs that is in LD at r*>.94 was genotyped in Costa

Rica or iCAP.
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e-Appendix 1.

METHODS AND MATERIALS

Subjects

Childhood Asthma Management Program

Our primary population consisted of 655 non-Hispanic white subjects from the Childhood
Asthma Management Program (CAMP), a multi-center clinical trial that followed 1,041 children
with asthma for four years and 84% of the original participants for 12 years'. Stringent inclusion
criteria ensured that participants had mild to moderate asthma. CAMP subjects had increased
airway responsiveness, as established by a bronchoprovocation test of up to 12.5mg/dl of
methacholine resulting in 20% or greater forced expiratory volume in one second (FEV)
reduction. During the trial, total immunoglobulin E (IgE) was measured from serum specimens
using radioimmunoabsorbent assays, and spirometry was performed according to American
Thoracic Society recommendations as previously described'. For the current study, we focused
on phenotype data obtained during the randomization visit to maximize the number of subjects
used for association analyses, without having to adjust for effects of trial medications. In addition
to asthma diagnosis, we considered intermediate phenotypes that capture components of the
Dutch hypothesis: FEV, the FEV] to forced vital capacity ratio (FEV/FVC), airways
responsiveness (AHR) quantified as the log-transformed percentage dose of methacholine
causing a 20% decrease in FEV, and log-transformed total serum IgE levels (LoglgE). CAMP
participants and their parents provided DNA for family-based genetic studies. Additionally,
blood was drawn from a subset of CAMP participants during either the Year 3 or Year 4
CAMPCS/2 follow-up visit at four of the eight CAMP study centers (Baltimore, Boston, Denver,

and St. Louis) for gene expression profiling studies of CD4+ T lymphocytes”.



CAMP/Illumina

In a previous asthma genome-wide association (GWA) study, a subset of 359 CAMP probands
of the 655 CAMP probands who had genome-wide genotype data available were genetically
matched using the Genetic Matching (GEM) algorithm® with 846 publicly available population
controls®. Because CAMP/Illumina is better powered to measure asthma affection status than
CAMP parent-child trios, the CAMP/Illumina results within and near SERPINE?2 were utilized to
measure the association of SERPINE? variants with asthma affection status. No data is available
on the asthma status of the [llumina controls. Hence, these subjects are considered to be
“population controls” and can be expected to have asthma at the rate that is prevalent in the
general population (~10%). Association of additional phenotypes could not be assessed in
CAMP/Illumina due to the lack of pulmonary function and IgE data corresponding to the

Illumina controls utilized.

Genetics of Asthma in Costa Rica

This population consisted of 426 probands from the Genetics of Asthma in Costa Rica study,
comprised of Costa Rican schoolchildren with asthma and their parents™°. Children had a high
probability of having at least six great-grandparents born in the Central Valley of Costa Rica and
were included in the study if they had a doctor’s diagnosis of asthma and at least two respiratory
symptoms or asthma attacks in the year prior to enrollment. Phenotyping of subjects in this study
has been described previously’. Briefly, total IgE was measured from serum specimens using
radioimmunoabsorbent assays and spirometry was performed following American Thoracic

Society recommendations. For the current study, FEV;, FEV/FVC, and LogIgE phenotypes



were defined as they were in CAMP. For asthma affection status and AHR, we selected available
phenotypes most similar to those defined in CAMP: asthma affection status was defined as the
presence of methacholine responsiveness (PD20 <8.58 umoles) or evidence of bronchodilator
responsiveness plus the recruitment criteria (i.e., doctor’s diagnosis of asthma and at least two
respiratory symptoms or asthma attacks in the year prior to enrollment)®, and AHR was

quantified as the log-transformed dose response slope for methacholine®.

Variant Selection and Genotyping

We selected single nucleotide polymorphisms (SNPs) within SERPINE? to be genotyped based
on two criteria: (1) previously reported associations in COPD cohorts, and (2) capturing maximal
variation within the gene based on linkage disequilibrium (LD). For (1), we selected 14 SNPs
that were previously associated with FEV, and/or FEV/FVC’. For (2), we selected 15 SNPs to
capture LD across the SERPINE?2 gene with an r* >0.8 and a minor allele frequency >5%. The
selection of LD-tagging SNPs was performed with TAGGER ' using HapMap Phase 2 European
American (CEU) data''. The data for 29 SNPs selected for genotyping in 655 CAMP trios were
supplemented by GWA data for 10 additional SNPs that were available for a cohort of 403
CAMP probands and their parents. Because the candidate gene data were collected for a larger
set of trios than the GWA data, the candidate gene results were used whenever possible.
Genotyping was performed using four methods. Most CAMP SERPINE2 SNPs selected for this
study were genotyped using either a SEQUENOM MassARRAY matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF) mass spectrometer (Sequenom, San Diego,
CA) or an Illumina BeadStation 500G (Illumina, Inc., San Diego, CA) using the GoldenGate

assay. Remaining CAMP SNPs and all Costa Rica SNPs were genotyped using Taqman real-



time PCR with an ABI Prism 7900 machine (Applied Biosystems, Foster City, CA). The CAMP
GWA data was obtained with Illumina’s HumanHap550 Genotyping BeadChip (Illumina, Inc.,
San Diego, CA) as detailed previously’. iCAP SNPs were genotyped using the Illumina
BeadStation 500G with a GoldenGate assay. Genotyping pass rates for individual SNPs were
>98%. All SNPs were in Hardy-Weinberg Equilibrium among parents or controls of each

population (p-values >0.05).

Peripheral Blood CD4+ T Lymphocyte Expression Profiling

Peripheral CD4+ T lymphocytes were isolated from blood samples of CAMP participants as
described previously”. Genome-wide gene expression profiles were generated with Illumina
HumanRef8 v2 BeadChip arrays (Illumina Inc., San Diego, CA) using 100ng of CD4+ total
RNA from each sample and the Illumina BeadStation 500G according to protocol. Resultant
microarray data have been deposited in NCBI's Gene Expression Omnibus'? and are accessible
through GEO Series accession number GSE22324

(http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE22324).

Statistical Analysis

Family-based association tests were calculated under an additive inheritance model using Golden
Helix PBAT version 6.4.0 in CAMP and Costa Rica parent-child trios to measures associations
with asthma affection status, LoglgE, FEV,, FEV/FVC and AHR'. No covariates were
included in the analysis of asthma affection status or LogIgE. Analyses of FEV;, FEV/FVC and
AHR included statistical adjustment for age, gender, and height. LD among SNPs was inferred

from r* measures in family data using Haploview'*. The Cochran-Armitage trend test as



implemented in PLINK was used to measure association of asthma affection status in
CAMP/Illumina and iCAP?. All other statistical analyses were performed in R">. Joint evidence
for association across populations was measured by combining p-values using the Liptak
method'®. In combining p-values, hypothesis tests in replication populations had one-sided
alternatives (based on the direction of association in CAMP or CAMP/Illumina) so that SNPs
with association tests in opposite directions would not produce inappropriately small p-values.
The nominal significance threshold, after correcting for multiple comparisons, was equal to
2.9E-04 (= 0.05/175, where 175 was the number of measurements made: (39 SNPs x 4
phenotypes) + (19 SNPs x 1 phenotype)). Population-based expression quantitative trait loci
(eQTL) analyses of quantile-normalized SERPINE? transcript (Illumina probe ILMN 1655595)
abundance were conducted using generalized least squares models with the n/me R package,
adjusting for age, sex and four principle components derived from EIGENSTRAT'” analysis of
genome-wide SNP data (see” for details). For this study, analyses were restricted to SNPs
mapping to within 50kb of SERPINE2 (n=32), and associations were declared significant at a
False Discovery Rate of 0.05 in the context of a genome-wide screen for cis-acting (i.e. within

50kb) eQTL, corresponding to a p-value of 0.0008.
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e-Table 1. SNPs genotyped in CAMP parent-child trios for
this SERPINE? candidate gene study.

Parent
SNP CHR BP Allele | MAF | MAF
rs6734100 2 224550239 G 0.14 0.12
1s7597833 2 224550394 T 0.49 0.49
1s729631 2 224553163 C 0.18 0.17
rs10164837 2 224555512 C 0.30 0.29
1s975278 2 224555951 T 0.18 0.17
1s7605945 2 224556050 C 0.21 0.20
154674835 2 224562037 A 0.31 0.31
1s7608941 2 224562312 C 0.24 0.23
1s6712954 2 224564894 A 0.07 0.07
rs10191694 2 224565510 A 0.34 0.34
rs6738983 2 224566994 T 0.32 0.33
1s6715768 2 224570735 A 0.19 0.20
rs3795879 2 224571065 T 0.19 0.20
1s6747096 2 224571086 G 0.19 0.20
rs1866153 2 224572796 T 0.15 0.15
1s3795877 2 224574421 G 0.19 0.20
rs7581619 2 224574631 A 0.11 0.10
rs2118409 2 224577887 G 0.26 0.26
1s3948261 2 224578136 C 0.26 0.26
rs1530020 2 224579614 C 0.26 0.26
157590948 2 224581934 G 0.44 0.45
1s6436459 2 224588580 T 0.24 0.24
rs13022548 2 224592334 C 0.16 0.16
rs4368321 2 224595584 A 0.18 0.19
rs10194024 2 224599084 C 0.43 0.43
1s7562213 2 224606671 A 0.33 0.34
rs840088 2 224608088 T 0.34 0.35
1s7579646 2 224608940 A 0.19 0.19
rs1438831 2 224614559 T 0.32 0.34




e-Table 2. SNPs genotyped (X) in each population or with CAMP eQTL data available.

CAMP | CAMP/ Costa CAMP
SNP CHR BP Trio [llumina Rica iCAP eQTL

1s6754561 2 | 224547940

rs6734100 | 2 | 224550239 ] ]
157597833 2 | 224550394 | |
1$729631 2 | 224553163 ] |
rs10164837 | 2 | 224555512 ] |
15975278 2 | 224555951 | ] |
157605945 | 2 | 224556050 | |
154674835 2 | 224562037 | |
rs7608941 | 2 | 224562312 | |
156712954 | 2 | 224564894 ] |
rs10191694 | 2 | 224565510 | ] |
rs6738983 2 | 224566994 | |
1s13396978 | 2 | 224568460

rs11695803 | 2 | 224569405

1s6715768 | 2 | 224570735 ] |
1s3795879 | 2 | 224571065 ] ]
rs6747096 | 2 | 224571086 ] |
rs1866153 2 | 224572796 ] |
153795877 2 | 224574421 | |
157581619 | 2 | 224574631 | ]
rs2118409 | 2 | 224577887 | |
1s3948261 2 | 224578136 | |
rs1530020 | 2 | 224579614 | |
157590948 | 2 | 224581934 | ] |
1s7563931 2 | 224585805 | | ]
rs6436459 | 2 | 224588580 | ] |
152037755 2 | 224591549 | | ]
rs13022548 | 2 | 224592334 | |
152083121 2 | 224593246 | | ]
rs4368321 2 | 224595584 | |
rs13008520 | 2 | 224597627 | | ]
rs10194024 | 2 | 224599084 | ] |
1$920251 2 | 224601189 ] |
1s6719480 | 2 | 224601673 ]
157562213 | 2 | 224606671 | |
rs840088 2 | 224608088 | |
157579646 | 2 | 224608940 | |
rs1438831 2 | 224614559 | ] |
1$282254 2 | 224615591




e-Figure 1. LD among 8 SNPs that were genotyped in both CAMP and Costa Rica. LD

. . . . 2
was calculated using corresponding trio data and is expressed as r° values.
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e- Figure 2. LD among SNPs that were associated with asthma at a nominally significant
level (i.e. p<0.05) in CAMP/Illumina. LD was calculated using CAMP trio data and is
expressed as r* values. Dashes denote SNPs genotyped in Costa Rica and/or iCAP. At
least one SNP from each pair of SNPs that is in LD at r*>.94 was genotyped in Costa

Rica or iCAP.
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