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ABSTRACT. The present study aimed to investigate the effects of the 
rs3795879 polymorphism of the SERPINE2 gene on the development of 
chronic obstructive pulmonary disease (COPD) based on a systematic 
meta-analysis. An extensive literature search was performed to retrieve 
previously published case-control studies on the polymorphisms of 
SERPINE2 in COPD patients. Odds ratios (ORs) with 95% confidence 
intervals (CIs) were used to assess the association between SERPINE2 
polymorphisms and risk of developing COPD. A total of 5 studies 
including 3034 COPD cases and 3068 controls were incorporated in 
the present meta-analysis. Generally, no significant association was 
identified between the rs3795879 polymorphism of SERPINE2 and the 
risk of developing COPD (G allele vs A allele: OR = 1.23, 95%CI = 
0.97-1.32; GG vs GA: OR = 1.19, 95%CI = 0.81-1.76; GG vs AA: OR = 
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1.23, 95%CI = 0.89-1.70; dominant model: OR = 1.18, 95%CI = 0.85-
1.62; recessive model: OR = 1.19, 95%CI = 0.85-1.66). In addition, 
subgroup analyses according to different ethnicities and the source of 
controls suggest no statistically significant association between the 
rs3795879 polymorphism of SERPINE2 and COPD risk. The results 
suggest that the rs3795879 polymorphism of SERPINE2 is not a risk 
factor for COPD.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a common inflammatory disease 
characterized by progressive airflow obstruction due to chronic bronchitis and emphysema 
(Ezzati and Lopez, 2003; Decramer et al., 2012). It has been reported that COPD is a multifac-
torial disease in which genetic and environmental factors are involved (Kabesch and Adcock, 
2012). While environmental factors such as air pollution have been considered to be the main 
risk factor, genetic makeup of the hosts play an important role in the pathogenesis of COPD 
through regulating the expression of a number of proteins that are involved in the development 
of the disease (Chen et al., 2008; Haq et al., 2010).

The SERPINE2 gene that encodes the serine protease inhibitor E2, a member of 
the SERPIN family, is located on chromosome 2q33-35 (Carter et al., 1995). Recently, 
Demeo et al. (2006) have demonstrated that SERPINE2 is a novel risk factor for COPD. 
Zhu et al. (2007) further provided evidence supporting the association between SERPINE2 
genetic polymorphisms and COPD based on two large population-based studies conducted 
in Bergen, Norway. However, the study by Zhong et al. (2009) reported that no signifi-
cant association was found between five SERPINE2 genetic polymorphisms and COPD in a 
Han population in Southwest China. In addition, no significant association between single 
nucleotide polymorphisms (SNPs) in SERPINE2 and COPD was found in a prospective 
study including 1018 COPD cases and 911 controls in six European centers (Chappell et 
al., 2006). Considering the differences in the genetic backgrounds of the distinct ethnici-
ties included in these studies (Li et al., 2008), it is important to systematically analyze the 
data from these studies to identify possible genetic predispositions of SERPINE2 to COPD. 
Among the above-mentioned studies, the rs3795879 polymorphism of SERPINE2 has been 
the best studied (Zhong et al., 2009; Fujimoto et al., 2010; Kukkonen et al., 2011; Wang et 
al., 2011). Therefore, the present meta-analysis was conducted to comprehensively analyze 
the potential association between the rs3795879 polymorphism of SERPINE2 and the sus-
ceptibility to COPD.

MATERIAL AND METHODS

Selection of published studies

A systematic literature search was conducted in PubMed, Embase databases, and Web 
of Science (last publication date: October 15, 2014) using the following MeSH terms and key 
words: (“SNP” or “mutation” or “genetic polymorphism” or “variation” or “polymorphism” 
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or “single nucleotide polymorphism” or “variant”) and (“chronic obstructive pulmonary dis-
ease” or “COPD” or “chronic obstructive airway disease” or “chronic obstructive lung dis-
ease” or “chronic airflow obstruction”) and (“serine protease inhibitor E2” or “SERPINE2”). 
The reference lists of retrieved studies were also searched to identify related studies. Studies 
included in the present meta-analysis met the following criteria: i) they investigated the as-
sociation between rs3795879 polymorphisms and COPD risk, ii) they were case-controlled 
studies, iii) they provided available allele or genotype frequency for computing odds ratios 
(ORs) with 95% confidence intervals (CIs), iv) we had access to full-text articles, and v) the 
distribution of the genotypes in the control group was in Hardy-Weinberg equilibrium (HWE). 
Major reasons for exclusion of a particular study were i) it was only a case-population study, 
ii) it was a study in which comparison outcomes were not reported or not possible to be deter-
mined, and iii) it was a duplicate of a previous study.

Data extraction

Two independent investigators reviewed the titles, abstracts, and full texts of retrieved 
articles independently using a standardized extraction form. For conflicting evaluations, an 
agreement was reached following consensus and discussion. For each study, the following 
characteristics were collected: first author’s name, year of publication, country of origin, eth-
nicity, genotyping methods, COPD definition, mean age, smoking status, source of controls 
(population-based or hospital-based controls), total number of cases and controls, and the 
genotype distributions in cases and controls. No minimum number of patients was defined for 
this present meta-analysis.

Statistical analyses

All statistical analyses were performed using the STATA software (version 11.0; Sta-
ta Corporation, College Station, TX, USA), and all tests were two-sided with a significance 
level of 0.05, unless stated otherwise. HWE in controls was assessed by the chi-squared test 
and a P value less than 0.05 was considered as significant disequilibrium. When HWE dis-
equilibrium existed (P < 0.05), or it was impossible to evaluate this equilibrium, sensitivity 
analysis was performed. The strength of the association between rs3795879 polymorphisms 
and COPD risk was evaluated based on ORs with 95%CIs. The chi-square-based Q statistic 
was used to test for heterogeneity among the studies included in the meta-analysis (Hig-
gins et al., 2003). When the Q-test P value was no less than 0.1, a fixed-effect model with 
Mantel-Haenszel method was used to calculate the pooled ORs (Petitti, 2000). Otherwise, a 
random-effect model with inverse variance method was used. The risk of COPD associated 
with rs3795879 polymorphisms was determined from a combination of single studies by het-
erozygote comparison (GA vs AA), homozygote comparison (GG vs AA), dominant models 
(GG + GA vs AA), recessive model (GG vs GA+AA), and allelic comparison (G vs A). In 
addition, we performed stratification analyses based on different ethnicities and the source 
of controls. One-way sensitivity analysis was performed to assess the stability of the results. 
Briefly, a single study included in the meta-analysis was removed each time to evaluate the 
influence of the individual data set to the pooled OR. Begg and Mazumdar (1994) adjusted 
rank correlation test and the Egger regression asymmetry test (Egger et al., 1997) were plot-
ted to evaluate publication bias.
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RESULTS

Characteristics of the studies

Twenty-three articles that have been published by October 15, 2014 were identified by 
searching the PubMed, Embase, and Web of Science databases (Figure 1). By reviewing the ab-
stracts and full texts, a total of 5 case-control studies that include 3034 cases and 3068 controls 
were finally included in this meta-analysis (Chappell et al., 2006; Demeo et al., 2006; Zhu et 
al., 2007; Zhong et al., 2009; Wang et al., 2011). Table 1 shows the characteristics of these five 
studies. The distribution of genotypes in the controls of all studies was consistent with the HWE.

Figure 1. Studies included in this meta-analysis based on the criteria for inclusion and exclusion (see Material and 
Methods section).

First author	 Country	 Ethnicity	 Genotyping	 COPD definition	 Mean age (years) 	 Smoking	 Source of	 Case	 Control	 P of
			   method		  (case/control)	 (case/control)	 control			   HWE

Wang (2011)	 China	 Asian	 PCR-RFLP	 FEV1/FVC < 70% 	 65.1/63.7	 Mixed/Mixed	 HB	   409	 411	   0.34
Zhong (2009)	 China	 Asian	 Sequencing	 Predicted FEV1 < 80% 	 71.4/67.0	 Yes/Yes	 HB	   327	 349	   0.57
				    and FEV1/FVC < 70%
Zhu (2007)	 Norway	 Caucasian	 ABI sequencer	 Predicted FEV1 < 60% 	 65.5/55.5	 Mixed/Mixed	 PB	   973	 956	 >0.05
				    and FEV1/FVC < 90%
Demeo (2006)	 USA	 Caucasian	 Taqman	 Predicted FEV1 < 45% 	 NR	 NR	 HB	   243	 441	   0.18
Chappell (2006)	 UK	 Caucasian	 Taqman	 NR	 NR	 NR	 PB	 1018	 911	   0.55

Table 1. Pooled ORs and 95%CIs of stratified meta-analysis.

NR = not reported; HB = hospital-based control; PB = population-based control.
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Meta-analysis

The association between rs3795879 polymorphisms and the risk of developing COPD 
is presented in Table 2. Overall, no significant association between rs3795879 polymorphisms 
and the risk of developing COPD was identified based on all genetic models of rs3795879 poly-
morphisms (G allele vs A allele: OR = 1.23, 95%CI = 0.97-1.32; GG vs GA: OR = 1.19, 95%CI 
= 0.81-1.76; GG vs AA: OR = 1.23, 95%CI = 0.89-1.70; dominant model: OR = 1.18, 95%CI = 
0.85-1.62; recessive model: OR = 1.19, 95%CI = 0.85-1.66) (Figure 2). In addition, no statisti-
cally significant association was identified between the SERPINE2 rs3795879 polymorphism 
and COPD risk based on analyses of a stratified population (Table 2).

Figure 2. Forest plot of odds ratios (ORs) of the rs3795879 polymorphism (G allele vs A allele) associated with 
COPD stratified by ethnicity.

Variables	 N	       G allele vs A allele	 N*	       GG+GA vs AA		              GG vs GA+AA		             GG vs AA		              GG vs GA

		  OR (95%CI)	 I2 (%)		  OR (95%CI)	 I2 (%)	 OR (95%CI)	 I2 (%)	 OR (95%CI)	 I2 (%)	 OR (95%CI)	 I2 (%)

Total	 5	 1.23 (0.97, 1.32)	 59.3	 4	 1.18 (0.85, 1.62)	 82.1	 1.19 (0.85, 1.66)	 86.6	 1.23 (0.89, 1.70)	 0	 1.19 (0.81, 1.76)	 85.8
Ethnicity												          
 Asian	 2	 1.10 (0.89, 1.36)	 0	 2	 1.43 (0.70, 2.91)	 0	 1.08 (0.86, 1.37)	 0	 1.45 (0.71, 2.96)	 0	 1.01 (0.83, 1.34)	 0
 Caucasian	 3	 1.15 (0.92, 1.45)	 78.0	 2	 1.12 (0.78, 1.60)	 0	 1.32 (0.64, 2.73)	 93.9	 1.17 (0.82, 1.69)	 0	 1.36 (0.58, 3.24)	 95.2
Source of control												          
 PB	 2	 1.03 (0.92, 1.15)	   4.1	 1	 1.27 (0.82, 1.96)	 -	 0.92 (0.77, 1.10)	 -	 1.22 (0.78, 1.89)	 -	 0.89 (0.73, 1.07)	 -
 HB	 3	 1.24 (0.96, 1.59)	 57.3	 3	 1.07 (0.67, 1.72)	 0	 1.31 (0.88, 1.96)	 78.2	 1.24 (0.77, 2.00)	 0	 1.33 (0.83, 2.15)	 83.3

N = number of studies involved; OR = odds ratio; PB = population-based control; HB = hospital-based control. 
Random model was used for data pooling when P value <0.10 and/or I2 > 50%; otherwise fixed model was used; 
*one study was missing because of lack of genotype data.

Table 2. Pooled ORs and 95%CIs of stratified meta-analysis.
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Test of heterogeneity

Significant heterogeneity was identified between all studies in the G vs A comparison 
of the rs3795879 polymorphism (I2 = 59.3%, P = 0.04). When stratified by ethnicity, no het-
erogeneity was observed between the studies conducted with Asians.

Sensitivity analyses and publication bias evaluation

No significant deviation from HWE was detected by examining the genotype fre-
quencies in the controls, suggesting that the final results of this meta-analysis were relatively 
stable and reliable. Both Begg and Egger tests were conducted to assess the publication bias. 
No evidence of publication bias was identified in all comparison models in this meta-analysis 
(Table 3 and Figure 3).

Figure 3. Begg’s and Egger’s funnel plots for publication bias test. No significant publication bias was found. Each 
point represents a separate study for the indicated association. Log (OR), natural logarithm of OR. Horizontal line, 
mean effect size.
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DISCUSSION

The SERPINE2 gene (GenBank accession No. NM_006216) contains nine exons, and 
encodes a 44-kDa cellular and extracellular matrix-associated serine protease inhibitor that 
is primarily involved in coagulation and fibrinolysis by inhibiting the activity of thrombin, 
urokinase, and plasmin (Baker et al., 1980; Scott et al., 1985). The expression of SERPINE2 is 
induced by interleukin-1β, tumor necrosis factor-α, and transforming growth factor-β, which 
have been shown to be involved in the development of COPD (Vaughan and Cunningham, 
1993; Mbebi et al., 1999; Arja et al., 2014). While the role of SERPINE2 in COPD and em-
physema has not yet been fully investigated, characterization of SERPINE2 polymorphisms 
through population-based studies may allow us to answer whether the product of SERPINE2 
plays a major role in the pathogenesis of COPD.

The SNP in SERPINE2 included in this meta-analysis was rs3795879 G/A in intron 
3. A number of published studies that focused on this polymorphism in the pathogenesis 
of COPD have made conflicting conclusions. Therefore, a meta-analysis was performed to 
systematically assess the possible association between the rs3795879 G/A polymorphism in 
SERPINE2 and the development of COPD. To the best of our knowledge, this is the first study 
analyzing the association between the rs3795879 polymorphism and COPD risk based on a 
meta-analysis. The results of the meta-analysis suggest no significant association between 
the rs3795879 G/A polymorphism and the risk of developing COPD. Moreover, analyzing 
the data based on the subgroups of race and the source of controls yielded the same result. 
However, significant heterogeneity was detected between all studies in the G vs A comparison 
for the rs3795879 polymorphism, whereas no heterogeneity was identified between the studies 
conducted with Asian populations. Interestingly, when the study by Demeo et al. (2006) was 
removed, the I2 of all studies in the G vs A comparison decreased from 59.3% (Ph = 0.04) to 
0% (Ph = 0.551), while no significant association between the rs3795879 polymorphism and 
COPD risk was found either. Due to insufficient data on smoking status, which may affect the 
results of this meta-analysis, we did not take into account the potential interaction between 
genes and smoking in the present study. Thus, further studies based on data that includes 
individual and environmental factors such as smoking status, with unbiased genotyping 
methods and matched controls in different populations are necessary. In addition, the analysis 
of more SERPINE2 polymorphisms may allow us to draw more specific conclusions on the 
association between SERPINE2 and the risk of COPD.

There are a number of limitations in the present meta-analysis. First, the lack of the 
original data in some studies limited our evaluation on the potential effects of gene-gene and 
gene-environment interactions on the development of COPD. Second, the controls were not 

Comparison type	                                               Begg test		                                              Egger test

	 z	 P	 t	 P

G/A	  0.24	 0.806	 0.99	 0.396
GG/GA	  0.34	 0.734	 1.03	 0.412
GG/AA	 -0.34	 1.000	 0.41	 0.721
Dominant model	 -0.34	 1.000	 0.06	 0.961
Recessive model	 -0.34	 1.000	 0.97	 0.434

Table 3. Results of Begg and Egger tests for the evaluation of publication bias.
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consistent among the published studies. Some studies employed a healthy population as the 
control group, whereas others used hospital patients without COPD as the controls. Thus, 
the controls may not always represent the underlying source populations. Lastly, these case-
control studies were from Asia, Europe, and the United States and thus, the results may be 
applicable to those specific ethnicities.

In summary, the present meta-analysis suggests that the rs3795879 G/A polymor-
phism in SERPINE2 is not involved in the development of COPD. However, studies with 
larger sample size, detailed original data, standard genotyping methods, homogeneous COPD 
patients, and well-defined controls, are necessary to further investigate the role of SERPINE2 
in the pathogenesis of COPD.
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