
Association of genetic variations in the CSF2 and CSF3 genes with lung function 
in smoking-induced COPD 

 
Jian-Qing He1, Karey Shumansky1, John E Connett2, Nicholas R Anthonisen3, Peter D Paré1, 

Andrew J Sandford1 

 

1. The James Hogg iCAPTURE Centre for Cardiovascular and Pulmonary Research, St. Paul's 

Hospital, University of British Columbia, Vancouver, B.C., Canada. 

2. Division of Biostatistics, School of Public Health, University of Minnesota, Minneapolis, 

Minnesota, USA 

3. Faculty of Medicine, University of Manitoba, Winnipeg, Manitoba, Canada 

ADDRESS FOR CORRESPONDENCE: 

Dr. A. J. Sandford 

UBC James Hogg iCAPTURE Centre for Cardiovascular and Pulmonary Research, St. Paul’s 

Hospital, 1081 Burrard Street, Vancouver, B.C., Canada. V6Z 1Y6. 

TEL: (604) 806-9008 

FAX: (604) 806-8351 

Email: asandford@mrl.ubc.ca 

 

This work was supported by grants from the Canadian Institutes of Health Research and National 

Institutes of Heath Grant 5R01HL064068-04. The Lung Health Study was supported by contract 

N01-HR-46002 from the Division of Lung Diseases of the National Heart, Lung, and Blood 

Institute. 

Running title: CSF2 and CSF3 polymorphisms, lung function 

Word count: Body text 3,858; Abstract 200

 . Published on March 19, 2008 as doi: 10.1183/09031936.00040307ERJ Express

 Copyright 2008 by the European Respiratory Society.



 1

ABSTRACT 

Background: Granulocyte-macrophage colony-stimulating factor (CSF2) and G-CSF (CSF3) are 

important survival and proliferation factors for neutrophils and macrophages.  The objective of 

this study was to determine whether single nucleotide polymorphisms (SNPs) of CSF2 and CSF3 

are associated with lung function in smoking induced COPD. 

Methods: Five SNPs of CSF2 and CSF3 were studied in 587 non-Hispanic whites with the 

fastest (n=281) or the slowest (n=306) decline of lung function selected from among continuous 

smokers in the NHLBI Lung Health Study (LHS). These SNPs were also studied in 1074 non-

Hispanic whites with the lowest (n=536) or the highest (n=538) baseline lung function at the 

beginning of the LHS. 

Results: An increase in the number of CSF3 -1719T alleles was associated with protection 

against low lung function, odds ratio (OR)=0.73, 95% confidence interval (CI)=0.56 to 0.95, 

P=0.018 and was still significant after adjustment for multiple comparisons. There was also a 

significant association of a CSF3 haplotype with baseline FEV1 levels (global test p=0.004 and 

0.027 before and after adjustment for confounding factors).  No association was found for CSF2 

SNPs and lung function, nor was there evidence of epistasis. 

Conclusion: Genetic variation in CSF3 is associated with cross-sectionally measured lung 

function in smokers. 
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INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is a complex genetic/environmental disorder that 

is characterized by airflow obstruction which is not fully reversible and a chronic persistent 

inflammatory process. The degree of airflow obstruction defines disease severity, which is 

quantified by post bronchodilator forced expiratory volume in one second (FEV1) calculated as a 

percentage of a predicted value. Genetic factors contribute to both the level and decline of lung 

function. There is evidence to suggest that genetic factors account for 28.0 - 51.5% of the 

variability in cross-sectional FEV1 [1-3], and account for 18% of the variability of longitudinal 

change in lung function in smokers [4]. The inflammatory process is a complex interaction 

between many inflammatory cells. Among these cells, neutrophils and macrophages play 

important roles by releasing proteinases that break down connective tissue in the lung 

parenchyma, resulting in emphysema.  

Granulocyte-macrophage colony-stimulating factor (GM-CSF), also known as colony-

stimulating factor 2 (CSF2), is an important survival, proliferation and differentiation factor of 

the progenitor cells for neutrophils and macrophages. Granulocyte colony-stimulating factor (G-

CSF), also known as CSF3, is specific for granulocytes. The CSF2 gene (located at 5q31.1) and 

CSF3 gene (located at 17q11.2-q12) were selected as candidates for decline and cross-sectional 

level of lung function in COPD patients based on following reasons. Firstly, CSF2 and CSF3 can 

induce the expression of pro-inflammatory cytokines and thereby enhance the inflammatory 

response. It was shown that CSF2 serum and bronchoalveolar lavage (BAL) levels, along with 

numbers of total cells and polymorphonuclear cells in the BAL were increased in bronchitic 

patients during exacerbations [5]. It was also reported that CSF3 expression in the lung 

correlated with severity of pulmonary neutrophilia in acute respiratory distress syndrome [6]. 
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Secondly, it has been shown that polymorphisms and haplotypes of the CSF2 gene are associated 

with the prevalence of asthma and other atopic diseases [7-9]. COPD and asthma share a 

common diathesis according to the "Dutch hypothesis" [10, 11]; and atopy is a risk factor for 

COPD [12]. The association of a SNP in CSF3 with a significant increase in granulocytes among 

workers exposed to benzene was also reported [13]. Thirdly, a recent study directly linked the 

CSF2/CSF3 ratio with lung function in cystic fibrosis patients, which suggested that the 

interaction between CSF2 and CSF3 contributes to lung function in these patients [14].        

We hypothesized that CSF2 and CSF3 polymorphisms and their interactions will influence the 

decline of FEV1 and/or the cross-sectional level of FEV1 in smokers with mild to moderate air 

flow obstruction from the Lung Health Study (LHS) cohort. The LHS, sponsored by the US 

National Heart, Lung and Blood Institute, was a clinical trial of smoking intervention and 

bronchodilator treatment on the progression of COPD [15]. This dataset provides an excellent 

opportunity to explore the impact of genetic polymorphisms and their interaction on longitudinal 

decline and/or the cross-sectional level of FEV1% predicted as has been used previously [16-22]. 
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METHODS 

Study subjects:  

The LHS recruited a total of 5887 smokers aged 35-60 with spirometric evidence of mild-

moderate lung function impairment from 10 North American medical centers. Two nested case 

control studies were designed from the LHS cohort to study genetic determinants of rate of FEV1 

decline and cross-sectional level of FEV1. Based on rate of decline of FEV1 during 5 years of 

follow up, using arbitrary cut-off points of FEV1 % predicted decrease ≥ 3.0%/year and increase 

≥ 0.4%/year for rapid decliners and non decliners, respectively, we selected the 287 and the 308 

non-Hispanic whites with the highest rate of decline of lung function (fast decline group) and the 

slowest rate of decline of lung function (non decline group) among 3,216 continuous smokers 

during the first 5 years of follow up. The rationale to select approximately the 300 highest and 

300 lowest phenotypic subjects was that 1) this approach has the advantage of reducing cost 

while keeping satisfactory statistical efficiency when compared with the full cohort approach 

[23, 24]; 2) the Common Disease/Common Variants hypothesis was suggested one decade ago 

which states that disease susceptibility alleles of common diseases will be present at high 

frequencies [25-27], and 3) this sample size has adequate power to detect common genetic risk 

variants from our previous power analysis [28]. From all remaining LHS subjects, we selected 

non-Hispanic whites with the highest post bronchodilator FEV1% predicted (high function group, 

n = 484) and the lowest post bronchodilator FEV1% predicted (low function group, n = 468) at 

the beginning of the LHS. Arbitrary cut-off points of FEV1 % predicted ≥ 88.9% and ≤ 67.0% 

were used for the high and low lung function groups, respectively. Since 144 subjects from the 

rate of decline study groups had baseline lung function within one of limits which defined the 

cross-sectional groups (58 individuals were in the high function group and 86 individuals were in 
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the low lung function group), they were also analyzed in the study of cross sectional FEV1. Thus, 

there were 542 and 554 subjects in the high and low lung function groups, respectively. Informed 

consent was obtained from all participants and this investigation received the approval of the 

Providence Health Care Research Ethics Board. 

TagSNP selection: 

The CSF2 and CSF3 SNP discovery data were downloaded from the SeattleSNPs NHLBI 

Program for Genomic Applications (PGA), UW-FHCRC, Seattle, WA (URL: 

http://pga.gs.washington.edu) [accessed October 2003]. From all SNPs identified in the 23 

unrelated European-American samples from the Centre d'Etude Polymorphisme Humain family 

panel (CEPH), a set of tagSNPs was chosen for each gene using the LDSelect program 

developed by Carlson et al [29]. A LD threshold of r2 > 0.64 and minor allele frequency of 5% 

were used. Two SNPs located at -1440A/G and 1944T/C (I117T) in the CSF2 gene were selected 

initially, however the assay for the 1944T/C SNP could not be established by the TaqMan assay 

(ABI) and a PCR-RLFP assay for the same SNP showed that PCR amplification failed for some 

samples. Therefore, we replaced 1944T/C with an alternative SNP, 1622C/T. Three SNPs 

located at -1719C/T, -882G/A and 2176T/C in the CSF3 gene were selected and genotyped. 

TagSNP selection and the nomenclature of the SNPs are presented in Table 1. 

Genotyping:  

All SNPs except CSF2_1622C/T were genotyped in 384 well plates with a total volume of 5 µl 

by the TaqMan 5’ exonuclease assay using primers and probes supplied by ABI (Applied 

Biosystems) on an ABI Prism 7900HT Sequence Detection System (Applied Biosystems). Probe 

and primer sequences for each assay are listed in Table 2. Major and minor probes were labeled 

with 5’ FAM or 5’ VIC fluorophores as reporters (Applied Biosystems). Up to 47 DNA samples 
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of the CEPH panel with sequencing information available from the SeattleSNPs PGA were 

included as quality controls for each SNP genotyping. All genotype results from TaqMan assay 

were consistent with sequencing results for all CEPH DNA samples which have sequencing 

information available in the SeattleSNPs database. No discrepancies were detected in the 10% of 

the randomly selected samples that were genotyped in duplicate. 

The CSF2_1622C/T polymorphism was detected by a Restriction Fragment Length 

Polymorphism-PCR (RFLP-PCR) method using the following primers flanking the polymorphic 

region: 5'-AAG GAA GGG AGG CTA CTT GG-3' (sense) and 5' GTT CCC CAA GGA GTG 

CAT AG-3' (antisense). Amplification products were digested by the BlpI restriction enzyme. 

BlpI produced 116-bp and 133-bp fragments when 1622T was present, but did not digest the 

249bp PCR product when CSF2_1622C was present. The genotyping method was confirmed by 

sequencing 10 samples with 3 different genotypes. Sequencing was performed on an ABI 3100 

16-capillary automated genetic analyzer (Applied Biosystems) using the same primers as in the 

PCR reaction to obtain the PCR product to be sequenced.  

Statistical Analysis:  

Hardy-Weinberg equilibrium tests and linkage disequilibrium estimation were done using the 

genetics package for R (www.r-project.org). All single-locus association tests were performed in 

R. The codominant and additive models were tested first, and if there was a significant 

association the dominant and recessive models were further tested to see if those models fit 

better. If the cell counts were low, significance was assessed by permutation tests. In a 

codominant model a heterozygote shows the phenotypic effects of both alleles fully and equally. 

The three genotypic categories of a SNP in the case and control groups constitute a 2x3 

contingency table and the analysis does not provide any sense of ordering across the three 
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genotypes. This type of analysis is also called a general genetic model [30]. In a dominant model 

one copy of the minor allele increases disease risk. The homozygotes and heterozygotes for the 

minor allele are compared as a group with homozygotes for the major allele [30]. In a recessive 

model two copies of minor allele are required to increase disease risk. The homozygotes for the 

minor allele are compared with heterozygotes and homozygotes for the major allele as a group. 

In additive model, there is r fold increased disease risk for heterozygotes compared with the 

homozygotes for the major allele, there is 2r fold increased disease risk for the homozygotes for 

the minor allele compared with the homozygotes for the major allele [30]. The Armitage trend 

test [31] was used to test an additive effect of the allele. In both the FEV1 decline study and the 

cross-sectional FEV1 study, in addition to crude analysis by chi-square tests using 2x3 

contingency tables, multivariate logistic regression analyses were also used to control for 

potential confounders that might influence the rate of decline of lung function or the cross-

sectional FEV1 level. In the FEV1 decline study, multivariate logistic regression was used to 

adjust for confounding factors such as age, sex, pack-years of smoking, and research centre. In 

the cross-sectional FEV1 study, multivariate logistic regression was used to adjust for the 

abovementioned confounding factors and rate of decline of FEV1. Although other phenotypes 

such as FVC % predicted and FEV1/FVC ratio were not our primary phenotypes due to our study 

design, we also analyzed associations of those phenotypes with single SNPs by using one-way 

ANOVA if the data were normally distributed or a Spearman’s rank test if the data were not 

normally distributed in the study groups. 

The effective number (ne) of haplotypes from SNPs with minor allele frequency ≥ 5% (ne was 

calculated by the equation, 
∑

=

i
i

e p
n 2

1 , where pi is the frequency of the ith haplotype [29]. The 
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effective number of haplotypes weights the number of haplotypes by frequency, with common 

haplotypes more heavily weighted. 

Correction for multiple tests of SNPs in LD in each gene was done on the basis of the spectral 

decomposition (SpD) of matrices of pairwise LD between SNPs by using SNPSpD 

(http://genepi.qimr.edu.au/general/daleN/SNPSpD/) [32]. This method provides a useful 

alternative to the very conservative Bonferroni correction. Haplotype association was tested 

using the hapassoc package for R. This software performs likelihood inference of trait 

associations with haplotypes and other covariates for generalized linear models, including 

logistic regression and does not assume haplotype phase is known [33].  An additive effect of 

haplotype on the log-odds of disease was assumed. To calculate haplotype frequencies, an 

Expectation Maximization algorithm from the haplo.stats package for R was used. 

Gene-gene interactions: A new approach “focused interaction testing framework” (FITF) was 

used to identify gene-gene interactions [34].  

Power analysis:  

The power of the two studies was estimated using the two independent proportions and many 

proportions functions in PASS 2005 (Hintze J, 2004. NCSS and PASS. Number Cruncher 

Statistical Systems. Kaysville, Utah. www.ncss.com). Plots were created in R (www.r-

project.org) using the output from PASS.   
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RESULTS 

I. Characteristics of the study groups: 

The characteristics of study participants are shown in Tables 3 and 4. Because there was no DNA 

available for 8 subjects in the rate of decline of FEV1 study and no DNA available for 22 

subjects in the cross-sectional level of FEV1 study, the numbers of participants in the two studies 

were 587 and 1074, respectively.  

Among non decliners of the rate of decline of FEV1 study and among the high lung function 

group of the cross-sectional FEV1 study, the allele frequencies of all 5 SNPs did not significantly 

deviate from Hardy-Weinberg equilibrium (results not shown). 

II. Haplotypes resolved with the genotyped tagSNPs: 

Haplotypes from SNPs with minor allele frequency ≥ 5% in 23 CEPH samples were inferred  by 

use of PHASE 2.0 [35, 36]. The LD-selected CSF2 tagSNPs can resolve 60% (3 out of 5) of the 

actual number of haplotypes (Figure 1) and resolve 87.1% (2.7 out of 3.1) of the effective 

number (ne) of haplotypes from SNPs with minor allele frequency ≥ 5%. For CSF3, 35.7% of 

actual haplotypes and 48.1% of effective haplotypes from SNPs with a minor allele frequency ≥ 

5% were resolved by the 3 selected tagSNPs.  

III. Single SNP association analysis: 

In the FEV1 decline study, none of the 5 SNPs were associated with decline of FEV1 in co-

dominant and additive models both before and after adjustment for confounding factors (Table 

5).  
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In the cross-sectional level of FEV1 study, there was a borderline association of CSF3_-1719T 

with high FEV1 levels in an additive model (p = 0.054) before adjustment for confounding 

factors; after adjustment for confounding factors, the association was more significant with p = 

0.018 (Table 5). The Odds Ratio (OR) of having one -1719T allele compared with no -1719T 

allele and the OR of having two -1719T alleles compared with one -1719T allele was the same 

and was 0.73, 95% confidence interval (CI) 0.56 to 0.95. The association of CSF3_-1719 with 

FEV1 level was adjusted for multiple testing on the basis of the SNP spectral decomposition 

approach [32]. The significance threshold required to keep Type I error rate at 5% for CSF3 in 

our study is 0.019 based on the LD of the 3 SNPs we studied. Therefore, the association of 

CSF3_-1719 with FEV1 level remained significant after correction for multiple comparisons.             

In addition, two SNPs showed borderline associations with FEV1 levels before adjustment for 

confounding factors: CSF2_1622 in a co-dominant model (comparison of the distribution of the 

three genotypic groups CC, CT and TT in the case and control groups, p = 0.092) and CSF3_-

882 in an additive model (the OR of one A allele compared with no A allele was equal to the OR 

of two A alleles compared with one A allele, p = 0.059). However, after adjustment for 

confounding factors the p values were > 0.1 for both SNPs (see Table 5).               

Although FVC % predicted and FEV1/FVC ratio at the beginning of the LHS were not our 

primary phenotypes as a result of our case-control study design, we performed exploratory 

analyses of single SNP associations with those phenotypes. In the rate of decline group, the 

FVC% predicted phenotype was normally distributed and therefore a one-way ANOVA was 

used to compare if FVC % predicted and FEV1/FVC ratio were the same among the three 

genotypic groups. A significant association of FVC % predicted with CSF3_2176 was found 
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with P = 0.033 (Table 6), those individuals with the 2176TT genotype had a lower FVC % 

predicted. No other significant associations were found (data not shown). 

IV. Haplotype association analysis: 

Haplotypes from CSF2 or CSF3 were not associated with decline of FEV1 in the analysis both 

without and with adjustment for confounding factors (data not shown).  

The results of haplotype association in the cross-sectional level of FEV1 study are shown in 

Table 7. The haplotypes from CSF2 were not associated with decline of FEV1 in the analysis 

both without and with adjustment for confounding factors. The three locus CSF3 haplotypes 

were associated with levels of FEV1 in a Wald global test (an overall test of haplotype 

distribution between cases and controls, p = 0.004) before adjustment for confounding factors, 

although after adjustment for confounding factors, the association became less significant (p = 

0.027). The frequency of the haplotype -1719T/-882G/2176C was marginally higher in the high 

versus low FEV1 group (16.9% versus 14.0%) when compared with the haplotype -1719C/-

882G/2176T as a reference (adjusted p = 0.047). Analysis of two locus haplotypes (see Table 7) 

demonstrated that this marginal association was likely driven by both the -1719T allele and 

2176C allele. The frequency of the haplotype -1719C/-882A/2176C was lower in the high versus 

low FEV1 group (34.2% versus 38.7%) when compared with the haplotype -1719C/-

882G/2176T as a reference, but the significance became borderline when adjusting for 

confounding factors (unadjusted P = 0.007, adjusted p = 0.089).  

V: Gene-gene interactions: 
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We explored CSF2 and CSF3 interaction of all possible two- to four-locus models using the 

“focused interaction testing framework” (FITF) method.  There was no evidence of epistasis 

(gene-gene interaction) (detailed results not shown).  

VI. Power of the study:  

First, we calculated the power of our study for a codominant mode of inheritance. A chi-square 

test with 2 degrees of freedom was used to calculate the associated power. Effect size (a measure 

of the magnitude of the Chi-Square that is to be detected), a parameter needed for the power 

calculations, was calculated using the PASS program for each SNP and was used in the 

calculations. It was found that there was > 80% power to detect an OR of 1.75 for both FEV1 

decline and cross-sectional FEV1 level studies.  The power of the dominant and recessive models 

was tested with a 2x2 table; the proportions in the control group were set to be close to those 

observed with the 5 SNPs in the “low” outcome groups (i.e. non decline of FEV1 group and high 

lung function group). Figure 2 and Figure 3 give the curves of power versus OR value for the 5 

studied SNPs for the baseline FEV1 study for dominant and recessive models, respectively. For 

the FEV1 decline study, the power was slightly less than that of the baseline FEV1 study due to 

smaller sample size (Figures not shown).  
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DISCUSSION 

CSF3 is a logical candidate gene for these studies due to its biologic function. In a rat model, 

neutrophil stimulation by CSF3 aggravates ventilator-induced lung injury manifested by 

increased lung neutrophils and IL-6 expression, increased alveolar edema on histology, and 

reduced lung compliance [37]. In patients with acute respiratory distress syndrome, CSF3 

expression level in the lung correlated with severity of pulmonary neutrophilia [6]. Recently, it 

was shown that the  CSF3_2176 SNP (named as exon 4-165C>T in the original paper [13]) was 

associated with peripheral blood granulocyte count among workers exposed to benzene. Subjects 

with homozygous TT genotypes had significantly increased blood granulocytes compared with 

homozygous CC subjects (p = 0.00002) [13]. 

The functional significance of the CSF3 SNPs is unknown. Although we did not find an 

association of CSF3_2176 with the primary phenotypes of baseline and decline of FEV1, we 

found that a different SNP (CSF3_1719) was associated with baseline level of FEV1. 

Interestingly, in an exploratory analysis of single SNPs with other phenotypes such as FVC % 

predicted and FEV1/FVC ratio, a significant association of CSF3_2176 with FVC % predicted 

was found (without correction for multiple comparisons). The association of the CSF3_2176TT 

genotype with lower FVC % predicted is consistent with the previous report that the TT 

genotype was associated with higher blood granulocytes [13], since neutrophils in the lung and 

in the blood are important effector cells in COPD [38].    

There are several explanations for the above observations including genetic heterogeneity 

between different populations, different phenotypes studied, and choice of tag SNPs. It was 

reported that tagSNPs selected using the criteria of R2 of 0.64 and minor allele frequency of 5% 

could resolve 76% of actual and 85% of effective haplotypes in an analysis of 100 genes [29]. 
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However, using the same criteria, the CSF3 tagSNPs only resolved 35.7% of the actual 

haplotypes and 48.1% of the effective haplotypes. If CSF3_2176 is not the causal SNP and there 

are different LD patterns in our population compared with that of the workers exposed to 

benzene [13], we might have missed the functional SNP in our study. The fact that our results 

showed that CSF3_1719 was associated with baseline level of FEV1 and CSF3_2176 was 

associated with FVC % predicted suggests that neither SNP is causal but may be in linkage 

disequilibrium with a causal SNP which is yet to be identified.  

There are several explanations for the observation that SNPs from CSF3 but not CSF2 were 

associated with lung function. Firstly, animal studies have documented that CSF3 plays a more 

important role than CSF2 in regulation of neutrophil homeostasis. Dogs depleted of CSF3 by a 

neutralizing antibody developed profound and selective neutropenia [39] but mice depleted of 

CSF2 did not show impairment of hematopoiesis [40]. In addition, CSF3 but not CSF2 knock-

out mice display chronic neutropenia [41, 42].  Secondly, in patients with acute respiratory 

distress syndrome, CSF3 but not CSF2 expression in the lung correlated with severity of 

pulmonary neutrophilia [6], which demonstrated that CSF3 also plays a more important role than 

CSF2 in regulation of neutrophils in human subjects. Thirdly, it was reported that 

dexamethasone inhibits human airway smooth muscle cell release of CSF2 but not CSF3 [43], 

suggesting that CSF3 and CSF2 are released through different mechanisms and thus may play 

different roles in the development of COPD.  

It has been suggested that apart from mobilizing granulocytes from the bone marrow, CSF2 and 

CSF3 are decisive in influencing the subsequent Th1 or Th2 dominance of the immune response 

by selecting subsets of dendritic cells [14]. A recent study demonstrated that a high CSF2/CSF3 

ratio was correlated with good lung function in cystic fibrosis patients with chronic 
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Pseudomonas aeruginosa lung infection [14], which prompted us to analyze gene-gene 

interaction. However, no significant CSF2 and CSF3 interaction was found in our study. There 

are several explanations for this: first, we might not have had enough power to detect gene-gene 

interaction with our sample size and minor allele frequencies. Second, cystic fibrosis with 

chronic P. aeruginosa lung infection is a Th2 dominated response [44] while COPD is a Th1 

dominated response [45]. Therefore, the determinants of lung function in cystic fibrosis patients 

with chronic P. aeruginosa lung infection and in smoking induced COPD patients are likely 

different.  

There are several concerns with this study. First, population stratification could have led to false-

positive results. However, it has been reported that in the non-Hispanic white population, 

significant false-positive associations are unlikely to arise from population stratification, 

especially in well-designed, moderately-sized, case-control studies such as ours [46, 47].  

Second, false positive results might have arisen from multiple comparisons. Although the results 

of association of CSF3_-1719 with lung function were corrected for multiple comparisons, we 

only took into account multiple SNPs in a single gene. No correction for multiple genes and 

phenotypes was performed. Thirdly, we did not analyze a second cohort to replicate our results. 

Fourthly, no available function data support our associations. Finally, the nested case-control 

study (i.e. using individuals from each extreme of the distribution of the phenotype of interest) 

has the advantages of cost reduction combined with satisfactory statistical efficiency when 

compared with the full cohort approach [23, 24] . However, this study design prevented analysis 

of baseline and decline in FEV1 as continuous variables. Therefore, the results from this study 

should be regarded as hypothesis generating only and it will be necessary to replicate them in 

different studies, especially in those with a cohort design.     
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In summary, we reported an association of the CSF3_-1719C/T with baseline level of FEV1. 

However, this association needs to be replicated in different studies. Moreover, further functional 

study of this SNP or SNPs in LD with it is warranted.  
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Table 1. TagSNP selection using the LDSelect program and nomenclature of the SNPs. 

Gene Bin SNP ID SNP Position in  
Ref Sequence 

Position in gene Position 
in protein 

Notes 

CSF2 1 rs2069614  T/C 69 -1916 (promoter) -  

 1 rs2069616 A/G 545 -1440 (promoter) - genotyped 

 1 rs1469149 A/C 1310 -675 (promoter) - - 

 1 rs743564 T/C 3347 1363 (third intron) - - 

 2 rs25881 C/T 3606 1622 (third intron) - genotyped as a 

replacement for 1944 

 2 rs25882 T/C 3928 1944 (fourth exon) I117T genotype failed 

 2 rs25883 G/A 4400 2416 (3’ flanking region) - - 

 2 rs25884 A/G 4706 2722 (3’ flanking region) - - 

 2 rs27438 G/A 5723 3739 (3’ flanking region) - - 

CSF3 1 rs2227315 A/G 28 -2012 (promoter) - - 

 1 rs2227322 G/C 1980 -60 (promoter) - - 

 1 rs1042658 T/C 4215 2176 (3’ UTR) - genotyped 

 1 rs2512146 G/T 5168 3129 (3’ flanking region) - - 

 2 rs2227319 G/A 1158 -882 (promoter) - genotyped 

 2 rs2227321 G/C 1607 -433 (promoter) - - 

 2 rs25645 G/A 3456 1417 (fifth exon) L185L - 

 2 rs2227333 C/G 4480 2441 (3’ flanking region) - - 

 3 rs2227316  C/T 321 -1719 (promoter) - genotyped 

 3 rs2827 C/T 4050 2011 (3’ UTR) - - 

Note: Sites are ordered by linkage disequilibrium, with sites showing similar patterns of 
genotype put into the same bin. The position in the gene is numbered by denoting the first 
nucleotide of the initiator methionine codon as +1 (position 1985 in sequence AF373868 of 
CSF2 and position 2040 in sequence AF388025 of CSF3). All SNPs with minor allele frequency 
> 5% are tagSNPs in this example. One SNP was genotyped in each bin and genotyped SNPs are 
indicated. 
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Table 2. TaqMan Primer and Probe Sequences. 

SNP Primer Allelic Probea 

Forward:  

AACTCCCACAGTACAGGGAAACTG 

G: 6FAM ACTCAGGCCACAGTG 

MGBNFQ 
 

CSF2 -1440 

 
Reverse: 

CAGAGAGCAGGTGGAGTTCATG 

A: VIC CTCAGACCACAGTGC 

MGBNFQ 

Forward:  

GGGAAGGGAGCAAAGTTTGTG 

Tb: 6FAM CAGCTGAGCTGAGG 

MGBNFQ 
CSF2 1622 

Reverse:  

AAACGCCTGCCTTTTTGGT 

Cb: VIC AGCTGGGCTGAGGT 

MGBNFQ 

Forward:  

GCAATGAGCGAAACTCCATCTC 

C: VIC CCCACCCTCTACTC 

MGBNFQ 

 

 

CSF3 -1719 

 

Reverse:  

TGATGTGGCCCAGCTCTGTAC 

T: 6FAM CCCACTCTCTACTCC 

MGBNFQ 

Forward:  

CAGCCCGTGTCCACTTCAA 

Gb: 6FAM ACGTGACTTCCCTGGT 

MGBNFQ 
CSF3 -882 

Reverse:  

TTGGAACTGCGGGATTGG 

Ab: VIC ACACGTGATTTCC 

MGBNFQ 

Forward:  

CAGGTGCCTGGACATTTGC 

Cb: 6FAM CAGTCCCCGTCCAGC 

MGBNFQ  

CSF3 2176 Reverse:  

GTCTGCTCCCTCCCACATC 

Tb: VIC CAGTCCCCATCCAGC 

MGBNFQ 
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a SNP sequences in the probes are highlighted in bold. b Probes are designed to the reverse 

strand. 
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Table 3. The distribution of demographic characteristics for the longitudinal FEV1 change study 
  
 

 

Fast Decliners 

(n = 281) 

Non Decliners 

(n = 306) 
p value 

Male/Female 164/117 204/102 0.038 

Age (years) 49.51 ± 0.38 47.61 ± 0.39 0.0006 

Smoking history (pack-yrs)a 42.86 ± 1.14 38.38 ± 1.04 0.004 

∆FEV1/yr (% predicted pre)b -4.14 ± 0.06 1.08 ± 0.04 <0.0001 

Baseline FEV1  (% predicted pre)c 72.6 ± 0.53 75.7 ± 0.46 <0.0001 

Values are mean ± SE for continuous data. a Number of packs of cigarettes smoked per day × 
number of years smoking. b Change in FEV1 over a 5 year period per year as % predicted FEV1 
pre bronchodilator. c FEV1 at the start of the LHS as measured FEV1(%) predicted pre 
bronchodilator 
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Table 4. The distribution of demographic characteristics for the cross-sectional FEV1 study  

 
High FEV1 

(n = 536) 

Low F EV1 

(n = 538) 
p value 

Male/Female 354/182 332/206 0.139 

Age (years) 46.24 ± 0.30 50.69 ± 0.26 <0.0001 

Smoking history (pack-yrs) 35.32 ± 0.77 45.16 ± 0.81 <0.0001 

∆FEV1/yr (% predicted pre)a -0.55 ± 0.07 -1.27 ± 0.08 <0.0001 

∆FEV1/yr (% predicted post)b -0.75 ± 0.06 -0.79 ± 0.08 <0.722 

Baseline FEV1  (% predicted pre)a 86.48 ± 0.13 61.08 ± 0.18 <0.0001 

Baseline FEV1  (% predicted post)b 91.80 ± 0.10 62.61 ± 0.14 <0.0001 

Values are mean ± SE for continuous data.  a prebronchodilator. b  postbronchodilator.  
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Table 6. Single SNP association of CSF2 and CSF3 with FVC % predicted in the longitudinal 

decline in FEV1 study group (overall comparison of differences of FVC % among three genotype 

groups) 

SNP N Genotype 

FVC % predicted 

(mean ± SE) F value P value 

CSF2 -1440 413 CC 97.92 ± 0.53   

 149 CT 97.49 ± 0.89 0.675 0.513 

 23 TT 100.65 ± 2.57   

CSF2 1622 229 GG 97.39 ± 0.72   

 279 GA 97.99 ± 0.65 0.906 0.406 

 77 AA 99.27 ± 1.20   

CSF3 -1719 201 AA 98.51 ± 0.75   

 276 AG 97.48 ± 0.67 0.528 0.590 

 109 GG 98.03 ± 1.00   

CSF3 -882 404 CC 97.44 ± 0.52   

 157 CT 99.03 ± 0.93 1.220 0.302 

 25 TT 98.99 ± 2.42   

CSF3 2176 202 CC 97.32 ± 0.79   

 290 CT 98.94 ± 0.60 3.466 0.033 

 84 TT 95.65 ± 1.21   
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Table 7. Haplotype association of CSF2 and CSF3 in the cross-sectional level of FEV1 study.  

 
Gene 

 
Haplotypea Low function High function 

Global test P 
valueb 

 
P valuec 

  % % Pd Pe Pd Pe 

CSF2 -1440A/1622C 33.0 36.9     

 -1440G/1622C 49.7 44.3 n.s. n.s. n.s. n.s. 

 -1440G/1622T 17.3 20.0   n.s. n.s. 

CSF3 -1719C/-882G/2176T 39.9 39.9     

 -1719C/-882A/2176C 38.7 34.2 0.004 0.027 0.007 0.089 

 -1719T/-882G/2176C 14.0 16.9   n.s. 0.047 

 -1719C/-882G/2176C 7.5 8.9   n.s. n.s. 

-1719C/-882G 48.4 48.8     

-1719C/-882A 38.7 34.2 0.069 0.0427 n.s. n.s. 

-1719T/-882G 14.0 16.9   n.s. 0.058 

-882G/2176T 39.9 39.9     

-882A/2176C 38.7 34.2 0.051 0.053 n.s. n.s. 

CSF3 

-882G/2176C 21.5 25.8   n.s. 0.081 
a Haplotype frequencies were calculated using an Expectation Maximization algorithm from the 
haplo.stats package for R 
b comparing overall haplotype distribution between cases and controls. 
C comparing each haplotype between cases and controls using the most common haplotype as a 
reference.  
d Unadjusted P value 
e Adjusted for age, sex, center, smoking history (pack years) and rate of decline of lung function 
(% predicted  postbronchodilator)  
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