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Increased Serum Romo1 Was Correlated with Lung
Function, Inflammation, and Oxidative Stress
in Chronic Obstructive Pulmonary Disease

Liang Ye,1 Shan Mao,1 Surong Fang,1 Jing Zhang,1 Yan Tan,1 and Wei Gu1,2

Abstract— Chronic obstructive pulmonary disease (COPD) is associated with abnormal
inflammation and high oxidative stress. Studies suggest that reactive oxygen species modu-
lator 1 (Romo1) involve in diseases associated with oxidative stress and inflammation.
However, the relationship between COPD and Romo1 is still not clear. In this study, we
compared serum Romo1 in 49 COPD patients and 34 health controls, and their correlation
with lung function, systematic inflammation, and oxidative stress. In addition, serum levels of
Romo1, C-reactive protein (CRP), and oxidative stress (measured by reactive oxygen species,
ROS) were analyzed using commercial kits. Serum Romo1was significantly higher in COPD
patients than that of control (132.24 ± 10.34 vs. 93.26 ± 7.75 pg/ml, P < 0.05). Serum CRP
and ROS were also significantly higher in COPD patients. Serum Romo1 was correlated
inversely with FEV1% predicted in COPD patients (푟 = − 0.347, 푃 = 0.016), while it was
correlated positively with CRP and ROS levels, respectively. These results suggest that serum
Romo1 increase in COPD patients and that these levels are associated with lung function,
inflammation, and oxidative stress in COPD.

KEY WORDS: chronic obstructive pulmonary disease; inflammation; oxidative stress; reactive oxygen species m-
odulator 1.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD), a
worldwide health care burden, is proposed to be the third
leading cause of mortality by 2030 [1, 2]. COPD with the

features of progressive and partially reversible airflow
obstruction is considered to be associated with abnormal
airway inflammation and oxidant/antioxidant imbalance
[3]. Recently, studies suggest that the inflammation may
also Bspread^ into the circulatory system and then cause
systematic inflammatory injuries and organ damage [4, 5].
On this basis, it is not appropriate to merely consider
COPD as a pulmonary disease. Increased systemic inflam-
mation may usually lead to complex chronic comorbidity
(e.g., coronary artery disease) in COPD patients, which
then results in poor clinical outcomes [6]. Unfortunately,
our understanding on the roles of systemic inflammation in
COPD and its comorbidity is still limited.
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Oxidative stress is related to an imbalance between the
increased production of reactive oxygen species (ROS) and
reactive nitrogen species (RNS), and reduced antioxidant
capacity [7, 8]. To our best knowledge, disturbance of the
oxidant–antioxidant and proteinase–antiproteinase balance
has been reported to be responsible for the pathogenesis in
COPD [9]. In the presence of endogenously metabolic reac-
tions frommitochondrial electron transport during respiration
or activation of phagocytes or exogenously from air pollutants
or cigarette smoke, lungs are continuously subject to oxidants
[10, 11]. Air pollution–induced lung inflammation is charac-
terized by the activation of inflammatory cells such as neu-
trophils, alveolar macrophages, monocytes, and epithelial and
endothelial cells, which then increase inflammation and tissue
damage after releasing ROS and RNS [12, 13]. ROS is
required for normal cellular homeostasis and physiology in
several subcellular events, such as enzyme activation, signal
transduction, and gene expression [14]. In cases of distur-
bance of prooxidant/antioxidant equilibrium, oxidative stress
is induced which then leads to damage of intracellular mole-
cules [15].

ROS modulator 1 (Romo1), a novel protein firstly
cloned from head and neck cancer tissue in 2006, is located
in the mitochondrial membrane and is a key modulator of
intracellular ROS [16]. To date, the elevation of circulating
Romo1 has been well acknowledged in several diseases
associated with high oxidative stress and inflammation, such
as cancer and idiopathic pulmonary fibrosis [17, 18].
Oxidant–antioxidant imbalance in the airway played a critical
role in the pathogenesis of lung injury in patients with COPD.
However, theCOPDpathogenesis is notwell defined, chronic
inflammation induced by stresses (e.g., smoking) plays an
important role in the onset and progression of COPD. Con-
sistent with the links of smoking and oxidative stress, we
speculated that smoking may lead to upregulation of Romo1
and release of ROS through inducing lung injury by oxidative
stress, which then resulted in deterioration of lung injury. On
this basis, we hypothesize that the elevation of Romo1 may
play an important role in the pathogenesis of COPD. In this
study, we carried out a preliminary clinical study to determine
the relationship exists between COPD and Romo1.

PATIENTS AND METHODS

Patients

Forty-nine stable COPD outpatients with mild-to-
very severe airflow limitation (GOLD stage I to IV) were
enrolled from the COPD clinic of Nanjing First Hospital.

Patients had stable disease at least for 2 months prior to
their inclusion; a period free of a COPD exacerbation for
4 weeks prior to the enrollment was considered adequate to
include patients in stable condition. Forty-three age-
matched healthy volunteers recruited from the Physical
Examination Center served as normal control. All subjects
underwent a standard lung function test, and COPD was
diagnosed prospectively for this study on the basis of
Global Initiative for chronic obstructive lung disease crite-
ria [19]. Written consent was obtained from each subject.
The study was performed in line with the principles of the
Declaration of Helsinki. The study protocols were ap-
proved by the Institutional Review Board for Human Stud-
ies of Nanjing First Hospital (Approval No. 201727003).

The inclusion criteria were as follows: those with aged
≥ 40 years; those with a ratio of forced expiratory volume in
the first second to forced vital capacity (FEV1/FVC) of less
than 70% after bronchodilation; those with an increase in
FEV1 of less than 12% after inhalation of훽2-agonist (200-
mg salbutamol); those with clinically stable conditions for at
least 3 months prior to the study. Patients with asthma,
bronchiectasis, interstitial pulmonary fibrosis, hypertension,
coronary artery disease, autoimmune diseases, a history of
stroke, diabetes mellitus, chronic renal disease, or malig-
nancy were excluded from the study.

Measurement of Romo1, CRP, and ROS

Subjects were required to be in a fasting state before
blood collection, and then venous blood samples (5 ml)
were collected from each subject followed by separation of
serum and storage at − 80 °C until analysis. Serum Romo1-
was measured using a human Romo1 immunoassay kit
(EIAab Science, Wuhan, China) according to the manufac-
turer’s instructions. Level of C-reactive protein (CRP) was
analyzed using ELISA (Xitang Bio-Technology, Shanghai,
China). Oxidative stress was assessed by measuring ROS
level using a colorimetric kit (Xitang Bio-Technology,
Shanghai, China). All the measurements were carried out
strictly according to the manufacturer’s instructions. Tech-
nicians were blinded to the clinical details of the subjects.

Statistical Analysis

Data were presented as mean ± standard deviation.
Unpaired Student’s t-test was used to determine the differ-
ences between groups in cases that the data were normally
distributed. Bivariate Pearson’s correlation test was used to
investigate the correlations. Data were analyzed using
SPSS 18.0 for Windows (IBM, Chicago, IL, USA).
P < 0.05 was considered to be statistically significant.
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RESULTS

Clinical Characteristics

In total, 49 COPD patients and 34 healthy controls
were included in this study. The demographic and clinical
characteristics, and smoking pack-years, as well as serum
Romo1, CRP, and ROS, were shown in Table 1. No statis-
tical differences were noticed in the age, sex, and smoking
pack-years between the patients and controls. The FEV 1%
among COPD patients was 85.79 ± 19.87%, which indi-
cated that most had mild airflow limitation.

Serum Romo1, CRP, and ROS

Compared with the control, the mean serum Romo1
showed a significant increase in COPD patients (132.24 ±
10.34 pg/ml vs. 93.26 ± 7.75 pg/ml,푃 < 0.001; Fig. 1). Sim-
ilarly, the serumCRP (6.28 ± 3.72 vs. 4.89 ± 1.15 mg/L,푃 =
0.02) and serum ROS (285.37 ± 85.35 vs. 237.56 ±
65.82 nmol/mL, 푃 = 0.01) in COPD patients also showed a
significant increase compared with that of the control group.

Correlations Between Romo1 and FEV1%, CRP, and
ROS

Serum Romo1 in COPD patients was negatively corre-
lated with lung function, based on FEV1% (r= − 0.460, P =
0.001; Fig. 2a). In addition, serum Romo1 was also negative-
ly correlated with the ratio of FEV1/FVC (r =− 0.523, P =
0.003). Whereas, Romo1 was positively correlated with CRP
(r = 0.367, P = 0.009; Fig. 2b) and ROS (r = 0.487, P <
0.001; Fig. 2c) in COPD patients.

DISCUSSION

For the first time, we investigated the correlations
between serum Romo1in COPD patients and indicators
of lung function, inflammation, and oxidative stress. Our
study showed that significant correlations were noticed
between Romo1 levels and FEV1%, CRP, and ROS. In
future, further studies are needed to justify the mechanistic
basis of these correlations to testify whether Romo1 levels
contribute to the pathogenesis of COPD.

There is a strong biologic rationale as to why Romo1
may have a modulatory role on lung function in COPD. To
date, several genetic markers of oxidative stress have been
reported to involve in the development of COPD. In patho-
logic conditions, the imbalance between excess formation
and/or impaired removal of ROS may lead to ROS accumu-
lation [20].Mitochondriawere considered themajor source of
ROS, and the mitochondrial ROS modulator 1 (Romo1) was
reported to be involved in ROS production. In a previous
study, Lee and colleagues suggested that Romo1-derived
ROSmight play an important role in the necrosis of apoptotic
cell [21]. Meanwhile, Chung et al. demonstrated that Romo1
was responsible for the excessive accumulation of ROS in
tumor cells [16]. Moreover, the authors reported that mito-
chondrial ROS generated by Romo1 expression was required
for cell proliferation, which suggested that Romo1may play a
crucial role in redox signaling during normal cell proliferation
[22]. Whereas, in a previous study, ROS trigger lung injury
and contributed to lung diseases such as COPD, acute lung
injury, and cancer [23–25], which suggested that ROSmay be
associated with the pathogenesis of COPD. Thus, Romo1
may contribute to the COPD lung by triggering ROS

Table 1. Characteristics of Patients with COPD and Healthy Subjects

Characteristic COPD (n = 49) Control (n = 34) P value

Age (year) 63 ± 9 59 ± 10 0.178
Sex(m/f) 33/15 22/10 0.027*
BMI (kg/m2) 22.58 ± 3.26 23.05 ± 2.64 0.368
Smoking (pack years) 14.83 ± 15.48 12.07 ± 18.72 0.468
FEV1(L) 2.07 ± 0.64 2.78 ± 0.58 < 0.001
FVC(L) 3.42 ± 1.28 3.26 ± 0.65 0.348
FEV1/FVC% 58.74 ± 7.35 84.57 ± 6.06 < 0.001
FEV1% predicted 85.79 ± 19.87 116.49 ± 16.32 < 0.001
Romo1(pg/ml) 132.24 ± 10.34 93.26 ± 7.75 < 0.001
CRP (mg/L) 6.28 ± 3.72 4.89 ± 1.15 0.02
ROS (nmol/ml) 285.37 ± 85.35 237.56 ± 65.82 0.01

COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; Romo1, reactive
oxygen species modulator 1; ROS, reactive oxygen species
∗The chi-squared test was used to test the significance of the difference in gender proportions.
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accumulation. Taken together, it is reasonable to speculate
that Romo1 may participate in the pathogenesis of COPD.

In this study, serum CRP and ROS showed a signif-
icant increase in COPD patients compared with that of
controls. Circulating CRP was elevated in COPD patients
and may thus be regarded as a valid biomarker of systemic
inflammation. Additionally, serum CRP was associated
with the decline of FEV1. These results suggested that
CRP and ROS may contribute to the chronic inflammation
and oxidative stress of COPD. What’s more, a negative
correlation was observed between Romo1 and lung func-
tion in COPD patients, which demonstrated that

Romo1may correlate with the severity of airway obstruc-
tion. Previous studies reported that smoking over the clin-
ical course of COPDmay lead to the production of Romo1;
however, in our study, no statistical differences were no-
ticed in the smoking between the two groups. In future,
more studies are needed to clarify whether smoking may
contribute to Romo1levels and COPD in general.

Our study has a few limitations. Firstly, this re-
search was a single-center study, and the sample size of
the subgroups was relatively small. Secondly, relative-
ly few research indicators were included, only two
indicators were utilized to analyze systemic inflamma-
tion and oxidative stress. Thirdly, the differences in
expression of Romo1 in sputum, bronchoalveolar la-
vage fluid, airway epithelial cells, and lung tissue were
no studied in depth. In future, these indices would be
determined, together with in vitro experiments. Mean-
while, cigarette smoke extract was used to stimulate
the epithelial cells of the bronchus, and then Romo1
expression and function were determined to assess the
roles of smoking in COPD-related inflammation and
oxidative stress. Furthermore, most of our patients
presented with relatively mild COPD. Our subsequent
study will verify our findings in patients with more
severity, as well as determination of Romo1 expression
in the presence of smoking, before and after treatment.

In summary, serum Romo1 is significantly increased
in COPD patients, which is associated with lung function,
inflammation, and oxidative stress in these patients. Ac-
cordingly, it has the potential to be used as a biomarker of
disease progression and cardiac comorbidity in COPD
patients. In future, studies are needed to examine additional
markers of systemic inflammation and oxidative stress in
order to understand the roles of Romo1 in the pathogenesis
of COPD.

Fig. 1. Comparison of serum Romo1 level in COPD patients compared
with the non-COPD individuals. The data were presented as mean ±
standard error. *P < 0.05 versus non-COPD control.

Fig. 2. Correlation between Romo1 and FEV1% (a), CRP (b), and ROS (c).
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