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ABSTRACT
The purpose of this study was to identify novel autoantibodies against tumor-associated antigens (TAAbs) 
and explore the optimal diagnosis model based on the protein chip for detecting esophageal squamous 
cell carcinoma (ESCC). The human protein chip based on cancer-driving genes was customized to discover 
candidate TAAbs. Enzyme-linked immunosorbent assay was applied to verify and validate the expression 
levels of candidate TAAbs in the training cohort (130 ESCC and 130 normal controls) and the validation 
cohort (125 ESCC and 125 normal controls). Logistic regression analysis was adopted to construct the 
diagnostic model based on the expression levels of autoantibodies with diagnostic value. Twelve 
candidate autoantibodies were identified based on the protein chip according to the corresponding 
statistical methods. In both the training cohort and validation cohort, the expression levels of 10 TAAbs 
(GNA11, PTEN, P53, SRSF2, GNAS, ACVR1B, CASP8, DAXX, PDGFRA, and MEN1) in ESCC patients were 
higher than that in normal controls. The panel consisting of GNA11, ACVR1B and P53 demonstrated 
favorable diagnostic power. The sensitivity, specificity and accuracy of the model in the train cohort and 
the validation cohort were 71.5%, 93.8%, 79.6% and 77.6%, 81.6%, 70.8%, respectively. In either cohort, 
there was no correlation between positive rate of the autoantibody panel and clinicopathologic features 
for ESCC patients. Protein chip technology is an effective method to identify novel TAAbs, and the panel of 
3 TAAbs (GNA11, ACVR1B, and P53) is promising for distinguishing ESCC patients from normal individuals.
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1 Introduction

Esophageal cancer (EC) ranked sixth among the leading causes 
of cancer deaths with an estimated 509 000 deaths, and seventh 
in terms of incidence with an estimated 572 000 new cases in 
2018 worldwide.1 In 2015, there were estimated 188 000 deaths 
and 246 000 new cases of EC according to the latest report of 
cancer epidemiology in China.2 In China, the large majority of 
EC patients were esophageal squamous cell carcinoma (ESCC) 
patients.3 EC has a dreadful 5-year survival rate of 19%, 
because a multitude of patients are diagnosed at late stage.4 

The 5-year survival rate of patients with stage I is as high as 
80%, which indicates early detection is critical for reducing the 
mortality of EC patients.5,6 Endoscopy examination and 
mucosa biopsy are common diagnostic methods for EC 
patients. Nevertheless, sampling error, invasiveness and high 
cost limit their wide applications in screening practice.7 The 
commonly used auxiliary diagnostic markers in clinical prac-
tice, such as squamous cell carcinoma antigen (SCCA), carci-
noembryonic antigen (CEA), and cytokeratin 19 fragment 
(CYFRA21-1), lack sufficient diagnostic ability for EC.8 

Tumor-associated antigens (TAAs) are the abnormally 
expressed proteins that are able to trigger immune response 

due to the occurrence and development of cancers, and the 
produced autoantibodies are called autoantibodies against 
tumor-associated antigens (TAAbs).9 TAAbs can be detected 
before the patient’s clinical symptoms and present higher sta-
bility over time.10 In recent years, many studies have demon-
strated that TAAbs may be a promising tool of detecting 
cancers, such as hepatocellular carcinoma,11,12 ovarian 
cancer,13 lung cancer,14 colorectal cancer,15 breast cancer,16 

and esophageal cancer.17

Recently, protein chip technology accelerates the research pro-
cess of tumor biomarkers. Yang et al. used a human proteome 
microarray to discover potential serum biomarkers and identify 
a promising panel for detecting gastric cancer.18 However, 
Huprot™ Human proteomic chip is expensive and needs a lot of 
human and material resources. The occurrence of tumor is 
a complex process involving multiple genes and factors. 
Carcinogens are able to influence normal cells and cause gene 
mutations. It has been reported that the function or structure of 
the proteins encoded by the mutated genes will change, and these 
abnormal proteins may in turn induce immune response to 
produce corresponding autoantibodies.19,20 The mutated genes 
that promote the growth and proliferation of cancer cells are 

CONTACT Peng Wang wangpeng1658@hotmail.com College of Public Health, Zhengzhou University, Zhengzhou, Henan 450001, China; Jianying Zhang 
jianyingzhang@hotmail.com College of Public Health, Henan Institute of Medical and Pharmaceutical Sciences, Zhengzhou University, Zhengzhou, Henan 

450052, China
Supplemental data for this article can be accessed on the publisher’s website

ONCOIMMUNOLOGY                                        
2020, VOL. 9, NO. 1, e1814515 (10 pages) 
https://doi.org/10.1080/2162402X.2020.1814515

© 2020 The Author(s). Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0002-6717-7228
http://orcid.org/0000-0003-3657-2417
http://orcid.org/0000-0002-4346-3895
http://orcid.org/0000-0002-5531-1776
http://orcid.org/0000-0003-4666-9706
http://orcid.org/0000-0003-2938-9526
https://doi.org/10.1080/2162402X.2020.1814515
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/2162402X.2020.1814515&domain=pdf&date_stamp=2020-09-03


called cancer-driving genes, which can cause selective growth of 
tumor cells.21 Bert Vogelstein et al. reported 138 cancer-driving 
genes by analyzing the result of high-throughput gene sequencing 
of cancer genome.22 Therefore, we put forward a hypothesis: 
autoantibodies against tumor-associated antigens encoded by 
cancer-driving genes may be potential biomarkers for detecting 
ESCC. In this study, we customized the protein chip based on 154 
human proteins mainly encoded by the cancer-driving genes to 
identify TAAbs for detection of ESCC. The design of the present 
study is illustrated in Figure 1.

2 Materials and methods

2.1 Collection of serum samples

This study consisted of 646 subjects, including 341 ESCC 
patients and 305 healthy individuals. From June 2013 to 
December 2017, serums from ESCC patients were collected 
from a third-level grade-A hospital (Zhengzhou, China). All 
patients were confirmed by histopathology and had no other 
malignancies and had not received any treatments. The normal 
controls, without digestive tract related diseases, and autoim-
mune diseases, were selected from the biological sample bank 

of Henan Key Laboratory of Tumor Epidemiology. In verifica-
tion and validation phase, 510 subjects were selected, including 
255 ESCC patients and 255 normal controls. The case group 
and control group were matched 1:1 according to the gender 
and age (± 3 years). The serums were collected according to the 
standard protocol. Approval for this study was obtained from 
the Medical Ethics Committee of Zhengzhou University and 
informed consent was signed by all participants.

2.2 Customization of protein microarray

This study was commissioned to the BCBIO Biotechnology 
Corporation (Guangzhou, China) to customize the 
HuProtTM protein chip based on cancer-driving genes. The 
protein chip contained 154 human recombinant proteins 
(more than one different protein fragment for the same 
gene),including 143 proteins encoded by cancer driving 
genes and 11 proteins (IMP1, IMP2, IMP3, CyclinB1, 
c-Myc, CIP2A/p90, RalA, YWHAZ, RBM39, and two frag-
ments of Survivin) with high diagnostic value in the pre-
vious research in our laboratory. The layout of 154 
recombinant proteins on the protein microarray was 

Figure 1. The design of this study. ESCC: esophageal squamous cell carcinoma; NC: normal control; ELISA: enzyme-linked immunosorbent assay.
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presented in Table S1. The autoantibodies of corresponding 
proteins in serums from 86 ESCC patients and 50 normal 
controls were detected by protein chip technology to dis-
cover candidate autoantibodies for detecting ESCC. The 
experimental process was carried out in accordance with 
the standard protocol.

2.3 Enzyme-linked immunosorbent assay (ELISA)

ELISA was used to detect the expression levels of autoantibo-
dies discovered by protein chip. The coated concentrations of 
the 12 recombinant proteins (SRSF2, ACVR1B, MEN1, 
CASP8, FBXW7, PDGFRA, GNAS, PTEN, DAXX, P53, 
GNA11, and EGFR) were 0.125, 0.125, 0.125, 0.125, 0.125, 
0.25, 0.25, 0.25, 0.25, 0.5, 0.5, and 0.5 ng/ml, respectively. The 
last column of each 96-well plate was coated with human IgG 
protein to provide the standard curve. The corresponding step 
of ELISA have been described in our previous study.23The 
expression levels of autoantibodies were converted into the 
concentration according to the standard curve of each plate, 
and the concentrations were defined as unit (U).

2.4 Statistical analysis

Genepix Pro 6.0, IBM SPSS Statistics software (Version 21.0) 
and GraphPad Prism 6.0 were applied to analyze the data of 
this study. For the extracted data of IgG-responsive proteins, 
the signal-to-noise ratio (SNR) was defined as the ratio of 
the foreground to background median intensity in order to 
eliminate the deviation caused by the inconsistency of back-
ground intensity between different samples. The differences 
in clinical characteristics of participant in each group were 
analyzed by Fisher’s test or t test. The nonparametric test 
was used to compare the difference between patient group 
and control group. The receiver operating characteristic 
(ROC) curve was used to evaluate the diagnostic value of 
autoantibodies. The sensitivity and specificity were deter-
mined by maximum Yoden Index (YI). Logistic regression 
analysis was used to explore the optimal panel for distin-
guishing ESCC from healthy individuals. All P values were 
determined based on two-tailed and P < .05 was defined to 
be significant.

3 Results

3.1 Characteristics of study population

The whole study consisted of three phases, including discovery 
phase, verification phase and validation phase. In the discovery 
phase, the serum samples from 86 ESCC patients and 50 
normal individuals were detected by the protein chip technol-
ogy. The basic characteristics of 136 participants were 
described in Table S2. In verification phase and validation 
phase, ELISA was applied to test the expression level of 12 
candidate TAAbs in serums from 255 ESCC patients and 255 
normal controls. Clinical characteristics of ESCC patients and 
controls were shown in Table 1. There was no significant 
difference in age, histological grade, site of tumor, depth of 
tumor invasion, and distant metastasis status in the two 

cohorts. All patients were staged according to the TNM staging 
standard of the Union for International Cancer Control 
(UICC).24

3.2 Candidate TAAbs based on protein microarray in 
discovery phase

Based on the SNRs of 136 serum samples in the protein chip, 12 
candidate TAAbs (SRSF2, ACVR1B, MEN1, CASP8, FBXW7, 
PDGFRA, GNAS, PTEN, DAXX, P53, GNA11, and EGFR) 
were screened by different statistical methods. The candidate 
TAAbs obtained by nonparametric test and ROC curve analy-
sis were consistent, including GNA11, PTEN, P53, SRSF2, and 
GNAS. The top ten candidate TAAbs in area under ROC 
(AUC) were GNA11, PTEN, P53, SRSF2, GNAS, ACVR1B, 
CASP8, DAXX, PDGFRA, and FBXW7. In addition, five can-
didate TAAbs (P53, GNAS, MEN1, EGFR, and CASP8) were 
determined when the difference of positive rate (cut off = mean 
+2 standard error) of SNR between case group and control 

Table 1. Clinical characteristics of ESCC patients and controls in verification and 
validation phase.

Training cohort (n = 260) Validation cohort 
(n = 250)

Variables ESCC NC ESCC NC P

Age(year) 0.055
Range 41–87 41–88 41–80 40–79
Median 

(Q1, Q3)
65.5 

(58.5, 
70.3)

66.0 
(59.8, 
71.0)

63.0 
(59.9, 
68.0)

63.0 
(59.0, 
68.0)

Sex, n (%) 0.037*
Male 95(73.1) 95(73.1) 76(60.8) 76(60.8)
Female 35(26.9) 35(26.9) 49(39.2) 49(39.2)
Histological 

grade
0.065

High(grade 1) 9(6.9) 15(12.0)
Middle(grade 2) 44(33.8) 46(36.8)
Low(grade 3) 20(15.4) 50(40.0)
Site of tumor 0.334
Upper 

esophagus
16(12.3) 22(17.6)

Middle 
esophagus

70(53.8) 65(52.0)

Lower 
esophagus

41(31.5) 31(24.8)

TNM stage, 
n (%)

0.001*

Stage 0 7(5.4) 7(5.6)
Stage I 22(16.9) 47(37.6)
Stage II 23(17.7) 38(30.4)
Stage III 35(26.9) 24(19.2)
Stage IV 12(9.2) 5(4.0)
Depth of tumor invasion 0.054
T0 5(3.8) 7(5.6)
T1 29(22.3) 43(34.4)
T2 19(14.6) 20(16.0)
T3 37(28.5) 48(38.4)
T4 12(9.2) 0(0.00)
Lymph node metastasis 0.000*
Negative 47(36.2) 86(68.8)
Positive 66(50.7) 32(25.6)
Distant 

metastasis
0.052

No 90(69.2) 116(92.8)
Yes 11(8.5) 5(4.0)

ESCC: esophageal squamous cell carcinoma; NC: normal control; Q1: smaller 
quartile, Q3: larger quartile, P means comparison between ESCC patients in 
training cohorts and validation cohorts, P* < 0.05
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group was more than 10%. Table S3 illustrated the diagnostic 
value of 12 candidate TAAbs. The AUCs ranged from 0.54 to 
0.68. GNA11 demonstrated the greatest diagnostic perfor-
mance for ESCC with an AUC of 0.68 (95%CI: 0.59–0.78), 
sensitivity of 48.8%, specificity of 85.7% and accuracy of 
66.7% among 12 TAAbs. P53 and MEN1 achieved the favor-
able specificity of 93.9%, and PDGFRA presented the outstand-
ing sensitivity of 70.9%. Although the sensitivity of EGFR and 
CASP8 were less impressive (22.1% and 26.7%, respectively), 
the specificities were promising (91.8% and 87.8%, respec-
tively). Table S4 exhibited the basic characteristics of screened 
candidate TAAbs.

3.3 Autoantibodies in verification phase and validation 
phase

The expression levels of the 12 anti-TAAs autoantibodies 
(SRSF2, ACVR1B, MEN1, CASP8, FBXW7, PDGFRA, GNAS, 
PTEN, DAXX, P53, GNA11, and EGFR) were calculated accord-
ing to the standard curve of each plate. Figure 2(a) and Figure 2 
(b) displayed the expression levels of 12 anti-TAAs autoantibo-
dies in training cohort and validation cohort, respectively. In the 
training cohort, except for EGFR and FBXW7, the levels of ten 
anti-TAAs autoantibodies were significantly higher in ESCC 
group than that in control group, and the results were true in 
the validation cohort. Figure 3 and Figure 4 presented separately 
the ROC curve analysis of 12 autoantibodies in two cohorts. The 
diagnostic value of single autoantibody for ESCC detection was 
illuminated in Table 2. In the training cohort, the AUCs ranged 
from 0.50 to 0.84, and the ranges of the sensitivity and specificity 
were 24.6%–88.8% and 26.9%–96.9%, respectively. GNA11 
manifested the highest diagnostic accuracy of 75.8% with an 
AUC of 0.84 (95%CI: 0.80–0.89), sensitivity of 59.2% and speci-
ficity of 96.9% among 12 anti-TAAs autoantibodies. In the 
validation cohort, the AUCs ranged from 0.55 to 0.82, and the 
ranges of the sensitivity and specificity were 36.8%–96.8% and 
28.8%–92.8%, respectively.

3.4 Establishment and validation of diagnostic model of 
autoantibodies

Logistic regression analysis was adopted to generate diagnostic 
model based on the expression levels of ten significant TAAbs 

(GNA11, PTEN, P53, SRSF2, GNAS, ACVR1B, CASP8, 
DAXX, PDGFRA, and MEN1) in training cohort (130 ESCC 
and 130 NC). The diagnostic model constructed by the back-
ward or forward logistic regression methods were completely 
consistent. The predicted possibility for diagnosis as ESCC was 
PRE (P = ESCC, 3 TAAbs) = 1/(1+ EXP (-(-6.822-0.388 
× ACVR1B + 1.155 × GNA11 + 0.185 × P53))). The diagnostic 
model consisting of ACVR1B, GNA11 and P53 was able to 
distinguish ESCC patients from healthy individuals, with an 
AUC of 0.88 (95%CI: 0.84–0.92), the sensitivity of 71.5%, the 
specificity of 93.8% and the accuracy rate of 79.6% (Table 3). 
The formula of predictive probability attained from the train-
ing cohort was substituted into the validation cohort (125 
ESCC and 125 NC). The diagnostic value of the prediction 
model in the validation cohort was similar to that in the 
training cohort, with an AUC of 0.85 (95%CI: 0.80–0.90), the 
sensitivity of 77.6%, the specificity of 81.6% and the concor-
dance rate of 70.8% (Table 3). There was no significant differ-
ence in AUC between the two cohorts (P = .885), which 
indicated that the model was stable.

3.5 Evaluation of the diagnostic value of the model in 
different stages

The diagnostic performance of the model for ESCC patients 
with different stages was illuminated in Table 3 and Figure 5. In 
training cohort, the prediction model provided an enhanced 
AUC of 0.90 (95%CI: 0.85–0.95), with the sensitivity of 73.1%, 
the specificity of 93.9% and the accuracy rate of 81.3% for early 
detection of ESCC (stage 0–II). The diagnostic value of this 
panel for early cancer patients was higher than that for late 
cancer patients, but the difference in AUCs was not significant 
(P = .066). The ability of the anti-TAAs autoantibodies panel to 
distinguish early-stage cancer patients from healthy controls 
was confirmed in an independent validation cohort. The auto-
antibodies panel exhibited almost the same diagnostic value for 
early ESCC in the validation cohort, with an AUC of 0.87 (95% 
CI: 0.83–0.92), with the sensitivity of 81.5%, the specificity of 
81.6% and the consistency rate of 76.5% (Table 3). Besides, 
there was no significant difference in the ability of the model to 
distinguish the ESCC patients of different depth of tumor 
invasion, the presence of lymph node metastasis and the pre-
sence of distant metastasis (P > .05) (Table 3).

Figure 2. The expression levels of 12 anti-TAAs autoantibodies in ESCC patients and healthy controls. (a) Scatter plots of the expression levels of autoantibodies in 
training cohort, (b) scatter plots of the expression levels of autoantibodies in validation cohort. Lines represented median and quartile range; E, ESCC patients; N normal 
controls.
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3.6 Effect of clinicopathological features on the 
sensitivity and specificity

The impact of cancer patients of clinicpathologic feature on the 
specificity/sensitivity variation was denoted in Table S5 and 
Figure S1. ESCC patients were classified according to sex, age, 
histological grade, site of tumor, TNM stage, depth of tumor 
invasion, lymph node metastasis status, and distant metastasis 
status. Table S5 demonstrated there was no relationship 
between positive rate of the autoantibody panel and clinico-
pathologic features in both the training cohort and validation 
cohort (P > .05). Figure S1 presented the sensitivity at a fixed 
specificity of 95% by patient demographics and tumor char-
acteristics. There was seemingly a higher incidence of the 

autoantibodies panel in patients with early stage than later 
stage, negative distant metastasis than positive distant 
metastasis.

4 Discussion

In this study, we discovered 12 candidate autoantibodies for 
diagnosis of ESCC by customized protein chip based on can-
cer-driving genes in 136 serum samples and employed ELISA 
to detect the expression levels of 12 TAAbs in 510 individual 
samples. We constructed a diagnostic model consisting of P53, 
ACVR1B and GNA11 that achieved great diagnostic value, 
with an AUC of 0.88 (95%CI: 0.84–0.92), the sensitivity, the 

Figure 3. Diagnostic performance of 12 anti-TAAs in training cohort for ESCC detection.
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specificity and the accuracy rate of 71.5%, 93.8%, and 79.6%, 
respectively in the training cohort. The AUC in the training 
cohort was similar to that in the validation cohort (P = .885), 
which indicated that the model had rosy stability. The results 
demonstrated that the ability of the model to differentiate 
ESCC was higher than that of reported autoantibodies 
combinations,25,26 and it had a promising ability to differenti-
ate ESCC cancer from normal individuals.

There are a lot of methods for screening candidate TAA for 
early diagnosis of cancer, and the most commonly used tech-
niques are serological analysis of expression cDNA libraries 
(SEREX) and serological proteome analysis (SERPA). 
However, the false positive rate of SEREX technique is too 
high and unable to screen post-translational modified 

proteins.27 Due to the limitation of the loading amount of 
sample and detection sensitivity, SERPA can only identify 
relatively high abundance proteins, and its ability to isolate 
polar acids and alkaloids is limited.28 With the development 
of human genome sequencing, high-throughput protein chip 
technology is also used for screening TAAb for detecting 
cancer. Nevertheless, its wide application in screening TAA is 
limited by its high economic cost. We applied the protein chip 
consisting of 154 recombinant human proteins encoded by 
cancer-driving genes to detect autoantibodies in ESCC and 
normal serums to discover candidate biomarkers. It not only 
retained the advantages of protein chip technology and greatly 
reduced the cost of research, but also improved the probability 
that specific autoantibodies were screened out.

Figure 4. Diagnostic performance of 12 anti-TAAs in validation cohort for ESCC detection.
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Based on the customized protein chip of cancer-driving genes 
and ELISA, ten autoantibodies (GNA11, SRSF2, GNAS, PDGFRA, 
PTEN, P53, ACVR1B, CASP8, DAXX, and MEN1) related to the 
diagnosis of ESCC were identified in this study. The genes encod-
ing the first three proteins are carcinogenic genes, and the last six 
genes are tumor suppressor genes. GNA11 belongs to the family of 
guanine nucleotide-binding proteins (G proteins), which function 
as modulators or transducers in various transmembrane signaling 
systems.29 SRSF2 is a member of the serine/arginine (SR)-rich 
family of pre-mRNA splicing factors and involved in regulating 
cell proliferation and maintaining genomic stability.30 GNAS is 
a complex imprinted expression gene and an important compo-
nent of many signal transduction pathways, such as APC, PI3K, 
TGF-b, and RAS pathway.31 PDGFRA is closely related to the 
invasion and malignant transformation of tumors. 
Immunochemical analysis showed that PDGFRA was positive in 
a rare case of primary small cell carcinoma of the esophagus.32 

PTEN is involved in a variety of cell signal transduction pathways, 
including regulation of cell growth, migration, apoptosis, and 
maintenance of chromosomal integrity.33,34 The mutation of 
TP53 can acquire carcinogenic characteristics and promote the 

invasion, metastasis, proliferation, and survival of cancer cells. Wu 
et al. reported that the positive rate of anti-P53 autoantibody in 
serum of cancer patients was significantly higher than that of 
healthy controls (14.59% vs 1.02%), which suggested that anti- 
P53 autoantibody can be used to detect malignant tumors.35 

ACVR1B, an activin sensor, belongs to the transforming growth 
factor beta (TGF-beta) superfamily and is involved in regulating 
muscle growth.36 CASP8 is involved in exogenous apoptotic sig-
naling pathway, and its genetic variation can affect cancer 
susceptibility.37 DAXX can bind to the death domain of Fas 
death receptor and enhance Fas-mediated apoptosis.38 MEN1 is 
known as multiple endocrine neoplasia type 1 and regulates sev-
eral pathways and processes by altering chromatin structure 
through the modification of histones.39 Except for P53, there was 
no report on the expression level of nine autoantibodies in serum 
from ESCC patients.

A host of studies have shown that autoantibodies in serum of 
cancer patients can be used for detecting cancers. This study 
included two independent cohorts (training cohort and validation 
cohort) to verify discovered autoantibodies and evaluated the 
diagnostic value of single autoantibody for ESCC patients in 

Table 2. Diagnostic value of 12 anti-TAAs autoantibodies in training and validation cohort for ESCC detection.

Training cohort Validation cohort

TAAbs Se (%) Sp (%) AUC 95%CI Accuracy (%) Se (%) Sp (%) AUC 95%CI Accuracy (%)

GNA11 59.2 96.9 0.84 0.80–0.89 75.8 81.6 78.4 0.82 0.77–0.88 78.8
PTEN 60.0 66.9 0.65 0.59–0.72 61.1 68.0 56.0 0.64 0.57–0.70 61.2
P53 83.1 64.6 0.76 0.70–0.82 71.5 63.2 74.4 0.75 0.68–0.81 67.6
SRSF2 67.7 52.3 0.61 0.54–0.68 58.5 78.4 45.6 0.64 0.57–0.71 60.0
GNAS 87.7 26.9 0.58 0.51–0.65 54.6 69.6 52.0 0.60 0.53–0.67 58.8
ACVR1B 88.5 36.2 0.59 0.52–0.66 54.6 96.8 28.8 0.61 0.54–0.68 56.8
CASP8 40.8 74.6 0.58 0.51–0.65 55.0 45.6 72.8 0.58 0.51–0.65 55.6
DAXX 40.8 88.5 0.63 0.56–0.70 59.2 36.8 92.8 0.59 0.52–0.66 57.6
PDGFRA 45.4 83.1 0.66 0.59–0.73 62.7 76.0 45.6 0.64 0.57–0.71 60.0
FBXW7 24.6 86.9 0.50 0.43–0.57 49.2 39.2 79.2 0.55 0.48–0.62 53.6
MEN1 33.8 85.4 0.67 0.50–0.64 53.9 54.0 64.0 0.58 0.51–0.65 58.8
EGFR 28.5 90.8 0.53 0.46–0.60 50.8 56.0 59.2 0.56 0.49–0.63 57.2

Se: sensitivity, Sp: specificity, AUC: area under the receiver operating characteristic curve; CI: confidence interval.

Table 3. Diagnostic value of the anti-TAAs autoantibodies panel for ESCC patients with different stages.

Group n Se (%) Sp (%) Accuracy (%) AUC 95%CI pa pb PPV (%) NPV (%) +LR -LR

Training cohort
All stage 130 71.5 93.8 79.6 0.88 0.84–0.92 82.9 76.9 11.6 0.3
TNM0-II 52 73.1 93.9 81.3 0.90 0.85–0.95 0.540 0.066 65.5 88.7 11.9 0.3
TNMIII-IV 81 63.8 89.2 73.4 0.81 0.73–0.89 0.137 60.0 86.6 5.9 0.4
T0-T2 53 77.4 80.8 79.2 0.87 0.81–0.91 0.786 0.835 63.6 85.9 4.0 0.3
T3-T4 49 73.5 90.8 83.0 0.86 0.80–0.91 0.641 87.5 89.4 8.0 0.3
Lymph node(-) 47 74.5 93.8 81.9 0.92 0.87–0.96 0.191 0.080 63.5 92.4 12.1 0.3
Lymph node(+) 66 63.6 97.7 79.7 0.85 0.78–0.91 0.447 58.0 85.5 27.6 0.4
Distant metastasis(-) 90 67.8 93.9 79.1 0.86 0.81–0.91 0.558 76.2 63.6 11.1 0.3
Distant metastasis(+) 11 90.9 73.8 82.3 0.87 0.81–0.92 0.859 0.865 25.9 96.5 3.5 0.3
Validation cohort
All stage 125 77.6 81.6 70.8 0.85 0.80–0.90 87.1 64.4 4.2 0.3
TNM0-II 92 81.5 81.6 76.5 0.87 0.83–0.92 0.546 0.071 84.7 73.4 4.4 0.2
TNMIII-IV 29 65.5 82.4 57.6 0.77 0.67–0.86 0.150 47.4 85.3 3.7 0.4
T0-T2 70 84.3 81.6 78.5 0.88 0.82–0.92 0.403 0.184 80.4 77.9 4.6 0.2
T3-T4 48 77.1 75.2 79.8 0.82 0.76–0.88 0.498 71.0 81.7 3.1 0.3
Lymph node(-) 86 87.2 76.0 76.8 0.87 0.82–0.92 0.571 0.237 83.6 74.4 3.6 0.2
Lymph node(+) 32 68.7 83.2 82.2 0.81 0.72–0.89 0.440 59.1 85.9 4.1 0.4
Distant metastasis(-) 116 77.6 81.6 86.7 0.85 0.80–0.90 0.863 91.2 62.7 4.2 0.3
Distant metastasis(+) 5 80.0 82.4 67.6 0.75 0.67–0.83 0.460 0.460 10.0 96.7 4.6 0.2

Pameans comparison between TNM stage or T stage or lymph node or Distant metastasis and all stage with the method of De Long et al. (1988) 
Pb means comparison between TNM0-II and TNMIII-IV stage or T0-T2 and T3-T4 or lymph node (-) and lymph node (+) or Distant metastasis (-) and Distant metastasis 

(+). Se: sensitivity, Sp: specificity, AUC: area under the receiver operating characteristic curve; CI: confidence interval; PPV: positive predictive value; NPV: negative 
predictive value; +LR: positive likelihood ration; -LR: negative likelihood ration.
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training cohort. The results indicated that the ranges of AUC, 
sensitivity and specificity of 10 meaningful autoantibodies 
(GNA11, SRSF2, GNAS, PDGFRA, PTEN, P53, ACVR1B, 
CASP8, DAXX, and MEN1) were 0.58–0.84, 33.8%–88.5%, and 
26.9%–96.9%, respectively. Accordingly, the diagnostic perfor-
mance of single autoantibody was not sufficient for cancers, 
which is consistent with prior reports.25,40 Studies have reported 
that combined autoantibodies can improve the sensitivity of 
detecting cancers.41 A lot of researchers had poured attention 
into exploring the optimal panel of autoantibodies for the diag-
nosis of ESCC patients. Zhou et al. reported great diagnostic 
accuracy of 6 autoantibodies combination (c-Myc, P53, P62, P16, 
cyclin B1, and IMP1) in detection of ESCC, with an AUC of 0.78, 
the sensitivity of 64% and the specificity of 94%.42 However, this 
study did not establish a prediction model and lacked further 
validation. Xu et al. showed that a panel consisting of Hsp70, 
P53, Prx-VI, and NY-ESO-1 attained the sensitivity of 55%, the 
specificity of 98 and the sensitivity of 48%, the specificity of 96% for 
ESCC detection in the test and validation cohorts.25 In two studies, 
the selected autoantibodies were not the biomarkers based on 
esophageal cancer, and lack of specificity for cancer. In addition, 
the sensitivity and specificity are unable to meet the clinical 
requirement. In the current study, we used ESCC patients and 
normal controls to screen out 12 candidate autoantibodies. In the 
verification phase and validation phase, logistic regression analysis 
was employed to generate prediction model including P53, 
ACVR1B and GNA11 (AUC = 0.88, sensitivity = 71.5%, specifi-
city = 93.8%), and the diagnostic value of this panel was confirmed 
in validation cohort. Logistic regression analysis is a traditional 
statistical method for screening related variables and has been 
widely adopted to classify cancers.43

Our study was superior compared with studies on identify-
ing serum autoantibodies for diagnosis of ESCC. Firstly, this 
study was the first to customize the protein microarray based 
on the cancer-driving genes to discover autoantibodies 

associated with ESCC and had yielded promising results. 
Secondly, logistic regression analysis was applied to establish 
the diagnostic model in the training cohort, and the diagnostic 
value of the panel was validated in an independent cohort. 
However, this study also has some limitations. Although the 
customized protein chip encoded by cancer-driving genes 
saved cost, there was also the possibility of missing the proteins 
that were not customized on the chip.

Using protein microarray to identify cancer-related autoanti-
bodies is a feasible method for detection of cancer. The diagnos-
tic model consisting of P53, ACVR1B and GNA11 may be useful 
for differentiation between ESCC patients and healthy persons.
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