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Detection of cancer embryo antigen and endothelin-1
in exhaled breath condensate: A novel approach
to investigate non-small cell lung cancer
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Abstract. The present study aimed to investigate the clinical
significance of cancer embryo antigen (CEA) and endothelin-1
(ET-1) in the exhaled breath condensate (EBC) of patients
with non-small cell lung cancer (NSCLC). EBC samples were
collected from 143 patients with NSCLC and 119 healthy
individuals by using an EBC collector. The CEA and ET-1
levels in the EBC and serum were detected. The levels of CEA
and ET-1 in the serum and EBC of the NSCLC group were
higher compared with those of the healthy group. The level
of CEA in the EBC of the adenocarcinoma group was higher
compared with that in the squamous cell carcinoma group. The
levels of CEA and ET-1 in the serum and EBC in stages III
and I'V were higher compared with those in stages I and II. The
levels of CEA and ET-1 in the EBC were positively correlated
with those in the serum, and furthermore, they exhibited high
specificity and sensitivity. Thus, these parameters may be used
to diagnose lung cancer. The detection of CEA and ET-1 in
EBC may help the process of diagnosing and monitoring the
progression of NSCLC.

Background

Lung cancer is considered to be one of the leading causes
of mortality worldwide in the 21st century. Millions of
individuals die from lung cancer annually (1). Mortality caused
by lung cancer ranks first among other cancer types, regard-
less of gender. Among lung cancer cases, non-small cell lung
cancer (NSCLC) accounts for 80-85% of the total. Although
medical treatments for NSCLC have greatly progressed, this
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cancer type continues to be associated with one of the most
malignant types of tumour, with the worst post-operative
therapeutic effects (2). With the help of early diagnosis and
treatment, the five-year survival rate of patients with NSCLC
has increased (3). Therefore, researchers have aimed to develop
novel reliable and atraumatic methods to diagnose and assess
lung cancer. Similarly, the present study aimed to develop a
novel method that may be used to diagnose and evaluate lung
cancer.

As an indication of airway canceration, exhaled breath
condensate (EBC) comprises the liquid and volatile mixture
secreted by the lower respiratory tract mucosa (4). EBC
collection techniques exhibit several advantages, including
non-invasiveness, simplicity in their execution and high
repeatability (5,6). The detection of tumour markers in EBC
may be a novel approach to diagnose lung cancer in the early
stages and in screens of high-risk groups (7-10). In the present
study, cancer embryo antigen (CEA) and endothelin-1 (ET-1)
were detected in the EBC of 133 patients with NSCLC.

Subjects and methods

Study subjects. A total of 143 patients were diagnosed with
squamous cell carcinoma and adenocarcinoma, who received
bronchoscopy, lung biopsy and open chest surgery in our
hospital from February 2011 to October 2014. The patients
with severe heart disease and damaged liver or kidney func-
tions, and those who failed to cooperate during the study, were
excluded. Of the 143 subjects, 75 suffered from adenocarci-
noma and 68 endured squamous cell carcinoma. According to
the seventh version of the lung cancer tumour-node-metastasis
staging standard provided by the Union for International
Cancer Control in 2009 (11), 15 cases were in stage I, 29 cases
were in stage II, 59 cases were in stage III and 40 cases were
in stage I'V. Moreover, 119 healthy volunteers were included
in the normal control group. No statistically significant differ-
ences were identified in terms of the age, gender or smoking
history of the participants.

Sample collection. EBC was collected using a HAAK EK20
EcoScreen (Eric Jaeger, Friedberg, Germany). The subjects
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Table I. Comparison of the CEA and ET-1 levels in the serum and EBC of the two groups (X £ s).
EBC Serum

Parameter N CEA (mg/l) ET-1 (ng/) CEA (mg/l) ET-1 (ng/l)
Subject

NSCLC 143 2.96+1.54 19.68+7 .41 14.52+7 .48 63.30+20.04

Healthy 119 0.82+0.42 7.35+£3.15 3.59+2.07 46.51x15.16
t-test 14.753 16913 15.455 7.520
P-value <0.01 <0.01 <0.01 <0.01
CEA, cancer embryo antigen; ET-1, endothelin-1; EBC, exhaled breath condensate; NSCLC, non-small-cell lung cancer.
Table II. Association between the levels of CEA and ET-1 and the pathological type (X + s).

EBC Serum

Parameter N CEA (mg/l) ET-1 (ng/1) CEA (mg/l) ET-1 (ng/l)
Cancer type

Adenocarcinoma 75 3.99+1.09 20.07+7.24 19.27+5.87 64.96+21.87

Squamous cell 68 1.82+1.08 19.25+7.63 9.28+5.23 61.46+17.80

carcinoma
t-test 11.946 0.658 3.977 1.044
P-value <0.01 >0.05 <0.01 >0.05

CEA, cancer embryo antigen; ET-1, endothelin-1; EBC, exhaled breath condensate.

wore nose-clips and maintained eupnoea for 20 min by biting
mouthparts. This method was used to collect 1-3 ml conden-
sate from each subject; the obtained condensate was
subsequently preserved at -70°C. Simultaneously, 3 ml fasting
venous blood was drawn early in the morning, and the serum
was extracted. The samples were allowed to coagulate at
room temperature for 30 min, and subsequently were centri-
fuged at 2,500 g for 20 min. The samples were preserved
at -20°C, and the test was conducted within a week.

Testing method. Chemiluminescence microparticle
immunoassays were performed using a CEA kit (Abbott
Laboratories, Abbott Park, IL, USA). An enzyme-linked immu-
nosorbent assay (ELISA) was performed using an ET-1 kit
(R&D Systems, Inc., Minneapolis, MN, USA). The experiment
was performed in accordance with the manufacturer's protocol.

Statistical analysis. Data were statistically analysed using
SPSS 13.0 software (SPSS, Inc., Chicago,. IL, USA). Measured
data were in accordance with the normal distribution of the
mean = standard deviation (x~ + s) under a normal distribu-
tion test. The two samples were compared using a t-test, and
the measured data were subjected to a y* test. The correla-
tion between CEA and ET-1 in the EBC and serum was
determined through correlational analysis. Receiver operating
characteristic (‘ROC’) curve analysis was performed to deter-
mine the specificity and sensitivity of the method to diagnose
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Figure 1. Correlation scatter-diagram of CEA in the EBC and serum. CEA,
cancer embryo antigen; EBC, exhaled breath condensate.

lung cancer. P<0.05 was considered to indicate a statistically
significant value.

Results
The levels of CEA and ET-1 in the serum and EBC samples

were compared between the NSCLC group and the healthy
group (Table I), revealing that the CEA levels in the EBC
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Table III. Relationship of the CEA and ET-1 levels with lung cancer staging (¥ £ s).

EBC Serum
Parameter N CEA (mg/1) ET-1 (ng/) CEA (mg/l) ET-1 (ng/l)
Stage I/II* 44 1.53+1.18 15.29+8.22 8.48+5.29 53.73+21.10
Stage HII/TV 99 3.59+1.22 21.63+6.12 17.20+6.72 67.55+18.09
t-test 9410 5.125 7.623 4.000
P-value <0.01 <0.01 <0.01 <0.01

*The cancer stages (I-IV) were assigned according to the seventh version of the lung cancer tumour-node-metastasis staging standard provided
by the Union for International Cancer Control in 2009 (11). CEA, cancer embryo antigen; ET-1, endothelin-1; EBC, exhaled breath condensate.

Table I'V. Specificity and sensitivity of CEA and ET-1 in the EBC and serum to diagnose lung cancer.

Parameter Area under the ROC curve Critical value Sensitivity (%) Specificity (%)
EBC CEA 0.893 1.505 mg/1 82.5 96.6
Serum CEA 0.929 7.063 mg/1 84.6 95.8
EBC ET-1 0.936 12.681 ng/l 81.8 96.6
Serum ET-1 0.748 65.334 ng/l 48.0 924

CEA, cancer embryo antigen; ET-1, endothelin-1; EBC, exhaled breath condensate; ROC, receiver operating characteristic.
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Figure 2. Correlation scatter diagram of ET-1 in the EBC and serum. CEA,
cancer embryo antigen; EBC, exhaled breath condensate.

and serum of the lung cancer group were significantly higher
compared with those of the normal control group (P<0.01). The
levels of CEA and ET-1 in the serum and EBC samples were
also compared between the two pathological lung cancer types
investigated (adenocarcinoma and squamous cell carcinoma)
(Table II). This analysis determined that the level of CEA in
the EBC and serum of the patients with adenocarcinoma was
significantly higher compared with that of the patients with
squamous cell carcinoma.

The correlation of the levels of CEA and ET-1 with lung
cancer staging was subsequently determined (Table IIT).
These results revealed that the levels of CEA in the EBC and
serum of the patients with lung cancer stages III and IV were
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Figure 3. ROC curve of the levels of CEA and ET-1 in the EBC and serum.
The measurement data are derived from Figs. 1 and 2. ROC, receiver oper-
ating characteristic; CEA, cancer embryo antigen; EBC, exhaled breath
condensate.

significantly higher compared with those of the patients with
lung cancer stage I and II (P<0.01).

The correlation between the levels of CEA and ET-1 in
the EBC and serum is shown in Figs. 1 and 2. These results
demonstrated a positive linear correlation between the levels
of CEA identified in the EBC and in serum CEA (Fig. 1); a
similar result was identified with the level of ET-1 in the EBC
and the serum: The correlation coefficients (r) were calculated
to be 0.884 and 0.675, respectively (P<0.05).

Subsequently, the sensitivity and specificity of the
levels of CEA and ET-1 were analysed to diagnose lung
cancer (Fig. 3 and Table I'V).
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Discussion

EBC provides a novel tool to detect the biochemical constitu-
ents of the respiratory tract; EBC does not interfere with the
physiological or pathological processes of the respiratory
tract (12). Collection of the EBC is completely atraumatic, and
does not harm the bronchial mucosa. Furthermore, EBC is
directly collected from the airways, and dilution is impossible.
Therefore, the results from such a study may be considered to
be reliable and highly repeatable (13). Thus far, studies have
focused on markers of inflammation in the EBC, including
nitric oxide, carbon monoxide, 8-iso-prostaglandin and leukot-
riene (14-16). However, researchers have rarely investigated
EBC tumour markers (17,18). Figs. 1 and 2 revealed a positive
linear correlation between the levels of CEA determined in the
EBC and in the serum. A similar correlation was also observed
between the levels of ET-1 in the EBC and the serum. The corre-
lation coefficients were 0.884 and 0.675, respectively (P<0.05).
These results indicated that this reliable and atraumatic EBC
collection method may be used to effectively detect the levels of
CEA and ET-1 in patients. In addition, this method also helped
in the auxiliary diagnosis of NSCLC.

CEA is one of the tumour markers used to diagnose NSCLC.
Table I indicated that the levels of CEA in the EBC and serum
of the lung cancer group were significantly higher compared
with those of the normal control group (P<0.01); this result is
consistent with the findings of a previous study (19). In addition,
the CEA and ET-1 levels in the EBC exhibited sensitivity (82.5%
for EBC CEA; 81.8% for EBC ET-1) and specificity (96.6% for
both EBC CEA and EBC ET-1) to diagnose lung cancer; thus,
the level of CEA in the EBC may help in the auxiliary diagnosis
of NSCLC. EBC CEA serves as a supplementary diagnostic
index for lung cancers that cannot be specifically diagnosed
through traumatic detection, for example, via bronchoscopy.

CEA is considered to be the preferred indicator of lung
adenocarcinoma (20). Table I shows that the positive expression
rates of CEA in squamous cell carcinoma and adenocarcinoma
were 42.9 and 73.3%, respectively. The level of CEA in the EBC
and serum of adenocarcinoma patients was higher compared
with that of squamous cell carcinoma patients: This finding is
consistent with those described in other studies (19,21). This
finding also revealed that the level of CEA in the EBC is valu-
able for the diagnosis of pathological lung cancer types. This
analysis indicated that the levels of CEA in the EBC and serum
of patients with lung cancer in stages III and IV were higher
compared with those of patients with lung cancer in stages I
and II (Table IIT). The level of CEA is likely to increase as
the disease progresses (21), and this pattern revealed that the
regular monitoring of EBC CEA may contribute to the assess-
ment of lung cancer development. Regular monitoring may also
serve as a guide for clinical treatments (22).

ET-1 is an active peptide of 21 amino acid residues from
vascular endothelial cells. ET-1 is also a strong accelerant of
cell mitosis. ET-1 is able to promote tumour cell proliferation
and capillary formation (23). The highest content of ET-1
is to be found in the kidney, followed by the lungs; thus, the
cells in these organs are conducive to DNA synthesis and
proliferation. Previous studies have revealed that an increase
in the levels of endothelin-converting enzyme results in an
increase in ET-1 secretory volume. The final process of the
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endothelin-converting enzyme, which catalyses endothelin
synthesis, is closely associated with the biological behaviour
of several malignant tumours. However, only a few studies
have focused on ET-1 in EBC. An ELISA was performed in
the present study to detect ET-1 in the EBC and serum. This
method confirmed that the levels of ET-1 in the EBC and serum
of the NSCLC group were higher compared with those in the
normal control group (Table I). The specificity and sensitivity
of the method to detect ET-1 in the EBC were higher compared
with those to detect ET-1 in the serum; therefore, detection
of ET-1 in the EBC is of greater importance for the auxiliary
diagnosis of NSCLC with respect to the detection of ET-1 in
the serum.

Table III also revealed that the ET-1 levels in the EBC
and serum of the patients with lung cancer in stages III
and IV were higher compared with those of patients with
lung cancer in stages I and II. The level of ET-1 increased as
the disease progresses; this finding is consistent with that of
Carpagnano et al (24) and Boldrini er al (25). This tendency
indicated that ET-1 induces the growth and metastasis of lung
cancer. The presence of a high level of ET-1 would correspond
to a high likelihood of metastasis and the worst post-operative
effects. ET-1 in the EBC may be used as an index to monitor
lung cancer metastasis and to assess the effect of surgery. This is
a possibility, partly due to the fact that ET-1 is a hypoxia-induc-
ible angiogenic growth factor. ET-1 promotes angiogenesis in
lung cancer, DNA synthesis and cell proliferation; thus, ET-1
contributes to the growth and metastasis of lung tumours.

In conclusion, CEA and ET-1 may be detected in the EBC
of patients with NSCLC, and these parameters are of great
importance in the early diagnosis, monitoring, pathological
type determination and prognosis of NSCLC. As a novel
approach to investigate patients with NSCLC, the collection of
EBC is easy, atraumatic, repeatable and comparable. Therefore,
this technique should be further promoted.
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