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Background. DNA methylation is an important epigenetic modification in tumorigenesis, and similar epigenetic regulation
mechanisms have been found in the gastrointestinal tract (GIT) cancers. Somatostatin (SST) has been confirmed to be
expressed throughout the GIT. This study aimed to simultaneously explore the relationships between the SST methylation and
the risks of three GIT cancers (esophageal cancer (EC), gastric cancer (GC), and colorectal cancer (CRC)) and to evaluate its
diagnostic value. Methods. Differentially methylated regions (DMRs) of the SST gene, including TSS200, 1stExon, and the gene
body, were identified in GIT cancers by The Cancer Genome Atlas (TCGA) database analysis. Further analyses were
conducted in tissue samples of EC (n = 50), GC (n = 99), and CRC (n = 80). The SST methylation was detected by bisulfite-
sequencing PCR (BSP), and the SST expression was detected by quantitative real-time reverse transcription-polymerase chain
reaction (qRT-PCR). Results. In GIT cancers, DMR-related CpG islands were mainly located in the 1stExon. The methylation
status of the SST 1stExon in the tumor tissues was significantly higher than that in the adjacent noncancerous tissues, and the
methylation rates of the specific CpG sites were correlated with clinical phenotypes. The average methylation rate (AMR) of
the SST 1stExon was negatively correlated with the SST gene expression in GC and CRC (both P < 0:001). For the diagnosis of
GIT cancers, the combined detection of methylation at CpG sites +18 and +129 showed the highest area under the curve
(AUC 0.698), with a sensitivity of 59.3% and a specificity of 72.8%. Conclusions. The site-specific hypermethylation of the SST
1stExon increases the risk of GIT cancers and might be a potential predictive marker for pan-GIT cancers.

1. Introduction

The gastrointestinal tract (GIT) is composed of tubular diges-
tive organs that have highly similar organizational structures
and many common features during tumorigenesis. The dis-
coveries of common molecular events in GIT cancers may
help us understand the pathways of tumorigenesis and iden-
tify effective biomarkers.

Epigenetic changes, such as DNA methylation and his-
tone modification, are early events in the occurrence and
development of GIT cancers [1]. The DNA methylation is

the addition of a methyl group to the CG dinucleotide with-
out an alteration in the DNA sequence, and it can often lead
to gene silencing by inhibiting gene transcription [2]. Studies
have shown that abnormal methylation could be associated
with GIT cancers [3–6]. Abnormal DNA methylation is
promising for clinical application as a noninvasive bio-
marker [7, 8].

The growth-hormone-release inhibitory hormone
(somatostatin, SST) gene is located on chromosome 3q27.3
and contains 2 exons. It is a member of the cyclic peptide
family and can be expressed throughout the body. Studies
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have shown that the SST can inhibit the release of numerous
secondary hormones and affect both neurotransmission in
the central nervous system and the proliferation of normal
and tumorigenic cells. In the GIT, the SST is thought to reg-
ulate the inhibition of intestinal motility and gastric acid
secretory activity [9]. Recent research found that SST could
inhibit the occurrence and development of tumors directly
or indirectly. The SST might inhibit growth factor-
mediated mitosis signaling by blocking the autocrine/para-
crine activity of growth-stimulating hormone and growth
factors, thus inducing apoptosis [10]. It could also inhibit
the secretion of somatotropin and exert antiangiogenic
effects [11]. Our previous comprehensive bioinformatic
analysis of aberrantly methylated differentially expressed
genes showed that the SST is a hub gene in gastric cancer
(GC) [12] and colorectal cancer (CRC) [13]. However, the
patterns of the SST methylation and expression in esopha-
geal cancer (EC) are not clear.

Therefore, in the present study, we detected and ana-
lyzed the associations between the methylation status of
the specific CpG sites in the SST 1stExon and the cancer risk,
clinicopathological features, and gene expression profiles of
esophageal cancer, gastric cancer, and colorectal cancer.
The results provided valuable insights for the study of bio-
markers for pandigestive tract carcinomas.

2. Materials and Methods

2.1. Patients and Specimens. Matched samples of the tumor
tissues and tumor-adjacent noncancerous tissues were col-
lected from the patients with GIT cancers who underwent
surgical resection without preoperative physical or chemical
therapies at the First Hospital of China Medical University
and the Cancer Hospital of China Medical University
between January 2013 and May 2018; 50 patients with EC,
99 patients with GC, and 80 patients with CRC were
included. Detailed clinical data, including sex, age, patholog-
ical classification, pTNM classification, lymph node invasion
status, vascular tumor emboli status, perineural invasion sta-
tus, and depth of infiltration, were collected from the medi-
cal records of the hospital. Tissue samples were placed in
RNAlater solution (RNAlater™ Stabilization Solution,
Thermo Fisher Scientific, Waltham, MA, USA) immediately
after surgery and subsequently frozen at –80°C until RNA
extraction.

The current study was approved by the Human Ethics
Review Committee of the First Hospital of China Medical
University (Shenyang, China) and the Cancer Hospital of
China Medical University (Shenyang, China). Each partici-
pant in the study signed an informed consent form.

2.2. Data Processing. Public DNA methylation data and
annotations were acquired from The Cancer Genome Atlas
(TCGA) database. The methylation data (beta-value matrix)
of three GIT cancer cohorts comprising 16 paired EC, 2
paired GC, and 38 paired CRC samples were downloaded
from UCSC Xena (https://xenabrowser.net/datapages/). Dif-
ferentially methylated regions (DMRs) in the tumor tissues
and normal tissues were identified using the bumphunter

algorithm with the R (version 4.0.3) package ChAMP [14].
Only regions containing more than seven probes were
defined as DMRs, with the significance threshold set at
<0.05. MethPrimer 2.0 was used to analyze the locations of
CpG islands in the SST.

2.3. DNA Extraction. The SDS-phenol extraction method
was used to extract the tissue DNA. The tissue (0.1–0.2 g)
was shredded and ground. Then, 400μl of TE, 25μl of 10%
SDS, and 10μl of 20mg/ml PK enzyme were added. The
samples were mixed well and incubated at 55°C in a water
bath for 2 h. Proteins were removed using a phenol, chloro-
form, and isoamyl alcohol mixture. DNA was precipitated
with NaAc and absolute ethanol and resuspended in the
TE solution [12].

2.4. Bisulfite Sequence Polymerase Chain Reaction (BSP). The
SST methylation was detected using BSP (bisulfite-sequenc-
ing polymerase chain reaction). Genomic DNA sulfite mod-
ification was performed using a Zymo DNA Methylation-
Gold Kit (Zymo). The MethPrimer 2.0 was used to design
the BSP primers. The outer primer sequences were forward,
5′- GTGTAATTGAGTGTGTATGTGTGGGAG -3′ and
reverse, 5′- ACAACAACCAAAAACTTCTACAAAAA
CTAAC -3′. The inner primer sequences were forward, 5′-
AATGTGTATGTTTATAGTATTGAGTGA -3′ and
reverse, 5′- AACACAACCCAAAACCAA -3′. The thermal
cycling program for PCR was as follows: denaturation at
94°C for 10min; 40 cycles at 94°C for 20 s, 55°C for 30 s,
and 72°C for 30 s; and a final extension step at 72°C for
10min. The reactions were stored at 4°C. Agarose gel elec-
trophoresis was used to check the quality of the PCR-
amplified products. Sanger sequencing was used to deter-
mine the methylation status. The values of the C and T sig-
nals were read for each CpG site. The methylation rate of
each site was calculated according to the equation Meth%
= C/ðC + TÞ ∗ 100%.

2.5. Total RNA Extraction and Reverse Transcription. Total
RNA was extracted from collected tissues using TRIzol
(TaKaRa, Dalian, China) according to the protocol. Rice-
sized fragments of mucosa were digested with TRIzol. Pro-
teins were removed with chloroform. DNA contamination
was removed using DNase I (Sangon Biotech, Shanghai,
China). The operations were as follows: First, 16μl of
RNA, 2μl of reaction buffer (10x) with MgCl2, and 2μl of
DNase I, RNase-free (1U/μl) were combined, and the mix-
ture was then incubated at 37°C for 30min. Next, DNase I
was inactivated by adding 2μl of 5mM EDTA into the reac-
tion system. Finally, the mixture was incubated at 65°C for
10min. RNA was precipitated with isopropanol and washed
with 75% ethanol. After the ethanol was evaporated, the
RNA was dissolved in DEPC water. The concentration and
purity of the RNAs were measured with a NanoDrop spec-
trophotometer (Thermo Scientific, America). Reverse tran-
scription was carried out using the PrimeScript RT Master
Mix (TaKaRa, Dalian, China) and oligo (dT) primers
(TaKaRa, Dalian, China) according to the manufacturer’s
instructions. Each reaction mixture contained 1000 ng of
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total RNA and 4μl of the 5X PrimeScript RT Master Mix,
and RNase-free water was then added to a total volume of
20μl. The mixtures were incubated at 37°C for 15min
(reverse transcription) and 85°C for 5 sec (for heat inactiva-
tion of reverse transcriptase) and were then held at 4°C.

2.6. Real-Time Quantitative PCR. The expression levels of
the SST and an internal control gene (GAPDH) were deter-
mined by the real-time quantitative PCR (qRT–PCR) using
TB Green Premix Ex Taq (TaKaRa). The primer sequences
were as follows: SST forward, 5′- CTGAACCCAACCAG
ACGGAG -3′; SST reverse, 5′- GCCATAGCCGGGTTTG
AGTT -3′; GAPDH forward, 5′- CCATCTTCCAGGAG
CGAGATCCCT -3′; and GAPDH reverse, 5′- CCTGCA
AATGAGCCCCAGCC -3′. The thermal cycling conditions
were as follows: 95°C for 30 s; 40 cycles at 94°C for 30 s,
56°C for 20 s, and 72°C for 10 s; and holding at 4°C. Melting
curve analysis was used to verify specificity and exclude non-
specific products and primer dimers. No-template controls
were included in each experiment, and duplicate reactions
were performed. Relative quantification of the SST expres-
sion was performed using the 2-ΔCt method, and the
expression level of SST was normalized to that of GAPDH
in each sample using the equation ΔCt = Ct target − Ct
GAPDH. The 2-ΔCt values based on the ΔCt values were
considered the relative expression levels.

2.7. Statistical Analysis. Statistical analysis was performed
using the IBM SPSS Statistics 23 software and R (version
4.0.2). Paired Student’s t test was used to compare the differ-
ences in methylation and mRNA expression between cancer
and control tissues. ANOVA was used to compare the rela-
tionships of methylation rates with tumor biological behav-
iors. Spearman rank correlation analysis was used to
analyze correlations between methylation and mRNA
expression levels. Receiver operating characteristic (ROC)
curve analysis was used to evaluate the diagnostic efficacy
and the area under the curve (AUC) values. The sensitivity
(SEN), specificity (SPE), and Youden index (YD) were also
calculated. Multivariate logistic regression was used to build
appropriate diagnostic models. P < 0:05 was considered sta-
tistically significant.

3. Results

3.1. DMRs of the SST Gene in Three GIT Cancers. DMR-
related CpG sites were located in the TSS200, 1stExon, and
gene body regions, while CpG islands were mainly located
in the 1stExon; the related characteristics of CpG sites in
the SST DMR are shown in Supplementary Table S1. The
methylation statuses of the DMRs in the three GIT cancers
were similar; that is, the methylation level at each CpG site
in cancer tissues was higher than that in the adjacent
noncancerous tissues (Figure 1).

3.2. SST 1stExon Methylation in GIT Cancers. The TSS of the
SST was defined as 1 bp, and the 1stExon sequence extended
from 1bp-241 bp and contained 21 CpG sites. Fifteen CpG
sites located in the CpG island in the 1stExon were identified

by PCR product sequencing (Figure 2(a)). The results of aga-
rose gel electrophoresis of the PCR amplification products
are shown in Figure 2(b), and the Sanger sequencing results
are shown in Figure 2(c).

The average methylation rate (AMR) and the methyla-
tion status of each site in the SST 1stExon in the three can-
cers are shown in Figures 3(a)–3(d) and Supplementary
Tables S2–S4.

In the 42 cases of EC, the AMR and the methylation
rates of the twelve CpG sites in the cancer tissues were sig-
nificantly higher than those in the control tissues (all P <
0:05).

In the 99 cases of GC, the AMR and the methylation
rates of the seven CpG sites in the cancer tissues were signif-
icantly higher than those in the control tissues (all P < 0:05).

In the 70 cases of CRC, the AMR and the methylation
rates of the thirteen CpG sites in the cancer tissues were sig-
nificantly higher than those in the control tissues.

The combined analysis of CpG site methylation showed
that seven CpG sites (+18, +42, +44, +94, +100, +127, and
+129) were cohypermethylated sites in all three cancers
(Table 1).

3.3. Correlations between the SST 1stExon Methylation and
Clinical Phenotypes. We further analyzed the relationships
between the SST 1stExon methylation and clinical pheno-
types, and the results are shown in Table 2.

In EC, compared with those in the negative vascular
tumor emboli group, the methylation rates of site +127
(0:861 ± 0:071 vs. 0:794 ± 0:090, P = 0:021) and site +129
(0:878 ± 0:068 vs. 0:813 ± 0:093, P = 0:038) were signifi-
cantly higher than those in the positive group. When consid-
ering the depth of infiltration, the methylation rate of site
+85 in the muscular layer group (0:422 ± 0:105, P = 0:041)
was significantly lower than those in the serous layer group
(0:507 ± 0:117) and the mucosa and submucosa group
(0:534 ± 0:172). For site +18, the methylation rate in the
poor differentiation group (0:616 ± 0:137, P=0.014) was
higher than those in the moderate differentiation group
(0:432 ± 0:153) and the high differentiation group
(0:442 ± 0:145).

In GC, the methylation rate of site +25 in the positive
lymph node metastasis group (0:477 ± 0:092) was signifi-
cantly lower than that in the negative lymph node metastasis
group (0:536 ± 0:103, P = 0:013).

In CRC, the methylation rate of site +94 in the serous
layer group (0:718 ± 0:098) was significantly higher than
that in the muscular layer group (0:649 ± 0:129, P = 0:025).

3.4. SST Expression Levels in GIT Cancers. In the 50 cases of
EC, there was no significant difference in the SST expression
between the cancer and adjacent noncancerous tissues
(0:0167 ± 0:0455 vs. 0:033 ± 0:1061, P = 0:32). In the 52
cases of GC, the SST expression was significantly lower in
the cancer tissues than in the adjacent noncancerous tissues
(0:0086 ± 0:0176 vs. 0:0318 ± 0:0404, P < 0:001). In the 65
cases of CRC, the SST expression was significantly lower in
the cancer tissues than in the adjacent noncancerous tissues
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(0:0098 ± 0:0263 vs. 0:0819 ± 0:1372, P < 0:001)
(Figure 4(a)).

Then, we calculated the correlations between the SST
1stExon methylation and SST expression in GIT cancers.

The AMR of the SST 1stExon was not significantly cor-
related with the SST expression in the EC group, but it was
negatively correlated with the SST expression in the GC
and CRC groups (Figures 4(b)–4(d)). In the GC group,
except at CpG sites +25 and +85, the SST methylation and
expression were negatively correlated (P < 0:05). In the
CRC group, except at CpG sites +25, +85, and+148, the

SST methylation and expression were negatively correlated
(P < 0:05) (Supplementary Table S5).

3.5. The Diagnostic Efficacy of the SST 1stExon Methylation
for GIT Cancers. ROC curves for the diagnosis of each indi-
vidual cancer and the diagnosis of pan-GIT cancers were
drawn based on codifferential CpG sites. For GIT cancers,
a combination of two CpG sites (+18 and +129) had the
largest AUC (0.698), with a SEN of 59.3% and a SPE of
72.8%. Among the individual cancers, CpG site +129 had
the best diagnostic efficacy, with an AUC of 0.801, a SEN
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Figure 1: The DMRs in the SST gene in GIT cancers from the TCGA database. (a) The methylation status of DMRs in EC. (b) The
methylation status of DMRs in GC. (c) The methylation status of DMRs in CRC. The x-axis shows the number of the CpG site.
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of 88.9%, and a SPE of 59.6% in EC. In GC, the CpG sites
+18, +42, +44, +127, and +129 had the best diagnostic effi-
cacy, with an AUC of 0.734, a SEN of 73.7%, and a SPE of
60.6%. In CRC, CpG sites +44 and +94 had the best diagnos-
tic efficacy, with an AUC of 0.796, a SEN of 68.3%, and a
SPE of 82.6% (Figure 5).

4. Discussion

It is commonly believed that the abnormal DNA methyla-
tion, one of the most important epigenetic alterations, is
often related to CpG island activity and could regulate gene
expression in tumorigenesis [15]. Previous studies have
shown the abnormal DNA methylation of the SST in the

head and neck squamous cell carcinoma [16], pancreatic
ductal adenocarcinoma [17], and esophageal cancer [18]
and found downregulation of the SST in the GC tissues
[19, 20]. However, the role and inactivation mechanisms of
SST methylation have not been thoroughly investigated in
GIT tumorigenesis. Here, for the first time, we systematically
studied the relationship between the methylation of the SST
1stExon CpG sites and the risk of GIT cancers in TCGA and
tissue samples and further evaluated the diagnostic efficacy
of the SST methylation.

First, our bioinformatic analysis results based on the
TCGA database showed that the SST methylation level—e-
specially in 1stExon, which is rich in CpG islands—in the
tissues of the three GIT cancers was significantly higher than
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Figure 2: Amplified sequence of the SST 1stExon and Sanger sequencing results. (a) The amplified sequence was mainly located in the CpG
island in SST 1stExon. (b) Agarose gel electrophoresis bands of PCR-amplified products after bisulfite modification. The left lane shows the
DNA marker. EC, GC, and CRC represent tumor tissues, and EN, GN, and CRN represent tumor-adjacent noncancerous tissues. (c) The
Sanger sequencing results for the PCR products. The purple bars represent the CpG sites. The blue line shows the signal intensity of the
methylated C bases, and the red line at the corresponding positions shows the signal intensity of the unmethylated T bases.
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Figure 3: Continued.
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that in the corresponding adjacent noncancerous tissues.
These results suggested that the abnormal SST methylation
might be a potential biomarker to identify these three GIT
cancers at the same time.

Then, we used tissue samples to validate whether the SST
methylation plays a role in these three GIT cancers. In our
study, we mainly focused on the SST CpG sites in the CpG
island in the 1stExon region. We used the BSP method to
detect the methylation of CpG sites in the SST gene in GIT
cancers. The results showed that both the SST methylation
level at a single CpG site and the AMRs in the three GIT
cancer tissues were significantly higher than those in the cor-
responding adjacent noncancerous tissues, and the trend
was the same in the TCGA database. Further analysis
focused on the SST methylation at each CpG site, which
was different from that identified in the previous studies.
The previous studies mainly elucidated the role of the SST
methylation based on the AMR [16]. We found that the
cohypermethylated sites in all three cancers were CpG sites
+18, +42, +44, +94, +100, +127, and +129, which might play
important roles in GIT cancers. In addition, we analyzed the
relationships between the SST methylation and clinical phe-

notypes, and the results showed that methylation of the SST
CpG sites in 1stExon could be related to differentiation sta-
tus, lymph node metastasis status, vascular tumor thrombus
status, and infiltration depth, suggesting that hypermethyla-
tion of the CpG sites in the SST 1stExon region may influ-
ence the tumor biological behavior of GIT cancers. In the
future, an in-depth functional study of SST-specific CpG
sites is expected to reveal the molecular mechanism of
abnormal SST methylation involved in the development of
gastrointestinal tumors. Regarding SST expression, we found
that the SST expression was markedly downregulated in GC
tissues, and this result was consistent with the studies con-
ducted by Zhang et al. [20] and Wang et al. [19]. We also
observed that the SST expression was significantly decreased
in CRC tissues, a finding that was also supported by Leiszter
et al. [21]. However, there was no significant difference in
the SST expression between the EC tissue and adjacent non-
cancerous tissue. We speculated that this might be due to the
low SST transcript level in esophageal tissue. Therefore, the
relationship between SST and EC risk needs further study.

Recent studies have demonstrated that aberrant DNA
methylation could be an epigenetic regulator of gene
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Figure 3: AMR and methylation status of each CpG site in the SST 1stExon. (a) AMR in the three cancers. (b) Methylation status of each
CpG site in EC. (c) Methylation status of each CpG site in GC. (d) Methylation status of each CpG site in CRC. EC: esophageal cancer; GC:
gastric cancer; CRC: colorectal cancer; NS: nonsignificant; C: tumor tissues; N: tumor-adjacent noncancerous tissues; ∗P < 0:05; ∗∗P < 0:01;
∗∗∗P < 0:001; ∗∗∗∗P < 0:0001.

Table 1: Cohypermethylation CpG sites in GIT cancers.

Tumor Hypermethylated CpG sites

EC +18, +34, +42, +44, +92, +94, +100, +116, +127, +129, +138, + 148

GC +18, +42, +44, +94, +100, +127, +129

CRC +18, +34, +42, +44, +92, +94, +97, +100, +116,+127, +129

EC + GC + CRC +18, +42, +44, +94, +100, +127, +129

EC + GC +18, +42, +44, +94, +100, +127, +129

GC + CRC +18, +42, +44, +94, +100, +127, +129

EC + CRC +18, +34, +42, +44, +92, +94, +100, +116,+127, +129
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Figure 4: Continued.
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Figure 4: Differential SST expression and its correlations with methylation in GIT cancers. (a) Differential SST expression in GIT cancers. C:
tumor tissues; N: tumor-adjacent noncancerous tissues. (b) Correlation between the SST expression and the SST AMR in EC. (c) Correlation
between the SST expression and the SST AMR in GC. (d) Correlation between the SST expression and the SST AMR in CRC. NS:
nonsignificant; ∗P < 0:05; ∗∗P < 0:01; ∗∗∗P < 0:001; ∗∗∗∗P < 0:0001.
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Figure 5: ROC of diagnostic models for GIT cancers. (a) ROC of CpG sites +18 and +129 for EC + GC + CRC. (b) ROC of CpG site +129
for EC. (c) ROC of CpG sites +18, +42, +44, +127, and +129 for GC. (d) ROC of CpG sites +44 and +94 for CRC. SEN: sensitivity; SPE:
specificity.
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expression [22, 23]. In our study, the results showed that the
AMR of SST was significantly negatively correlated with the
SST expression level in GC and CRC. Misawa et al. also
observed hypermethylation and downregulated expression
of SST in the head and neck squamous cell carcinoma [16],
and these results showed that the abnormal SST methylation
might participate in the occurrence and development of GC
and CRC by regulating SST expression. Moreover, we found
that methylation at twelve CpG sites was significantly nega-
tively correlated with the SST expression in GC, while in
CRC, thirteen CpG sites exhibited such a correlation. Recent
studies have shown that methylation usually occurs at the
CpG sites in CpG islands. The addition of a new methyl
group to the 5-carbon atom of cytosine can cause a corre-
sponding change in the chromatin conformation. This
change could prevent or reduce the interactions between
transcription factors and gene sequences in this region and
further inhibit gene transcription and reduce protein expres-
sion, thus affecting the normal biological function of cells
[24, 25] For instance, Leiszter et al. found that hypermethy-
lation of the three CpG sites in C5ORF66-AS1 downregu-
lated its expression by preventing sp1 binding to these
CpG sites [21]. Thus, we proposed that the SST methylation
may interact with the expression in this way. We used bioin-
formatic analysis to predict that the differentially methylated
CpG sites in SST common to all three tumor types (+42 and
+44) may be binding sites for the transcription factors
RHOXF1, ETS1, GSC, GSC2, DPRX, OTX1, and OTX2. The
SST CpG sites +127 and +129 are the binding sites for the
transcription factors EBF1 and NR2C2. ETS1 [26] and
OTX1 [27] have been verified to be related to the progression
of GC. We speculated that during the malignant transforma-
tion of digestive tract epithelial cells, an abnormally high
methylation of one or more specific CpG sites in the SST
1stExon region may inhibit SST transcription by inhibiting
transcription factor binding, causing the occurrence and
development of cancers. This hypothesis needs to be con-
firmed by in-depth molecular biology experiments.

Studies have shown that abnormal DNA methylation
could be used as a diagnostic biomarker. Grutzmann et al.
reported that methylation of SEPT9 in plasma had a high
SEN (72%) and SPE (90%) for diagnosing colorectal cancer
[28]. HOXA9 was found to be differentially methylated in
patients with hepatic cancer compared with healthy people,
with an SEN of 73.3% and an SPE of 97.1% [29]. A panel
of five DNA methylation markers (FER1L4, ZNF671,
ST8SIA1, TBX15, and ARHGEF4) detected 74% of EC cancer
patients with an overall specificity of 91% [30]. In addition,
in recent years, pancancer studies have found that multiple
tumors share the same cancer pathways and biomarkers.
Ge et al. reported that genes in the ubiquitin pathway were
generally upregulated in 33 types of tumors and played an
important role in the development of cancer [31]. Ding
et al. identified 7 CpG sites that could effectively distinguish
12 major tumors in the TCGA database [32]. Therefore, it is
possible to find biomarkers for the diagnosis and treatment
of pandigestive tract cancers. In our study, we performed a
combined analysis of the diagnostic efficacy of the SST
methylation-specific CpG sites in GIT cancers. Finally, we

established diagnostic models for combined and individual
GIT cancers, and the results suggested that the SST methyl-
ation might be a potential new marker significantly associ-
ated with pandigestive cancers.

There are some limitations in our study. First, this was a
single-center study, and the sample size was limited. In the
future, multicenter studies are needed. Second, the sensitiv-
ity and specificity of the SST methylation for diagnosing
pandigestive cancers need to be improved, and we hope to
combine SST methylation with other biomarkers in the
future. Moreover, in the future, we hope to detect differen-
tially methylated CpG sites in SST in plasma samples or
serum samples and to further evaluate the value and feasibil-
ity of the SST methylation as a noninvasive and early diag-
nostic marker for pandigestive cancers.

In summary, our results showed that the site-specific
hypermethylation of SST 1stExon increased the risks of
GIT cancers and might promote tumorigenesis and cancer
progression by inhibiting gene transcription. In the future,
the SST site-specific methylation may serve as a potential
predictive biomarker for pan-GIT cancers.
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