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Background: Lung cancer is the leading cause of cancer-related deaths. Survival rate improves 

significantly with early detection of lung cancer. Effective methods of early detection can reduce lung 

cancer mortality to a large extent as well as benefit the whole public health. The diagnostic value of 

one single marker is relatively low. Combined autoantibodies (AABs) can improve the sensitivity 

significantly rather than rely on one AAB and serve as good reservoir for early detection of lung cancer.

Patients and methods: We designed three parts in our experiment. In training set we mea-

sured the expression levels of AABs in 100 non-small-cell lung cancer (NSCLC) patients and 

60 healthy controls by using ELISA detection method. A blinded validation was subsequently 

performed in 254 NSCLC patients, 125 healthy controls, and 71 nodule patients. A prospective 

expansion set was performed to evaluate the diagnosis value of AABs combined detection.

Results: Both in training set and validation set, the concentrations of SOX2, GAGE 7, 

MAGE A1, and P53 in NSCLC group increased prominently when compared to the healthy 

group (P,0.05). The concentration of GBU4-5 in adenocarcinoma group was higher than in 

the squamous cell carcinoma (SCC) group (P,0.05); the PGP9.5, which was opposite, in SCC 

group was higher than in the adenocarcinoma group (P,0.05). The positive rate of each AAB 

did not show any bias with age, gender, smoking history, and tumor location. Most importantly, 

different choice of biomarkers led to different detection results.

Conclusion: Our study confirmed the diagnostic value of tumor-associated AABs. They may 

be useful as latent tumor markers to facilitate the detection of early lung cancer.

Keywords: tumor-associated antigen, non-small-cell lung cancer, tumor marker, ELISA 

method, diagnosis

Introduction
Lung cancer is the leading cause of cancer-related deaths.1,2 The stage and grade of lung 

cancer greatly influenced treatment options.3 It is well known that early diagnosis and 

treatment of lung cancer can prolong life span and improve prognosis of patients. The 

10-year survival rate of stage Ia postoperative lung cancer has reached 92%.4 Low-dose 

computed tomography (LDCT) examination is an important method to identify early 

lung cancer, but it has a high false-positive rate and the cancer remains undiagnosed as 

malignant or benign.5 Studies show that humoral immune system can generate tumor-

associated autoantibodies (AABs) long before the disease become symptomatic.6–9 

Based on this viewpoint, AABs as early diagnosis markers of cancer have been a 

hot area for several years. But single AAB marker, which has satisfactory sensitivity 

and specificity in cancer diagnosis has not yet been found. The joint determination of 

various AABs in serum provided a new idea and method for the diagnosis of cancer.10,11

In the current study, we chose seven different AABs (SOX2, GAGE 7, CAGE, 

MAGE A1, P53, GBU4-5, and PGP9.5) to evaluate the diagnostic value and clinical 
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meaning in non-small-cell lung cancer (NSCLC) patients. 

During the course of the experiment, we designed three 

parts to validate our results: the training set, the validation 

set, and the expansion set. The training set was to evaluate 

the expression levels of these seven AABs, whether any 

differences exist between the NSCLC patients and healthy 

controls; the validation set was to prove the results of the 

training set using bigger sample research; and the expansion 

set was to evaluate the diagnosis value of AABs combined 

detection.

Patients and methods
serum and samples
The study protocol as well as the informed consent were 

approved by the Beijing Chest Hospital Medical Ethics 

Committee according to the legal regulations. Written 

informed consent was collected from all experimental 

subjects. Experimental design was as mentioned above in the 

introduction segment. In the training set, the serum samples 

were obtained from 100 NSCLC patients together with 

60 age-matched healthy controls. The validation set serum 

sample was obtained from 254 NSCLC patients together with 

125 age-matched healthy controls, and 71 people with lung 

nodules (the expansion set). NSCLC patient serum samples 

and healthy controls were obtained from the Beijing Chest 

Hospital Samples Bank from May 2012 to May 2015. The 

71 lung nodules patients came from epidemiological screen 

study, which had been carried out in Beijing area through 

low-dose CT examination. The patients’ serum samples 

were collected at initial diagnosis. None of the patients 

had received preoperative chemotherapy or radiotherapy. 

The healthy controls were recruited during health examina-

tions and nobody showed evidence of malignancy. Tumor 

histology was classified according to the World Health 

Organization guidelines for histologic type of lung tumors. 

Tumor-node-metastasis (TNM) stage was determined 

according to the American Joint Committee on Cancer 

staging manual (seventh edition). All nodule patients were 

followed up until the patients were diagnosed with malignant 

tumor, or it was concluded on 30th May 2018; the standard 

of follow-up was performed strictly according to the clinical 

guidelines.

The supernatants were obtained from the blood samples 

through the centrifugation at 3,000 g for 15 minutes at 4°C 

temperature and were immediately sub-packaged and stored 

at -80°C for further analysis.

Basic clinical data of lung cancer patients in validation 

set are shown in Table 1.

aaB assay and cutoff
Before conducting this study, according to the publications, 

Cancer Probe identified seven antigens (SOX2, GAGE 7, 

CAGE, MAGE A1, P53, GBU4-5, and PGP9.5) from 43 

tumor-associated antigens, and detected AABs targeting 

these antigens by ELISA. After laboratory studies, seven 

AABs (SOX2, GAGE 7, CAGE, MAGE A1, P53, GBU4-5, 

and PGP9.5) performed well in distinguishing lung cancer 

patients from non-cancer patients (lung cancer, n=155; healthy 

controls, n=145). Then we applied the seven-AAB assay panel 

test to validate its diagnostic value in the clinic. Detection kit 

of seven different AABs (Cancer Probe Biological Technol-

ogy Co., Ltd, Hangzhou, China) was used according to the 

manufacturer’s recommendations. In brief, the serum samples 

and detection kit components were equilibrated to room 

temperature and were diluted based on the instructions. We 

washed the antigen-coated wells with 200–300 µL, 1× PBS, 

for 1 minute. Then 50-µL diluted serum samples, standards, 

and controls were added to the antigen-coated wells and incu-

bated at room temperature for 1 hour. After washing the plate 

thrice with Microplate Washer using the standard procedure, 

50 µL of diluted secondary antibodies antihuman IgG HRP 

was added, and then incubated for 30 minutes. Thereafter, the 

plate was once again washed thrice as above, and then 100 µL 

of substrate was added, followed by incubation for 15 minutes 

at room temperature. Subsequently, 50-µL stop solution was 

added to each well and mixed thoroughly. The OD at 450 nm 

was read using a spectrophotometer within 30 minutes.

The commercial Cancer Probe assay determined the 

cutoff values to get a specificity close to 90% in the matched 

controls (n=415) for the purpose of lung cancer screening in 

high-risk population. To complete this, a Monte Carlo direct 

search method12 was applied to achieve an optimized batch of 

cutoffs with the maximal sensitivity for the fixed specificity 

of 90%. Preset commercial cutoffs were applied in this 

research and no further optimization by receiver operating 

characteristic curves was performed.

statistical analysis
The data were analyzed using SPSS 22.0 software package. 

Different degrees of differentiations of serum AAB levels 

between the healthy control and the NSCLC patient groups 

were presented as medians and ranges. Normality was vali-

dated by using the Kolmogorov-Smirnov test. For abnormal 

distribution of the concentrations of seven serum AABs, 

nonparametric tests (Mann–Whitney U test) were used to 

evaluate the differences among groups. Positivity rates were 

evaluated by mean of a standard χ² tests with the respective 
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degrees of freedom. All nodule patients were followed up 

until the patients were diagnosed with malignant tumor, or it 

was concluded on 30th May 2018. The standard of follow-up 

was performed strictly according to the clinical guidelines. 

P,0.05 indicated a statistically significant difference. If the 

AABs response to one of the panel candidates exceeded its 

cutoff, the sample was regarded positive.

Result
expression serum levels of different aaBs 
in nsclc and healthy control groups in 
training set
In training set, the concentrations of SOX2 (P=0.043), 

GAGE 7 (P=0.040), MAGE A1 (P=0.0018), and P53 

(P=0.017) were markedly increased in NSCLC group when 

compared to healthy group (Supplementary Tables S1 and 

S2). The CAGE expression level in serum of NSCLC group 

was similar to the healthy group (P=0.954). From the spot 

picture (Figure 1), we can see that the concentrations of 

GBU4-5 (P=0.141) and PGP9.5 (P=0.155) in NSCLC group 

were higher than the healthy group but the significances were 

not significant. For the pathological subtype analysis, the 

expression levels of SOX2, GAGE 7, MAGE A1, P53, and 

CAGE were not significantly different between adenocarci-

noma and squamous cell carcinoma (SCC) groups (P.0.05) 

(Figure 1). The serum content of GBU4-5 was lower in SCC 

(P=0.042) and healthy (P=0.047) groups when compared to 

adenocarcinoma group, but there was no difference between 

SCC and healthy groups (P=0.954, Figure 1H). The concen-

tration of PGP9.5 in SCC group was higher than in the adeno-

carcinoma group; the difference was significant (P=0.037). 

The expression level in adenocarcinoma (P=0.674) and SCC 

(P=0.0521) groups was not significant when compared to 

healthy group (Figure 1I).

Figure 1 expression serum levels of different aaBs in nsclc and healthy control groups in training set.
Notes: (A) Data distribution of sOX2; (B) data distribution of gage 7; (C) data distribution of cage; (D) data distribution of Mage a1; (E) data distribution of P53; 
(F) data distribution of gBU4-5; (G) data distribution of PgP9.5; (H) the content of gBU4-5 in scc and adenocarcinoma groups; and (I) the content of PgP9.5 in scc and 
adenocarcinoma groups.
Abbreviations: aaBs, autoantibodies; nsclc, non-small-cell lung cancer; scc, squamous cell carcinoma.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

461

aaBs as latent tumor markers for detection of early lung cancer

The results of validation set were similar 
to the results of training set
Consistent with the results in training set, in the validation set 

the concentrations of SOX2 (P=0.002), GAGE 7 (P=0.004), 

MAGE A1 (P,0.001), P53 (P,0.001), and GBU4-5 

(P=0.041) were prominently increased in NSCLC group than 

in the healthy group with significant difference (Figure 2 and 

Supplementary Tables S3 and S5). From the spot picture, 

we can see that the concentrations of CAGE (P=0.5289) 

and PGP9.5 (P=0.058) in NSCLC group were higher than 

the healthy group but the differences were not significant; 

besides, similar to the results in training set, pathological 

subtype analysis showed that the expression of GBU4-5 in 

adenocarcinoma group was higher than in SCC (P=0.003) and 

healthy (P=0.006) groups. GBU4-5 level in SCC and healthy 

groups was not significantly different (P=0.733) (Figure 2H). 

The concentrations of PGP9.5 in SCC group were higher than 

adenocarcinoma (P=0.031) and healthy (P=0.014) groups, 

and the difference between adenocarcinoma and healthy 

groups was not significant (P=0.786) (Figure 2I).

The correlation between 
clinicopathologic characteristics and 
positive rate of single aaBs in nsclc 
patients (validation set)
The positive rate of different AABs did not correlate with 

gender, smoking history, pathological subtype, and tumor 

location. The positive rate of AAB PGP9.5 markedly 

increased in SCC group (23.1%) than in adenocarcinoma 

group (13.1%) (P=0.039). The positive rate of AAB GBU4-5 

Figure 2 expression serum levels of different aaBs in nsclc, nodule, and healthy groups in validation set.
Notes: (A) Data distribution of sOX2; (B) data distribution of gage 7; (C) data distribution of cage; (D) data distribution of Mage a1; (E) data distribution of P53; 
(F) data distribution of gBU4-5; (G) data distribution of PgP9.5; (H) the content of gBU4-5 in scc and adenocarcinoma groups; and (I) the content of PgP9.5 in scc and 
adenocarcinoma groups.
Abbreviations: aaBs, autoantibodies; nsclc, non-small-cell lung cancer; scc, squamous cell carcinoma.
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was higher in adenocarcinoma group (14.6%) than in SCC 

group (3.4%) (P=0.002).

The level of GAGE 7 was significantly different among 

different T (P=0.026) and N (P=0.001) stages. P53 (P=0.03) 

and GAGE 7 (P=0.003) were statistically significant among 

different M stages. In different TNM system classification, 

there was no statistical significance except for GBU4-5 

(P=0.024). GBU4-5 was not significantly different among 

T (P=0.056), N (P=0.752), and M (P=0.957) stages, but 

it has a decreasing tendency that ran throughout the entire 

course of T-, N-, and M-staging. With the increase of TNM 

staging, the serum level of GBU4-5 tends to decrease, 

which suggested that AAB GBU4-5 may be more accu-

rate in early stage lung cancer than in advanced disease 

(Table 1).

The levels of some aaBs were 
significantly different between lung cancer 
group and benign nodule group in the 
expansion set
We screened 40,000 people in Beijing area through low-

dose CT examination, and we finally got 71 people with 

lung nodules and assigned them to validation set. All nod-

ule patients in validation set were followed up to the end 

of May 1, 2018. No patients were lost during the 2-year 

follow-up. Patients were confirmed with malignant tumor 

or benign nodule by pathological examination. Of all 71 

nodule patients in validation set, 22 were confirmed with 

malignant tumors and others were confirmed with benign 

nodules. In expansion set, 22 malignant tumor patients were 

assigned to lung cancer group, and 49 benign nodule patients 

were assigned to benign group, and 125 healthy people were 

regarded as healthy group.

The expression level of SOX2 (P,0.001), GAGE 7 

(P=0.024), MAGE A1 (P=0.0398), P53 (P,0.001), and 

GBU4-5 (P=0.002) in lung cancer group markedly increased 

when compared to benign nodule group (Supplementary 

Tables S4, S6, and S7). Compared to healthy group, the con-

centrations of SOX2 (P=0.035), GAGE 7 (P=0.033), MAGE 

A1 (P=0.008), P53 (P=0.002), and GBU4-5 (P=0.002) in 

lung cancer group were higher with statistical significance; 

the results in expansion set were similar to the results in vali-

dation set except for AAB CAGE. The CAGE level in cancer 

group was not significantly different compared to benign 

(P=0.467) and healthy (P=0.835) groups. The expression 

level of seven AABs SOX2, GAGE 7, CAGE, MAGE A1, 

P53, GBU4-5, and PGP9.5 was not significantly different 

between the benign and healthy groups (P.0.05) (Figure 3).

Positive frequency and diagnostic values 
of single and combined aaBs
In validation set, of all the AABs in NSCLC group, the positive 

rate of SOX2 is the highest (20.9%) and GBU4-5 is the lowest 

(9.4%); in healthy controls, the positive rate of CAGE is the 

highest (12.4%) and GAGE is the lowest (3.3%) (Table 2). 

Compared to the positive rate of each AAB in healthy controls, 

the positive rate of SOX2 (P=0.016), GAGE7 (P=0.012), 

MAGE A1 (P=0.037), P53 (P,0.001), and PGP9.5 (P=0.049) 

showed statistical increase in NSCLC group (Figure 4A). 

The positive rate of seven combined AABs was compara-

tively higher in NSCLC group (65.7%) than in healthy group 

(42.1%) (P,0.001). In the same batch of NSCLC patients, 

the expression level of traditional tumor markers including 

carcinoembryonic antigen (CEA), cytokeratin 19 fragment 

21-1, and neuron-specific enolase (NSE) was refined from 

the medical records. The positive rate of the three combined 

traditional tumor markers (one of the traditional tumor markers 

exceeding its clinical cutoff is regarded as positive) is 58.7%, 

lower than the positive rate of seven combined AABs (65.7%). 

For pathological analysis, there was statistical difference in the 

positive rate in SCC (68.4%, P,0.001) and adenocarcinoma 

(63.5%, P,0.001) groups when compared to the healthy 

group. The positive rate of seven combined AABs in stage I, 

stage II, stage III, and stage IV were 64.1%, 66.7%, 60.5%, and 

66.7%, respectively. In different clinical stages of NSCLC, 

the positive rate was quite close.

We performed multivariate logistic regression (MLR) 

analysis for the full validation set, and we have drawn 

the conclusion that biomarkers P53, SOX2, and GAGE7 

were more correlated with non-small lung cancer. Then we 

combined the above three AABs together and evaluated its 

diagnostic value. The positive rate was 39.0% in NSCLC 

group and the positive rate in healthy group was 18.2%, 

which means the specificity of the three combination AABs 

was 81.2%. High specificity is required for screening lung 

cancer to avoid false positivity. For pathological subtype 

analysis, the positive rate in SCC group was 36.8%, and the 

positive rate in adenocarcinoma group was 40.9%. Both the 

differences were significant when compared to the healthy 

group (P,0.001) (Figure 4B; Table 2).

We also performed MLR analysis only in the adenocar-

cinoma and SCC groups. In adenocarcinoma group, we got 

the same biomarkers P53, SOX2, and GAGE. However, in 

the SCC group, five different markers were obtained, SOX2, 

MAGE A1, P53, GBU4-5, and PGP9.5. Then we combined 

the SOX2, MAGE A1, P53, GBU4-5, and PGP9.5 together 

and evaluated its diagnostic value. The positive rate was 
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58.8%, 33.1%, 51.8%, and 63.2% in NSCLC, healthy, adeno-

carcinoma, and SCC groups, respectively. The sensitivity and 

specificity of the five combinations were 58.8% and 66.9%, 

respectively. (Figure 4B; Table 2).

In expansion set, the positive rate of seven combined 

AABs (SOX2, GAGE 7, CAGE, MAGE A1, P53, GBU4-5, 

and PGP9.5) was 90% in lung cancer group and 67.8% in 

benign group. The positive rate of three combined AABs 

(P53, SOX2, and GAGE) was 70% in lung cancer group 

and 23.3% in benign group. The positive rate of five com-

bined AABs (SOX2, MAGE, P53, GBU4-5, and PGP9.5) 

was 80% in lung cancer group and 52.2% in benign group. 

(Figure 4C; Table 2).

Discussion
Lung cancer is one of the most common cancers as well 

as the leading cause of cancer-related death worldwide.1,2 

As lung cancer in early stages lacks of clinical symptoms, 

more than 75% of patients have local or distant metas-

tasis at the time of diagnosis,13 which leads to the low 

5-year overall survival rate (16%).14 Following X-ray and 

computed tomography (CT) examinations can reduce the 

incidence of patients with late-stage lung cancer, however, 

CT scanning has a high rate of false-positive, which ulti-

mately prove to be benign lesions after biopsy or surgical 

intervention. Besides, these follow-up procedures are costly 

and the radiation exposure may harm patients.15 Noninvasive 

blood-based biomarkers for diagnosis of lung cancer had 

been reported, including circulating tumor cells, circulating 

tumor DNA, circulating microRNA, and tumor-associated 

AAB.16–18 Detecting these AABs have diagnostic and 

prognostic values.19 As humoral immune responses exist 

several months or years prior to the clinical symptoms, 

AABs could be used for early detection of lung cancer.9,20 

Figure 3 The levels of some AABs were significantly different between lung cancer and benign nodule groups in the expansion set. 
Notes: (A) Data distribution of sOX2; (B) data distribution of gage 7; (C) data distribution of cage; (D) data distribution of Mage a1; (E) data distribution of P53; 
(F) data distribution of gBU4-5; (G) data distribution of PgP9.5; the content of gBU4-5 in scc and adenocarcinoma groups; and the content of PgP9.5 in scc and 
adenocarcinoma groups.
Abbreviations: aaBs, autoantibodies; scc, squamous cell carcinoma.
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Combined AABs provide a more accurate result than the 

individual biomarker considered alone.10,11

In our study, we chose seven different AABs (SOX2, 

GAGE 7, CAGE, MAGE A1, P53, GBU4-5, and PGP9.5) 

to assess their diagnostic value. Mutant P53 proteins accu-

mulate in cancer cells and induce circulating P53 antibodies 

in cancer patients.21 PGP9.5 is a ubiquitin hydrolase, widely 

expressed in neuronal tissues during neuronal differentiation. 

The increased expression of PGP9.5 is specifically correlated 

with lung cancer development and frequently overexpressed 

in primary NSCLC.22 SOX2 is amplified and overexpressed in 

SCC and SCLC.23 GAGE 7, GBU4-5, MAGE A1, and CAGE 

are cancer testis antigens, which do not express in other 

somatic tissues except the testis and a number of solid tumors.

In training set, we confirmed that this panel had the 

diagnostic value of NSCLC, however, not every expression 

level of single biomarker made a difference; only the concen-

trations of SOX2, GAGE 7, MAGE A1, P53, and GBU4-5 

prominently increased in NSCLC group than in healthy 

group. To further confirm this result, we enlarged the samples 

and in validation set we got similar results. In the analysis 

of training set we found that the expression level of AABs 

GBU4-5 and PGP9.5 was statistically different between 

the SCC and adenocarcinoma groups. The concentration of 

GBU4-5 in adenocarcinoma group was higher than in the 

SCC group; the PGP9.5, which was opposite, in SCC group 

was higher than in the adenocarcinoma group. What we did 

next was to further analyze the concentrations of GBU4-5 and 

PGPP9.5 in validation set between SCC and adenocarcinoma 

groups, and finally we proved the differences indeed exist.

Most studies about AABs mainly concentrated on the 

diagnostic value of joint detection of AABs. Seldom did 

studies pay attention to the subtype analysis grouped by 

pathological classification, age, gender, and smoking history. 

In this study, we further clarified the clinical relationship 

between the positive rate of single AAB. The positive 

rate of different AABs did not correlate with age, gender, 

smoking history, and tumor location. All concentrations of 

AABs were similar in different groups except GAGE7, and 

statistically significant in pathological T classifications and 

pathological N classifications. In addition, AABs GAGE7 as 

well as P53 were both significantly different among different 

Table 2 Positive rate in different groups

In validation set

Biomarker SOX2 positive 
rate, %

GAGE 
positive 
rate, %

CAGE positive 
rate, %

MAGE 
positive 
rate, %

P53 
positive 
rate, %

GBU4-5 
positive 
rate, %

PGP9.5 
positive 
rate, %

nsclc group 20.9 11.0 16.9 19.3 19.3 9.4 17.7

healthy controls 10.7 3.3 12.4 10.7 5 8.3 9.9

Combination SOX2 + GAGE + 
CAGE + MAGE + 
P53 + GBU + 
PGP

P53 + 
SOX2 + 
GAGE

SOX2 + 
MAGE + P53 + 
GBU4-5 + 
PGP9.5

Positive  
rate, %

Positive 
rate, %

Positive  
rate, %

healthy group 42.1 18.2 33.1

nsclc group 65.7* 39.0* 58.8*

scc group 68.4* 36.8* 63.2*

adenocarcinoma group 63.5* 40.9* 51.8*

In expansion set

Combination SOX2 + GAGE + 
CAGE + MAGE + 
P53 + GBU + 
PGP

P53 + 
SOX2 + 
GAGE

SOX2 + 
MAGE + P53 + 
GBU4-5 + 
PGP9.5

Positive  
rate, %

Positive 
rate, %

Positive  
rate, %

healthy group 42.1 18.2 33.1

lung cancer group 90.0* 70.0* 80.0*

Benign nodule group 67.8* 23.3* 52.2*

Note: compared to healthy group, *P,0.05.
Abbreviations: nsclc, non-small-cell lung cancer; scc, squamous cell carcinoma.
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pathological M classifications. Most biomarkers correlated 

with tumor stage and pathological type, and the positive rate 

tended to increase in more advanced stages. In our study 

we found that the positive rate of AAB GBU4-5 in early T, 

N, and M stages decreased in late stages even though the 

differences were not statistically different. This indicated 

that GBU4-5 may be a useful biomarker for early screen-

ing. Previous study showed that AAB P53 significantly 

increased in lung cancer patients with larger tumor size.24 

It is noticeable that positive rate of P53 is higher in advanced 

stages of NSCLC than in early stage disease with statistical 

significance, which suggested that P53 may be more sensi-

tive in advanced stages of lung cancer. The positive rate of 

the combination of seven AABs was 64.1%, 66.7%, 60.5%, 

and 66.7% in stage I, II, III, and IV, which was quite similar 

among different clinical stages.

To prove the diagnostic value of different AABs, we 

performed a prospective experiment by surveying natural 

Figure 4 Positive frequency and diagnostic values of single and combined aaBs.
Notes: (A) The positive rate of single aaB in validation set; (B) the positive rate of different combined aaBs in validation set; and (C) the positive rate of different combined 
aaBs in expansion set.
Abbreviations: aaBs, autoantibodies; nsclc, non-small-cell lung cancer.
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populations in Beijing area, and 40,000 people volunteered 

in this investigation. In the end, we got 71 nodule patients 

through LDCT examination. After following up, 22 were 

confirmed malignant and others were confirmed benign. 

Then we put these subjects into expansion set; 125 healthy 

people were also included in this set. In expansion set, the 

expression level of seven AABs SOX2, GAGE 7, CAGE, 

MAGE A1, P53, GBU4-5, and PGP9.5 had no significant 

difference between the benign and healthy groups. In lung 

cancer group, most of the biomarkers increased statistically 

when compared to benign and healthy groups. The results 

may be the key cues to explain why in the expression of 

AABs there was no difference, except PGP9.5, between the 

NSCLC and nodule groups in validation set.

Our study suggested that this panel of seven combined 

AABs had the sensitivity of 65.7% in NSCLC patients, 

higher than the traditional biomarkers (CEA, NSE, and 

SCC), which had a positive rate of 58.7% in the same batch 

of NSCLC patients. However, the specificity of this panel in 

our study was only 57.9%. Then we optimized the combina-

tions through logistic regression analysis method. At first, 

regression logistic analysis was performed in all non-small 

lung cancers; three biomarkers including P53, SOX2, and 

GAGE 7 were selected. The combination of above three 

biomarkers had the sensitivity of 39% and specificity of 

81.8%. High specificity is required for screening test to avoid 

false positivity.

Because of the difference between SCC and adenocar-

cinoma groups in the expressions of AABs, we performed 

logistic regression analysis only in the SCC group or in the 

adenocarcinoma group. We discovered that the biomarkers 

selected from adenocarcinoma group were the same as the 

biomarkers selected from NSCLC group. Unlikely, five 

biomarkers, SOX2, MAGE, P53, GBU4-5, and PGP9.5, 

were selected from SCC group. Different choice of 

biomarkers led to different detection results. Combining 

those five biomarkers together led to a sensitivity of 58.8% 

and specificity of 66.9% in validation set. Next, we used 

different combinations of AABs mentioned above in 

expansion set to verify its diagnostic value. Apparently, 

the combination of three AABs (P53, SOX2, and GAGE) 

had a high specificity (81.8%) as well as high sensitivity 

(70%), which is more advantageous than the seven com-

bined AABs (sensitivity of 90% and specificity of 57.9%) or 

five combined AABs (sensitivity of 80% and specificity of 

66.9%) in the diagnosis of lung cancer. Under the premise of 

satisfactory sensitivity and specificity, reducing some AABs 

to a new panel is more economic for lung cancer screening. 

On the other hand, future work is planned using an increased 

assay panel, which will include some AABs or tumor-related 

antigens in order to improve the accuracy of this panel in 

lung cancer detection.

The strength of this study is that the healthy group was 

matched well for age and gender both in training set and in 

validation set. The insufficiency in our research was that the 

sample were small, especially, the number of nodule patients 

included, which was only 71 patients. Another weakness of 

this study is that we did not choose other biomarkers like 

AABs or antigens to increase the sensitivity and/or specificity 

of this panel. Further studies are planned using an increased 

assay panel, which will include some AABs in order to be 

more accurate in the early detection of lung cancer.

Conclusion
Our study verified the diagnostic value of serum AABs in 

NSCLC and its application in early detection of lung cancer. 

Blood samples are accessible and the measurement to test 

these samples is repeatable and economic. Different choice 

of biomarkers led to different detection results. An optimized 

combination is urgently needed to facilitate detection in early 

lung cancer.
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Supplementary materials
1. Expression serum levels of different AABs of NSCLC and healthy control groups in training set.

Table S1 The data distribution of single aaB in nsclc group

NSCLC SOX2 GAGE 7 CAGE MAGE A1 P53 GBU4-5 PGP9.5

Minimum 0 0 0.0 0.0 0.0 0.0 0.0
25% 2.1 1.3 0.2250 1.625 1.500 0.0 1.900
Median 3.5 3.1 2.500 5.150 3.250 0.6500 4.500
75% 8 6.3 5.775 13.93 8.550 2.650 7.500
Maximum 76.7 69 59.00 80.00 80.00 27.00 39.00

Abbreviations: aaB, autoantibody; nsclc, non-small-cell lung cancer.

Table S2 The data distribution of single aaB in healthy group

Healthy SOX2 GAGE 7 CAGE MAGE A1 P53 GBU4-5 PGP9.5

Minimum 0 0 0.0 0.0 0.0 0.0 0.0
25% 1.7 1.2 0.3000 1.950 1.225 0.0 3.250
Median 3.0 2.35 2.900 3.100 2.050 0.5000 4.400
75% 6.3 3.8 5.500 6.900 3.500 1.950 7.300
Maximum 41.5 28.3 59.00 30.00 18.10 23.00 32.40

Abbreviation: aaB, autoantibody.

2. The results of validation set were similar to the results of training set.

Table S3 The data distribution of single aaB in nsclc group

NSCLC SOX2 GAGE 7 CAGE MAGE A1 P53 GBU4-5 PGP9.5

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25% 1.675 1.100 0.2750 1.375 1.950 0.0 2.975
Median 3.350 2.500 2.500 2.900 2.700 0.5000 4.500
75% 7.500 5.800 5.525 7.400 6.000 2.200 7.200
Maximum 82.30 70.00 79.30 80.00 52.30 30.00 73.70

Abbreviations: aaB, autoantibody; nsclc, non-small-cell lung cancer.

Table S4 The data distribution of single aaB in nodule group

Nodule SOX2 GAGE 7 CAGE MAGE A1 P53 GBU4-5 PGP9.5

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25% 1.550 0.9000 0.1500 2.000 0.7750 0.1000 0.7000
Median 3.300 3.100 2.700 2.900 2.450 1.100 3.900
75% 7.750 6.200 5.200 12.50 6.025 3.100 7.500
Maximum 66.20 30.00 60.00 80.00 74.40 30.00 39.00

Abbreviation: aaB, autoantibody.

Table S5 The data distribution of single aaB in healthy group

Healthy SOX2 GAGE 7 CAGE MAGE A1 P53 GBU4-5 PGP9.5

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25% 1.750 1.050 0.3500 1.775 1.300 0.0 3.500
Median 3.000 2.200 2.600 3.100 2.200 0.4000 4.400
75% 5.850 3.550 4.950 5.475 3.700 2.000 7.650
Maximum 41.50 39.00 79.00 34.30 30.00 17.40 47.60

Abbreviation: aaB, autoantibody.
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3. The levels of some AABs were significantly different among lung cancer group, benign nodule group and healthy 

group in the expansion set.

Table S6 The data distribution of single aaB in lung cancer group

Lung cancer SOX2 GAGE 7 CAGE MAGE A1 P53 GBU4-5 PGP9.5

Minimum 0.0 0.0 0.0 0.0 0.100 0.0 0.0
25% 3.100 2.900 0.575 1.900 2.100 0.9250 1.900
Median 8.200 6.800 2.600 3.700 7.700 3.350 4.500
75% 36.30 20.60 5.100 30.00 35.00 16.43 7.500
Maximum 59.00 39.00 60.00 80.00 75.70 30.00 39.00

Abbreviation: aaB, autoantibody.

Table S7 The data distribution of single aaB in benign nodule group

Benign nodule SOX2 GAGE 7 CAGE MAGE A1 P53 GBU4-5 PGP9.5

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25% 1.300 0.2750 0.1000 1.950 0.7000 0.0 0.1750
Median 2.850 2.450 2.700 2.700 2.300 0.8000 2.950
75% 4.100 4.875 5.900 6.000 4.950 1.900 7.300
Maximum 27.40 18.50 60.00 52.30 21.10 8.600 36.40

Abbreviation: aaB, autoantibody.

Table S8 The data distribution of single aaB in healthy group

Healthy SOX2 GAGE 7 CAGE MAGE A1 P53 GBU4-5 PGP9.5

Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0
25% 1.750 1.050 0.3500 1.775 1.300 0.0 3.500
Median 3.000 2.200 2.600 3.100 2.200 0.4000 4.400
75% 5.850 3.550 4.950 5.475 3.700 2.000 7.650
Maximum 41.50 39.00 79.00 34.30 30.00 17.40 47.60

Abbreviation: aaB, autoantibody.
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