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Purpose: Oxidative stress is known to activate tumor suppressor p53, which inhibits cell cycle progression and induces apoptosis.
Levels of p53 in lung tissues from patients with chronic obstructive pulmonary disease (COPD) are increased compared with levels in
nonsmokers or smokers without emphysema. A polymorphism in p53 codon 72 (rs1042522) is associated with emphysematous
changes in patients with COPD. However, whether oxidative stress in the serum is associated with the p53 polymorphism and disease
severity in COPD patients is unclear.
Patients and Methods: A total of 251 patients with a history of smoking more than 10 pack-years were enrolled in this study, and
serum levels of derivatives of reactive oxygen metabolites (d-ROMs), biological antioxidant potential (BAP), and d-ROMs/BAP ratio
(oxidative stress index; OSI) were measured. The percent low-attenuation area (LAA%) and cross-sectional area of the erector spinae
muscles (ESMCSA) at the Th12 level were calculated from chest high-resolution computed tomography images. p53 codon 72 C/G
genotyping was performed using polymerase chain reaction–restriction fragment length polymorphism analysis.
Results: In patients carrying the p53 GG genotype, LAA% was significantly higher than in those carrying the CC genotype. d-ROM
levels and OSI were associated with COPD severity and correlated with airflow limitation and markers of muscle atrophy (ESMCSA

and creatinine/cystatin C ratio). Associations between markers of oxidative stress and COPD severity were observed primarily in
patients carrying the p53 codon 72 GG genotype.
Conclusion: Susceptibility to pulmonary emphysema and responses to oxidative stress may be affected by the p53 gene
polymorphism.
Keywords: oxidative stress, low attenuation area, sarcopenia, smoking status

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic inflammatory disease caused primarily by inhalation of cigarette
smoke. In patients with COPD, long-term cigarette smoking generates large amounts of free radicals.1 Even after cessation of
smoking, oxidative stress derived from activated macrophages and neutrophils persists in the lungs.2,3 Oxidative stress is
known to activate tumor suppressor p53, which inhibits cell cycle progression and induces apoptosis of cells with irreparable
genetic damage,4 and the levels of p53 in lung tissues of patients with COPD are increased compared with those of
nonsmokers or smokers without emphysema.5–7 A previous study showed that polymorphisms in p53 are associated with
the occurrence of smoking-related COPD in Taiwan Chinese patients.8 Similarly, we previously reported that a polymorphism
in p53 codon 72 (rs1042522) was associated with emphysematous changes in patients with COPD.9 The p53 gene
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polymorphism in codon 72 is the most frequently studied single-nucleotide polymorphism in the p53 pathway and plays an
important role in inducing apoptosis and stress-induced senescence pathways10–12 involved in the pathophysiologic changes
associated with pulmonary emphysema and COPD.13

Oxidative stress can be assessed by measuring a variety of factors, such as serum thiobarbituric acid–reactive
substances, serum oxidized low-density lipoprotein, and urinary oxidized nucleosides of DNA.14–16 In contrast, measure-
ments of intracellular levels of superoxide dismutase and glutathione peroxidase have been studied as indicators of
antioxidant potential.17,18 However, these assay methods are too complex for the analysis of large numbers of samples.
An increasing number of studies have examined assay methods to measure levels of derivatives of reactive oxygen
metabolites (d-ROMs) and biological antioxidant potential (BAP) as a simpler means of detecting reactive oxygen
species (ROS).18–22 The d-ROMs test does not directly measure active oxygen and free radicals but rather peroxides such
as hydroperoxide, which is an oxidative metabolite. The BAP test measures antioxidant power via the reduction of ferric
ions to ferrous ions. Both assays use serum samples and can be easily performed simultaneously in a short time.19

Therefore, in the present study, we measured d-ROM levels and BAP in serum samples obtained from COPD patients as
biomarkers of oxidative stress.

Measurements of various markers of oxidative stress in blood samples from COPD patients have revealed increased
lung oxidative stress,20–24 and it has been postulated that this oxidative stress leads to enhanced expression of p53 in the
lungs of COPD patients.5,24,25 However, whether the levels of oxidative stress markers in serum are associated with the
p53 polymorphism and disease severity in COPD patients is unclear. In the present study, we characterized the p53 codon
72 polymorphism and measured d-ROM levels and BAP in serum from smokers and COPD patients in order to
determine whether the p53 polymorphism affects the oxidative stress response and clinical parameters of COPD such
as pulmonary function and disease severity.

Patients and Methods
Patients
From December 2015 to November 2017, a total of 264 patients were recruited from the outpatient department of the
Department of Respiratory Medicine, Kanazawa Medical University Hospital. The inclusion criteria for enrollment were
as follows: age >40 years; at least a 10 pack-year history of tobacco smoking; and meeting the Global Initiative for
Obstructive Lung Disease (GOLD) stage criteria for COPD based on post-bronchodilator spirometry. Two patients on
hemodialysis for chronic renal failure were excluded. Sixteen patients were also excluded due to increased high-
sensitivity C-reactive protein (HsCRP) levels (>1 mg/dL). Consequently, 246 patients participated in the present study.
The study was approved by the Research Ethics Committee of Kanazawa Medical University (protocol: no. G102, I100),
and all subjects gave written informed consent. This study was conducted in accordance with the Declaration of Helsinki.

Pulmonary Function Tests
Pulmonary function tests were performed to determine forced vital capacity (FVC) and forced expiratory volume in 1
second (FEV1). The predicted pulmonary function values were calculated according to Japanese Respiratory Society
guidelines. The diagnosis of COPD and classification of airflow limitation severity in COPD were based on clinical
history, physical examination, and spirometry data, following the GOLD classification.26 The study included 151 patients
with COPD and 95 smokers without COPD. The COPD patients were classified into 3 subcategories (mild, GOLD I;
moderate, GOLD II; and severe, GOLD III and IV) based on spirometry data (Table 1).

Measurement of Percent Low-Attenuation Area (LAA%)
LAA% was measured as previously reported.25,27,28 Briefly, high-resolution computed tomography (CT) scans were
acquired using a 128-multidetector CT scanner (Somatom Definition FLASH; Siemens Medical Solutions, Erlangen,
Germany) with a slice thickness of 2 mm. LAA% was calculated using a threshold of −960 Hounsfield units (HU) to
assess emphysematous changes and total lung volume using the computer software LungVisionTM, version 2.1 (Cybernet
Systems Co., Ltd., Tokyo, Japan).
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Quantitative Analysis of Cross-Sectional Area (CSA) of Erector Spinae Muscles (ESMs)
The CSA of ESMs (ESMCSA) was measured based on our previous study.28 Briefly, ESMCSA was measured on a single-
slice, axial chest CT image at the level of the lower margin of the 12th thoracic vertebra using ImageJ software (National
Institutes of Health, Bethesda, MD, USA). The left and right ESMs were manually selected, the areas of both ESMs were
selected, and the CSAs of both ESMs were calculated.

Measurement of Creatinine and Cystatin C (CysC), Hs-CRP, d-ROMs, and BAP Levels
Whole blood was collected from each patient into anticoagulant-treated tubes. The serum was separated from the whole
blood by centrifugation for 10 min at 1000 x g using a refrigerated centrifuge. The serum samples were stored in a deep
freezer at −80°C until analyzed. Aliquots of serum samples were sent to SRL Inc. (Shinjuku-ku, Tokyo, Japan), a clinical
laboratory testing company, for measurement of serum creatinine, CysC, and Hs-CRP levels.

d-ROM levels and BAP were measured using a free radical elective evaluator system (FREE Carpe Duo, Wismerll
Co. Ltd., Tokyo, Japan) with a kit for d-ROM and BAP testing (Wismerll Co., Ltd.). Briefly, each serum sample (20 μL)
was placed in a cuvette filled with buffer (pH 4.8). The cuvette was then turned upside down and agitated. Fe2+ and Fe3+

served as catalysts, resulting in the degradation of blood hydroperoxide into alkoxy and peroxy radicals. A color-
developing chromogen was then added in a volume of 20 μL, resulting in oxidation of the chromogen substrate by the
free radicals to yield a red-colored radical cation. The cuvette was once again turned upside down and agitated and then
placed in a photometer for optical measurement of d-ROMs. A chromogen for BAP (a reagent containing trivalent iron,
50 μL) was added to the cuvette to induce red coloration. The cuvette was turned upside down, and the color intensity
was measured using a photometer. Each serum sample (10 μL) was then placed into a cuvette and agitated. The cuvette
was then placed in a thermostatically controlled chamber for 5 min. Finally, the cuvette was placed into the photometer
for optical measurement of BAP.

p53 Genotyping
Genomic DNAwas extracted from peripheral blood using a PAXgene bloodDNA kit (Qiagen, Valencia, CA, USA) and stored in
PAX gene collection tubes (Qiagen) at −20°C. Genotyping of p53 codon 72was performed by polymerase chain reaction (PCR)–
restriction fragment length polymorphism. Briefly, PCR was performed with 100 ng of genomic DNA and specific oligonucleo-
tide primers using a Type-it Mutation Detect PCR kit (Qiagen) and GeneAmpTM PCR System thermocycler (Applied

Table 1 Patient Characteristics

Characteristic Smoker Controls Mild COPD Moderate COPD Severe COPD p value

GOLD … Stage I Stage II Stage III/IV –
No. of patients 95 41 62 48 (39/9) –

Age, years 70.5 ± 9.4 71.1 ± 9.6 72.0 ± 8.9 73.6 ± 7.8 0.271

Sex, male (female) 92 (3) 38 (3) 62 (0) 45 (3) 0.179
Smoking, pack-years 58.5 ± 37.6 54.7 ± 32.8 64.1 ± 35.9 67.2 ± 31.6 0.293

Current smoker, NO 36 15 22 11 0.328

%FVC, predicted 97.3 ± 13.7 113.6 ± 14.3* 95.8 ± 13.9† 76.8 ± 17.2*†‡ <0.0001
FEV1/FVC, % 77.4 ± 5.8 64.5 ± 4.7 * 54.3 ± 8.9*† 39.9 ± 11.3*†‡ <0.0001

%FEV1, predicted 96.0 ± 13.1 95.2 ± 13.1 66.7 ± 8.6*† 37.9 ± 8.1*†‡ <0.0001
LAA% 5.0 ± 6.1 9.8 ± 8.7* 13.0 ± 10.3* 21.7 ± 15.5*†‡ <0.0001

BMI (kg/m2) 23.7 ± 3.7 23.8 ± 2.8 23.2 ± 3.2 21.5 ± 3.6*† 0.0026

ESMCSA (cm
2) 2979 ± 833.5 3138 ± 607.6 2788 ± 755.2 2466 ± 756.9*† 0.0002

Cr/CysC ratio 0.86 ± 0.15 0.91 ± 0.18 0.88 ± 0.15 0.78 ± 0.14*†‡ 0.0003

HsCRP (mg/dL) 0.183 ± 0.205 0.192 ± 0.186 0.218 ± 0.227 0.345 ± 0.292*†‡ 0.0007

Notes: Values are expressed as mean ± SD. *p<0.05 versus smoker controls. †p<0.05 versus mild COPD, ‡p<0.05 versus moderate COPD.
Abbreviations: COPD, Chronic obstructive pulmonary disease; GOLD, Global Initiative for Obstructive Lung Disease; %FVC, predicted, percent forced vital capacity,
predicted; %FEV1, predicted, percent forced expiratory volume in 1 second, predicted; body mass index, BMI; ESMCSA, cross-sectional area of erector spinae muscles; Cr,
creatinine; Cys C, cystatin C; HsCRP, high-sensitivity C-reactive protein.
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Biosystems). The sequence of the forward primer for p53 was 5’-CATGGGACTGACTTTCTGCT-3’, and the sequence of the
reverse primer was 5’-GGTGTGATGGGATGGATAAA-3’. The polymorphism in codon 72 of the p53 gene was analyzed by
BstUI (New England Biolab; Beverly, MA, USA) digestion of PCR products for 4 h at 60°C. The G allele (but not the C allele)
has a single BstUI site within the amplified fragment; the fragments were resolved by electrophoresis on a 1.5% agarose gel with
ethidium bromide staining (Figure 1). In order to clarify the effect of the p53 polymorphism on the expression of oxidative stress
and systemic inflammation markers, we evaluated d-ROM levels, BAP, and oxidative stress index (OSI) in serum samples from
COPD patients categorized by p53 genotype and disease severity.

Statistical Analysis
Age, smoking index (expressed as pack-years), pulmonary function parameters, ESMCSA, and LAA%, HsCRP, d-ROM
levels, and BAP were compared between groups using analysis of variance with Bonferroni correction for multiple
comparisons. Comparisons of d-ROMs, BAP, OSI and HsCRP values between current smoker and ex-smoker were
performed using the Student’s t-test. Correlations were analyzed using Pearson’s correlation coefficient. The significance
of differences in the distributions of sex and smoking status between the groups was determined using the chi-squared
test and the chi-squared test for trends. Comparisons were considered significant at p<0.05.

Results
Patient Characteristics
Age, sex, smoking history, pulmonary function data, LAA%, body mass index (BMI), ESMCSA, serum creatinine/cystatin
C (Cr/CysC) ratio, and HsCRP levels of COPD patients classified by disease severity are summarized in Table 1. No
significant differences between the groups were observed in terms of age, sex, or smoking history. As expected, LAA%
was significantly higher in association with impairment of pulmonary function. BMI, ESMCSA, and Cr/CysC ratio, which
is an indicator of sarcopenia in COPD patients,28–30 were decreased in patients with severe COPD compared with smoker
controls. HsCRP levels were significantly increased in patients with severe COPD compared with smoker controls and
patients with moderate and mild COPD (Table 1).

Associations of d-ROMs, BAP, and OSI with Pulmonary Function and Indicators of
Sarcopenia
d-ROM levels were significantly increased in patients with severe COPD compared with smoker controls and those with
moderate COPD (Figure 2A). No significant differences were observed in terms of BAP between the groups (Figure 2B);

Figure 1 Representative photograph of PCR-RFLP analysis of p53 gene codon 72 polymorphisms. PCR-amplified genomic DNA corresponding to the p53 gene was digested
with BstUI, which distinguishes among p53 genotypes. Lane 1 shows the DNA ladder marker, lane 2 shows the PCR product without restriction digestion, lane 3 shows the
p53 codon 72 CC genotype, lane 4 shows the GG genotype, and lane 5 shows the CG genotype.
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however, the d-ROMs/BAP ratio (OSI) was significantly increased in patients with severe COPD compared with smoker
controls and those with moderate COPD (Figure 2C). Because smoking can affect oxidative stress and systemic
inflammation, d-ROM levels, BAP, and HsCRP levels were compared between current and ex-smokers among the
whole patient population (Figure 3). Although there were no significant differences in d-ROM and HsCRP levels
between current and ex-smokers, the BAP was increased and OSI decreased in ex-smokers compared with current
smokers.

d-ROMs and OSI exhibited a small inverse correlation with the percent forced expiratory volume in 1 second,
predicted (%FEV1) but not with the percent predicted forced vital capacity (%FVC) and LAA% (Figure 4A–F). In the
context of markers of sarcopenia, d-ROMs exhibited a small inverse correlation with Cr/CysC ratio and ESMCSA, but not
with BMI. The OSI exhibited a small inverse correlation with Cr/CysC ratio, but not with BMI and ESMCSA

(Figure 5A–F).

Effect of the p53 Polymorphism on d-ROMs, BAP, and OSI
Age, sex, smoking history, pulmonary function data, LAA%, BMI, ESMCSA, serum Cr/CysC ratio, d-ROM levels, BAP,
OSI, and HsCRP levels among all patients classified by p53 codon 72 genotype are summarized in Table 2. With the
exception of LAA% and %FEV1, no significant differences were observed in the other parameters among the p53
genotypes. LAA% was significantly higher in patients carrying the GG genotype than in patients carrying the CC

Figure 2 Derivatives of reactive oxygen metabolites (d-ROMs) (A), biological antioxidant potential (BAP) (B), and oxidative stress index (OSI) (C) in serum from smoker
controls (control) and patients with moderate chronic obstructive pulmonary disease (COPD) (moderate), mild COPD (mild), and severe COPD (severe). d-ROM levels and
OSI were significantly higher in patients with severe COPD compared with the control and moderate COPD patient groups. No significant differences were observed in
BAP between the groups. Data are expressed as mean ± SD.

Figure 3 D-ROM levels (A), BAP (B), OSI (C), and high-sensitivity C-reactive protein (HsCRP) levels (D) in serum from current and ex-smokers. Data are expressed as
mean ± SD. BAP was significantly increased and OSI significantly decreased in ex-smokers compared with current smokers.
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Figure 4 Results of correlation analyses between d-ROM levels and percent forced vital capacity, predicted (%FVC) (A), percent forced expiratory volume in 1 second, predicted
(%FEV1) (B), percent low-attenuation area (LAA%) (C), and betweenOSI and %FVC (D), %FEV1 (E), and LAA% (F). d-ROM levels were weakly correlated with %FVC and %FEV1.

Figure 5 Results of correlation analyses between d-ROM levels and bodymass index (BMI) (A), cross-sectional area of the erector spinaemuscles (ESMCSA) (B), creatinine/cystatin
C ratio (Cr/CysC ratio) (C), and between OSI and BMI (D), ESMCSA (E), and Cr/CysC ratio (F). d-ROM levels and OSI were weakly correlated with ESMCSA and Cr/CysC ratio.
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genotype, and %FEV1 was significantly decreased in patients carrying the CG genotype and tended to decrease in
patients carrying the GG genotype compared with patients carrying the CC genotype (Table 2). The results of analyses of
the frequencies of p53 codon 72 polymorphisms are summarized in Tables 3 and 4. Although the LAA% was
significantly higher in patients carrying the p53 codon 72 GG genotype, the frequency of the p53 genotype and allele
were not significantly different between COPD groups and smoker control subject.

In patients carrying the p53 codon 72 CG genotype, there were no significant changes in d-ROMs and OSI, but a
significant change was observed in d-ROM levels of patients carrying the p53 codon 72 CC genotype. In patients
carrying the p53 codon 72 GG genotype, d-ROM levels and OSI were significantly increased in the severe COPD group
compared with patients in the smoking control and moderate and mild COPD groups (Figure 6). d-ROMs exhibited a

Table 2 Characteristics of Patients Categorized by p53 Codon 72 Genotype

p53 Codon 72 CC p53 Codon 72 CG p53 Codon 72 GG p value

No. of patients 41 116 89 –
Age, years 71.3 ± 9.1 72.4 ± 9.4 70.6 ± 8.6 0.385

Smoking, pack-years 64.7 ± 28.3 58.6 ± 32.0 62.4 ± 41.9 0.566

Current smoker, NO 17 42 25 0.266
Sex, male (female) 40 (1) 110 (6) 87 (2) 0.489

%FVC, predicted 101.2 ± 16.2 94.5 ± 19.1 94.6 ± 17.9 0.104

FEV1/FVC, % 66.4 ± 13.9 60.7 ± 15.7 62.0 ± 17.8 0.153
%FEV1, predicted 86.6 ± 22.3 74.6 ± 26.0 * 75.3 ± 25.6 0.027

LAA% 7.6 ± 8.2 10.8 ± 11.8 13.1 ± 12.6 * 0.041
BMI (kg/m2) 23.4 ± 3.1 22.9 ± 3.4 23.5 ± 3.8 0.412

ESMCSA (cm
2) 2968 ± 762.2 2841 ± 757.5 2828 ± 854.5 0.616

Cr/CysC ratio 0.90 ± 0.17 0.86 ± 0.17 0.87 ± 0.14 0.404
d-ROM (U. CARR) 324.0 ± 67.0 327.2 ± 56.4 327.2 ± 69.4 0.956

BAP (μmol/L) 2152 ± 335.2 2141 ± 224.7 2146 ± 207.1 0.967

OSI (d-ROM/BAP) 0.154 ± 0.04 0.155 ± 0.003 0.153 ± 0.03 0.926
HsCRP (mg/dL) 0.238 ± 0.234 0.213 ± 0.228 0.235 ± 0.242 0.733

Note: Values are expressed as mean ± SD. *p<0.05 versus p53 codon 72 CC.
Abbreviations: d-ROM, derivatives of reactive oxygen metabolites; BAP, biological anti-oxidant potential; OSI, oxidative stress index.

Table 3 p53 Genotype Frequencies in COPD Patients

p53 Codon 72 Genotype

CC CG GG p value

Smoker Control 22 (23.2%) 37 (38.9%) 36 (37.9%) Reference

Mild COPD 7 (17.1%) 21 (51.2%) 13 (31.7%) 0.994
Moderate COPD 8 (12.9%) 34 (54.8%) 20 (32.3%) 0.695

Severe COPD 4 (8.3%) 24 (50.0%) 20 (41.7%) 0.149

Table 4 p53 Allele Frequencies in COPD Patients

p53 Codon 72 Allele

C G p value Odds Ratio (95% CI)

Smoker Control 42.6% 57.4% Reference

Mild COPD 42.7% 57.3% 1.000 0.998 (0.59–1.69)

Moderate COPD 40.3% 59.7% 0.726 1.100 (0.69–1.74))
Severe COPD 33.3% 66.7% 0.159 1.486 (0.89–2.48)

Abbreviation: CI, confidence interval.
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small correlation with LAA% only in patients carrying the p53 GG genotype; however, there was no significant
correlation between d-ROMs and LAA% in patients carrying the p53 CC or CG genotype (Figure 7).

Discussion
In the present study, we demonstrated that the oxidative stress markers d-ROMs and OSI can be easily measured in serum
and that these markers are associated with airflow limitations and markers of muscle atrophy and sarcopenia in COPD

Figure 6 D-ROM levels in serum from smoker controls (control) and patients with moderate COPD (moderate), mild COPD (mild), and severe COPD (severe) carrying
the p53 codon 72 CC genotype (A), CG genotype (B), and GG genotype (C). BAP of serum from controls and patients with moderate, mild, and severe COPD carrying the
p53 codon 72 CC genotype (D), CG genotype (E), and GG genotype (F). OSI in serum from patients carrying p53 codon 72 CC genotype (G), CG genotype (H), and GG
genotype (I). Data are expressed as mean ± SD. d-ROM levels and OSI in patients with severe COPD were significantly increased among those carrying the GG genotype
compared with control subjects and patients with moderate and mild COPD. Only among patients with mild COPD carrying the CC genotype were d-ROM levels increased
compared with control subjects.
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patients. In contrast to patients carrying the p53 codon CC and CG genotypes, associations between oxidative stress
markers and COPD severity were clearer in COPD patients carrying the p53 codon 72 GG genotype, which is related to
susceptibility to pulmonary emphysema.

Cigarette smoking is a major risk factor for developing COPD and also a major source of oxidative stress in the lungs.
Chronic exposure to oxidative stress and persistent inflammation can lead to lung cell apoptosis and pulmonary
emphysema.31 In addition, cigarette smoking depletes antioxidants associated with defense against damage to lung
cells from oxidative stress.32,33 Oxidative stress can be evaluated based on the balance between ROS production and
antioxidant capacity. The serum d-ROM level is an indicator of ROS production, and serum BAP represents antioxidant
potential.19,34,35 Our results showing increased d-ROM levels and OSI in patients with severe COPD and the correlation
between these oxidative stress markers and airflow limitation are in line with those of previous studies in COPD patients
using serum malondialdehyde and iron levels,36 serum thiobarbituric acid–reactive substances, superoxide dismutase,
catalase, glutathione, homocysteine,37 and serum d-ROM levels as markers of oxidative stress.22

With regard to antioxidant potential, we found no significant differences in BAP between the disease severity groups,
and smoking cessation increased BAP and decreased OSI, despite the fact that severity of airflow limitation did not affect
the BAP levels in the present study. These results could be explained in part by smoking-related depletion of
antioxidants. Smoking is significantly associated with decreased antioxidant levels.38,39 Although it has been reported
that ROS markers improve after smoking cessation, improvement in antioxidant markers is less common in COPD
patients,40 probably due to sarcopenia resulting from disease progression.41 Our results showing a relatively higher ratio
of ex-smokers among patients with severe COPD compared with smoking controls could have been related to BAP and
OSI levels. We speculate that the improvement in antioxidants in the high proportion of former smokers was counteracted
by the depletion of antioxidants due to the effect on BAP of sarcopenia associated with advanced-stage COPD in patients
with severe COPD.

Previous studies reported that cells carrying the GG genotype of p53 codon 72 are more susceptible to apoptosis in
response to cellular damage from various sources, including oxidative stress, compared with cells carrying the CC
genotype,10,11,25 in association with enhanced activation of transcriptional apoptosis effectors.42 In the present study, we
confirmed the results of our previous study showing an association between the p53 codon 72 polymorphism and severity
of pulmonary emphysema.25 Furthermore, associations between the markers of oxidative stress and severity of airflow
limitation and pulmonary emphysema were observed primarily in patients carrying the p53 codon 72 GG genotype.
These results suggest that the p53 polymorphism plays a role in not only susceptibility of lung cells to apoptosis but also
in determining different responses to oxidative stress. It is possible that patients carrying the p53 GG genotype have
impaired antioxidant defense compared with patients carrying the p53 CC or CG genotype, which may be associated with
lung cell apoptosis and changes in emphysema. However, the precise mechanisms underlying the different responses to
oxidative stress induced by the p53 polymorphism could not be elucidated in the present study. Further studies evaluating

Figure 7 Results of correlation analyses between d-ROM levels and LAA% in patients carrying the p53 codon 72 CC genotype (A), CG genotype (B) and GG genotype (C).
d-ROM levels were weakly correlated with LAA% in patients carrying the GG genotype.
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the expression of p53-related transcriptional effector genes and/or circulating microRNAs are necessary to clarify the
differences in signal transduction associated with p53 polymorphisms.

Although a previous report showed an association between the occurrence of smoking-related COPD in patients with
the p53 codon 72 polymorphism,8 we did not observe any significant differences in pulmonary function between the p53
genotypes or significant differences in the frequency of the p53 genotype between the COPD groups and smoker control
subjects in the present study. This discrepancy could be explained by the heterogeneous and multi-component nature of
the combination of small airway disease and parenchyma destruction characterized by airflow limitation. Airflow
limitation develops due to both bronchial stenosis and emphysematous changes. Airway narrowing in COPD patients
may also be affected by the p53 pathway through the induction of bronchial cell apoptosis in response to the oxidative
stress associated with smoking.43 The susceptibility to smoking-related airflow limitation–associated p53 polymorphisms
may depend on the structural features of COPD, such as chronic bronchitis and emphysema.

There were several limitations in present study. First, there was a relatively small number of stage IV COPD patients
in our cohort, which made it difficult to assess the usefulness of biomarkers of oxidative stress in severe COPD patients.
In this study, there were no significant differences in d-ROM and OSI levels between patients with severe COPD or mild
COPD. However, it is possible that a study with a larger number of patients with stage IV COPD could detect significant
differences in d-ROMs and OSI between mild and severe COPD patients. In turn, this could reveal additional
characteristics of these biomarkers that are affected by differences in the severity of airflow limitation and by p53
polymorphisms. Second, as this was a single-center retrospective study conducted in Japan, the patients were all
Japanese, and thus, regional and racial differences were not considered. Because the principle of the d-ROMs test
involves the release of iron from serum proteins at low pH, leading to degradation of hydroperoxides into free radicals
via the Fenton reaction,44 the d-ROMs test is easily affected by lifestyle and dietary habits.45 As lifestyle varies by region
and race, a multi-lateral prospective validation study involving a large cohort to exclude the effects of lifestyle on the
d-ROMs test conducted in multiple facilities is needed.

Conclusion
Oxidative stress is involved in the development of COPD. In patients with COPD, systemic oxidative stress is reflected in
lung cell inflammation and influenced by genetic factors.21 In the present study, d-ROMs and OSI were associated with
severity of emphysema and airflow limitation, and this association was observed primarily in patients carrying the p53
codon 72 GG genotype. Susceptibility to pulmonary emphysema and responses to oxidative stress could be affected by
the p53 gene polymorphism. In COPD patients carrying the p53 GG genotype, measuring d-ROMs and OSI could be a
prognostic factor for increased response to oxidative stress and progression of pulmonary emphysema and deterioration
of pulmonary function. In addition, measurement of d-ROM levels and BAP is an inexpensive, rapid, and easy method
for evaluating oxidative stress using serum samples. If serum samples are properly stored, this method is useful in a
variety of settings, including retrospective cohort analyses of COPD patients. Future long-term observational studies
should be conducted to determine if measurement of d-ROM levels and BAP could be useful in predicting the outcome
of patients with COPD.
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