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Abstract: Background and Objectives: Esophageal squamous cell carcinoma (ESCC) is one of the
most common malignancies. Anti-tumor associated antigen autoantibodies (TAAbs) can be used
as biomarkers for tumor detection. The aim of this study was to identify a reliable TAAb as the
diagnostic marker for ESCC. Materials and Methods: The Cancer Genome Atlas (TCGA) database was
used to screen candidate genes. The mRNA expression of the key gene was then verified by micro
array dataset GSE44021 from the Gene Expression Omnibus (GEO) database and the diag nostic value
of the corresponding autoantibody to the key gene in ESCC was detected by enzyme-linked im muno
sorbent assay (ELISA). Results: CXCL8 was identified as the key gene. The dataset GSE44021 showed
that CXCL8 mRNA expression was prominently over-expressed in ESCC tissues compared with
normal tissues. ELISA results showed that the level of anti-CXCL8 autoantibody in ESCC patients was
significantly higher than in normal controls and the receiver operating char ac teristic (ROC) curve
indicated that anti-CXCL8 autoantibody could discriminate ESCC patients from normal controls,
with the area under the ROC curve (AUC) for the verification cohort, and the validation cohort were
0.713 and 0.751, respectively. Conclusions: Our study illustrated that anti-CXCL8 autoantibody had
good diagnostic value, and may become a candidate biomarker for ESCC.

Keywords: esophageal squamous cell carcinoma; bioinformatic analysis; anti-cxcl8 autoantibody; biomarker

1. Introduction

Esophageal cancer (EC), an aggressive upper gastrointestinal malignancy, ranks sixth
in overall mortality among cancers, with an estimated 544,000 deaths from EC in 2020 [1].
EC patients are usually found in the middle or late stage, since the early symptoms are
not obvious [2]. To date, the five-year survival rate for EC is about 15–20% [3], but if
EC is detected earlier, the survival rate can reach 85% [4,5]. Endoscopy is currently the
main method for EC screening, but its low accuracy, high cost, and invasiveness limit
its application in the population [6]. Noticeably, about 90 per cent of EC is esophageal
squamous cell carcinoma (ESCC) [7]. Consequently, novel diagnostic methods for ESCC
that are easy to accept and can compensate for the deficiency of traditional diagnostic
methods are urgently needed. In recent years, biomarker-based disease-detection methods
have not only improved accuracy and effectiveness of non-endoscopic screening for ESCC,
but are also almost non-invasive [8].

More and more studies have indicated that anti-tumor associated antigen autoanti-
bodies (TAAbs) have existed in serum before clinical manifestation of tumors. In addition,
TAAbs have the characteristics of strong persistence, long half-life, and convenient detec-
tion. These excellent properties make TAAbs a promising serological biomarker for the
diagnosis of ESCC [9,10]. At present, many TAAbs have been used for the diagnosis of
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ESCC, such as NY-ESO-1, STIP1, MMP7, and Hsp70. However, the sensitivity or specificity
of these TAAbs cannot meet the needs of ESCC as biomarkers for clinical diagnosis [11,12].
Therefore, it is important to identify other TAAbs with high specificity and sensitivity for
the diagnosis of ESCC.

Nowadays, The Cancer Genome Atlas (TCGA) database and the Gene Expression
Omnibus (GEO) database are increasingly recognized by researchers. More and more
biomarkers for ESCC were identified based on TCGA and GEO databases. For example, Li
et al. identified 14 microRNAs as new biomarkers for ESCC, which were also associated
with lymph node invasion and metastasis. Bhushan et al. used the cancer genomic dataset
to identify and validate the FGF12 as a biomarker for ESCC [13,14]. These studies provided
a new understanding of the development of new diagnostic biomarkers for ESCC.

In this study, TCGA database was utilized to screen the differentially expressed
genes (DEGs). The protein–protein interaction (PPI) network was used to identify hub
genes, which provided references for the identification of tumor-associated antigens (TAAs)
associated with ESCC. CXCL8 was selected for further study, and its mRNA expression level
was verified by microarray dataset GSE44021 from the GEO database. The corresponding
autoantibody of CXCL8 in human serum samples was detected by ELISA to explore its
potential as a diagnostic biomarker for ESCC.

2. Materials and Methods
2.1. Differential Expression Gene Analysis

In this study, the TCGA data portal was used to obtain gene-expression profiles for
EC. With the cutoff criteria |log2 fold change (FC)| > 2 and adjusted p < 0.05, the “limma”
package in R (version 4.0.3) software (https://www.r-project.org/, accessed on 10 May
2021) was applied to identify DEGs. The DEGs identified from TCGA were shown via
volcano plot.

2.2. Functional Annotation and Hub Genes Screening

The search tool for the retrieval of interacting genes (STRING) database (https://
string-db.org/, accessed on 20 May 2021) (version 11.5) was used for gene ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses, additionally, to construct
the PPI network. The minimum interaction score for the PPI network was 0.4 [15]. The
cytoHubba software (integrated into Cytoscape 3.8.2 software, Bethesda, MD, USA) was
used to determine hub genes by using the degree topological algorithm [16]. Among the 10
hub genes we selected, CXCL8, with the highest degree, was deemed to be the most closely
relevant to ESCC.

2.3. CXCL8 mRNA Expression Validation

In order to verify CXCL8 mRNA expression in ESCC, data on the GSE44021 stan-
dardized expression profile containing 146 samples was obtained from the GEO database
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi, accessed on 22 May 2021) and the
GEO2R tool was used to compare the different CXCL8 mRNA expressions of ESCC and
normal esophageal tissues.

2.4. Study Population

In this study, 210 ESCC primary patients and 210 normal controls were recruited
from a third-level grade A hospital in Henan province. In a 1:2 ratio, all participants were
randomly assigned to verification set and validation set. All ESCC patients in this study
were confirmed by pathological examination; also, none of the patients suffered from
autoimmune diseases or inflammatory diseases, or received any treatment until blood
samples were collected. Autoimmune diseases, esophagus-related diseases were excluded
in the normal controls. This study was approved by the Ethics Committee of Zhengzhou
University and all participants provided written informed consent before joining this
research. Table 1 showed the detailed clinical information of all participants. Blood samples
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were separated by centrifugation at 3000 rpm for 5 min and stored at −80 ◦C until further
analysis.

Table 1. Characteristics of study participants.

Variables

Verification Phase Validation Phase

(n = 140) (n = 280)

ESCC (n = 70) NC (n = 70) ESCC (n = 140) NC (n = 140)

Gender
Male, n (%) 40 (57.1) 40 (57.1) 99 (70.7) 98 (70.0)

Female, n (%)
Age, years 30 (42.9) 30 (42.9) 41 (29.3) 42 (30.0)

Mean age ± SD 64.28 ± 8.23 64.74 ± 8.26 63.64 ± 8.64 64.31 ± 8.75

Age range 45–88 45–84 41–87 41–88

Tumor site, n (%)
Upper thorax 1 (1.4) 25 (17.9)
Middle thorax 19 (27.2) 72 (51.4)
Lower thorax 8 (11.4) 40 (28.6)

Unknown 42 (60.0) 3 (2.1)

Family tumor history, n
(%)
Yes 12 (17.1) 29 (20.7)
No 56 (80.0) 79 (56.4)

Unknown 2 (2.9) 32 (22.9)

Histological grade, n
(%)

High 3 (4.3) 3 (2.1)
Medium 16 (22.8) 46 (32.9)

Low 8 (11.4) 41 (29.3)
Unknown 43 (61.5) 50 (35.7)

TNM stage, n (%)
I 8 (11.4) 45 (32.2)
II 5 (7.1) 31 (22.1)
III 12 (17.1) 30 (21.4)
IV 6 (8.6) 8 (5.7)

Unknown 39 (55.7) 26 (18.6)

Lymph node
metastasis, n (%)

Positive 18 (25.8) 54 (38.6)
Negative 12 (17.1) 71 (50.7)
Unknown 40 (57.1) 15 (10.7)

Distant metastasis, n
(%)
Yes 6 (8.6) 9 (6.4)
No 25 (35.7) 105 (75.0)

Unknown 39 (55.7) 26 (18.6)

Abbreviations: ESCC, esophageal squamous cell carcinoma; and NC, normal control.

2.5. Enzyme-Linked Immunosorbent Assay

The serum anti-CXCL8 autoantibody was detected by indirect ELISA in ESCC patients
and normal controls. Purified recombinant protein CXCL8 was purchased from the Cloud-
Clone Corporation (Wuhan, China). Indirect ELISA has been described in detail in our
previous study [17]. The cutoff value for detecting a positive response was set at the mean
optical density (OD) value of control sera plus one standard deviation (mean+ SD).
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2.6. Statistical Analysis

IBM statistical software (version 25.0) and GraphPad Prism 8.0 were used for statistical
analysis and two-sided p values < 0.05 were regarded as statistically significant. The differ-
ences in expression levels of autoantibodies between ESCC patients and normal controls
were compared by using the nonparametric test. Receiver operating characteristic (ROC)
curves were used to assess the diagnostic ability of anti-CXCL8 autoantibody. Meanwhile,
Youden’s index, likelihood ratio, and predictive value were calculated to evaluate the
ability of anti-CXCL8 autoantibody to differentiate ESCC patients from normal controls.
The area under the ROC curve (AUC) values of different clinical subgroups were analyzed
by DeLong test. The frequency of anti-CXCL8 autoantibody in clinical subgroups was
analyzed by chi-square test.

3. Results
3.1. Identification of DEGs

On the basis of cutoff criteria (|log FC| > 2.0 and p < 0.05), 1306 genes were identified
as DEGs, including 715 up-regulated DEGs and 591 down-regulated DEGs. The “ggplot2”
package of R software was used to draw a volcano plot (Figure 1). Only up-regulated DEGs
were chosen for the following analyses in this research.
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Figure 1. Volcano plot of all DEGs obtained from TCGA database. DEGs were selected with |log
FC| > 2 and p-value < 0.05. The up-regulated, down-regulated, and unchanged genes were shown in
red, green, and grey, respectively.

3.2. Functional Annotation and PPI Analysis for the Up-Regulated Genes

The most enriched GO terms in biological process (BP) group, molecular function
(MF) group, and cellular component (CC) group were shown in Figure 2A. In terms of BP
group, the abundance of DEGs was associated with multicellular organism development,
system development, and cell differentiation. For the CC group, the DEGs were remarkably
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related to extracellular space, chromatin, and nuclear chromosome. The DEGs were mainly
related to signaling receptor binding and serine hydrolase activity by MF analysis. KEGG
analysis revealed that the cytokine–cytokine receptor interaction, viral protein interaction
with cytokine and cytokine receptor, and IL-17 signaling pathway were mainly enriched
signaling pathways (Figure 2B). Then, the PPI network was constructed by inputting the
up-regulated genes to STRING, including 706 nodes and 2916 edges (Figure 2C). The hub
genes were sequenced according to their degree value. The functional roles of identified
hub genes were shown in Table 2. Meanwhile, the PPI network of the hub genes was
constructed, which had a strong interaction with each other (Figure 2D).
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 Figure 2. Functional annotation and identification of hub genes via the PPI network. (A) Gene
ontology enrichment analysis. BP, Biological Process; CC, Cellular Components; and MF, Molecular
Function. (B) KEGG enrichment analysis. (C) PPI network of DEGs analyzed by STRING database.
(D) Detection of hub genes from the PPI network of common DEGs. The highlighted 10 genes are
CXCL8, MMP9, IL17A1, SPP1, KNG1, CXCL1, CXCL10, CRP, CSF2, and CCL20.
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Table 2. Functional roles of 10 hub genes.

Gene Symbol Full Name Degree Function

CXCL8 C-X-C motif chemokine
ligand 8 86

CXCL8 is a chemotactic factor and
participates with inflammatory responses

and neovascularization, and regulates
immune response.

MMP9 matrix metallopeptidase
9 82

MMP9 is involved in the breakdown
of extracellular matrix in normal

physiological processes.

IL17A interleukin 17A 57 IL17A mediated downstream pathways induce the production of
inflammatory molecules, chemokines, and antimicrobial peptides.

SPP1 secreted phosphoprotein
1 57

The protein encoded by this gene is involved in the attachment of
osteoclasts to the mineralized bone matrix. The encoded protein is

secreted
and binds hydroxyapatite with high affinity.

KNG1 kininogen 1 55 KNG1 is involved in signaling receptor
binding and cysteine-type endopeptidase inhibitor activity.

CXCL1 C-X-C motif chemokine
ligand 1 53 CXCL1 is associated with the growth and progression of certain

tumors.

CXCL10 C-X-C motif chemokine
ligand 10 51

Pro-inflammatory cytokine is involved in a
wide variety of processes, such as

chemotaxis and differentiation.

CRP C-reactive protein 50

This gene is involved in complement
activation and amplification via communication with complement

initiation pattern
recognition molecules.

CSF2 colony stimulating factor
2 48 CSF2 controls the production, differentiation, and function of

granulocytes and macrophages.

CCL20 C-C motif chemokine
ligand 20 47 CCL20 is involved in immunoregulatory

and inflammatory processes.

3.3. Validation mRNA Expression of CXCL8

Among hub genes, CXCL8 was considered to be the most critical gene in EC with
the highest connectivity degree = 86. In the GEO database, the dataset GSE44021 showed
that the mRNA expression level of CXCL8 was up-regulated in ESCC tissues compared
with normal tissue (Figure 3). Therefore, CXCL8 was confirmed as a candidate TAA for the
following study.
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was calculated using the t-test.
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3.4. Level and Diagnostic Value of Anti-CXCL8 Autoantibody

The ELISA results showed that serum anti-CXCL8 autoantibody expression level was
notably higher in ESCC patients than in normal controls in both the verification set and
validation set (p < 0.05) (Figure 4A,C). For the verification set, the AUC of anti-CXCL8
autoantibody was 0.713 (95%CI: 0.624–0.801) and the sensitivity and specificity of anti-
CXCL8 autoantibody for ESCC detection were 35.7% and 82.9%, respectively (Figure 4B).
For the validation cohort, the AUC of anti-CXCL8 autoantibody was 0.752 (95%CI: 0.696–
0.808) and anti-CXCL8 autoantibody could distinguish 47.1% of ESCC patients at the
specificity of 77.9% (Figure 4D). The statistical difference still existed when the verification
set and validation set were combined as one group. The serum anti-CXCL8 autoantibody
level in the ESCC group was, obviously, higher than that in the normal control group
(p < 0.05) (Figure 4E); besides, the AUC value of anti-CXCL8 autoantibody was as high as
0.739 (95%CI: 0.692–0.787) and anti-CXCL8 autoantibody could distinguish 44.3% of ESCC
patients at the specificity of 81.4% (Figure 4F). The detailed results are shown in Table 3.

Figure 4. The expression level and diagnostic value of anti-CXCL8 autoantibody. The expression
level of anti-CXCL8 autoantibody in the verification cohort (A), validation cohort (C) and all ESCC
and all NC (E). The diagnostic performance of anti-CXCL8 autoantibody in the verification cohort
(B), validation cohort (D) and all ESCC and all NC (F).
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Table 3. The diagnostic value of anti-CXCL8 autoantibody for ESCC.

Cohorts AUC 95%CI Se (%) Sp (%) YI +LR −LR PPV (%) NPV (%) Accuracy

Verification 0.713 0.624–0.801 35.7 82.9 0.186 2.088 0.776 67.6 56.3 0.593
Validation 0.751 0.696–0.808 47.1 77.9 0.250 2.131 0.679 68.0 59.6 0.621

Total 0.739 0.692–0.787 44.3 81.4 0.257 2.420 0.684 70.5 59.4 0.628

Abbreviations: AUC, area under the curve; CI, confidence interval; Se, sensitivity; Sp, specificity; YI, Youden
Index; +LR, positive likelihood ratio; −LR, negative likelihood ratio; FPR, false positive rate; FNR, false negative
rate; PPV, positive predictive value; and NPV, negative predictive value.

The expression of serum anti-CXCL8 autoantibody in clinical subgroups divided
by gender, age, tumor site, family tumor history, differentiation, TNM stage, lymphatic
metastasis, and distance metastasis was further studied. In every subgroup, anti-CXCL8
autoantibody could significantly differentiate ESCC patients from healthy controls (p < 0.05)
(Figure 5A–P). The AUC values of clinical subgroups ranged from 0.677 to 0.767. ESCC
patients who were 65 years old or older had the highest AUC value, of 0.767 (Figure 5D),
while ESCC patients with a tumor located in the lower thorax site had the lowest AUC
value, of 0.677 (Figure 5F). The DeLong test showed no significant difference in AUC values
among clinical subgroups (p > 0.05). In all clinical subgroups, there was no statistically
difference in the positive frequencies of anti-CXCL8 autoantibody (p > 0.05) (Table 4).

Table 4. The positive frequencies of anti-CXCL8 autoantibody in subgroups.

Variables Number Frequency (%) p

Gender
Male 139 41.7 0.296
Female 71 49.3

Age range (years)
<65 104 38.5 0.092
≥65 106 50.0

Family tumor history
Yes 41 43.9 0.885
No 135 45.2

Tumor site
Upper and middle 117 48.7 0.119
Lower 48 35.4

Differentiation
Moderate and high 69 39.1 0.961
Poor 48 39.6

TNM stage
I–II 89 38.2 0.234
III–IV 56 48.2

Lymphatic metastasis
Positive 66 51.5 0.276
Negative 89 42.7

Distant metastasis
Yes 15 33.3 0.436
No 130 43.9
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Figure 5. The expression of anti-CXCL8 autoantibody among subgroups of ESCC patients based on
gender (A,B), age (C,D), tumor site (E,F), family tumor history (G,H), differentiation (I,J), TNM stage
(K,L), lymph node metastasis (M,N), and distant metastasis (O,P).

4. Discussion

At present, the treatment level of ESCC has been significantly improved [18]. The
prognosis of ESCC patients has considerably improved due to neoadjuvant therapy com-
bined with surgery [19]. However, due to the lack of obvious early clinical symptoms and
diagnostic reliable biomarkers for ESCC, many patients are still unable to obtain prompt
therapy. According to numerous studies, protein biomarkers including carcino embryonic
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antigen (CEA), cytokeratin 19 fragment 21-1 (CYFRA21-1), and squa mous cell carcinoma
antigen (SCC-Ag) can help diagnose ESCC, but they are insufficiently sensitive and specific
to offer a meaningful diagnosis for ESCC [20,21]; therefore, new reliable biomarkers for
ESCC are still needed.

In this study, a total of 715 genes were considered as DEGs; then, to explore potential
biological functions, GO and KEGG analyses were performed. The results of GO analysis
indicated that the up-regulated DEGs were significantly associated with multicellular or-
ganism development, extracellular space, and signaling receptor binding. Multicellular
organism development is a complex process, and several studies have shown that the
disruption of established molecular networks can drive tumor growth and many of the
characteristics of cancer during multicellular organism development [22,23]. Changes in
volume, shape, and composition of extracellular space play an important role in influencing
tumor biological behavior. For example, in gliomas, there is a significant increase in extra-
cellular space volume, which is also related to the malignancy of gliomas [24]. Abnormal
expression and activity of signal receptors are often associated with tumorigenesis [25].
KEGG pathway analysis revealed that the DEGs were primarily related to the cytokine–
cytokine receptor-interaction pathway. Cytokines influence a variety of cellular activities
through their specific receptors, and they play important roles in immunity, inflammation,
repair, tissue homeostasis, and hematopoiesis. Dysregulated cytokines can stimulate angio-
genesis and induce immune response and immune tolerance, thereby changing the tumor
microenvironment to promoting tumor pro gression [26].

In this study, through integrated bioinformatics analysis, CXCL8 was identified as the
key gene for ESCC and the CXCL8 mRNA level in the ESCC group was significantly higher
than in the normal control group. CXCL8 is a pro-inflammatory chemokine, also known
as interleukin 8 (IL-8). CXCL8 binds to CXCr1/2 to induce inflammatory responses and
new blood vessel formation, and it modulates immune responses [27]; also, CXCL8 can
induce tumorigenesis by participating in the mechanism of apoptosis resistance, thereby
inducing tumorigenesis [28], and it can regulate tumor angiogenesis by pro mot ing the pro-
duction of matrix metalloproteinases as well as the survival and proliferation of endothelial
cells [29,30]. Moreover, epithelial mesenchymal transformation (EMT) can alter the tumor
microenvironment, leading to tumor-cell migration, proliferation, and immune escape,
and CXCL8 can activate a variety of signaling pathways, thereby affecting EMT-related
transcription factors and facilitating the formation of EMT [31]. Multiple studies have sug-
gested that CXCL8 can induce PD-L1 + macrophages to promote the immunosuppressive
microenvironment in gastric cancer [32]. CXCL8 is the recurrence marker of acute myeloid
leukemia (AML) [33]. Furthermore, CXCL8 is extensively expressed in colorectal cancer,
and promotes proliferation, migration, invasion, and angiogenesis of colorectal cancer
cells [34]. In hepatocellular carcinoma and osteosarcoma, CXCL8 may enhance cancer-cell
invasion via the PI3K/Akt signaling pathway [35,36]. These findings suggest that CXCL8
primarily acts as an oncogene, promoting tumor progression. CXCL8 phosphorylated Akt
and ERK1/2 via CXCR1 and CXCR2 in vitro to promote migration and invasion of ESCC
cell lines. The high expression level of CXCL8 in ESCC cancer cells is closely related to
the poor prognosis of lymph node metastasis [37]. The number of CXCL8-positive tumor
cells in ESCC tumor tissues is significantly increased compared with matched adjacent
tissues. The expression of CXCL8 in ESCC tumor tissues is positively correlated with tumor
progression and poor survival. CXCL8 secreted by primary ESCC cells can inhibit the
function of natural killer cells (NK cells) through the STAT3 pathway, leading to tumor
immune escape; therefore, immune-boosting therapeutic strategies targeting CXCL8 may
benefit ESCC patients [38]. These studies suggest that CXCL8 plays an important role in
the development of ESCC and may become a new therapeutic target for ESCC.

For various cancers, serum CXCL8 is a potential biomarker, such as for gastric can-
cer [39], pancreatic cancer [40], colorectal cancer [41], and non-small-cell lung cancer [42].
However, autoantibodies have advantages over other potential markers (including TAA
itself) in serum persistence and stability in cancer patients [43]. Therefore, in our study, we
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matched patient samples with normal controls for age and sex, and designed a two-stage
experiment with the verification cohort and the validation cohort to explore whether anti-
CXCL8 autoantibody could be used as a diagnostic indicator for ESCC. This study was the
first to explore the diagnostic value of anti-CXCL8 autoantibody for ESCC detection. Ac-
cording to our results, anti-CXCL8 autoantibody levels of ESCC patients were significantly
higher than those of the normal control group. Anti-CXCL8 autoantibody could distinguish
ESCC from healthy controls, with an AUC of 0.713 and 0.751 in the verification cohort and
the validation cohort, respectively. These results indicated that anti-CXCL8 autoantibody
have great potential for clinical application as a serum tumor marker for ESCC. However,
there are limitations to our study. This study is a case-control study and only a preliminary
exploration of the diagnostic value of anti-CXCL8 autoantibody in ESCC, which needs to
be further verified in prospective studies to confirm the diagnostic value of anti-CXCL8
autoantibody in ESCC detection based on a large sample size.

5. Conclusions

In summary, based on the bioinformatics analysis and experimental verification pre-
sented in this study, we concluded from these results that anti-CXCL8 autoantibody could
be considered a potential diagnostic marker for ESCC. This study is a case-control study,
and the diagnostic value of anti-CXCL8 autoantibody in ESCC needs to be further verified
in future prospective studies.
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