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a b s t r a c t 

Tumor antigens (TAs) can initiate host immune responses and produce TA-associated autoantibody (TAAbs), 

potential cancer biomarkers. Sputum is directly generated from the upper and lower airways, and thus can be 

used as a surrogate sample for the diagnosis of lung cancer based on molecular analysis. To develop sputum 

TAAb biomarkers for the early detection of lung cancer, the leading cause of cancer death, we probed a protein 

microarray containing more than 9,000 antigens with sputum supernatants of a discovery set of 30 lung cancer 

patients and 30 cancer-free smokers. Twenty-eight TAs with higher reactivity in sputum of lung cancer cases vs. 

controls were identified. The diagnostic significance of TAAbs against the TAs was determined by enzyme-linked 

immunosorbent assays (ELISAs) in sputum of the discovery set and additional 166 lung cancer patients and 213 

cancer-free smokers (validation set). Three sputum TAAbs against DDX6, ENO1, and 14–3-3 𝜁 were developed as 

a biomarker panel with 81% sensitivity and 83% specificity for diagnosis of lung cancer, regardless of stages, 

locations, and histological types of lung tumors. This study provides the first evidence that sputum TAAbs could 

be used as biomarkers for the early detection of lung cancer. 
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Lung cancer is the leading cause of cancer-related deaths, accounting for

8% of all cancer deaths [1] . 85% of lung tumors are non-small cell lung

ancers (NSCLCs) [1] , which comprise two major histological subtypes:

quamous cell carcinoma (SCC) and adenocarcinoma (AC). Given that

he 5-year survival rate depends on the stage of lung cancer, the early de-

ection of NSCLC is clinically important [ 1 , 2 ]. Efforts have been made to

evelop tumor cells-derived proteins as circulating cell-free (e.g., serum

r plasma) biomarkers for lung cancer. For instance, analysis of CEA,

YFRA-21-2, SFTBP57, EGFR, ProGRP58, and Ciz159 proteins in plasma

howed promise for the diagnosis of lung cancer [ 3 , 4 ]. However, since

he circulating tumor proteins that are released from the cancer cells

re few and diluted in a large serum or plasma volume, the sensitivity

f the circulating cell-free molecular biomarkers in blood is very low,

articularly for the early stages of NSCLC [5] . 

Self-proteins (antigens) of tumors can be affected by specific point

utations, misfolding, overexpression, aberrant glycosylation, trunca-

ion, or aberrant degradation [ 6 , 7 ]. The tumor antigens (TAs) elicit im-

une responses and stimulate TA-associated autoantibodies (TAAbs) be-

ore or during tumor formation [8] , which may provide biomarkers for

he diagnosis of cancer [9] . Compared with the TAs, TAAbs have sev-
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ral benefits as biomarkers. First, although the TAs are usually at an

ndetectable level in body fluids, the TAAbs response to the TAs are

ften amplified in the immune responses, and hence more easily de-

ectable [7] . Second, as opposed to TAs that are frequently transiently

levated in body fluids, the corresponding TAAbs are relatively lasting,

nd thus are more stable and readily detected [8] . Third, TAAbs are

ighly specific and handily detectable in small volumes of specimens

ith well-established secondary reagents. Indeed, the potential use of

etermination of TAAbs in serum or plasma for the diagnosis of lung

ancer was demonstrated [10] . For example, a serum based-earlyCDT-

ung assay that consisted of six TAAbs against p53, NY-ESO-1, CAGE,

BU4–5, Annexin 1, and SOX2 could detect lung cancer with 38% sen-

itivity and 88% specificity [11] . However, the sensitivity of the serum

AAb biomarkers was not sufficient for the early diagnosis of lung can-

er in the clinical settings. 

Sputum is coughed up from the lower airways and deep lungs, and

ence could act as a mirror to pulmonary diseases [ 12 , 13 ]. Sputum es-

entially consists of cellular and liquid fractions [ 14 , 15 ]. The cellular

ortion contains exfoliated airway epithelial cells from the bronchial

ree [ 12 , 13 ]. We and others have shown that genetic and epigenetic

nalyses of exfoliated respiratory epithelial cells could provide an ap-

roach for the early detection of lung cancer [ 16–20 , 12 , 13 , 21–37 ]. The
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Table 2 

Characteristics of NSCLC patients and cancer-free smokers in cohort 2 ∗ . 

NSCLC cases ( n = 166) Controls ( n = 213) 

Age 67.25 (SD 10.94) 66.18 (SD 11.15) 

Sex 

Female 64 82 

Male 102 131 

Race 

White 122 155 

African American 44 58 

Pack-years (median) 36.37 35.49 

Stage 

Stage I 68 

Stage II 46 

Stage III-IV 52 

Histological type 

Adenocarcinoma 86 

Squamous cell carcinoma 80 

Locations 

Central tumors 78 

Peripheral tumors 88 

Abbreviations: NSCLC, non-small cell lung cancer. 
∗ All p > 0.05. 
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A  
iquid fraction of sputum is complex dilute aqueous solution of lipids,

lycoconjugates, and plasma-derived mediators and proteins [ 12 , 13 ]. In

ontrast with the epithelial cells exfoliated from local respiratory tract

ites, sputum supernatant comprises the liquid portion that is produced by

he cells lining the bronchi and airways where NSCLCs are immersed

n the bio-fluid [ 12 , 13 ]. Furthermore, sputum supernatant may comprise

ocal- and systemic-derivative lung TAs and the corresponding TAAbs,

hich raises the rationale for using sputum as a diagnostic medium

or detection of NSCLC with TAAb biomarkers. Therefore, we hypothe-

ized that the analysis of TAAbs in sputum may provide an alternative

eans for the noninvasive diagnosis of lung cancer. The objective of

his study was to validate the hypothesis by identifying and developing

AAb biomarkers in sputum for the early detection of NSCLC. 

aterials and methods 

tudy population 

The study was performed under a research protocol (HP-40666) ap-

roved by the Institutional Review Board of University of Maryland Bal-

imore. Our enrollment criteria were individuals between the ages of

0–75 who had more than a 30 pack-year smoking history. The clinical

iagnosis of lung cancer was made with histopathologic examinations

f specimens obtained by CT-guided transthoracic needle biopsy, trans-

ronchial biopsy, videotape-assisted thoracoscopic surgery, or surgical

esection. The surgical pathologic staging was determined according to

he TNM classification of the International Association for the Study of

nion Against Cancer with the American Joint Committee on Cancer

nd the International Staging System for Lung Cancer. Histopatholog-

cal classification was determined according to the World Health Or-

anization classification. When tumors were located in the bronchus

cartilage bearing airway), they were classified as central lung cancers.

hen tumors did not arise from the bronchus and instead were asso-

iated with bronchioles, they were classified as peripheral lung cancer.

 total of 196 lung cancer patients and 243 cancer-free smokers were

nrolled. The cases and controls were divided into two sets. The first

ne consisted of 30 stage I NSCLC lung cancer patients and 30 cancer-

ree smokers ( Table 1 ) and used as a discovery set. The second one

ncluded 68 stage I NSCLC, 46 stage II, and 52 stage III-IV patients,

s well as 213 cancer-free smokers ( Table 2 ) and was used as a vali-

ation set. To mitigate the confounding effects, the cases and controls

ere matched 1:1 by sex, age, cigarette smoking, and chronic obstruc-

ive pulmonary disease (COPD) in both sets of specimens. Information of

ung tumor stages, locations, and histological types were included in the

ables. 
Table 1 

Characteristics of NSCLC patients and cancer-free smokers in cohort 1 ∗ . 

NSCLC cases ( n = 30) Controls ( n = 30) 

Age 66.32 (SD 11.37) 65.79 (SD 11.33) 

Sex 

Female 12 12 

Male 18 18 

Race 

White 10 10 

African American 20 20 

Pack-years (median) 36.29 35.78 

Stage all are stage I 

Histological type 

Adenocarcinoma 16 

Squamous cell carcinoma 14 

Locations 

Central tumors 13 

Peripheral tumors 17 

Abbreviations: NSCLC, non-small cell lung cancer. 
∗ All P > 0.05. 
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2 
putum collection and preparation 

We collected sputum from the participants as described in our pre-

ious reports [ 12 , 13 , 21–23 , 25 , 27 , 28 , 34–39 ]. Sputum specimens were

ucoid and of lower respiratory origin as indicated by the presence of

ronchial epithelial cells [ 12 , 13 , 21 , 35 ]. Only sputum with a squamous

pithelial cell count of < 10 cells/high-power field was used in this study

 12 , 35 ]. Each of the sputum samples was diluted with 3 ml of phosphate

uffered saline (PBS) (Thermo Fisher Scientific, Grand Island, NY) per

 gram of sputum. The diluted samples were passed through an 18-gage

eedle for mechanical disruption [12] , and then centrifuged for 10 min.

he supernatant was collected and further centrifuged at 3500 rpm for

0 min and stored at − 80 °C until use. 

rotein microarray profiling 

The ProtoArray human protein microarrays (Invitrogen, Carlsbad

A) were used for profiling TAs in the sputum samples of discovery

et ( Table 1 ). Briefly, the microarray slides were treated with the block-

ng buffer (Invitrogen) at 4 °C for 1 h. We then probed the arrays with

 1:10 dilution of each sample. We incubated the microarrays at 4 °C

or 2 h, which were washed five times with PBS buffer. We diluted

lexa Fluor®647-conjugated goat anti-human IgG antibody into probe

uffer (Invitrogen) to a 1 μg/mL final concentration, which was added to

ach array and incubated for 1.5 h at 4 °C. We removed the secondary

ntibody, and washed the arrays, which were scanned using an Axon

enePix 4000B fluorescent microarray scanner. We analyzed the results

y using the Prospector Imager and Analyzer (Invitrogen). We probed

he microarrays with goat anti-GST antibody to check the uniformity

f the proteins spotted in the protein microarrays followed by incuba-

ion with Alexa Fluor 555-labeled antigoat IgG. We also incubated other

ontrol microarrays only with the secondary antibody Alexa Fluor 647-

abeled anti-human IgG for background determination. 

nzyme-linked immunosorbent assay (ELISA) 

We purified recombinant fusion proteins for the selected TAs using

ltimateTM ORF Clones (Invitrogen) according to the manufacturer’s

nstructions. We examined expression of recombinant protein in SDS–

AGE and Coomassie blue staining. We used Western blot analysis to

onfirm if the bands were reactive with reference antibodies [40] . ELISA

nalysis of TAAbs against the corresponding TAs was carried out us-

ng a protocol as previously described [ 41 , 42 ]. Briefly, we coated pu-
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Table 3 

28 TAs showed significantly differential signal intensities between lung cancer patients and cancer-free smokers. 

GenBank ID Protein Description Ratio ∗ p value 

BC039826.1 DEAD (Asp ‐Glu ‐Ala ‐Asp) box polypeptide 6 (DDX6) 43.6 3.36E − 03 

NP_001419.1 Enolase 1 (ENO1) 33.8 7.36E − 03 

BC050424.1 F ‐box protein 38 (FBXO38) 26.2 2.76E − 03 

NP_001129173.1 14–3–3 protein zeta (14–3–3 𝜻) 19.7 5.60E − 03 

NP_640,343.1 Cancer/testis antigen 1 (CTAG1A) 15.9 4.50E − 03 

PV3665 Casein kinase 1, delta (CSNK1D) 12.1 7.32E − 03 

CAA56734.1 Cell surface associated Mucin 1 (MUC1) 10.7 1.78E − 03 

BC026100.2 Testis ‐specific transcript, Y ‐linked 8 (TTTY8) 8.4 1.80E − 03 

BC059404.1 B ‐cell CLL/lymphoma 6, member B (BCL6B) 7.8 4.01E − 02 

NM_002742.1 Serine/threonine ‐protein kinase D1 (PRKD1) 7.5 2.37E − 02 

NP_000691.1 Annexin 1 (ANXA1) 6.9 2.86E − 02 

BC001497.2 RAN binding protein 5 (RANBP5) 5.1 2.35E − 02 

NM_005118.2 tumor necrosis factor superfamily, member 15 (TNFSF15) 4.6 3.21E − 03 

BC005220.1 Chaperonin containing TCP1, subunit 8 (theta) (CCT8) 45.1 8.33E − 03 

AAH04364.1 Transmembrane protein 39B (TMEM39B) 3.2 3.65E-02 

NM_006792.2 Mortality factor 4 (MORF4) 43.3 2.33E − 02 

NM_203,454. Putative C ‐> U ‐editing enzyme APOBEC ‐4 (APOBEC4) 28.3 1.67E − 02 

XM_936,115.1 HLA class II histocompatibility antigen, DQ(3) alpha chain (HLA-DQA3) 22.6 2.13E-02 

PV3825 Casein kinase 1, gamma 1 (CSNK1G1) 21.9 1.67E − 02 

NM_002622.3 Prefoldin subunit 1 (PFDN1) 17.3 2.63E − 02 

NM_031966.4 Cyclin B1 (CCNB1) 4.7 2.67E − 02 

BC033708.1 Ral GEF with pH domain and SH3 binding motif 1 (RALGPS1) 4.8 4.50E − 03 

AAF66640.1 Heat shock protein HSP60 (HSP60) 40.3 2.38E − 02 

NM_005517.2 High ‐mobility group nucleosomal binding domain 2 (HMGN2) 3.5 8.54E − 03 

BC041157.1 Thromboxane A synthase 1 (TBXAS1) 3.6 9.34E − 03 

BC096097.2 Histidine ammonia ‐lyase (HAL) 4 6.23E − 03 

NM_172,160.1 Methylcrotonoyl ‐Coenzyme A carboxylase 1 (alpha) (MCCC1) 10.6 # 2.53E − 03 

BC013119.1 Signal ‐induced proliferation ‐associated 1 like 2 (SIPA1L2) 3 # 3.33E − 02 

∗ signal intensity ratio of two groups. 
# the proteins’ signal intensity ratio is calculated by mean of signal intensity of cancer-free smokers divided by 

that lung cancer patients, suggesting the proteins has a low level in lung cancer patients vs. cancer-free smokers.The 

proteins in bold are chosen for subsequent ELISA validation based on criteria: 1) having differential signals between 

two the populations with a p ≤ 0.01 and, 2) having signal intensity ratio between the two populations being > 10.0. 
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ified proteins to a 96-well microliter plate (Fisher Scientific) at con-

entration of 0.5 𝜇g/mL. We diluted the supernatant of sputum at 1:100

nd horseradish peroxidase (HRP) —conjugated goat anti-human IgG at

:4000, which were used as the primary and secondary antibodies, re-

pectively. The reaction was sopped with 5% SDS, and the optical den-

ity (OD) was measured in an ELISA reader (Thermo Fisher Scientific)

t 405 nm. We calculated the ELISA relative absorbance of each sputum

ample–antigen reaction by the OD450 of expressed antigens divided

y median OD450 of all antigens tested. We used the median value to

ormalize the background of each sputum specimen. Each sample was

nalyzed in triplicate. 

tatistical analysis 

To analyze microarray data, we compared the signal intensity from

ach protein with the signal from the negative control features among

he array and assigned a CI-p value for each protein. We identified

he significant signals and calculated the Z-scores, which reflected the

ignal strength relative to all protein features. We compared the two

roups and identified the proteins that had increased signal values in

oth groups. We calculated a p value for each protein across the hy-

othesis that there was no signal increase in one group compared with

nother. We compared clusters using Multi Experiment Viewer (Dana-

arber Cancer Institute, Boston, MA) based on Pearson’s correlation dis-

ant metrics using normalized values in log 10 to picture the discrimina-

ion between the two groups. 

To analyze ELISA data, we used a one-tailed Student’s t -test to eval-

ate whether the means of normal and cancer cases were statistically

ifferent from each other. We used Pearson’s correlation analysis to de-

ermine the relationship of each targets with demographic characteris-

ics of the patients and cancer-free controls. We used final clinical and

athologic diagnoses as reference standards to estimate sensitivity and
3 
pecificity of the analysis of each biomarker. Furthermore, we analyzed

he significantly associated TAAbs by using logistic regression models

ith constrained parameters as least absolute shrinkage and selection

perator (LASSO) to eliminate the less relevant variables [33] . We es-

imated functions of the combined biomarkers by logistic regression

ith or without adjustment for known risk factors for NSCLC. Receiver-

perator characteristic (ROC) curve analysis was undertaken using ex-

ression level for each biomarker from cancer patients and cancer-free

ontrols by analyze-it software (analyze-it Software, Leeds, UK). We also

enerated a 95% confidence interval for the difference in the area un-

er the ROCs (AUCs) by using the bootstrap. We established the optimal

ut-off value by using the Youden index. Moreover, to compare different

iomarker panels, we computed their AUCs to determine the sensitivity

nd specificity as previously described [43] . 

esults 

As of lung cancer in sputum identified by protein microarrays 

The lowest average background in sputum was 482 relative fluores-

ence units (RFUs), and the highest average background was 517 RFUs.

ean background signal values on the arrays were within the expected

ange for all sputum samples. Furthermore, signal used values for pro-

ein (antigen) features reached the scanner maximum of ∼65,000 RFU,

ndicating a dynamic range > 2 logs. Therefore, the experiments and data

cquisition of the microarray analysis were performed under optimal

onditions. Altogether, 28 TAs ( Table 3 ) were identified that showed

ignificantly differential signal intensities between lung cancer patients

nd cancer-free smokers with a p < 0.05 and signal intensity ratio of two

roups being greater than 3.0. Among the 28 antigens, 26 or two dis-

layed increased or decreased levels in lung cancer cases vs . cancer-free

mokers, respectively. 
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Fig. 1. Receiver-operator characteristic (ROC) curves of 8 TAAbs in sputum of 166 patients diagnosed with NSCLC and 213 cancer-free smokers. 

Table 4 

ELISA validation of eihgt lung cancer-antigens in cohort 1. 

Protein Description Relative OD in 

cancer-free smokers 

Relative OD in 

cancer patients 

p values 

DDX6 0.2125 (0.4131) 1.112 (1.1276) 6.92E − 08 

ENO1 0.0046 (0.0186) 0.15655 (0.3968) 0.00399 

FBXO38 0.03077 (0.0496) 0.3220 (0.5037) 0.00002 

14–3–3 𝜁 0.00652 (0.0168) 0.09751 (0.2493) 0.006 

ESO-1 0.00831 (0.0303) 0.2315 (0.6001) 0.0052 

CSNK1D 0.0967 (0.2643) 0.4955 (0.8259) 0.0005 

MUC1 0.05822 (0.1446) 0.76187 (1.5741) 0.00095 

MCCC1 4.2286 (0.6328) 1.7976 (1.6222) 9.41E − 09 
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alidation of the identified lung TAs by ELISA in sputum 

From the 28 antigens, 8 antigens ( Tables 3 and 4 ) were chosen for

ubsequent ELISA validation based on criteria: 1) having differential sig-

als between the two populations with a p ≤ 0.01 and, 2) having signal

ntensity ratio between the two populations being > 10.0. ELISA was

rst performed in sputum samples of the discovery set that was used

n the protein microarray analysis. Of the 8 TAs tested, seven or one

ad augmented or reduced interaction levels with TAAbs in sputum of

ung cancer cases vs . cancer-free smokers, respectively (All p < 0.01).
4 
he tested TAs by ELISA displayed the same significant direction as by

rotein array (All p < 0.01) ( Table 4 ). To further validate the TAs, we an-

lyzed TAAbs against the 8 TAs in a validation set with a relatively large

ample size that consisted of 166 patients diagnosed with lung cancer

n different stages, locations, and histological types and 213 cancer-free

mokers. Consistent with data observed in discovery set, the TAAbs in

alidation set displayed a considerably different level in sputum of lung

ancer patients vs . control subjects (All p < 0.01). 

evelopment of sputum TAAb biomarkers for lung cancer 

We evaluated the potential of using TAAbs against the 8 TAs for

iagnosis of NSCLC in the 166 cases and 213 controls. The TAAbs ex-

ibited AUC values of 0.66–0.81 in distinguishing NSCLC patients from

ancer-free smokers with 60–74% sensitivities and 60–78% specifici-

ies ( Fig. 1 and Table 5 ). We used a stepwise logistic regression model

o select the optimal panel of biomarkers. Three TAAbs, which were

gainst DDX6, ENO1, and 14-3-3 𝜁 respectively, were selected as the best

iomarkers in a panel. The optimal cutoff for the combined biomark-

rs was U = 0.3628, where U = − 6.2573 + 1.3529 ∗ log (DDX6)-1.9647 ∗ log

ENO1) + 2.3165 ∗ 14-3-3 𝜁 . Any subject with U ≥ 0.3628 was classified as

 NSCLC case. The combined use of the three TAAbs produced 0.88

UC in distinguishing NSCLC patients from the controls, which was sig-
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Table 5 

diagnostic performance of eight lung cancer-antigens in cohort 2. 

Protein Description AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) 

DDX6 0.8062 (0.7367 to 0.8905) 73.68% (62.32% to 83.13%) 75.44 (62.24% to 85.87%) 

MCCC1 0.7762 (0.6912 to 0.8593) 70.00% (56.79% to 81.15%) 71.67% (58.56% to 82.55%) 

ENO1 0.7747 (0.6883 to 0.8611) 75.00% (62.14% to 85.28%) 70.00% (56.79% to 81.15%) 

FBXO38 0.7686 (0.6864 to 0.8508) 61.67% (48.21% to 73.93%) 70.00% (56.79% to 81.15%) 

14–3–3 𝜁 0.7656 (0.6789 to 0.8522) 58.33% (44.88% to 70.93%) 78.62% (67.67% to 89.22%) 

CSNK1D 0.7615 (0.6744 to 0.8473) 71.67% (58.56% to 82.55%) 73.33% (60.34% to 83.93%) 

ESO-1 0.7358 (0.6457 to 0.8259) 70.00% (56.79% to 81.15%) 65.00% (51.60% to 76.87%) 

MUC1 0.6636 (0.5634 to 0.7639) 60.34% (46.64% to 72.95%) 60.34% (46.64% to 72.95%) 

Combined use of three TAAbs 0.8667 (0.7935 to 0.9499) 81.36% (69.09% to 90.31)% 83.33% (71.48% to 91.71%) 

Abbreviations: AUC, the area under receiver operating characteristic curve; CI, confidence interval. 

n  

t  

i  

c  

f  

(  

l  

w

D

 

l  

t  

F  

c  

t  

a  

r  

b  

n  

l  

c  

o

 

u  

S  

d  

fi  

s  

g  

b  

a

 

c  

t  

s  

l  

c  

t  

p  

t  

t  

E  

g  

[

 

c  

s  

p  

l  

c  

i  

d  

1  

t  

p  

o  

a

 

R  

b  

t  

l  

t  

R  

e  

i  

m  

t  

T  

b

 

s  

f  

T  

i  

t  

t  

w  

i  

i  

d  

n  

d  

e

 

t

1  

a  

d  

t  

C  

d  

h  

g  

p  

P  

s  

c  

i  

p  

p  

o  
ificantly higher than that of any single one ( p < 0.05) ( Fig. 1 ). Fur-

hermore, the analysis of the three biomarkers produced 81% sensitiv-

ty and 83% specificity for diagnosis of NSCLC ( Table 5 ). Interestingly,

ombined analysis of the three TAAbs did not display a statistical dif-

erence between stages, locations, and histological types of lung cancer

All p > 0.05). Furthermore, the prevalence of the biomarkers was re-

ated with pack-years of smoking ( p < 0.05), however, not associated

ith patient age and gender. 

iscussion 

Since sputum is directly secreted from the lower airways and deep

ungs where lung tumors exist, it has the advantages as surrogate ma-

erial over serum or plasma for specifically diagnosing lung cancer.

irst, sampling of sputum is simple and does not require trained health

are professionals. Second, sputum is microbiologically stabilized after

he collection. Third, the collection can be done anywhere, including

t home. Fourth, large numbers of sputum samples can be collected

apidly, and therefore, are particularly useful for screening a large num-

er of high-risk individuals or for usage in decentralized regions. Fi-

ally, and most importantly, since sputum originates from the deep

ungs where lung tumors are immersed in the biofluid, sputum may

onstitute a direct source of TAAb biomarkers for the early detection

f NSCLC. 

In this study, we first comprehensively profiled proteins in sputum

sing microarray and identified TAs in sputum of lung cancer patients.

putum TAAbs against TAs (DDX6, ENO1, and 14-3-3 𝜁) were further

eveloped as a biomarker panel that had 81% sensitivity and 83% speci-

city for diagnosis of lung cancer. In addition, the observed TAAb re-

ponses were independent of patients’ characteristics, including race,

ender, and tumor stage and type, suggesting that the sputum TAAb

iomarkers could be used for equally detecting the major types of NSCLC

t the early stages, regardless of locations of the primary tumors. 

ENO1 exists on the surface of cells and has important functions in

ell migration and tissue invasion. Activated ENO1 has a direct coupling

o glycolytic activity. Furthermore, ENO1 is upregulated by HIF1 𝛼 in re-

ponse to hypoxia [44] . We have found that ENO1 gene has increased

evels in both genomic copy number and transcript in lung cancer cells

ompared with normal cells, and its dysregulation is involved in lung

umorigenesis [45] . Furthermore, we developed a panel of six genomic

robes including one targeting ENO1 gene that could be analyzed in

he exfoliated airway epithelial cells of sputum for lung cancer detec-

ion [22] . Moreover, our previous study revealed that ELISA analysis of

NO1 protein in sputum supernatant had a diagnostic value in distin-

uishing patients with stage I lung cancer from cancer-free individuals

12] . 

14–3–3 𝜁 is a family of cellular proteins and could interact with other

rucial cellular proteins involved in the tumor development and progres-

ion [38] . We previously found that increased 14-3-3 𝜁 protein level was

ositively associated with stage and grading of NSCLC and inversely re-

ated to poor outcomes of the patients [38] . Furthermore, lung cancer

ells with down-regulation of 14-3-3 𝜁 were more sensitive to cisplatin
5 
n vitro that was associated with the inhibition of cell proliferation, ad-

itive G2-M cell cycle arrest, and increased apoptosis [38] . In addition,

4-3-3 𝜁 might act as a proto-oncogene and have oncogenic function in

he development of NSCLC tumorigenesis [38] . Interestingly, Qiu et al.

reviously showed that the occurrence serum TAAb to 14-3-3 𝜁 was one

f the three biomarkers that could precede onset of symptoms and di-

gnosis of lung cancer [46] . 

We are interested to find that TAAb against DDX6 (also named

CK/p54) is one of the biomarkers in the panel. DDX6 is a mem-

er of the family of DEAD/H-box RNA helicases and associated with

(11;14)(q23;q32) chromosomal translocation in B-cell lymphoma cell

ine RC-K8 [47–49] . DDX6 has numerous functions, including transla-

ion initiation, pre-mRNA splicing, ribosome assembly by acting as an

NA-binding protein. It also contributes to the proliferation and differ-

ntiation of the stem and progenitor cells. However, functions of DDX6

n lung carcinogenesis are largely unknown. Herein we show that DDX6

ight be a novel TA and detection of the corresponding TAAb in spu-

um could help diagnose NSCLC at the early stage. Furthermore, the

AAbs are not only noble candidates for the early detection of NSCLC

ut potential targets for therapeutic intervention of the malignancy. 

Although showing promise, the TAAb biomarkers developed in this

tudy are still limited in their sensitivity (81%) and specificity (83%)

or diagnosis of lung cancer. We are extensively evaluating all the 28

As defined by the protein microarray in a large case-control study to

dentify additional TAAb biomarkers that can be added to the three so

hat the diagnostic efficacy of the approach could be improved. Fur-

hermore, it will be useful in the future to combine the TAAb biomarkers

ith other types of molecular biomarkers, such as DNA and microRNAs,

n sputum to create a combined panel with better diagnostic character-

stics. In addition, given that the TAs in sputum and blood might have

iverse roles in the carcinogenesis of NSCLC through various mecha-

isms, further comparing sputum and serum ATTb biomarkers for the

iagnostic values and determining if their integration would have a syn-

rgistic influence on detection of NSCLC is warranted. 

The overall 5-year survival rate for stage I NSCLC patients who are

ypically treated with surgery remains up to 83%. In contrast, only 5–

5% and less than 2% of patients with stage III and IV NSCLC are alive

fter five years [ 1 , 2 ]. These statistics provide the primary rationale to

evelop biomarker that can improve NSCLC early detection [ 1 , 2 ]. Fur-

hermore, the National Lung Screening Trial (NLST) shows that low-dose

T (LDCT) could detect NSCLC at the early stage and significantly re-

uce the mortality [2] . However, 25% of smokers screened by LDCT

ave indeterminate pulmonary nodules (PNs), of which 96% are benign

rowths. LDCT screening for lung cancer often produces a high false-

ositive rate and over-diagnosis. Therefore, many patients with benign

Ns will undergo harmful diagnostic and therapeutic procedures, pre-

enting a major clinical challenge. The ability to immediately and pre-

isely distinguish malignant from benign PNs at baseline LDCT screening

s an unmet need. The TAAb biomarkers might have two important ap-

lications. First, they could be used for the early detection of lung cancer

atients in high-risk populations (e.g., heavy smokers). Second, the use

f the biomarkers in LDCT-based lung cancer screening would i), spare
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ndividuals with benign growths from radiation exposure and unneces-

ary surgical resections or biopsies, and ii), lead to more personalized

herapy by enabling effective treatments to be immediately initiated for

ung cancer, and hence reduce lung cancer-associated mortality. 

In conclusion, using protein microarray together with ELISA, we de-

eloped three TAAbs as a small panel of sputum biomarkers for the early

etection of lung cancer. The findings from this study may lay the basis

o perform a next step to a new diagnostic approach that might have

uture clinical utility. 
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