
Introduction

Cystic fibrosis (CF) is one of the most common
autosomal recessive diseases among Caucasians
(OMIM: 219700, http://www.ncbi.nlm.nih.gov/
sites/entrez). Its frequency in the Caucasian popu-
lation is 1:2500 live births, which gives the carrier
frequency of 1:25. However, the frequency varies
between different ethnic groups.

Remarkable variability in disease expression is

observed by physicians taking care of CF patients.

However, obstructive lung disease remains the

main reason of morbidity and mortality in people

with CF (Hollox et al. 2005). Pulmonary

inflammation is usually intense, chronic and of

early onset. Infections of the airways are mainly

caused by Pseudomonas aeruginosa, Staphylo-

coccus aureus, and Burkholderia cepacia (Welsh

and Smith 1995; Davis 2001). It is likely that the

aggressive host inflammatory response, via in-

creased pulmonary oxidative stress or increased

free elastase activity, is responsible for the lung

damage (Wine 1999; Hull and Thomson 1998).

There is significant phenotypic variability

among patients having the same CFTR genotype

(Zielenski and Tsui 1995; Yarden et al. 2005;
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Salvatore et al. 2002; Davies et al. 2005). Even in-

dividuals homozygous for the most prevalent

F508del mutation demonstrate a full spectrum of

lung-disease severity, from very mild to very se-

vere (Merlo and Boyle 2003; Drumm et al. 2005;

Knowles 2006).

Studying monozygotic (MZ) and dizygotic

(DZ) twins and other siblings is a powerful ap-

proach to understand the relative contribution of

environmental and genetic factors to the disease.

Results of such studies show that MZ twins have a

significantly higher concordance of nutritional

status and severity of lung disease than DZ twins

(Vanscoy et al 2007). This suggests that CF sever-

ity is modulated by secondary genetic factors be-

sides the CFTR itself (Katz et al. 2004). These

factors are called modifier genes (Cutting 2005;

Slieker et al. 2005). Identification of such genes

will result in better understanding of CF

pathogenesis. It may also lead to a more rational

use of conventional treatment and development of

new drug targets (Davies et al. 2005).

Modifier genes may influence the severity of

CF clinical course in various ways. The probable

mechanisms are: providing alternative chloride

conductance, regulating splicing and expression

of the CFTR gene, modulating the susceptibility to

infection and inflammatory response, influencing

the mucociliary clearance and epithelial tissue

damage and repair (Slieker et al. 2005; Haston and

Hudson 2005). The assumption of searching for

modifier genes is that a relatively common genetic

variation, with little or no effect on the general

population, may have a significant impact in the

context of CF (Drumm 2001; Boyle 2007).

The main objective of this study was to evalu-

ate the effect of functional variants in prostaglan-

din-endoperoxide synthase 1 (COX1, PTGS1) and

prostaglandin-endoperoxide synthase 2 (COX2,

PTGS2) on the severity of lung disease in CF pa-

tients homozygous for the F508del mutation. To

the best of our knowledge it was the first time

when the COX1 and COX2 genes had ever been

analysed as potential modifiers of CF.

Materials and methods

Patients

Ninety-four CF patients (42 female and 52 male)

homozygous for the F508del mutation were re-

cruited from the CF Centre at the Institute of

Mother and Child, Poland in 2002–2007. The

mean patient age at diagnosis was 1.5 years (age

range: 0.08–12.0 years); the mean age at the end of

observation was 13.1 years (age range: 2.0–33.9

years). Out of this group, 21 patients were dead at

the time of sample collection or died during this

study. All of the recruited patients had pancreatic

insufficiency. The study population included

10 sibling pairs and 2 families of 3 affected sib-

lings. In order to exclude the possible influence of

other CFTR mutations on the clinical outcome of

the disease, only patients with identical CFTR ge-

notype (F508del homozygotes) were enrolled. All

of the recruited patients presented with pancreatic

insufficiency (CF-PI) and represented a signifi-

cant variety of phenotypes associated with lung

function. All patients were recruited from the

same CF Centre, so there were no significant dif-

ferences in medical treatment of these patients. All

adult participants and parents of enrolled children

provided written informed consent to the genetic

testing and research projects. The study was ap-

proved by the bioethical institutional review board

of the Institute of Mother and Child.

Clinical parameters

All patients underwent a comprehensive review

each year. As part of this review, the following

clinical parameters were recorded: microbiologi-

cal tests of sputum or throat swabs, chest radiogra-

phy evaluation using the Brasfield score, and

forced expiratory volume in one second (FEV1%)

as lung function measurement. Additionally, the

disease course of all CF patients was described by

the clinical score developed by the pulmonologist

of the Institute of Mother and Child – disease se-

verity status (DSS). DSS includes many clinical

parameters of each patient and shows the degree of

lung function impairment in 4 age groups. Patients

were divided into 3 clinical groups according to

the DSS scale: 1 = mild course (� 2 times per year:

bronchitis, upper airways infections, sinusitis and

nasal polyps); 2 = moderate course (� 2 times per

year: broncho-pulmonary exacerbation requiring

hospitalization and intravenous antibiotic ther-

apy); and 3 = severe course (> 2 times per year:

pulmonary exacerbation requiring hospitalization

and intravenous antibiotic therapy, chronic lung

inflammation, bronchiectasis). Also FEV1% val-

ues were divided into 3 subgroups according to the

FEV1 score scale: 1 = FEV1%: �70%; 2 = FEV1%:

40–69%; 3 = FEV1%: <40%.

In order to determine the genotype-phenotype

association, 5 clinical parameters were analysed:
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DSS, P. aeruginosa infection frequency, Brasfield

radiological score, FEV1% values, and FEV1

score.

Genotyping

DNA was extracted from the whole blood of CF

patients using the salting out method (Miller et al.

1988). Samples were coded and anonymised. Sev-

eral mutation analysis methods were used to iden-

tify polymorphic variants within chosen genes.

Heteroduplex analysis using DHPLC (denatur-

ing high performance liquid chromatography) and

direct sequencing of the coding region and flank-

ing intronic sequences were performed for the

COX1 gene. Primers were designed with the

MutationDiscovery software (Transgenomic,

Inc.) and their nucleotide sequence is available

upon request. In case of the COX2 gene, a previ-

ously described RFLP (restriction fragment length

polymorphism) analysis was provided in order to

identify 2 known polymorphisms (Szczeklik et al.

2004; Sanak et al. 2005).

Statistical analysis

Most of variables characterizing various geno-

types were ordinal. There was only one parametric

variable – FEV1 value. However, assumptions for

parametric statistical testing were not satisfied in

that case. Because of this, only non-parametric

statistical methods were applied for all data sets.

For independent samples, comparisons of

2 groups were carried out using the Mann- Whit-

ney U test, while the Kruskal-Wallis H test was

used for multiple groups. To detect differences

across multiple test attempts for more than 2 corre-

lated samples, the Friedman test was performed.

In order to investigate the relationship between

measurements achieved with various clinical

scales, the Spearman rank-correlation coefficient

(�) was used. All statistical analyses were per-

formed using SPSS 12.0 PL for Windows (SPSS

Inc. Chicago Illinois). There was no a priori as-

sumption that each tested gene was a cystic fibro-

sis modifier (only 2-tailed tests were used). The P

value of <0.05 was considered significant.

Results

Clinical characteristics

CF patients included in our study represented a

wide age range: from 2 to 34 years (Table 1). In or-

der to achieve more precise clinical comparisons

and because of the progressive, age-dependent and

chronic CF disease course, the patients were clas-

sified into 4 age groups: 0–3 years (early child-

hood), 4–7 years (preschool), 8–13 years

(pre-puberty), and >13 years (post-puberty). The

FEV1% volume as a main lung function test (ad-

justed for age and gender) was done in 59 CF pa-

tients aged > 6 years. In order to achieve more

informative FEV1% results, patients were divided

into 3 age groups: 6–7 years, 8–13 years, and > 13

years. Our results show that mean FEV1% values

decrease with increasing patient age, which re-

flects the progress of lung disease (Friedman test,

P > 0.05) (Table 1).

Significant difference in P. aeruginosa infec-

tion frequency was observed between age groups

(Friedman test, P = 4.8×10–9) (Table 1). Similar

significant difference between age groups was ob-

served in FEV1 score, radiological Brasfield test,

and DSS score (Friedman test, P = 0.039;

1.8×10–7; 3.0×10–6 respectively) (Table 1).

Genotyping

Direct sequencing of the whole coding region of

COX1 was performed. It resulted in identification

of 6 previously known and 2 novel molecular vari-

ants: 960C>G and I344T (Table 2). The identified

polymorphisms included 4 amino acid substitu-

tions: 3 known (R8W, P17L and L237M) and

1 novel (I344T). A complete association between

639C>A polymorphism and 762+14delA was ob-

served in this study. The A variant in position 639

and the deletion of A nucleotide in 762+14 posi-

tion are in linkage disequilibrium. Each of the

novel polymorphisms was identified in only one

patient, so it was not possible to include these re-

sults individually in the statistical analysis.

Two previously known polymorphisms were

identified in the COX2 gene: –765G>C and

8473T>C. No significant differences in frequency

of the analysed COX1 and COX2 variants between

the study group and NCBI SNP database were ob-

served (Table 2).

Genotype-phenotype associations

We analysed statistically the genetic results and
their associations with several clinical traits was
performed. There was no a priori assumption that
each tested gene was a cystic fibrosis modifier and
that is why only 2-tailed tests were used. The re-
sults of associations that have reached statistical
significance are shown in Table 3.
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Table 1. Clinical characteristics of 94 patients homozygous for the F508del mutation

Age group (years) Subgroup No. of patients No. of patients
tested (% of study group)

FEV1% *

6–7 88.4 31 (33.0%)

8–13 84.2 50 (53.2%)

>13 78.9 32 (34.0%)

FEV1 score

6–7 1 = FEV1% �70% 25 31 (33.0%)
2 = FEV1% 69-40% 6

3 = FEV1% <40% 0

8–13 1 = FEV1% �70% 37 50 (53.2%)
2 = FEV1% 69-40% 10

3 = FEV1% <40% 3

>13 1 = FEV1% �70% 17 32 (34.0%)
2 = FEV1% 69-40% 11

3 = FEV1% <40% 4

Pseudomonas aeruginosa infections

0–3 no infections 61 91 (96.8%)
sporadic infections 27

chronic infections 3

4–7 no infections 49 84 (89.4%)
sporadic infections 22

chronic infections 13

8–13 no infections 19 57 (60.6%)
sporadic infections 24

chronic infections 14

>13 no infections 6 24 (25.5%)
sporadic infections 6

chronic infections 12

Radiological test (Brasfield score, BS)

0–3 no or small changes (18-25 BS) 52 84 (89.4%)
moderate changes (13-17 BS) 26

severe changes (�12 BS) 6

4–7 no or small changes (18-25 BS) 42 77 (81.9%)
moderate changes (13-17 BS) 24

severe changes (�12 BS) 11

8–13 no or small changes (18-25 BS) 16 49 (52.1%)
moderate changes (13-17 BS) 20

severe changes (�12 BS) 13

>13 no or small changes (18-25 BS) 4 24 (25.5%)
moderate changes (13-17 BS) 5

severe changes (�12BS) 15

Disease severity status (DSS)

0–3 mild 43 84 (89.4%)
moderate 25

severe 16

4–7 mild 43 77 (81.9%)
moderate 20

severe 14

8–13 mild 20 54 (57.4%)
moderate 20

severe 14

>13 mild 7 24 (25.5%)
moderate 6

severe 11

*Values are mean



Analysis of 2 polymorphisms of the COX1
gene (639C>A and 762+14delA) revealed com-
plete linkage disequilibrium. Statistical signifi-
cance was found for the association of
heterozygosity status and higher FEV1% values. It
was valid for the age group of 8-13 years. A simi-
lar tendency was observed for the other patients
but did not reach statistical significance (data not
shown).

Results obtained for the COX2 gene seem to be

most informative. Both detected polymorphisms

(–765G>C and 8473T>C located within the pro-

moter region and 3`UTR, respectively) are associ-

ated with decreased protein concentration by

reduced gene expression or degradation of COX2

mRNA. The functional consequence of 8473T>C

polymorphism is not clear, but due to its localiza-

tion it is possible that it could affect the stability

and degradation of COX2 mRNA (Campa et al.

2004; Sorensen et al. 2005).

In case of COX2 polymorphisms the

heterozygosity status was beneficial for patients’

clinical outcome. The –765C and 8473C geno-

types were significantly associated with higher

FEV1% values, lower FEV1 score values, less fre-

quent P. aeruginosa infections, higher radiologi-

cal Brasfield score (i.e. less radiological changes),

and lower DSS score in 2 age groups: 4–7 years

and 8–13 years (Figure 2, Table 3). Such a ten-

dency was also observed in other age groups but

did not reach the statistical significance (data not

shown). In other words, clinical condition of

heterozygotic patients tended to be better, as com-

pared to homozygotic patients.
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Table 2. Statistically significant results of COX1 and COX2 genotyping. (Non-significant genotyping results are

available upon request.)

Gene symbol,
RefSeq No., protein name

Variant
refSNP ID

Genotype No. of patients Frequency (%)

study group NCBI SNP da-
tabase

COX1 (PTGS1), NM_080591, prosta-
glandin-endoperoxide synthase 1

639C>A rs5788 CC 60 67.4 68.3

CA 23 25.9 28.3

AA 6 6.7 3.4

762+14delA rs3215925
del-/del- 65 69.2 100.0

del+/del- 23 24.5 0.0

del+/del+ 6 6.4 0.0

COX2 (PTGS2),NM_000963, prosta-
glandin-endoperoxide synthase 2

-765G>C rs20417 GG 60 65.9 57.1

GC 26 28.6 38.1

CC 5 5.5 4.8

8473T>C rs5275 TT 36 39.1 45.8

TC 45 48.9 45.8

CC 11 12.0 8.4

Table 3. Comparison of clinical data of CF patients with different genotypes in tested genes. Only statistically

significant results are shown (Mann-Whitney U test).

Gene Molecular
variant

Variant effect No. of patients with compared
genotypes

Clinical associationgenotype: clinical data/
age group (years)

P value

COX1 639C>A unknown CC (34), CA (12) CA: higher FEV1%*/ 8–13 0.021

762+14delA unknown del–/del-–(36), del–/del+ (12) del–/del+: higher FEV1%*/ 8–13 0.032

COX2 –765G>C
� gene expression GG (29), GC (15) GC: higher FEV1%*/ 8–13 0.024

GG (29), GC (15) GC: lower FEV1 score**/ 8–13 0.045

8473T>C degradation of

PTGS2 mRNA, �
protein concentra-
tion

TT (12), TC (15) TC: lower FEV1 score**/ 4–7 0.007

TT (33), TC (40) TC: less P. aeruginosa infections / 4–7 0.020

TT (20), TC (29) TC: less P. aeruginosa infections / 8–13 0.033

TT (19), TC (24) TC: less radiological changes*** / 8–13 0.005

TC (24), CC (5) TC: less radiological changes***/ 8–13 0.024

TT (20), TC (26) TC: lower DSS score**** / 8–13 0.002

* FEV1% = forced expiratory volume in 1 second; ** FEV1 score (1 = FEV1%: �70%; 2 = FEV1%: 40–69%; 3 = FEV1%: <40%); *** based on

Brasfield score = 18–25: no or small changes; 12-17: moderate changes; <12: severe changes; **** DSS = disease severity status (1 = mild, 2 =

moderate, 3 = severe)



Discussion

This study investigated the potential impact of

COX1 and COX2 polymorphisms on pulmonary

disease severity in 94 Polish CF patients (only

F508del homozygotes, to exclude the possible in-

fluence of other CFTR genotypes). The obtained

results of clinical testing confirmed the relation-

ship between the patients` age and the clinical pa-

rameters reflecting the disease severity. This ob-

servation (statistically significant results)

corresponds with the chronic, progressive and

age-depended outcome of cystic fibrosis. Selec-

tion of COX1 and COX2 was based on the current

knowledge of their function as proinflammatory

factors.

Molecular analysis of the genes resulted in

identification of previously known mutations and

2 novel ones, located within the COX1 gene:

960C>G and I344T. Distribution of most variants
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Figure 1. Predicted normal COX-1 protein structure and location of some molecular variants within the COX1 gene.

Red = positions that are strictly conserved among 20 proteins exhibiting highest homology to Cox-1 (L237M, K430E,

I344T); orange = positions that are generally conserved (G230S, K341R, K359R); green = positions that allow changes

(R53H, K185T, I406V, V444I). According to the modelled structure, residues G230, I344, I406 and V444 are located in

the hydrophobic core of the protein, and their mutation significantly decreases the protein stability. Consequently,

residues K341 and K359 are involved in the internal salt bridges with E345 and D109, respectively, and their

replacement into R should change protein stability. Similarly, residues R53 and K430 are involved in the stabilization of

solvent-exposed EGF-like N-terminal domain.

Figure 2. Comparison of 8473T>C polymorphism in the COX2 gene with disease severity status (DSS) of CF patients of

8-13 years age group.

60% of patients of 8–13 years age group with TT genotype in 8473 locus of COX2 gene demonstrated severe disease

course, while 22% of patients with TC genotype demonstrated similar clinical course.



was similar to the general population frequency

(Table 2).

Results of the COX1 and COX2 associations

seem to be informative and significant. COX1 and

COX2 genes encode prostaglandin G/H synthases

(PTGS), which are a group of enzymes that cata-

lyze the conversion of arachidonic acid to

prostaglandins G2 and H2 (Ulrich et al. 2004;

Martin and Talbert 2005; Maree et al. 2005).

COX-1 protein is expressed constitutively in most

tissues and releases prostaglandins involved in

housekeeping functions (Szczeklik and Sanak

2002). Thus molecular defects changing the en-

zyme activity may influence the inflammatory

process taking place in the lungs of CF patients.

COX-2 protein, in contrast to COX-1, is unde-

tectable in most tissues because the COX2 gene is

normally not expressed under physiological con-

ditions, but can be rapidly induced in response to

pro-inflammatory and mitogenic stimulants (e.g.

various cytokines and carcinogens), and results in

production of a majority of prostaglandins present

during inflammation (Sorensen et al. 2005).

The preliminary hypothesis assumed that high

levels of COX proteins, which are normal in phys-

iological conditions, may have a negative impact

on CF outcome and severity due to the intensive

prostaglandin production leading to intensifica-

tion of the inflammatory process. It has been al-

ready shown that inflammation is one of the main

causes of the rapid deterioration of the airways in

CF patients. It has been also reported that amino

acid changes (R8W, P17L and L237M) are located

within highly conserved regions of the gene

(Ulrich et al. 2002). Such polymorphisms are

likely to affect protein function, although the pos-

sible consequences have not been widely studied

yet. Our results suggest that individuals who are

heterozygotes for polymorphic variants responsi-

ble for lowering of COX protein level, mainly in

locus 8473T>C (Table 3), demonstrate a remark-

ably better clinical outcome. Due to a preliminary

assumption, destabilization of COX protein struc-

ture or lowering of its concentration may be re-

lated to less intensive inflammation because of the

reduced synthesis of prostaglandins. According to

the current knowledge of the functional role of

COX2 gene polymorphisms, 2 variants were cho-

sen for molecular analysis (Szczeklik et al. 2004;

Sanak et al. 2005). The functional polymorphism

–765G>C is located within a putative Sp 1 site

(transcription factor) in the promoter of COX2, up-

stream from the transcription start site and may

thus alter Sp 1 binding to this region. In vitro stud-

ies of human lung fibroblast cells revealed a sig-

nificantly lower expression from –765 C,

compared with the –765 G allele (Papafili 2002).

The other mutation, COX2 8473T>C, is located

downstream of the stop codon, in the 3`-UTR re-

gion.

Protein modelling software was used to predict

the functional impact and location of molecular

COX1 variants within the protein structure. This

analysis showed that 2 newly discovered

polymorphisms (960C>G in exon 8 and I344T in

exon 9) were located in extremely conserved re-

gions, in the middle of protein structure, which

might cause its destabilization (Figure 1). Further

proteomic analysis of the COX1 in CF patients is

required to establish the potential role of the iden-

tified variants.

The positive impact of COX2 polymorphisms

reducing COX-2 level on all analysed clinical pa-

rameters suggests an important role of this gene as

a modifier of pulmonary disease in CF patients,

due to inhibition of arachidonic acid conversion

into prostaglandins. The COX2 gene is highly in-

duced during the inflammatory process and there-

fore is considered the main target for

anti-inflammatory therapies. Ibuprofen, a

non-steroidal anti-inflammatory drug (NSAID)

that inhibits both COX enzymes, delays the pro-

gression of lung disease in children with CF

(Fritsche et al. 2001; Roca-Ferrer et al. 2006;

Clayton and Knox 2006; Konstan et al. 1995;

Konstan et al. 2007).

Results of this project suggest the modifying

role of COX-2 in pulmonary disease severity in

Polish CF patients. Further investigation is neces-

sary to examine how pro-inflammatory genes,

such as COX1 and COX2, are regulated in CF pa-

tients and how these changes affect the course of

the disease.

Searching for CF modifier genes reveals more

and more results that are not always concordant.

Large-scale investigations with cooperation of

many genetic and clinical centres are required to

verify current observations. Usage of modern mo-

lecular technologies allowing analysis of hundreds

of human genes in a short time will be necessary in

such projects.
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