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Short sentence containing most important message: 

We show that gender strongly affects the gene expression profile in lung tissue, 

overall reflecting the activity of different biological pathways that likely play a role in 

the susceptibility to develop COPD with smoking.  

  

To the editor: 

Several studies have shown that sexual dimorphisms exist with respect to the 

susceptibility to smoking and the clinical presentation of COPD 1,2. Females with 

COPD have a faster annual decline in their Forced Expiratory Volume in one second 

(FEV1) than males, even with a similar number of packyears smoking 3,4. In addition, 

females develop a different type of COPD than males with less severe 

emphysematous destruction, but thicker small airway walls 5. Several factors may 

contribute to the observed sex differences, e.g. smoking behavior or exposures to 

other environmental agents 6,7.  

 



 

In the present study, we aim to investigate which intrinsic biological factors may 

explain these observed sex differences in COPD. To this end, we analyzed genome-

wide gene expression data in resected lung tissue samples available from three 

academic sites (See Gene Expression Omnibus accession number GSE23546). A 

detailed description of the subject enrollment, methods of RNA extraction and gene 

expression profiling was described previously 8. From the total cohort of 1,111 lung 

tissue samples available, we only included those derived from 581 (327 male and 

254 female) current and ex-smokers with and without COPD, selection criteria were 

described previously 9. Statistical analyses were performed in R, version 3.0.1. We 

adjusted the complete dataset for the first 5 principal components calculated 

excluding X- and Y-chromosome linked genes. This approach was taken to filter out 

unwanted variation due to unknown technical factors; in this way we made sure not to 

filter out sex-associated effects 9. To analyze differential gene expression in terms of 

sex, we used a linear model adjusting for age, packyears, and smoking status (i.e., 

current- versus ex-smoking) and performed an inverse-variance meta-analysis 

across the three cohorts. A “Benjamini Hochberg” False Discovery Rate (FDR) was 

applied to control for multiple testing and an FDR <0.05 was considered statistically 

significant. The independent replication cohort consisted of non-involved lung tissue 

samples derived from 202 males and 72 females who underwent lobectomy for 

adenocarcinoma at several hospitals in the area of Milan, Italy, see Table 1B for 

baseline characteristics 10,11. In this cohort no data on lung function or COPD 

diagnosis was available. 

 

Baseline characteristics of subjects included in the discovery cohort are presented in 

Table 1A. Males and females had a similar age and smoking status across the three 



 

academic sites. In the Groningen cohort, females had more severe airflow 

obstruction than males, i.e. lower FEV1 %predicted and FEV1/Forced Vital Capacity 

(FVC) values, despite having smoked fewer packyears. In the LAVAL and UBC 

cohorts, FEV1 %predicted and FEV1/FVC values were similar for males and females, 

but again with a lower number of packyears smoked in females than males. 

 

In the discovery cohort, a total of 51,159 probes were present on the array and 1225 

probes, corresponding to 722 known genes, were differentially expressed between 

males and females (FDR < 0.05), 609 being down- and 616 upregulated in females 

compared to males, fold changes ranging from -166 to +207. Of the 609 

downregulated probes in females, 28 were X-chromosome and 74 Y-chromosome 

linked, whereas 285 of the 616 upregulated probes in females were X-chromosome 

and none Y-chromosome linked. The expression of 392 of the 722 sex-associated 

genes described above was measured by the microarray used in the replication 

cohort (Illumina HumanHT-12 v4). A total of 199 out of these 392 genes (51%) could 

be replicated, i.e. were significantly associated with sex (nominal p-value < 0.05) with 

similar direction of effect. This is much more (>10 fold) than would be expected 

based on chance alone, which shows the robustness of our data. For genes 

upregulated in females, Gene Set Enrichment Analysis analysis (GSEA, version 

2.2.2, using Kyoto Encyclopedia of Genes and Genomes, KEGG) demonstrated 

enrichment of genes involved in multiple biologically relevant pathways (FDR <0.1), 

the most significant being „translational initiation‟, „metabolism of xenobiotics by 

cytochrome P450‟ including the genes cytochrome P450 (CYP)1A2, CYP1A1 and 

CYP1B1, Figure 1A), „translational regulation‟, and „ribonucleoprotein complex 

subunit organization‟. For genes upregulated in males, significant pathways included 



 

„multicellular organismal macromolecule metabolic processes‟, „purinergic receptor 

signaling‟, and „negative regulation of calcium mediated signaling‟. The observation 

that females exhibit higher expression of genes involved in cytochrome P regulation, 

particularly CYP1A2, CYP1A1 and CYP1B1 (Figure 1A), in lung tissue is of particular 

interest as it may render them more susceptible to toxic effects of cigarette smoke 

and other environmental exposures such as workplace or biomass. Indeed, it has 

been shown that CYP450 enzymes may convert cigarette smoke constituents like 

naphthalene to more toxic intermediate metabolites such as naphthalene-oxide 12. 

 

To study how the COPD related lung tissue gene expression changes differ between 

males and females, we performed a COPD*Sex interaction analysis in the discovery 

cohort. This analysis showed a significant positive interaction between COPD and 

sex for 243 probes and a significant negative interaction for 200 probes, again at a 

nominal p-value <0.005. A positive interaction can be due to an increased gene 

expression in male COPD patients and no change in females with COPD, or a 

decrease in females with COPD without a change in males; a negative interaction 

can be due to a decrease in males with COPD and no change in females with COPD  

or an increase in females with COPD without a change in males. We replicated these 

findings in a publicly available dataset with lung tissue gene expression data 

available in 111 COPD patients and 40 control smokers (GSE76925, Table 1B) 13. 

GSEA analysis showed statistically significant enrichment for genes with positive 

interaction between COPD and sex in both cohorts (GSEA FDR <0.001).  

 

The 5 most significant positively interacting genes were Sphingomyelin synthase 

(SGMS)1, leucine rich repeat and Ig domain containing 2 (LINGO2), solute carrier 



 

family 25 member 1 (SLC25A1), 3-ketodihydrosphingosine reductase (KDSR), and 

S-phase kinase-associated protein 1 (SKP1) (Figure 1B). The 5 most significant 

negatively interacting genes were chromosome Y open reading frame 15A 

(CYorf15A), zinc finger protein Y-linked (ZFY), adenosine monophosphate 

deaminase 3 (AMPD3), signal transducing adaptor family member 1 (STAP1), and 

matrix metallopeptidase 13 (MMP13). GSEA analyses on the positively interacting 

genes revealed significant enrichment for pathways related to chemokine signaling 

and lymphocyte chemotaxis. The negatively interacting genes were enriched for 

KEGG pathways related to membrane assembly and biogenesis and sphingolipid 

biosynthesis. The most significantly positively interacting gene, downregulated with 

COPD in females, was SGMS1, a key regulator of sphingolipid metabolism. This 

finding is of special interest given our previous observation that lipids from the 

sphingolipid pathway are upregulated in COPD 14. The initial step of sphingolipid 

metabolism is formation of ceramide in the endoplasmatic reticulum, followed by 

transport to the Golgi complex via the ceramide transfer protein (CERT) and 

conversion to sphingomyelin by SGMS1 15.  Cert mutant mice exhibit embryonic 

lethality due to mitochondrial degeneration 15. Moreover, sgms1 knockout mice suffer 

from mitochondrial dysfunction with higher oxidative stress 16. The observation of 

decreased SGMS1 expression in lung tissue of females with COPD suggests that 

mitochondrial dysfunction and subsequent dysregulation of sphingolipid metabolism  

may be involved. Obviously, also the other genes are of interest, to be explored 

further in future research. 

 

Next, we analyzed if the gene expression profile in lung tissue was differentially 

associated with COPD in males and females. In stratified analyses in either males or 



 

females, no genes were significantly down- or upregulated in association with COPD 

at the FDR cut-off level <0.05. Therefore, to be able to compare differences, we used 

a more lenient cut-off of a nominal p-value <0.005. This resulted in a total of 137 

probes being down- and 180 upregulated in males (fold changes ranging from -1.40 

to +1.72), whereas 371 probes were down- and 464 upregulated in association with 

COPD in females (fold changes ranging from -1.55 to +1.85). Notably, there was very 

little overlap between males and females with respect to COPD-associated genes. 

Only 5 genes were downregulated (FRMD4B, PRMT8, RAB35, SCD5, and VEGFA) 

and two genes were upregulated (FBLN5 and WHSC1L1) and with COPD in both 

males and females, compatible with earlier findings 9. 

 

Our results provide further support for the notion that sex is an important factor that 

should be taken into account in future studies and clinical management of COPD. 

This adds to and extends previous findings that the bronchodilator response is larger 

in females than males with COPD which may be due to the greater muscarinic M3 

relative to M2 receptor expression in female compared to male lungs 17,18.  

 

Whereas pathway analyses did reveal statistically significant and biologically relevant 

sex-specific COPD-associated changes, there were no individual genes significant at 

the strict FDR cut-off of <0.05. So, future studies should be extended to increase 

power. Furthermore, it was not possible to replicate COPD-associated sex 

differences in the replication cohort, since no data on lung function were available. 

Our study has some limitations as it was post-hoc approach and lung samples were 

not specifically collected for gene expression. In addition, baseline characteristics 

were not exactly similar between males and females, and a potential bias introduced 



 

by inconsistent concomitant medications across the groups cannot be ruled out. 

Finally, gene expression changes are not necessarily representative of protein 

expression and the latter was not investigated in our study. 

 

In conclusion, we show that there is differential gene expression in the lungs of males 

and females of CYP450 enzymes that may be involved in the metabolism of toxicants 

present in smoke and/or air pollution. In addition, we demonstrate differential COPD-

specific gene expression in males and females, with SGMS1, a gene involved in 

sphingolipid metabolism as a specific example suggesting that this metabolism may 

be dysregulated in females but not males with COPD 17.  
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Table 1A. Clinical characteristics of included subjects in the discovery cohort.# 
 
 Groningen Laval UBC 

 Male 

N=76 

Female 

N=70 

Male 

N=159 

Female 

N=123 

Male 

N=92 

Female 

N=61 

       

Age, years 62.5 (55.0 

– 70.3) 

56.0 (51.0 – 

61.0)
**
 

66.0 (59.5 – 

71.0) 

60.0 (54.5 – 

67.0)
**
 

64.0 (59.0 – 

70.3) 

59.0 (53.0 – 

71.0) 

COPD, n 

yes/no 

56/20 45/25 83/76 64/59 43/49 20/41 

Smoking, n 

Ex/Current 

 

57/19 

 

50/20 

 

130/29 

 

92/31 

 

53/39 

 

37/24 

Packyears, 

n 

40.0 (29.0 

– 50.0) 

30.0 (20.8 – 

35.6)
*
 

48.0 (36.3 – 

60.0) 

40.0 (26.5 – 

49.8)
**
 

43.0 (34.5 – 

69.5) 

36.0 (21.8 – 

47.3)
**
 

FEV1, %pred

icted 

62.5 (39.0 

– 78.3) 

23.5 (18.5 – 

79.3)
*
 

78.4 (65.9 – 

94.5) 

79.3 (67.6 – 

91.4) 

79.2 (67.6 – 

103.6) 

87.5 (74.0 – 

98.6) 

FEV1/FVC, % 54.5 (41.9 

– 67.9) 

43.3 (27.3 – 

72.5)
 
 

67.3 (56.6 – 

74.9) 

68.9 (61.3 – 

74.5) 

68.3 (57.7 – 

76.8) 

73.2 (61.0 – 

76.9) 

TLCO, %pre

dicted 

- - 83.0 (68.5 – 

93.5) 

91.0 (72.3 – 

111.8) 

82.3 (67.8 – 

91.6) 

71.8 (57.5 – 

85.3) 

 #
Data presented as medians with interquartile ranges unless stated otherwise. 

 *
p < 0.05 or **p < 0.01 for difference in females compared to males within each cohort. A 

Mann-Whitney U test 

  



 

Table 1B. Clinical characteristics of included subjects in the replication cohorts. 
 

 

 Dugo et al.11 Morrow et al.13 

 N=284 COPD 

N=111 

No COPD 

N=40 

    

Age, years 65 63 66 

Males/Females 202/82 52/59 15/25 

Smoking, n 

Ex/Current/Never 

 

-/283/1 

 

111/0/0 

 

40/0/0 

Packyears, n - 61 34 

FEV1, %predicted - 27 99 

FEV1/FVC, % - 30 80 

  



 

Figure 1.  Figure showing A) differential expression of CYP1A2, CYP1A1 and 

CYP1B1 between males and females and B) the 5 most significantly 

positively and negatively interacting genes. For example, the 

expression of SGMS1 was increased in females with versus without 

COPD without a change in males with versus without COPD. 

 

 


