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1 | INTRODUCTION

Lung cancer is the most common cause of death from cancer in
the world, the prevalence keeps increasing in recent years, and

its morbidity and mortality rank first in China, which is seriously

| Fuyi Xie | Tingting Sun

Abstract

Background: To analyze the clinical value of seven autoantibodies (p53, PGP9.5,
SOX2, GAGE7, GBU4-5, MAGE A1 and CAGE) in lung cancer patients.

Methods: ELISA was used to determine serum levels of seven autoantibodies in 177
patients with lung cancer, 201 healthy persons, and 210 patients with benign pulmo-
nary diseases. Positive rates of 7 autoantibodies were analyzed; receiver operating
characteristic (ROC) curves were drawn to analyze their diagnostic efficiency in lung
cancer and to compare the positive rate of seven kinds of autoantibody combined
detection of lung cancer patients with different clinicopathological features.
Results: The positive rate of seven autoantibodies in all subjects was 13.44%. The
positive rate of seven autoantibodies in lung cancer was 25.42%. The positive rate
of the combined detection of seven autoantibodies in the lung cancer group was sig-
nificantly higher than that in healthy control group (;(2 =19.76, P < .001) and benign
lung disease group ()(2 = 21.44, P < .001). Sensitivity, specificity, and AUCRCC of the
seven autoantibodies were 25.42%, 91.75%, and 0.683, respectively. Sensitivity and
AUCRCC were higher than those of the single autoantibody detection. Positive rates
of seven autoantibodies in different pathological types and clinical stages of lung
cancer patients were significantly different (P < .05).

Conclusions: The combined detection of 7 autoantibodies in lung cancer has some

clinical value for the auxiliary diagnosis of lung cancer.
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endangering people's health.! Most lung cancer patients are already
in the advanced stage at the time of diagnosis.?® Average 5-year
survival rate is approximately 17.4%. Early detection and treatment
of lung cancer are a promising task to decrease lung mortality.*¢

Histopathology is typically used to diagnose lung cancer, but it is

Abbreviations: ROC, receiver operating characteristic; TAAs, tumor-associated antigens.
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invasive. Although serum tumor biomarkers have certain diagnostic
value for lung cancer, they are mainly used for efficient monitoring,
which is meaningless for early diagnosis.”® Autoantigens that are
abnormally expressed in tumor cells are called tumor-associated an-
tigens (TAAs).” After these related antigens are recognized by the im-
mune system, the body produces autoantibodies to kill tumor cells.’®
Combined detection of autoantibodies has been reported to have
potential efficacy as diagnostic and prognostic tools in tumors.t**?
Studies!®™*® also have shown that the detection of autoantibodies for
early diagnosis of lung cancer has higher sensitivity and better esti-
mation accuracy. The aim of this study was to investigate the clinical
value of seven autoantibodies and their combined detection of p53,
PGP9.5, SOX2, GAGE7, GBU4-5, MAGE A1 and CAGE in the early

diagnosis of lung cancer.

2 | STUDY SUBJECTS AND METHODS
2.1 | Study subjects

A total of 588 participants were collected from May 2018 to
December 2018 at Ningbo Medical Center, Li Huili Hospital, Ningbo,
China. A total of 313 males and 275 females were included, ranging
in age from 22 to 89 years, with a median age of 53 years. All sub-
jects were divided into the lung cancer group, healthy control group,
and benign lung disease group. Among them, 177 patients were in
the lung cancer group, 88 males and 89 females; aged 29-89 years
old, with a median age of 62 years; according to histopathological
staging: 147 cases of adenocarcinoma, 21 cases of squamous cell
carcinoma, and 9 cases of small cell carcinoma; TNM staging: | pe-
riod in 131 cases, lI-1ll period 18 cases, and IV period 28 cases. The
healthy control group was composed of 201 cases, 124 males and
77 females; age 22-72, median age 47. There were 210 patients with
benign lung disease, 101 males and 109 females; age 22-85, median
age 55. This study was reviewed and approved by the ethics commit-
tee of Ningbo Li Huili Hospital, and informed consent was obtained
from all participants.

2.2 | Serum sample collections and processing

Serum from 5 mL fasting blood was separated by centrifugation at
3500 r/min (2410 g), 5 minutes, completed within 8 hours, if the
specimen cannot be detected in time, and stored at -20°C.

2.3 | Reagents and equipment

The ELISA was used in the test according to 7-AABS assay kit
(Hangzhou Cancer probe Biotech Company). Measured the OD
value of each sample with Microplate Reader (ST360, Shanghai
Kehua Biotechnology Co., Ltd.).

2.4 | Enzyme-linked immunosorbent assays (ELISA)

The ELISA kit is tested according to the instructions. The seven au-
toantibodies’ positive reference values were as follows: p53 > 13.1 U/
mL, PGP9.5 > 11.1 U/mL, SOX2 = 10.3 U/mL, GAGE7 = 14.4 U/mL,
GBU4-5 = 7.0 U/mL, MAGE A1 = 11.9 U/mL, and CAGE = 7.2 U/mL.
If one of the seven autoantibodies is positive, it will be judged as
positive. If all seven autoantibodies are negative, it will be judged as

negative.

2.5 | Statistical analysis

Statistical analysis was carried out in SPSS software, version 22.0. Due
to seven antibodies against seven TAAs were not normally distributed
(Shapiro-Wilk's test), the data were expressed as median (Quartile)
[M(P25, P75)]. One-way ANOVA and nonparametric Kruskal-Wallis test
were used to compare differences of antibody levels among multiple
groups, and nonparametric Mann-Whitney U test was used to compare
the differences of antibody levels between two groups“; ROC curve
was drawn to analyze the diagnostic efficiency; and chi-square test was
used for comparison between groups. A two-tailed P < .05 was consid-

ered statistically significant.

3 | RESULTS

3.1 | Comparison of seven autoantibody detection
positive rates

Among the 588 patients, the positive rate of seven autoantibodies
was 13.44%, which was significantly higher than the single detec-
tion of autoantibody. The positive rate of the combined detection of
seven autoantibodies in the lung cancer group (25.42%) was signifi-
cantly higher than that in healthy control group (8.46%) and benign
lung disease group (8.10%). The difference between the lung can-
cer group and the healthy control group was statistically significant
(#? = 19.76, P < .001) and between the lung cancer group and the
benign disease group was also statistically significant (;(2 = 21.44,
P <.001; Table 1).

3.2 | Comparison of serum autoantibody detection
levels in each group

The serum levels of autoantibodies in each group were significantly
different (P < .05). Differences of serum PGP9.5, GAGE7, GBU4-5, and
CAGE between the lung cancer group and the healthy controls group
were statistically significant (P < .05). While in p53, SOX2, and MAGE
A1 there was no significant difference (P > .05). Compared with lung
benign disease group, serum PGP9.5, SOX2, GAGE7, MAGE A1, and
CAGE in lung cancer group had a significant difference (P < .05), but



MU ET AL

TABLE 1 The positive rate of seven kinds of autoantibodies in 588 subjects

Total Lung cancer

Autoantibodies (n =588) (n=177)
p53 19 (3.23) 12 (6.78)
PGP9.5 21(3.57) 12 (6.78)
SOX2 14 (2.38) 9(5.08)
GAGE7 20 (3.40) 15 (8.47)
GBU4-5 19 (3.23) 11 (6.21)
MAGE A1 12 (2.04) 7 (3.95)
CAGE 17 (2.89) 12(6.78)
Combined detection 79 (13.44) 45 (25.42)

Healthy controls

Benign lung disease

WILEY--2

(n = 210) (n=201) x

6(2.99) 1(0.48)

5(2.49) 4(1.90)

3(1.49) 2(0.95)

2(1.00) 3(1.43)

3(1.49) 5(2.38)

2(1.00) 3(1.43)

0(0.00) 5(2.38)

17 (8.48) 17 (8.10) 31.304 <001

Note: Values are expressed as No (%). Combined detection, between three groups,;(z = 31.304, P <.001; lung cancer versus benign disease,
% =21.436, P < .001; benign disease versus healthy controls, ? = 19.758, P < .001.

there was no significant difference between p53 and GBU4-5 (P > .05;
Table 2).

3.3 | Evaluation of diagnostic efficiency of single
antibody and seven autoantibodies in patients with
lung cancer

Lung cancer patients as the disease group, healthy controls group
and lung benign disease group as the control group, ROC curve
analysis of seven autoantibody individual detection and combined
detection diagnostic efficiency of patients with lung cancer. The
results showed that the sensitivity of individual antibody detection
was <10%. The specificity was higher than 97%, and the AUCROC was
higher than 0.40; the sensitivity of the seven autoantibodies com-
bined detection (25.42%) and the AUCRCC (0.683) were both higher
than the individual antibody detection (Table 3 and Figure 1).

TABLE 2 Detection serum level of
autoantibodies in each group [M(P25,

P75)] Autoantibodies

p53
PGP9.5
SOX2
GAGE7
GBU4-5
MAGE A1

CAGE

3.4 | Positive rates of seven autoantibodies in
different pathological types of lung cancer patient

Positive rates of seven autoantibodies combined detection in dif-
ferent pathological types and clinical stages of lung cancer patients
were statistically significant (P < .05). There was no significant differ-
ence in the positive rate of lung cancer patients with different age,
gender, and smoking (P > .05; Table 4).

4 | DISCUSSION

This study showed that the positive rate of seven autoantibodies
combined detection (13.44%) was significantly higher than that of
individual autoantibody detection (3.57%), suggesting that com-
bined detection could improve the positive rate of the patients
and avoid missed diagnosis to some extent. Some studies’’? have

Healthy
Lung cancer controls Begin lung
(n=177) (n =210) disease (n = 201) H P
0.400(0.000,  0.700 (0.200, 0.700 (0.200, 9.948 .007
2.000) 1.700)* 1.700)*
0.400(0.100,  0.200 (0.000, 0.200 (0.000, 39.255 .000
2.300) 0.800)** 0.800)**
0.800 (0.100, 0.900 (0.300, 0.800 (0.300, 16.944 .000
1.960) 2.175)* 2.100)**
1.400 (0.350, 1.250(0.400, 1.200 (0.300, 41.612 .000
3.650) 2.300)** 2.250)**
0.500(0.000,  0.300 (0.000, 0.200 (0.000, 6.057 .048
1.600) 1.100)** 0.800)*
0.300(0.100,  0.300 (0.100, 0.300 (0.100, 10.635 .005
1.500) 0.600)* 0.600)**
0.100(0.000,  0.100 (0.000, 0.100 (0.000, 9.260 .010
1.100) 0.400)** 0.300)**

Note: Compared with lung cancer:

*P > .05;
**P < .05
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TABLE 3 Diagnostic efficacy of single autoantibody detection and combined detection of seven autoantibodies
Seven Autoantibodies
MAGE Combined
P53 PGP9.5 SOX2 GAGE7 Al CAGE GBU4-5 detection
Sensitivity (%) 6.78 6.78 5.08 8.47 3.95 6.78 6.21 25.42
Specificity (%) 98.30 97.81 98.78 98.78 98.78 98.78 98.05 91.73
PPV (%) 63.16 57.14 64.29 75.00 70.59 4444 57.89 56.96
NPV (%) 71.00 70.90 70.73 71.48 71.10 70.12 70.83 74.07
Accuracy (%) 70.75 70.41 70.58 71.60 71.09 69.73 70.41 71.77
AUC 0.497 0.642 0.539 0.619 0.572 0.569 0.558 0.683
Abbreviations: AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value.
ROC Curve TABLE 4 Baseline characteristics of lung cancer patients
1.0
Source of the Cases Positive rate
Curve Parameters (n) (%)? Vs P
—p53
08 PGPY.5 Age range (y)
SOX2
— GAGE7 <60 72 14 (19.44) 2.289 .130
MAGEA1 260 105 31(31.13)
—GAGE
& 06 GBUA4S Gender
Z ERTERI Satech Male 88 25(29.21) 0.823 364
7 Reference Line
5 Female 89 20 (23.59)
0 047 Smoking
None 53 14 (27.78) 0.039 .843
Yes 124 31(25.81)
021 .
/ Histology
; Adenocarcinoma 147 30(21.62) 11.716 .003
i ) Squamous cell 21 11 (52.38)
E T T T T
00 02 04 06 08 10 SCLC 9 4 (44.44)
1 - Specificity TNM stages
| 131 25 (19.08) 11.014 .004
FIGURE 1 The receiver operating characteristic (ROC) curve
. . S I, 11 18 7 (47.37)
analysis of seven autoantibodies in lung cancer
\% 28 13 (46.43)

confirmed that the combined detection of seven autoantibodies and
serum tumor markers can improve the detection rate of lung cancer,
and some studies?®?! have reported that the combination of seven
autoantibodies and low-dose CT can improve the diagnostic accu-
racy of patients presenting as ground-glass nodules or solid nodules.
The above results indicate that the combined detection of seven au-
toantibodies may serve as a preliminary screening test for high-risk
patients to distinguish lung cancer patients from normal patients.
The study also showed that the sensitivity of all the seven au-
toantibodies was low and the diagnostic efficiency was not good.
Five of seven autoantibodies (PGP9.5, SOX2, GAGE7, MAGE A1,
and CAGE) appeared more frequently in serum of the lung cancer
group than that of the non-lung cancer group. The combination of
seven autoantibodies can significantly identify lung cancer patient.*
The results are slightly different from those of R. Zhang et al?? and
Du Q et al,2® which may be related to different selection of cases,

population differences, and diverse detection methods. Although

Abbreviations: SCLC, small cell carcinoma of the lung; TNM,
tumor-node-metastasis.

#Values are expressed as No (%).

the specificity and positive predictive value of the seven autoanti-
bodies were decreased, the sensitivity (25.42%), accuracy (71.77%),
and AUCROC (0.683) were significantly increased, suggesting that the
combined detection of the seven autoantibodies has higher diagnos-
tic efficiency, which is consistent with the report of Broodman et al?*
However, the diagnostic efficiency of the seven autoantibodies re-
ported by Dai et al®® is significantly better than that of this study,
which may be related to the differences in the subjects selected.
Positive rates of seven autoantibodies in different age, gender,
pathological types, and clinical stages of lung cancer patients were
calculated. The difference of positive rates in different pathological
types and clinical stages of lung cancer patients was statistically sig-

nificant (P < .05), which was not consistent with the conclusion of
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Zhao Juan, et al It may be related to the tissue type and lung cancer
stage of the selected lung cancer. Most of the cases in this study are
adenocarcinoma, while the cases of squamous cell carcinoma and
small cell carcinoma are less. There are more cases of stage | lung
cancer, but the number of stage Il, Ill and IV lung cancer is too small.
The number of samples can be extended for further study.

All in all, seven autoantibodies combined test can increase the
accuracy of lung cancer diagnosis.?® The early detection rate of lung
cancer can be improved through the screening of lung cancer auto-
antibodies in high-risk groups, which plays a certain auxiliary role
in the early diagnosis of lung cancer and has important practical

significance.

ACKNOWLEDGMENT

This work was supported by Medical and Health Planned Science and
Technology Project of Zhejiang Province (Grant No. 2019KY606),
Medical and Health Planned Science and Technology Project of
Zhejiang Province (Grant No. 2018KY158), and Nature Science
Foundation of Ningbo city (Grant No.2019A610230).

ORCID
Yinyu Mu https://orcid.org/0000-0003-1239-2761
REFERENCES

1. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015.
CA Cancer J Clin. 2016;66(2):115-132.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J
Clin. 2018;68(1):7-30.

3. Li P, Shi JX, Dai LP, et al. Serum anti-MDM2 and anti-c-Myc au-
toantibodies as biomarkers in the early detection of lung cancer.
Oncoimmunology. 2016;5(5):e1138200.

4. RenS,Zhangs, Jiang T, et al. Early detection of lung cancer by using
an autoantibody panel in Chinese population. Oncolmmunology.
2018;7(2):e1384108.

5. Sullivan FM, Farmer E, Mair FS, et al. Detection in blood of autoan-
tibodies to tumour antigens as a case-finding method in lung cancer
using the EarlyCDT(R)-Lung Test (ECLS): study protocol for a ran-
domized controlled trial. BMC Cancer. 2017;17(1):187.

6. Huang H, Luo WX, Ni Y, et al. The diagnostic efficiency of seven
autoantibodies in lung cancer. Eur J Cancer Prev. 2019. Epub ahead
of print. https://doi.org/10.1097/CEJ.0000000000000559.

7. Nakamura H, Nishimura T. History, molecular features, and clinical
importance of conventional serum biomarkers in lung cancer. Surg
Today. 2017;47(9):1037-1059.

8. Wu WB, Yie SM, Ye SR, et al. An autoantibody against human DNA-
Topoisomerase | is a novel biomarker for non-small cell lung cancer.
Ann Thorac Surg. 2018;105(6):1664-1670.

9. Macdonald IK, Parsy-Kowalska C, Chapman CJ. Autoantibodies:
opportunities for early cancer detection. Trends Cancer.
2017;3(3):198-213.

10. Gerber HP, Sibener LV, Lee LJ, et al. Intracellular targets as source
for cleaner targets for the treatment of solid tumors. Biochem
Pharmacol. 2019;168:275-284.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

WILEY-2°*

Ushigome M, Nabeya Y, Soda H, et al. Multi-panel assay of
serum autoantibodies in colorectal cancer. Int J Clin Oncol.
2018;23(5):917-923.

Hoshino I, Nagata M, Takiguchi N, et al. Panel of autoantibodies
against multiple tumor-associated antigens for detecting gastric
cancer. Cancer Sci. 2017;108(3):308-315.

Pilyugin M, Descloux P, Andre PA, et al. BARD1 serum autoantibod-
iesforthe detection of lung cancer. PLoS ONE. 2017;12(8):e0182356.
Wang J, Shivakumar S, Barker K, et al. Comparative study of au-
toantibody responses between lung adenocarcinoma and benign
pulmonary nodules. J Thorac Oncol. 2016;11(3):334-345.

Jung JY, Kim EY, Kim A, et al. Ratio of autoantibodies of tumor sup-
pressor AIMP2 and its oncogenic variant is associated with clinical
outcome in lung cancer. J Cancer. 2017;8(8):1347-1354.

Dai L, Li J, Tsay JJ, et al. Identification of autoantibodies to ECH1
and HNRNPA2B1 as potential biomarkers in the early detection of
lung cancer. Oncoimmunology. 2017;6(5):e1310359.

Dail,QuY,LiJ, etal. Serological proteome analysis approach-based
identification of ENO1 as a tumor-associated antigen and its au-
toantibody could enhance the sensitivity of CEA and CYFRA
21-1 in the detection of non-small cell lung cancer. Oncotarget.
2017;8(22):36664-36673.

Tang ZM, Ling ZG, Wang CM, et al. Serum tumor-associated auto-
antibodies as diagnostic biomarkers for lung cancer: a systematic
review and meta-analysis. PLoS ONE. 2017;12(7):e0182117.

Healey GF, Lam S, Boyle P, et al. Signal stratification of autoanti-
body levels in serum samples and its application to the early detec-
tion of lung cancer. J Thorac Dis. 2013;5(5):618-625.

Qin J, Zeng N, Yang T, et al. Diagnostic value of autoantibodies in
lung cancer: a systematic review and meta-analysis. Cell Physiol
Biochem. 2018;51(6):2631-2646.

Zhao H, Zhang X, Han Z, et al. Plasma anti-BIRC5 IgG may be a use-
ful marker for evaluating the prognosis of nonsmall cell lung cancer.
FEBS Open Bio. 2018;8(5):829-835.

Zhang R, Ma L, Li W, et al. Diagnostic value of multiple tu-
mor-associated autoantibodies in lung cancer. Onco Targets Ther.
2019;12:457-469.

Du Q, Yu R, Wang H, et al. Significance of tumor-associated au-
toantibodies in the early diagnosis of lung cancer. Clin Respir J.
2018;12(6):2020-2028.

Broodman |, Lindemans J, van Sten J, et al. Serum protein markers
for the early detection of lung cancer: a focus on autoantibodies.
J Proteome Res. 2017;16(1):3-13.

Dai L, Tsay JC, Li J, et al. Autoantibodies against tumor-associ-
ated antigens in the early detection of lung cancer. Lung Cancer.
2016;99:172-179.

Yang B, Li X, Ren T, et al. Autoantibodies as diagnostic biomarkers
for lung cancer: a systematic review. Cell Death Discov. 2019;5:126.

How to cite this article: Mu Y, Xie F, Sun T. Clinical value of
seven autoantibodies combined detection in the diagnosis of
lung cancer. J Clin Lab Anal. 2020;34:€23349. https://doi.
org/10.1002/jcla.23349



https://orcid.org/0000-0003-1239-2761
https://orcid.org/0000-0003-1239-2761
https://doi.org/10.1097/CEJ.0000000000000559
https://doi.org/10.1002/jcla.23349
https://doi.org/10.1002/jcla.23349

