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Abstract
Background The positive response and the clinical usefulness of 14 serum antibodies in patients with
esophageal squamous cell carcinoma (ESCC) were examined in this study. The Cancer Genome Atlas
(TCGA) was used to investigate the frequency of gene expressions, mutations, and ampli�cation of these
14 antigens and also the possible effects of antibody induction. Methods Blood serum derived from 85
patients with ESCC was collected and analyzed for the 14 antibodies using ELISA. The prognosis
between positive and negative antibodies were then compared. The antibody panel included galectin1,
HCA25a, HCC-22-5, and HSP70. Results Patient serum was positive for all antibodies, except VEGF, with
the positive rates ranging from 1.18% to 10.59%. Positive rates for galectin1, HCA25a, HCC-22-5, and
HSP70 were >10%. TCGA data revealed that all antigen-related genes had little or no mutation or
ampli�cation, and hence an increase in gene expression affected antibody induction. The positive results
from the panel accounted for the positive rate comparable to the combination of CEA and SCC. No
signi�cant association was observed between the presence of antibodies and disease prognosis.
Conclusions The detection rates of galectin1, HCA25a, HCC-22-5, and HSP70 were 10% higher in patients
with ESCC. Gene overexpression may be involved in such antibody production. These four antibodies
were applied as a panel in comparison with conventional tumor markers. Moreover, it was con�rmed that
the combination of this panel and the conventional tumor markers signi�cantly improved the positive
rate.

Background
Drugs that block immune checkpoints such as PD-1, PD-L1, and CTLA-4 have been developed in recent
years [1, 2]. They have a signi�cant effect on highly malignant cancers and are used effectively in cancer
treatment. The principle underlying their mechanism of action is based on the appearance of cancer
antigens that present cancer cell components on the basis of abnormal expression [1, 3]. T cells
recognize the antigens present on the surface of cancer cells and begin attacking cancer cells [4]. The
appearance of neoantigens and cancer antigens speci�c to cancer cells is believed to result from genetic
mutations and gene expression abnormalities due to genetic instability [1, 5, 6]. Neoantigens and cancer
antigens are recognized as foreign substances by the body, leading to a robust T-cell response. Recent
research has reported about the possibility of correlating the effect of point inhibition therapy [7].

Futami et al. reported a new technology that quantitatively evaluates the level of immune response
against cancer cells induced from a very small amount of blood [8]. They focused on the phenomenon
wherein various cancer antigens and antibodies are increased in the blood when cancer immunotherapy
is effective. However, neoantigens and cancer antigens are highly diverse (there are several hundred
types), and there are large individual differences in terms of which antigens are expressed and which
components are antigenic [9, 10]. Although neoantigens and cancer antigens are expected to predict the
effects of treatment, the occurrence of antibodies against neoantigens is considered as a cancer patient-
speci�c event.
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We have extensively explored the usefulness of antibodies as biomarkers in our previous publications
[11-14]. Compared with conventional tumor markers, it is believed that immune system markers such as
antigen antibodies have the ability to recognize tumor cells during the early stages. Esophageal
squamous cell carcinoma (ESCC) has a mutated p53, a tumor suppressor, at a frequency of around 80%
[15-17]. Studies have reported that serum p53 antibody is expressed in approximately 20%–30% of early-
stage tumors [18, 19]. Moreover, NY-ESO-1 induces serum antibodies in the early stages of ESCC [20]. In
addition to esophageal cancer, we had reported high expression rates of >10% in lung cancer, liver cancer,
stomach cancer, and prostate cancer [21].

In the present study, we evaluated the usefulness of antibodies extracted by serological identi�cation,
recombinant cDNA expression cloning (SEREX) method for treating ESCC, and also analyzed the
frequency of gene mutations and abnormal expression using The Cancer Genome Atlas (TCGA, available
online: https://cancergenome.nih.gov/) data [22].

Methods
Patients

Our study protocol was approved by the Institutional Review Board of Chiba Cancer Center (no. 21–26),
and all patients provided their written informed consent. A total of 85 patients with ESCC who were
treated in our hospital between October 2008 and August 2010 and 74 healthy controls were enrolled in
this prospective study. The demographic characteristics of these patients are shown in Table 1. Healthy
controls in the test cohort had no previous malignant disease. Survival follow-up was basically performed
regularly at our hospital for patients treated at our hospital. Moreover, patients referred to other hospitals
were followed up based on information provided by the transfer hospital or via telephone with approval.
The observation period was from October 2008 to December 2018, with a median of 1120 days (20–
3635 days).

Puri�cation of recombinant DNA

The SEREX method, which is an antigen screening method for ESCC, has been previously described [12].
For the expression and puri�cation of recombinant protein, all antigen candidates were ampli�ed by
polymerase chain reaction. Additional processing was performed according to previously described
protocols [23]. DNA sequencing analysis was performed to con�rm that the correct sequence was
inserted into the constructed plasmid.

Detection of serum antibodies by ELISA

Serum samples obtained from patients and healthy controls were analyzed by ELISA, as previously
described [24]. The signal of all antibodies was evaluated by calculating the difference in absorbency
between plante wells containing antibodies and wells containing phosphate-buffered saline.

Assay cut-off values
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The cut-off values indicating positive reactivity were de�ned as optical density values greater than the
mean value obtained from healthy controls+7 S.D. for p90 antibody; +6 S.D. for c-myc, KM-HN-1, and Sui1
antibodies; +5 S.D. for p62, AnnexinII, cyclinB1, HSP70, and HSP40 antibodies; +4 S.D. for galectin1,
HCA25a, and PRX6 antibodies; and +3 S.D. for HCC-22-5 and VEGF antibodies [23, 25, 26]. The speci�city
of the assay was calculated as the percentage of healthy controls from whom negative results were
obtained, and the speci�city of all antibodies was 100% using these cut-off values.

Frequency of gene mutation, gene expression, and survival analysis

In addition to antibody expression, cBioPortal (available online: https://www.cbioportal.org/) and
UALCAN (available online: http://ualcan.path.uab.edu/) was used to investigate gene mutation and
expression. [27]. These web portals were also used to analyze survival rates based on gene expression
levels. Survival analysis with P < 0.05 was considered to be statistically signi�cant.

Statistical analysis

All statistical analyses were performed using SPSS version 17.0 (Chicago, Ill., USA), Microsoft Excel
(Redmond, Wash., USA), or GraphPad Prism software (La Jolla, Calif., USA). A chi-square test or a Fisher’s
direct test was conducted to determine when the proportion of positive results differed signi�cantly
between cancer patients and healthy controls and to correlate individual and complex antibody assay
positive results with clinical parameters. Identi�ed. The correlation between overall survival and antibody
status was calculated using the log rank test, and the results are presented as a curve using the Kaplan–
Meier method. For all tests, P values <0.05 (two-sided t-test) were considered to indicate statistical
signi�cance.

Results
Positive results of individual antibodies

The presence of autoantibodies is demonstrated for one concentration of antigen in the scatter plots in
Fig. 1A. All antibodies, except VEGF, showed some positive result ranging from 1.18% to 10.59%. Among
them, galectin1, HCA25a, HCC-22-5, and HSP70 demonstrated a positive response of approximately 10%,
which was higher than that of the other tested antibodies (Fig. 1B).

Prognostic impact of antibodies and gene expression

Prognosis based on the antibody status was examined for 14 antibodies, but there was no correlation
between prognosis and positive or negative status of any of these 14 antibodies (Fig. 2). Furthermore, we
compared the cancer prognosis with the level of gene expression using TCGA data but did not �nd any
correlation (HCA25a and HCC-22-5 had no data) (Fig. 2).

Relationship between antibody expression and gene expression, gene mutation, and gene ampli�cation



Page 6/18

The 14 antibodies examined in this study were analyzed using TCGA data for their gene expression
levels, mutation rate, and frequency of gene ampli�cation (Table 2). All antibodies, except KM-HN-1,
exhibited a signi�cant increase in gene expression in the cancer tissue compared to that in the normal
tissue (HCA25a and HCC-22-5 had no data). However, the frequency of gene mutations was in the range
of 0%–1.85%, and no gene ampli�cation was observed in any gene (Table 2).

Antibody panel of galectin1, HCA25a, HCC-22-5, and HSP70 for the diagnosis of ESCC

The diagnostic abilities and the sensitivity of panels containing these four autoantibodies to detect ESCC
was further investigated. First, we compared the sensitivity with that of the conventional tumor markers
CEA and SCC. In the validation cohort, the sensitivity rates of CEA and SCC were 22.4% and 32.9%,
respectively, and the sensitivity of the four-antibody panel was 32.9%. No signi�cant difference was
detected between the sensitivity of the panel and that of conventional tumor markers. There were also no
signi�cant differences between the combination and the panel (Fig. 3). The sensitivity rates of the four-
antibody panel, CEA, and SCC were signi�cantly higher than the sensitivity of the four autoantibody panel
alone or the combination of conventional tumor markers. The positive status of the panel was not
associated with any clinicopathological factors (Table 3). However, 7 of 24 cStageI cases were positive,
suggesting the possibility of exhibiting panel-positive even in patients with early-stage ESCC.

Prognostic role of antibody panel in patients with ESCC

The survival rates of the antibody-panel-positive and -negative groups were compared (Fig. 4). Although
the antibody-panel-positive group exhibited a relatively worse prognosis than the panel-negative group,
there was no statistical difference between the two groups (P = 0.372).

Discussion
In the present study, we examined patients with esophageal cancer for an increase in the expression
levels of 14 autoantibodies and further evaluated the effects of gene expression, mutation, and
ampli�cation on the expression of these autoantibodies using TCGA data. All antibodies, except VEGF,
demonstrated a certain positive expression rate compared with control. In addition, there was little or no
mutation or ampli�cation for any gene. We believe that an increase in gene expression might be
responsible for the increased expression of these antibodies. Among the 14 autoantibodies, galectin1,
HCA25a, HCC-22-5, and HSP70 demonstrated a relatively high expression level compared to that of
control, and hence they were extracted for further investigation. The expression levels of CEA and SCC-Ag,
conventional tumor markers, were evaluated and compared with control. An increased expression level of
the four antibodies was not inferior to the combination of CEA and SCC. Furthermore, the combination of
the panel and the tumor marker signi�cantly improved the positive rate compared with their own positive
rates.

In our previous studies, we observed that serum p53 antibodies appeared at a higher rate in patients with
ESCC [19, 28]. TCGA data con�rmed that 156 (68.7%) of 227 patients with ESCC have p53 gene
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mutations. According to previous reports, the positive rate of p53-Ab is considered to be approximately
20% in patients with early-stage esophageal cancer and ≥30% in patients with advanced cancer [19, 29].
TCGA data demonstrated the presence of p53 gene mutation irrespective of early or advanced cancer,
and it appears that gene mutation is signi�cantly involved in the appearance of p53 antibodies. This is
another reason that p53 antibodies are detected in patients with early-stage cancer.

It is known that when gene mutation occurs in p53, there is an increase in the expression of abnormal
genes and abnormal proteins. When an antibody appears, it is considered to be the result of a series of
�aws from a gene mutation accompanied by the appearance of an abnormal gene or abnormal protein.
In contrast, NY-ESO-1 antibodies have been reported in several types of cancers [30]. Previous studies
have reported positive expression rates of antibodies of 32.0%, 12.3%, 12.1%, 10.5%, 10.3%, 8.4%, and
7.1% for ESCC, lung cancer, liver cancer, prostate cancer, colon cancer, and breast cancer, respectively.
However, according to TCGA data, the frequencies of gene mutation of each cancer type were 0%, 0.24%,
0.27%, 0.9%, 0.09%, 0.32%, and 0.09% and the gene ampli�cation rates were 0%, 1.5%, 1.9%, 2.7%, 0.3%,
0.65%, and 0.8%, respectively. Even when both mutation rates are combined, the frequency ranges from
0% to several percentage. Gene expression did not increase in esophageal cancer and breast cancer, but
increased expression was observed in other cancer types (P = 0.06 for esophageal cancer, with a
tendency to increase). Sato et al. reported that gene expression levels were increased in ESCC and HCC
[31]. However, because the frequency of gene mutation and gene ampli�cation is not high, a mechanism
not associated with p53 may be involved in these gene expression increases. In malignant mesothelioma,
the expression of NY-ESO-1 is increased through histone deacetylase inhibitor [32]. Studies conducted
using ovarian cancer cell lines have reported that the expression level of NY-ESO-1 was increased using
DNA methylation inhibitors [33], indicating that epigenetic mechanisms such as acetylation and
methylation may be involved in NY-ESO-1 expression. We found almost no gene mutation or
ampli�cation for the 14 antigens and antibodies that we selected in our study. Except for two antigens for
which data could not be con�rmed, and except for KM-HN-1, there was a signi�cant increase in gene
expression in the cancer tissue compared to that in the normal tissue. It is possible that mechanisms
other than gene mutation and ampli�cation were involved in increasing the expression and appearance
of antigens.

We had previously reported that using antibody panels in gastric cancer can provide results that surpass
the results provided by existing tumor markers [23]. In the present study, we extracted four antibodies that
are considered to have a relatively high positive rate among the 14 antibodies and evaluated them as a
panel. We found that the positive rate intensely improved to 32.9%. Moreover, it was con�rmed that the
combination of CEA and SCC, conventional tumor markers, signi�cantly increased the sensitivity
compared with the use of the panel alone or the combination of tumor markers. Antibodies, which are
considered to have an insu�cient positive rate by themselves, may improve their usefulness by being
added to a panel or when used in combination with conventional tumor markers. The speci�city of any
antibody was 100% at the cut-off value used in the present study in the current cohort, and their
usefulness is regarded as appropriate considering that the speci�city of existing tumor markers is not
su�ciently high [34]. In recent years, microsatellite instability, tumor mutational burden, and other genetic
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mutations have received attention as biomarkers for their effects of immune checkpoint inhibitors [35-
37]. This is because they are believed to be involved in increasing the appearance of targeted
neoantigens and cancer antigens. There is a possibility that the increase in antibodies we examined in
the present study could correlate with an effect of immune checkpoint inhibitors; however, this
assumption needs to be clari�ed in future clinical trials.

A limitation of the present study was that it was conducted at a single facility. However, the ongoing
clinical trials in esophageal cancer and hepatocellular carcinoma, including studies on the antibodies we
have examined in the present study, are being conducted in collaboration with other institutions. We
anticipate that the usefulness of these antibodies will become clearer in the near future. Since data such
as gene expression, mutation, and ampli�cation were analyzed using TCGA public data, it is not the case
used for autoantibody analysis in this study, and a detailed evaluation of differences among races and
others was not possible.

Conclusions
This study evaluated the positive rate of antibodies in patients with esophageal cancer. Moreover, the
mechanism of antibody expression was examined using TCGA data in terms of gene expression,
mutation, and ampli�cation. We believe that this study suggests the usefulness of biomarker increases
using multiple antibodies as a panel.
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Table 1. Patient details and clinicopathological features

  Esophageal cancer 

Number 85

Gender  

 Male 73 (85.9%)

 Female 12 (14.1%)

Mean age ± s.d. (years) 68.2 ± 7.7

Age range (years) 45-85

Depth of tumor invasion  

 T1 28 (32.9%)

 T2 8 (9.4%)

 T3 29 (34.1%)

 T4 20 (23.5%)

Lymph node metastasis  

 Positive 56 (65.9%)

 Negative 29 (34.1%)

Distant metastasis  

 Positive 19 (22.4%)

 Negative 66 (77.6%)

TNM stage  

 I 26 (30.6%)

 II 7 (8.2%)

 III 19 (22.4%)

 IV 33 (38.8%)
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Figure 1

Enzyme-linked immunosorbent assay (ELISA) antibody titers of individual patients and normal controls
for antibodies (A) Scatter plots of optical density (OD) values of antibodies from ESCC sera and normal
sera. (B) The sensitivity of each antibody is shown on the bar graph.
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Figure 2

Prognostic role of antibodies or gene expression
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Figure 3

Sensitivity of antibodies with traditional tumor markers, CEA and SCC. TM means tumor markers
(CEA+SCC).
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Figure 4

Overall survival curves with antibody positive groups and antibody negative groups.


