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Abstract. Chronic obstructive pulmonary disease (COPD) is 
often accompanied by lung cancer. In our previous work, it 
was observed that matrix metalloproteinase‑3 and haptoglobin 
(HP) polymorphisms were potential markers of enhanced 
susceptibility to lung cancer development among male COPD 
subjects. Here, results are reported on blood serum levels of 
several proteins involved in iron metabolism, inflammation 
and the oxidative stress response compared between the same 
groups of subjects. The blood serum levels of tumor necrosis 
factor α (TNFα), transferrin, hepcidin, ferritin, soluble trans-
ferrin receptor and 8‑oxo‑2'‑deoxyguanosine were compared, 
as well as total iron‑binding capacity (TIBC) and ceruloplasmin 
ferroxidase activity in two groups of subjects: Male COPD 
patients (54 subjects) and male COPD patients diagnosed with 
lung cancer (53 subjects). Statistically significant differences 
were identified between the two groups in transferrin and 
TNFα levels, as well as in TIBC; all three parameters were 
lower in the group consisting of COPD patients diagnosed 
with lung cancer (P<0.01). It was also revealed that HP 
genotype 1/2 was concomitant with low transferrin blood 
level in subjects with COPD; this apparent dependence was 
absent in the COPD + cancer subjects. The results indicate a 
role of iron metabolism in the susceptibility to lung cancer in 
COPD‑affected subjects. They also emphasize the importance 

of individual capacity for an effective response to oxidative 
stress during the pathogenic process as HP is a plasma protein 
that binds free hemoglobin and its polymorphism results 
in proteins with altered hemoglobin‑binding capacity and 
different antioxidant and iron‑recycling functions.

Introduction

The risk factors for lung cancer are usually identified by 
comparing the studied feature between healthy subjects and 
lung cancer patients. This approach has determined a series of 
risk factors, both genetic and epigenetic (1‑7). Since the associ-
ation between lung cancer and chronic obstructive pulmonary 
disease (COPD) has been reported in numerous studies (8‑12), 
the risk factors that influence the morbidity of lung cancer in 
subjects with COPD constitute a separate problem.

A common initial pathogenic event in COPD and lung 
cancer is oxidative stress, caused by smoking or environmental 
factors. This initiates several pathways depending on genetic 
and epigenetic factors, which to some extent, overlap in COPD 
and lung cancer (13,14). The common feature is initial activa-
tion of transcription factors and subsequent trans‑activation 
of inflammation‑related genes. In addition, oxidative DNA 
damage is inflicted, which may lead to genomic instability 
and the initiation of cancer, if insufficiently or incorrectly 
repaired (15). Thus, when searching for genetic factors that 
increase the risk of lung cancer in COPD subjects, it seems 
logical to examine polymorphisms in DNA repair genes, 
and in genes that code for proteins involved in inflammation 
and tissue remodeling, since these have been associated with 
COPD and cancer progression (8‑12).

Previously, our group has compared the genotype distribu-
tion of single nucleotide polymorphisms (SNPs) in the genes 
encoding several matrix metalloproteinases (MMPs), DNA 
repair proteins, tumor necrosis factor α (TNFα) and hapto-
globin (HP) in two groups of male Caucasian subjects: The 
first group consisted of patients with COPD and lung cancer, 

Carcinogenesis‑related changes in iron metabolism in chronic 
obstructive pulmonary disease subjects with lung cancer

KAMIL BRZÓSKA1,  TERESA BARTŁOMIEJCZYK1,  BARBARA SOCHANOWICZ1,  
MAGDALENA CYMERMAN1,  JACEK GRUDNY2,  JACEK KOŁAKOWSKI3,  MARCIN KRUSZEWSKI1,4,5,  

PAWEŁ ŚLIWIŃSKI3,  KAZIMIERZ ROSZKOWSKI‑ŚLIŻ2  and  LUCYNA KAPKA‑SKRZYPCZAK4,5

1Institute of Nuclear Chemistry and Technology, Centre for Radiobiology and Biological Dosimetry, 03‑195 Warsaw; 
2Institute of Tuberculosis and Lung Diseases, Third Department of Lung Diseases; 

3Institute of Tuberculosis and Lung Diseases, Department of Diagnosis and Treatment of Respiratory Insufficiency, 
01‑138 Warsaw; 4Institute of Rural Health, Department of Molecular Biology and Translational Research, 20‑090 Lublin; 

5University of Information Technology and Management, Faculty of Medicine, Department of Medical Biology and 
Translational Research, 35‑225 Rzeszów, Poland

Received January 23, 2017;  Accepted August 10, 2018

DOI:  10.3892/ol.2018.9459

Correspondence to: Dr Lucyna Kapka‑Skrzypczak, Institute of 
Rural Health, Department of Molecular Biology and Translational 
Research, 2 Jaczewskiego Street, 20‑090 Lublin, Poland
E‑mail: lucynakapka@gmail.com

Key words: chronic obstructive pulmonary disease, lung cancer, 
iron metabolism proteins, haptoglobin polymorphism, oxidative 
stress



BRZÓSKA et al:  CARCINOGENESIS-RELATED CHANGES IN IRON METABOLISM6832

whereas the second group consisted of patients with COPD 
only. It was observed that distributions of genotypes of MMP3 
and HP polymorphisms were significantly different between 
the studied groups (16,17). The HP gene is located on chromo-
some 16q22 and has two major alleles in humans (18). Allele 1 
contains five exons whereas allele 2 has a duplication of exons 
3 and 4 of allele 1 potentially resulting from unequal crossing 
over between two HP1 alleles (18). As a result, there are three 
common haptoglobin phenotypes: The homodimer HP1/1, 
the linear polymer HP1/2, and the large circular polymer 
HP2/2 (18). In order to search for other factors that may affect 
the extent of oxidative stress, the present study focused on 
proteins involved in iron metabolism. Iron is an established 
determinant of oxidative stress, being responsible for the 
induction of DNA damage and activation of many signaling 
pathways (19). Here, results are reported on blood serum levels 
of several proteins involved in iron metabolism, inflammation 
and the oxidative stress response compared between the same 
groups of subjects as in our previous work.

Materials and methods

Subjects. The patients were diagnosed and treated at the 2nd 
Department of Respiratory Medicine and 3rd Department 
of Respiratory Medicine and Oncology of the Institute of 
Tuberculosis and Lung Diseases in Warsaw, Poland from 
January  2007 to December  2009. The study protocol 
conformed to the Declaration of Helsinki, and was approved 
by the Institutional Ethics Committee of the Institute of 
Tuberculosis and Lung Diseases (Warsaw, Poland). Each 
participating patient had provided signed informed consent 
following a detailed explanation of the study protocols. The 
subjects were examined in two groups, selected according 
to gender, age, smoking habits and diagnosed disease. There 
were 53 male COPD patients with lung cancer and 54 male 
patients with COPD only. The detailed characteristics of 
the subject groups have been presented in our previous 
paper (17).

ELISA measurements. A total of 10 ml of blood was collected 
from each patient into a tube containing no anticoagulant. 
Blood samples were incubated in an upright position for 30 min 
at room temperature to allow clotting and centrifuged in a 
horizontal rotor for 10 min at 1,500 x g at room temperature. 
Serum was transferred to sterile eppendorf tubes and stored at 
‑70˚C in 0.5 ml aliquots. ELISA kits for the following proteins 
were used according to the manufacturer's instructions: Ferritin 
(Alpha Diagnostic International, San Antonio, TX, USA, 
Catalog no. 1810); hepcidin prohormone (DRG Instruments 
GmbH, Marburg, Germany; catalog no. EIA‑4644); soluble 
transferrin receptor (sTfR) (BioVendor, Brno, Czech 
Republic; catalog no. RD194011100, TNFα and transferrin 
(Assaypro St. Charles, MO, USA; catalog no. ET2010‑1 and 
ET3105‑1, respectively); and 8‑oxo‑2'‑deoxyguanosine (HT 
(High throughput) 8‑oxo‑dG ELISA kit; R&D Systems, Inc., 
Minneapolis, MN, USA; catalog no. 4380‑096‑K). Thawed 
serum was not reused for testing. Each ELISA test included a 
standard curve, the shape of which had been compared with the 
data provided by the manufacturer as well as a positive control 
(sample with known antigen concentration) and negative 

control (sample containing no antigen). All samples and stan-
dards were run in triplicate and coefficients of variation were 
compared with the data provided by the manufacturer.

Total iron‑binding capacity. TIBC values of serum were 
determined using the Randox TIBC colorimetric assay 
(Randox Laboratories Ltd., Crumlin, UK) according to the 
manufacturer's recommendations. A total of 0.5 ml of serum 
from each subject was used for the measurement.

Ceruloplasmin ferroxidase activity (CFA). The CFA of serum 
samples was measured according to the method described by 
Erel (20). The chromogen, (3‑(2‑pyridyl)‑5,6‑bis(2‑[5‑furyl-
sulfonic acid])‑1,2,4‑triazine), forms a coloured complex with 
ferrous ions, but not with ferric ions. The difference in the 
ferrous ion concentration prior to and following the enzymatic 
reaction indicates the quantity of the oxidized ferrous ion. The 
quantity of enzyme that converted 1 µmol of substrate into 
product per minute was defined as 1 unit.

Statistical analysis. Data are presented as the mean with 
standard error of the mean and/or standard deviation as indi-
cated. Differences between the studied groups in blood levels 
of proteins and 8‑oxodG as well as in TIBC and CFA were 
analysed by Mann‑Whitney U‑tests. Analysis of transferrin 
blood level between groups with different HP genotypes 
determined previously  (17) was performed using one‑way 
analysis of variance (ANOVA) followed by post‑hoc Tukey's 
tests. To estimate correlations between the parameters under 
study, Pearson's correlation coefficients (r) were computed. In 
all tests, significance was accepted at P<0.05. All statistical 
analyses were performed using Statistica 7 software (StatSoft, 
Inc., Tulsa, OK, USA).

Results

Comparison of oxidative stress, iron metabolism, and inflam‑
mation markers between COPD patients with and without 
lung cancer. The blood serum levels of the oxidative stress 
marker, 8‑oxodG, and several proteins involved in iron 
metabolism and inflammation were analyzed in two groups of 
patients: The first group consisted of patients with COPD and 
lung cancer, whereas the second group consisted of patients 
with COPD only.

The blood serum level of TNFα was lower in the 
COPD + cancer group compared with in the COPD group 
(P<0.01; Fig.  1A). Additionally, the difference in trans-
ferrin level was significant, and its level was lower in the 
COPD + cancer subjects (P<0.01; Fig. 1B). No statistically 
significant differences were observed in the blood serum 
levels of other proteins involved in iron metabolism (hepcidin, 
ferritin and sTfR) (Fig. 2) or 8‑oxodG (Fig. 3).

Furthermore, TIBC and CFA were compared (Fig. 4). The 
lower TIBC index in COPD + cancer subjects was statistically 
significantly different to that of the COPD group (P<0.01).

Correlation analysis. Table I sumarizes the analysis of corre-
lations between measured parameters. Notable differences 
between the groups under study were observed. Namely, in 
COPD‑only patients, hepcidin level was positively correlated 
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with CFA and 8‑oxodG level (r=0.31 and 0.60; P<0.05); 
whereas in patients with COPD and lung cancer, hepcidin level 
also showed positive correlation with ferritin level (r=0.45; 
P<0.05), as well as negative correlation with transferrin level 
and TIBC (r=‑0.27 and ‑0.29; P<0.05). In the case of ferritin 
level, in COPD‑only patients it was negatively correlated with 
tranferrin level and TIBC (r=‑0.33 and ‑0.40; P<0.05), and 
positively correlated with 8‑oxodG level (r=0.39; P<0.05); 
whereas in patients with COPD and lung cancer, ferritin level 
was not correlated with the levels of transferrin or 8‑oxodG, 
but instead correlation with hepcidin and CFA (r=0.45 and 
0.29; P<0.05) was observed.

Impact of HP polymorphism on iron metabolism, and inflam‑
mation markers. The influence of HP polymorphism on TIBC, 
as well as on the blood serum levels of TNFα and transferrin 
was examined. From one‑way ANOVA, it was determined that 
HP genotype 1/2 was concomitant with a low transferrin blood 
level in the subjects with COPD only (Fig. 5A), but not in the 
subjects with COPD and lung cancer (Fig. 5B).

Figure 2. Box plots of mean levels of proteins involved in iron metabolism: (A) Hepcidin, (B) ferritin and (C) sTfR, in the serum of subjects with COPD or 
COPD and lung cancer. In the box plots, the middle square represents the mean, the boxes standard error of the mean and the whiskers standard deviation. 
All differences were not significant in the Mann‑Whitney U‑test (P>0.05). sTfR, soluble transferrin receptor; COPD, chronic obstructive pulmonary disease.

Figure 1. Box plots of mean levels of (A) TNFα and (B) transferrin in the serum of subjects with COPD or COPD and lung cancer. In the box plots, the middle 
square represents the mean, the boxes standard error of the mean and the whiskers standard deviation. Differences between groups determined as statistically 
significant in the Mann‑Whitney U‑test are indicated. TNFα, tumor necrosis factor α; COPD, chronic obstructive pulmonary disease. 

Figure 3. Box plots of mean levels of 8‑oxodG in the serum of subjects 
with COPD or COPD and lung cancer. In the box plots, the middle square 
represents the mean, the boxes standard error of the mean and the whiskers 
standard deviation. Difference between the groups was not significant in the 
Mann‑Whitney U‑test (P>0.05). 8‑oxodG, 8‑oxo‑2'‑deoxyguanosine; COPD, 
chronic obstructive pulmonary disease.
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Discussion

The oxidant and noxious stress responses that occur in the 
lungs of cigarette smokers cause damage to epithelial cells, 
leading to their apoptosis and the development of emphysema, 
as a main characteristic of COPD (21). In addition, reactive 
oxygen species are genotoxic agents and their interaction with 
DNA results in the formation of oxidized DNA bases, DNA 
strand breaks and chromosomal damage (22). These lesions, if 
unrepaired or misrepaired, may lead to cell death or genomic 

instability and, consequently, result in a number of diseases, 
including those associated with neoplastic changes (23,24).

There are several reports of increased lung cancer risk 
being associated with polymorphisms in the DNA repair 
genes (25‑29). Nevertheless, an analysis of pooled data from 14 
studies on the significance of polymorphisms in the DNA repair 
genes for cancer risk, published in 2008 by the International 
Lung Cancer Consortium (30), indicated that mostly weak 
associations could be found for single polymorphisms. It should 
be stressed that all these analyses (25‑30) were performed by 

Table I. Pearson's correlation coefficients (r) for correlations between the measured parameters in COPD and COPD + lung 
cancer subjects.

A, All subjects (n=107)

	 TNFα	 sTfR	 Ferritin	 Transferrin	 TIBC	 CFA	 Hepcidin	 8‑oxodG

TNFα	 1.00	‑	‑	‑	‑	‑	‑	‑      
sTfR	‑ 0.09	 1.00	‑	‑	‑	‑	‑	‑     
Ferritin	‑ 0.08	 0.03	 1.00	‑	‑	‑	‑	‑    
Transferrin	 0.47	 0.02	 ‑0.26	 1.00	‑	‑	‑	‑   
TIBC	 0.21	 0.13	 ‑0.34	 0.42	 1.00	‑	‑	‑  
CFA	 0.11	 0.17	 0.26	‑ 0.06	‑ 0.05	 1.00	‑	‑ 
Hepcidin	‑ 0.11	 0.13	 0.38	 ‑0.24	‑ 0.11	 0.35	 1.00	‑
8‑oxodG	‑ 0.18	 0.08	 0.18	 ‑0.31	‑ 0.11	 0.29	 0.51	 1.00

B, COPD‑only subjects (n=54)

	 TNFα	 sTfR	 Ferritin	 Transferrin	 TIBC	 CFA	 Hepcidin	 8‑oxodG

TNFα	 1.00	‑	‑	‑	‑	‑	‑	‑      
sTfR	‑ 0.05	 1.00	‑	‑	‑	‑	‑	‑     
Ferritin	‑ 0.05	‑ 0.07	 1.00	‑	‑	‑	‑	‑    
Transferrin	 0.40	 0.03	 ‑0.33	 1.00	‑	‑	‑	‑   
TIBC	 0.01	 0.22	 ‑0.40	 0.30	 1.00	‑	‑	‑  
CFA	 0.02	 0.14	 0.24	‑ 0.18	 0.02	 1.00	‑	‑ 
Hepcidin	‑ 0.15	 0.24	 0.17	‑ 0.19	 0.13	 0.31	 1.00	‑
8‑oxodG	‑ 0.23	 0.09	 0.39	 ‑0.32	 ‑0.07	 0.48	 0.60	 1.00

C, COPD + lung cancer subjects (n=53)

	 TNFα	 sTfR	 Ferritin	 Transferrin	 TIBC	 CFA	 Hepcidin	 8‑oxodG

TNFα	 1.00	‑	‑	‑	‑	‑	‑	‑      
sTfR	‑ 0.17	 1.00	‑	‑	‑	‑	‑	‑     
Ferritin	‑ 0.04	 0.08	 1.00	‑	‑	‑	‑	‑    
Transferrin	 0.46	‑ 0.02	‑ 0.24	 1.00	‑	‑	‑	‑   
TIBC	 0.23	 0.03	 ‑0.33	 0.44	 1.00	‑	‑	‑  
CFA	 0.18	 0.20	 0.29	 0.08	‑ 0.15	 1.00	‑	‑ 
Hepcidin	‑ 0.05	 0.05	 0.45	 ‑0.27	 ‑0.29	 0.38	 1.00	‑
8‑oxodG	‑ 0.15	 0.07	 0.15	 ‑0.33	‑ 0.25	 0.08	 0.48	 1.00

Correlation coefficients significant at P<0.05 are emboldened. TNFα, tumor necrosis factor α; sTfR, soluble transferrin receptor; TIBC, total 
iron‑binding capacity; CFA, ceruloplasmin ferroxidase activity; 8‑oxodG, 8‑oxo‑2'‑deoxyguanosine; COPD, chronic obstructive pulmonary 
disease. 
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comparing healthy subjects with those with lung cancer. In our 
previous work, COPD patients were compared with patients 
with both COPD and lung cancer. No significant differences in 

the distribution of polymorphisms in DNA repair genes were 
identified between the two groups. Similarly, the frequency of 
polymorphisms in the tumor protein p53 and cyclin dependent 
kinase inhibitor 1 genes did not differ between COPD and 
COPD + cancer subjects (17). This result is consistent with the 
similar blood level of 8‑oxodG, a marker of oxidative DNA 
damage, in the same two groups of subjects, as reported in the 
present study.

During a previous study on the same groups of subjects, no 
statistically significant difference was found in the frequency 
of SNPs in the gene encoding TNFα. By contrast, a significant 
difference between the compared groups was identified in the 
distribution of genotypes of the HP gene (17). HP belongs 
to the acute phase proteins that are present in serum; their 
increase and altered glycosylation accompany inflammation 
and tumorigenesis (31). The biological function of HP is to 
bind free hemoglobin in blood, thus preventing iron loss and 
allowing the recycling of heme iron in the reticuloendothelial 
system in the liver (32‑34). Therefore, acting as a hemoglobin 
scavenger, HP lowers iron concentration, and facilitates the 
anti‑inflammatory response  (34). Among the known HP 
phenotypes, HP1/1 is the most effective in binding free hemo-
globin, thus suppressing the oxidative stress and inflammatory 
response associated with free hemoglobin. HP2/2 is the least 
effective, whereas HP1/2 has an intermediate anti‑oxidative 
activity (35‑37).

The formation of reactive oxygen radicals frequently 
occurs in Haber‑Weiss and Fenton‑type reactions with the 
participation of ferrous ions (Fe2+), therefore, homeostasis 
disorders of this element may be important in the development 
of cancer (19). In fact, such has been observed in patients with 
various cancers: Iron was identified as a potential carcinogen 
approximately 25 years ago (38‑41) also in lung cancer (42). 
Recent reviews  (43,44) summarize the research on iron 
metabolism in the cancer cell and the possible applications 
of iron targeted therapy. In the present study, it was revealed 
that HP1/2 genotype was associated with low transferrin blood 
level in patients with COPD. This relationship was absent in 

Figure 5. (A) HP genotype 1/2 was concomitant with the low blood trans-
ferrin level in subjects with COPD. (B) This dependence was absent in the 
subjects with COPD and lung cancer. The marked difference was significant 
in one‑way analysis of variance followed by post‑hoc Tukey's test.

Figure 4. (A) TIBC and (B) CFA in the serum of subjects with COPD or COPD and lung cancer. In the box plots, the middle square represents the mean, the 
boxes standard error of the mean and the whiskers standard deviation. The difference in TIBC was statistically significant in the Mann‑Whitney U‑test. TIBC, 
total iron‑binding capacity; CFA, ceruloplasmin ferroxidase activity; COPD, chronic obstructive pulmonary disease.
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patients with COPD and lung cancer, likely reflecting carci-
nogenesis‑related changes in iron metabolism. Such changes 
were also manifested in the significantly lower blood levels of 
TNFα, transferrin and TIBC in the patients with COPD and 
lung cancer.

In conclusion, the results of the present study indicate 
the importance of iron metabolism in the development and 
progression of lung cancer in COPD‑affected subjects. In 
future studies by our group, the aim will be to further investi-
gate the mechanisms of COPD and lung cancer development 
and the relationship between these two diseases, with focus 
on the roles of the immune system, iron metabolism and the 
oxidative stress response in their pathogenesis. Specifically, 
analysis of the expression of genes related to these processes 
is intended on the transcriptomic level, in circulating immune 
cells isolated from COPD and lung cancer patients as well 
as from tumor samples. Further aims will be to verify if 
epigenetic factors including microRNA expression and DNA 
methylation may be responsible for the effects observed in the 
present study (for example, the association between transferrin 
level and haptoglobin genotype), and to investigate their role in 
COPD and lung cancer pathogenesis.
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