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ARTICLE INFO ABSTRACT

Objectives: This study aimed to identify novel circulating biomarkers in lung cancer.

Materials and methods: Expression of 1000 secreted proteins in 15 early lung cancer patients and 10 healthy
controls’ plasma were examined by RayBiotech antibody array. Candidate biomarkers were identified by SPSS
analysis (p < 0.05 between lung cancer and healthy controls was considered significant) and validated by ELISA
in 371 lung cancer patients and 388 healthy controls. Receive operating characteristic curve and binary logistic
regression were performed to evaluate the diagnosis efficacy and to establish diagnostic models.

Results and conclusion: Twenty-two molecules expressed aberrantly in early lung cancer patients compared to
healthy controls. Large sample validation showed significantly up-regulated levels of brain angiogenesis in-
hibitor 1, E-Cadherin, integrin-binding sialoprotein, and down-regulated expression of thrombospondin-1 (all
p < 0.0001) in lung cancer patients. Receive operating characteristic curve analysis indicated E-Cadherin, brain
angiogenesis inhibitor 1 and thrombospondin-1 had higher sensitivity and specificity than classical biomarkers
carcinoenbryonic antigen, carbohydrate antibody 19-9 and cytokeratin 19 fragments. The high sensitivity and
specificity of E-Cadherin brain angiogenesis inhibitor 1 and thrombospondin-1 were also confirmed in early lung
cancer analysis. Combination analysis showed brain angiogenesis inhibitor 1, E-Cadherin and thrombospondin-1
had better diagnostic efficacy than classic lung cancer biomarkers. Our findings demonstrated the potential
status of BAI-1, E-Cadherin and TSP-1 in diagnosis of lung cancer.
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1. Introduction

Lung cancer is the leading malignancy associated with death, ac-
counting for 86,380 male and 71,660 female deaths in 2015 in United
States [1]; in China the mortality is 610.2 per 100,000 [2]. The high
mortality of lung cancer is always closely associated with late diagnosis.
The 5-year survival rate for lung cancer patients diagnosed at advanced
stages is less than 15%, while for those diagnosed at early stages the
survival rate can reach 70-80%, which highlights the importance of
early diagnosis to improve the overall survival [3-5]. However, early
lung cancer screening is difficult due to lack of obvious symptoms [6].
The National Lung Screening Trial (NLST) in United States enrolled a
total of 53,454 high risk participants and randomly divided them into

low-dose computed tomography (LDCT) (26,722 participants) and
chest X radiography (26,732 participants) screening groups. The results
of 6.4 years’ screening by the two methods showed that LDCT reduced
almost 20% mortality of lung cancer compared with x-ray. However,
LDCT screening has a problem of over-diagnosis, because it cannot
confirm whether early stage lesions detected in asymptomatic partici-
pants will finally progress into symptoms and affect long term survival
status. Later analysis of NLST indicated that 18% of lung cancer and
22% of non-small cell lung cancer (NSCLC) cases screen detected by
LDCT were cases of over-diagnosis [7-9]. Furthermore, the radiation
injury and high cost associated with CT scan have been points of con-
troversy [10]. Other diagnostic methods such as bronchoscopy and
needle biopsy are also painful and time-consuming [11,12].

* Corresponding author at: Department of Respiratory Medicine, West China Hospital, Sichuan University, Chengdu, Sichuan, China.

E-mail address: weimi003@scu.edu.cn (W. Li).
! These authors contributed equally to this paper.

https://doi.org/10.1016/j.lungcan.2019.06.019

Received 9 March 2019; Received in revised form 1 June 2019; Accepted 17 June 2019

0169-5002/ © 2019 Published by Elsevier B.V.


http://www.sciencedirect.com/science/journal/01695002
https://www.elsevier.com/locate/lungcan
https://doi.org/10.1016/j.lungcan.2019.06.019
https://doi.org/10.1016/j.lungcan.2019.06.019
mailto:weimi003@scu.edu.cn
https://doi.org/10.1016/j.lungcan.2019.06.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lungcan.2019.06.019&domain=pdf

L. Zhang, et al.

In contrast with these diagnosis methods, biomarkers from periph-
eral blood are a widely accepted new way to detect primary lung cancer
and its metastases for the properties of non-invasive, convenient and
low cost [13]. Circulating biomarkers are various components in blood,
urine or other fluids, including circulating tumor cells (CTC), secreted
proteins, metabolic products, microRNA, auto-antibody and circulating
tumor DNA (ctDNA) [14]. A variety of circulating biomarkers are now
used for lung cancer diagnosis and prognosis, including carcinoen-
bryonic antigen (CEA) [15], carbohydrate antibody 19-9 (CA199) [16],
carbohydrate antibody 12-5 (CA125) [17], cytokeratin 19 fragments
(Cyfra21-1) [18] and neuron-specific enolase (NSE) [19]. The circu-
lating level of these markers usually indicates the tumor risk [20].
However, most of these markers are sensitive only in advanced lung
cancer patients (IIl + IV) and have no benefit for the early diagnosis
[21]. Research efforts are in urgent need to identify novel circulating
biomarkers that are specific and sensitive enough for clinical utility.

Antibody arrays from RayBio tech have been widely used in biolo-
gical researches to identify secret molecules in culture medium or body
fluid, which can enhance drug-resistance of tumor cells [22], promote
tumor metastasis [23] and increase stemness of cancer stem cells [24].
In this study, antibody arrays were performed to screen candidate
biomarkers by comparing the expression variation of 1000 secreted
molecules in plasma from 15 early lung cancer patients and 10 healthy
controls. Twenty two aberrantly expressed molecules were found in
lung cancer plasma. Larger samples validation by ELISA in 371 lung
cancer patients and 388 healthy controls confirmed E-cadherin, brain
angiogenesis inhibitor 1 (BAI-1), integrin-binding sialoprotein (IBSP)
and thrombospondin-1 (TSP-1) were more sensitive and specific than
current clinical biomarkers of CEA, CA199 and Cyfra21-1, which sug-
gested that E-cadherin, BAI-1, IBSP and TSP-1 could function as bio-
markers in early diagnosis of lung cancer.

2. Materials and methods
2.1. Study design

This study was approved by the Medical Ethics Committee of the
West China Hospital (Approval number: 2017-114). The procedure of
this study included two stages: antibody array screening and ELISA
validation for the candidates. The antibody array screening dealt with
plasma samples of 15 early lung cancer patients (I + IIA) and 10
healthy controls to identify biomarkers which could be used in early
diagnosis of lung cancer. ELISA was used for validation due to its low
cost and high reliability. In the validation period, we analyzed plasma
samples from 371 lung cancer patients, including all four classical
tumor stages, and 388 healthy volunteers.

2.2. Study participants

All together 371 lung cancer patients and 388 healthy volunteers
met the eligibility criteria, and were included in this study with signed
informed consent. Blood samples of lung cancer patients were collected
from patients before therapy in Department of Respiration Thoracic
Surgery and the Center of Lung Cancer in West China Hospital of
Sichuan University between March 2014 and February 2016. Blood
samples were collected within two weeks after the first biopsy-proven
lung cancer diagnosis and prior to treatment of surgical procedure, or
radiotherapy or chemotherapy. Healthy volunteers were all from the
Physical Examination Centre of West China Hospital, with their blood
samples collected during the routine physical examination including
CT, liver function tests and complete blood tests (blood routine ex-
aminations, blood biochemical assays and tumor markers tests). The
healthy controls were excluded from any disease including malignancy
or benign tumors by the routine physical examination results. All
plasmas were prepared according to the standard protocols by cen-
trifuge of the anticoagulant whole blood (5ml) at 800 g and 4 °C for
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20 min. The isolated plasma was then centrifuged (800 g, 20 min, 4 °C)
to remove the remaining red blood cells and leukocytes. The plasma
was then transferred to 1.5 ml sterile eppendorf tubes and refrigerated
at —80°C.

2.3. Screening of candidate biomarkers

A total of 25 plasma samples from 15 lung cancer patients at early
stages (diagnosed with CT scanning; I and IIA) and 10 healthy volun-
teers, were subjected to RayBiotech antibody array with 1000 secreted
proteins for the candidate biomarker screening. All included plasma
samples had detailed records of the clinical characteristics, and met the
eligibility criteria to ensure the reliability of the identified biomarkers.

2.4. Validation with large samples by ELISA

The plasma level of secreted proteins was validated in large samples
by ELISA. The assay kit included BAI-1 (BIOMATIK, EKU02798), E-
Cadherin (R&D system, DY648 and DY008), IBSP (LifeSpan, LS-F4424),
and TSP-1 (R&D system, DTSP10). All plasma samples and kit compo-
nents were equilibrated to room temperature before the assay. The
detection procedure was in accordance with the manufacturer’s in-
structions. The plasma sample was diluted by sample diluents, added
into each well and then incubated with plate sealed. The liquids were
removed from wells, added with detection antibody solutions, and then
incubated for a second time. After 3-5 washes with buffer, the liquids
were added with hydrogen peroxide solution and incubated for 30 min.
Color development was achieved by adding of the mixed substrate.
Finally, 50 ul ulfuric acid was conducted to stop reaction and the optical
density (O.D.) was tested at 450 nm on a plate reader (Biotek). The
concentrations were calculated according to the standard curves.
Standard samples containing recombinant proteins, plasma samples
and blank controls were all assayed in duplicate to reduce variation.

2.5. Statistical analysis

All standard curves for each biomarker were created according to
the instruction manual of ELISA kits. The concentration of all tested
samples was calculated according the formula from standard curves. T
test in SPSS19.0 was used to analyze the protein level differences be-
tween lung cancer patients and healthy volunteers. The sensitivity and
specificity of all biomarkers for lung cancer diagnosis were evaluated
by receiver operating characteristic (ROC) curves and areas under the
curves (AUC) with 95% confidence interval (CI). And the comparison
ROC was conducted by MedCalc (version 15.2.2). The best cut-off value
for diagnosis was determined by maximizing the specificity and sensi-
tivity at 95% CI. A two-tailed P value less than 0.05 was considered
significant. All figures were completed by GraphPad Prism version 5 for
Windows.

3. Results

3.1. The RayBiotech antibody array screened 22 candidate biomarkers in
lung cancer

The result of RayBiotech C series antibody array for 1000 secreted
proteins in plasmas from 15 early lung cancer patients (I and IIA) and
10 healthy volunteers identified 22 aberrantly expressed secreted pro-
teins (Supplement Fig. 1). Among the 22 proteins, 19 were enhanced in
lung cancer plasma, including GRP78 (glucose regulating protein 78),
HSP (heat shock protein) 60 and 70, Ras, FABP1 (fatty acid binding
protein 1), Cerberus 1 (CER1), FGFR1 (fibroblast growth factor receptor
1), TNFRSF (tumor necrosis factor receptor superfamily factor), APJ
(apelin receptor J), TSH (thyroid stimulating hormone), CXCL11 (che-
mokine 11), Visfatin, MMP7 (matrix metalloproteinase 7), BAI1 (brain
angiogenesis inhibitor 1), E-cadherin, IBSP (induced bone sialo-
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protein), Nell2, Cathepsin and thrombin-y. Three of the proteins in-
cluding SDC3 (syndecan-3), TSP1 (Thrombospondin-1) and C3a de-
creased in lung cancer patients compared with normal volunteers. Most
of these proteins are important in tumor biological functions, such as
induction of apoptosis (TSP-1), metastasis suppression (BAIl, E-
Cadherin), metastasis promotion (Apelin, MMP7), tumorgenesis initia-
tion (Ras) and inhibition of tumor growth (TNFRSF).

3.2. The clinical characteristics of all participants

Since the most reliable way to confirm the candidate biomarkers is
to validate in large cohort samples with clear and sufficient clinical
records, we applied ELISA testing to validate 22 candidate biomarkers
in a total of 759 plasma samples (371 lung cancer patients and 388
healthy controls). The lung cancer patients included 227 male and 144
female patients, and healthy control group included 181 male and 208
female. All patients and controls were divided into three age groups
(< 45 years, 45-65 years, and > 65 years). The lung cancer cases were
mainly adenocarcinoma (ADC, 69.5%) and squamous carcinoma (SCC,
22.9%), plus some cases of small cell lung cancer, large cell cancer and
adeno-squamous carcinoma. The other important characteristics of lung
cancer included stages (I: 142 cases, II: 43 cases, III: 84 cases, IV: 87
cases), smoking history (No: 195 cases, Yes: 176 cases) and metastasis
(No: 239 cases, Yes: 132 cases). All clinical characteristics of partici-
pants are listed in Supplement Table 1.

3.3. Sensitivity and specificity of the novel biomarkers in lung cancer
diagnosis

The results of large sample validation showed significantly higher
correlation between lung cancer and four potential markers: E-cad-
herin, BAI-1, IBSP and TSP-1. The levels of E-cadherin, IBSP and BAI-1
were dramatically up-regulated (all p < 0.0001), while TSP-1 was
down-regulated (p < 0.0001) in lung cancer patients (Fig. 1A).

To further explore the diagnosis accuracy, ROC analysis was in-
troduced to define the sensitivity (SN) and specificity (SP) of novel
biomarkers. The highest SN/SP was found in E-Cadherin (SN: 91.1%,
SP: 89.7%, AUC: 95.8%, Cut-off: 10448 pg/ml). The other three had

(103pg/ml) BAI1 (10%pg/ml) E-Cadherin
5 P<0.0001 0 P<0.0001
ek [ et

Circulatinglevels }»

Patients Control Patients

(n=371) (n=388)
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lower measures: TSP-1 (SN: 82.6%, SP: 92.8%, AUC: 93.6%, Cut-off:
10458 pg/ml); BAI-1 (SN: 79.2%, SP: 84.8%, AUC: 91.0%, Cut-off:
1096 pg/ml); IBSP (SN: 80.9%, SP:59.5%, AUC:79.2%, Cut-off: 366 pg/
ml) (Fig. 1B).

Three classical biomarkers (CA199, CEA and Cyfra21.1) were ana-
lyzed to compare with the four novel ones for diagnostic value. The
results showed lower AUC and SN/SP in the classic biomarkers than in
the four novel ones (CA199: SN 80.7%, SP 41.3%, AUC 67.2%, Cut-off:
6.03 ng/ml; CEA: SN 80.5%, SP 62.1%, AUC 80.0%, Cut-off: 1.63 ng/
ml; Cyfra21-1: SN 70.2%, SP 54.2%, AUC 72.9%, Cut-off: 1.85 ng/ml)
(Supplement Fig. 2). The novel biomarkers BAI-1, E-Cadherin, IBSP and
TSP-1 were more sensitive and specific than CA199, CEA and Cyfra21-1
in lung cancer diagnosis.

3.4. The diagnostic value of novel biomarkers in ADC and SCC patients

Since ADC and SCC are the two major subtypes (ADC: 50%, SCC:
35%) of NSCLC [25], high specificity to them is very important for
potential novel biomarkers. All together 258 ADC and 85 SCC patients
were in our cohort. The ELISA assay result confirmed the significant
difference of BAI-1, E-Cadherin, IBSP and TSP-1 (p < 0.0001 for all) in
both ADC and SCC patients versus healthy controls (Figs. 2A and 3 A).

ROC analysis was also used to compare the importance of novel
biomarkers in ADC and SCC diagnosis. As shown in Figs. 2B and 3 B,
BAI1 was more sensitive in SCC (SN: 84.7%, SP: 89.9%, AUC: 94.5%,
Cut-off: 1178 pg/ml) than in ADC (SN: 77.9%, SP: 84.0%, AUC: 89.4%,
Cut-off: 1079 pg/ml); E-cadherin was more important in ADC (SN:
92.6%, SP: 89.2%, AUC: 96.3%, Cut-off: 10316 pg/ml) than SCC (SN:
91.8%, SP: 76.6%, AUC: 93.7%, Cut-off: 8929 pg/ml). We also found
that IBSP was indicative in ADC (SN: 81.0%, SP: 61.1%, AUC: 80.4%,
Cut-off: 371 pg/ml) but TSP1 showed no significance between ADC and
SCC patients.

3.5. The value of novel biomarker for early diagnosis of lung cancer

As early diagnosis of lung cancer is important in promoting 5-year
survival rate, the diagnosis value in early lung cancer is of great im-
portance for novel biomarkers. In total 185 early lung cancer patients
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Fig. 1. The concentrations and ROC analysis of BAI1, E-Cadherin, IBSP, TSP1 in all lung cancer patients.
A: concentrations of BAI1, E-Cadherin, IBSP, TSP1 in all lung cancer patients. The black horizontal lines are median values. P values were determined by the Chi-

square test, **** P < 0.0001.

B: ROC curve analyses of BAI1, E-Cadherin, IBSP, TSP1 in all lung cancer patients versus controls.
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Fig. 2. The concentrations and ROC analysis of BAI1, E-Cadherin, IBSP, TSP1 in ADC patients.

A: concentrations of BAI1, E-Cadherin, IBSP, TSP1 in ADC patients. The black horizontal lines are median values. P values were determined by the Chi-square test,
k%% P < (0.0001.

B: ROC curve analyses of BAI1, E-Cadherin, IBSP, TSP1 in ADC patients versus controls.

(stage I and II) were enrolled in this study and the results confirmed 3.6. The relationship between novel biomarker and clinical characteristics
significant difference in novel biomarkers between early lung cancer
patients and healthy controls (P < 0.001 for all) (Fig. 4A). The ROC Through observation we found higher concentration of BAI1 in male

analysis results were BAL: SN 70.2%, SP 89.5%, AUC 89.6%, Cut-off: than in female patients (P < 0.01, Supplement Fig. 3A) and in patients
1162 pg/ml; E-Cadherin: SN 95.6%, SP 84.3%, AUC 96.3%, Cut-off: with smoking history than those without (P < 0.01, Supplement
9715 pg/ml; IBSP: SN 77.3%, SP 61.2%, AUC 77.5%, Cut-off: 372 pg/ Fig. 3B). Histological types analysis showed lower BAI1 levels in ADC
ml; TSP-1: SN 88.9%, SP 91.3%, AUC 96.2%, Cut-off: 10761 pg/ml than in SCC (P < 0.05) and higher E-cadherin levels in ADC
(Fig. 4B), which confirmed that E-Cadherin and TSP-1 were more va- (P < 0.01, Supplement Fig. 3C). However, the age analysis found no
luable in early diagnosis of lung cancer than BAI and IBSP. significant differences in biomarker levels among the three groups

(< 45 years, 45-65 years and > 65 years) (Supplement Fig. 4A). The
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Fig. 3. The concentrations and ROC analysis of BAI1, E-Cadherin, IBSP, TSP1 in SCC patients.
A: concentrations of BAI1, E-Cadherin, IBSP, TSP1 in SCC patients. The black horizontal lines are median values. P values were determined by the Chi-square test,

wxxx P < 0.0001.
B: ROC curve analyses of BAI1, E-Cadherin, IBSP, TSP1 in SCC patients versus controls.
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Fig. 4. The concentrations and ROC analysis of BAI1, E-Cadherin, IBSP, TSP1 in early lung cancer patients.
A: concentrations of BAI1, E-Cadherin, IBSP, TSP1 in early lung cancer patients. The black horizontal lines are median values. P values were determined by the Chi-

square test, **** P < 0.0001.

B: ROC curve analyses of BAI1, E-Cadherin, IBSP, TSP1 in early lung cancer patients versus controls.

level of the novel biomarkers showed no association with the occur-
rence of metastasis (Supplement Fig. 4B).

3.7. Comparison ROC analyses of novel biomarkers and construction of
diagnostic models for lung cancer

Comparison ROC curves based on the results of ELSA were con-
structed to confirm diagnostic efficiency of novel biomarkers for lung
cancer. Compared to the existing clinical markers (CEA, CA199 and
Cyfra21-1), BAI-1, E-Cadherin and TSP-1 showed high AUC (Fig. 5A,
BAI-1: 0.911, 95% CI 0.891-0.930; E-Cadherin: 0.959, 95% CI
0.945-0.972; TSP-1: 0.930, 95% CI: 0.911-0.949), while IBSP showed
no advantage (0.797, 95% CI: 0.767-0.827). We further found that
even the combination of CEA, CA199 and Cyfra21-1 (0.803 95% CI:
0.718-0.888) could not compare with the individual diagnostic efficacy
of BAI-1 (0.899, 95% CI: 0.842-0.956, p = 0.33), E-Cadherin (0.981,
95% CI: 0.963-1.000, p < 0.01) and TSP-1 (0.905, 95% CL
0.841-0.968, p < 0.05) (Table 1A, Fig. 5B). Binary logistic regression
analysis showed that combination of BAI-1, E-Cadherin, IBSP and TSP-1
had higher diagnostic accuracy (AUC: 0.995, 95% CI: 0.992-0.998)
(Fig. 5C left, yellow line), as well as higher sensitivity (ADC: 98.8%,
SCC: 98.5%) and specificity (ADC: 97%, SCC: 97.6%) in both ADC and
SCC patients (Fig. 5B middle and right, red line), indicating the diag-
nosis value of the novel biomarkers in both ADC and SCC (Table 1B).

4. Discussion

Compared with 388 healthy volunteer controls, 371 lung cancer
patients in this study showed significantly higher levels of BAI-1, E-
Cadherin and IBSP, but lower TSP-1 (p < 0.0001 for all). The ROC
analysis showed that BAI-1, E-Cadherin and TSP-1 were more sensitive
and specific than classic biomarkers CA199, CEA and Cyfra21-1. The
combination diagnostic efficacy of the four markers was also much
better than that of CEA, CA199 and Cyfra21.1. These results demon-
strated that BAI-1, E-Cadherin, TSP-1 and IBSP, as well as their com-
bination, should be promising novel biomarkers in lung cancer diag-
nosis.

Such results were in agreement with previous literature that these

134

four biomarkers either suppress tumor (BAI1, E-Cadherin and TSP-1) or
promote carcinogenesis (IBSP). BAI1 is a member of G-protein-coupled
receptors (GPCRs) that acts as a suppressor in carcinogenesis [26].
Hatanaka et al. and Fujii et al. demonstrated that BAI1 dramatically
inhibited tumor angiogenesis and suppressed metastasis in malignant
glioma and kidney cell lines [27,28]. E-Cadherin is an anti-tumor factor
that can inhibit cancer metastasis by suppressing epithelial-mesench-
ymal transition [29]. Increased E-Cadherin in tumor tissues is also
found associated with better overall survival in lung adenocarcinoma
patients [30]. IBSP is a structural protein of the bone matrix that pro-
motes tumorgenesis and tumor metastasis. Increased IBSP expression is
associated with more advanced tumor grade and poorer prognosis in
high-grade glioma patients [31]. TSP-1 is an anti-angiogenesis glyco-
protein which inhibits the Kras—driven carcinogenesis of lung cancer in
mouse models [32].

Among all possible biomarkers, CTCs are indicators only limited to
advances progression and therapy response in patients with metastasis
status. The problem of CTC in early lung cancer diagnosis is low signal-
noise ratio [33]. The ctDNA represents somatic mutations in growth
factor receptors, tumor suppressor genes and oncogenes, so it is useful
in predicting relapse of anti-tumor but not efficient in early diagnosis
[34]. Seidel et al analyzed modified nucleotides in urine from 92 mi-
ners, who are high-risk population for lung cancer, to evaluate the
variation of nucleosides levels by multilayer perceptron (MLP) classifier
and reversed-phase high-pressure liquid chromatography (RP-HPLC)
assay. Their results indicated that 18 nucleotides and metabolites
(pseudouridine, m1A, uric acid, m1G, m2G, N2, N2Gua et al.) were
significantly higher in urine from uranium miners than in healthy
controls, which showed 97% sensitivity and 85% specificity in predic-
tion of lung cancer [35]. MicroRNAs (miRNAs) are a large family of
tissue specific small non-coding RNAs, which are 19-24 nucleotides
long and conserved in evolution. They improve development and dif-
ferentiation of tissues and organs, and are aberrantly expressed in many
malignant tumors. Zhu et al. detected significant variations of miR-29¢
and miR-429 levels in serum of NSCLC patients (70 patients and 48
healthy controls). The ROC analysis results were 72.3% for miR-29c
and 72.7% for miR-429, both higher than that for carcinoma embryonic
antigen (53.4%) in diagnosis of stage I NSCLC [36]. Combinations of
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A: comparison of novel and classical biomarkers, B: comparison of novel biomarkers with combination of classical biomarkers; C: diagnosis efficiency of combination
of novel biomarkers. LC: all lung cancer, ADC: adenocarcinoma, SCC: squamous carcinoma.

circulation biomarkers are also regarded to help lung cancer diagnosis
and predict prognosis. Isocitrate dehydrogenase 1, together with
CA125, Cyfra21-1 and CEA, was found to be greatly helpful in NSCLCs
diagnosis with AUC 89.6%, SN60.4% and SP95.6% [37]. A panel in-
cluding CEA, retinol binding protein (RBP), 1l-antitrypsin (ATT) and
squamous cell carcinoma antigen (SCC) showed 89.3% SN and 84.7%
SP [38]. Yee and others indicated that connective tissue-activating
peptide IlI/neutrophil activating protein-2 (CTAPIII/NAP-2) combined
with haptoglobin improved the accuracy of a lung cancer risk predic-
tion model including age, smoking and lung function [39]. The auto-
antibody detection was also reported to complement the diagnostic
utility with blood protein biomarkers [40,41]. The major limitations of
these researches were lack of sufficient SN/SP, and the sample sizes
were usually small (< 300 cases).

Compared with former studies, our study had several important
advantages. Firstly, the RayBio antibody array was used to screen lung
cancer plasma including 1000 secreted molecules to identify 22 po-
tential diagnostic biomarkers. Then the identified biomarkers were
checked in a sample cohort (759 cases covering all stages of lung
cancer) large enough to make possible validation of the screened novel
biomarkers. The second advantage of this study was that it reported, to
the best of our knowledge, for the first time the enhanced circulating
level of BAI-1 in lung cancer patients. Similar with our results, former
studies also indicated elevated E-Cadherin level in lung cancer serum
[42,43], increased expression of IBSP [44] and inhibited level of TSP-1
in blood of lung cancer patients [45,46], but these studies were of
smaller cohorts (< 100 cases). Thirdly, the four novel biomarkers
showed significant differences in early lung cancer patients (stages

[ 4+ II). All these results suggested that these novel biomarkers, in
combination with imaging and clinical examination information, may
provide a better panel for rapid and economic diagnosis for early lung
cancer.

The major limitation of this study was the lack of relationship be-
tween biomarker levels and the survival status of lung cancer patients.
This was because most patients (about 300 cases) enrolled in this study
was within one year of diagnosis of lung cancer, therefore no prognostic
information was yet available. The second limitation was that the ma-
jority of participants in our study were from Southwest China. To en-
compass the complex causes of lung cancer and the differences in the
genomic variations, future studies should include patients from dif-
ferent regions.

One strange result in this study was that the tumor suppressors BAI1
and E-Cadherin were found to be elevated in lung cancer plasma. We
speculated the reason was that BAI1 and E-cadherin were excluded
from tumor cells and released into the circulating system to create an
ideal microenvironment for tumor growth or invasion. But this hy-
pothesis needs confirmation by further mechanism research.

In conclusion, our results indicated the four biomarkers panels will
be helpful for early lung cancer diagnosis and high risk population
screening of lung cancer.
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Table 1
Diagnostic efficiency analysis.
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A. Comparison of diagnostic efficiency between novel biomarkers and classical biomarkers

AUC(95%CI) SN (%) SP (%) P Value
BAI-1 0.899(0.842-0.956) 81.8 84.7 0.33
E-Cadherin 0.981(0.963-1.000) 93.9 93.8 < 0.01
IBSP 0.767(0.677-0.856) 62.6 76.0 0.09
TSP-1 0.905(0.841-0.968) 92.7 80.4 < 0.05
CEA + CA199 + Cyfra21-1 ref. 0.803(0.718-0.888) 87.8 63.0 -
CEA 0.775(0.664-0.847) 84.8 56.5 -
CA199 0.589(0.482-0.696) 42.4 80.4 -
Cyfra21-1 0.721(0.620-0.823) 92.7 52.1 -
B. Diagnostic efficiency of novel biomarkers in all lung cancer, ADC and SCC patients
AUC(95%CI) SN (%) SP (%)
All LC vs Control
BAI-1 + E-Cadherin + IBSP + TSP-1 0.992(0.987-0.997) 97.0 97.7
BAI-1 0.911(0.891-0.930) 79.2 84.5
E-Cadherin 0.959(0.945-0.972) 91.1 89.7
IBSP 0.797(0.767-0.827) 80.9 59.5
TSP-1 0.930(0.911-0.949) 82.6 93.6
ADC vs. control
BAI-1 + E-Cadherin + IBSP + TSP-1 0.993(0.991-0.996) 97.9 97.0
BAI-1 0.895(0.871-0.919) 77.9 84.0
E-Cadherin 0.965(0.952-0.978) 92.6 89.2
IBSP 0.803(0.769-0.837) 81.0 61.1
TSP-1 0.930(0.908-0.952) 82.8 92.7
SCC vs. control
BAI-1 + E-Cadherin + IBSP + TSP-1 0.981(0.967-0.992) 95.0 96.1
BAI-1 0.896(0.820-0.931) 70.2 89.5
E-Cadherin 0.963(0.911-0.978) 95.6 84.3
BSP 0.760(0.700-0.820) 77.3 61.2
TSP-1 0.962(0.920-0.974) 88.9 91.3
LC: lung cancer; ADC: adenocarcinoma; SCC: squamous carcinoma.
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