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Introduction

Gastric cancer (GC) is the fifth most frequently diagnosed 
malignancy and the third most common cause of cancer-
associated mortality globally (1). The prognosis of patients 
with GC is associated with tumor stage. The 5-year survival 

rate of patients diagnosed with early gastric cancer (EGC) 
is >90% (2), compared with a rate of only 20% in patients 
with advanced GC (3). Therefore, early detection can 
improve the 5-year survival rate and decrease the mortality 
rate.

EGC refers to invasive GC that has invaded no deeper 
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than the submucosa with or without regional lymph nodes 
metastases (4,5). Currently, the diagnosis of EGC still 
depends on gastroscopy, which has highly sensitivity and 
specificity. However, this approach is invasive, inconvenient, 
and can cause infections; therefore, gastroscopy is not 
commonly used as a routine screening method (6,7). 
Moreover, in rural areas, the use of gastroscopy is limited 
owing to a shortage of instruments and technology. Although 
various biomarkers, including carcinoembryonic antigen 
(CEA), C-199, CA724, and CA125, are used frequently in 
the early diagnosis of GC, these markers have low sensitivity 
and specificity, and their diagnostic performance is poor (8,9). 
Because only 20% of GC cases are diagnosed at an early 
stage (10), the identification of highly sensitive and specific 
diagnostic biomarkers for EGC is crucial for improving the 
5-year survival and mortality rates.

Epigenetics is the study of heritable phenotype changes 
that do not result from changes in the DNA sequence. 
Methylation of DNA is an epigenetic mechanism that 
occurs via covalent addition of a methyl group to DNA. 
Methylation that occurs in gene promoter regions silences 
the transcription of the gene, which can inactivate tumor-
suppressor genes, promoting the development of cancer (11).  
Methylation of the promoter of a cancer-related gene can 
serve as a biomarker for early cancer detection (12,13). 
In a previous study, DNA methylation was shown to be 
closely related to gastric carcinogenesis (14), and various 
methylated genes have been shown to participate in gastric 
carcinogenesis, including SEPT9 (15) and ring finger 
protein 180 (RNF180) (16).

Septin 9 (SEPT9) is a guanosine triphosphate (GTP)/
guanosine diphosphate (GDP)-binding protein involved 
in numerous cellular processes, such as cytokinesis, cell 
polarity, and membrane remodeling (17). The SEPT9 
gene produces 18 alternatively spliced transcripts, which 
encode 15 polypeptides (18). The first exon of SEPT9 has 
been reported to be hypermethylated in colorectal (19) and 
breast (20) cancers. Moreover, methylated SEPT9 (mSEPT9) 
has been confirmed as a diagnostic biomarker for colorectal 
cancer (21).

RNF180 is a recently discovered tumor-suppressor 
gene located on the long arm of chromosome 5. Rines, the 
product of RNF180, is a membrane-bound E3 ubiquitin 
ligase with a coiled-coil domain and RING finger motif (22). 
The promoter region (-202/+372) of RNF180 in the CpG 
island can be silenced by methylation (23). Infection with 
Helicobacter pylori (H. pylori) can affect RNF180 promoter 
methylation (24), and the methylated RNF180 (mRNF180) 

can alter lymph node metastasis and survival in patients 
with GC (25).

However, the relationship between the clinicopathological 
characteristics of EGC patients and mSEPT9 and mRNF180 
has not been reported, and the value of mSEPT9 and 
mRNF180 as biomarkers for diagnosing EGC is unclear. 
Therefore, in this study, we aimed to investigate the 
relationships of the clinicopathological characteristics of 
EGC with mSEPT9 and mRNF180. We also evaluated the 
diagnostic values of mSEPT9 and mRNF180, individually 
and combined, for the detection of EGC, and analyzed 
the positivity rates of CEA, CA199, CA724, and CA125 
in patients with EGC. We present the following article 
in accordance with the standards for reporting diagnostic 
accuracy studies (STARD) reporting checklist, available at: 
http://dx.doi.org/10.21037/tcr-20-1330.

Methods

This study was performed in accordance with the 
Declaration of Helsinki (as revised in 2013) and was 
approved by the Ethics Committee of Beijing Cancer 
Hospital (2016-TW-13). Written informed consent was 
provided by all participants for publication of this study.

Patients

This trial was a randomized, single-blind, prospective study. 
All enrolled participants were inpatients or outpatients of 
the Beijing Cancer Hospital between March 2016 and April 
2017. The clinical information of the patients, including 
sample number, sex, age, and diagnostic information, was 
collected. The inclusion criteria for patients were as follows: 
full medical records available; no history of GC surgery; 
no radiotherapy or chemotherapy; no pregnancy; ability to 
complete the entire clinical screening process; and provision 
of written informed consent. The exclusion criteria were: 
hemolytic samples; incomplete information, including 
incomplete history of GC surgery; a history of other cancer, 
or any chemotherapy or radiotherapy; and pregnancy.

After collection of the blood samples, all participants 
were confirmed by endoscopy and pathologic diagnosis. 
Endoscopy and pathologic examination are regarded as the 
gold standard. Subsequently, the participants were divided 
into three clinical classifications: the EGC group, the 
benign gastric disease (BGD) group, and the no evidence of 
disease (NED) group. The process of participant selection 
is summarized in Figure 1.

http://dx.doi.org/10.21037/tcr-20-1330
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Collection and storage of blood samples

Samples of peripheral blood (10 mL) were obtained from 
outpatients or hospitalized patients who met the inclusion 
criteria. The blood samples were collected in tubes 
containing K2-ethylenediaminetetraacetic acid (K2-EDTA) 
and either centrifuged immediately to prepare plasma or 
placed in a refrigerator (2–8 ℃) within 30 min and stored for 
<8 h before centrifugation. No blood samples were frozen. 
Prepared plasma samples were placed in a freezer at −25 to 
−15 ℃ for no longer than 2 weeks. If the extracted DNA was 
not used immediately, it was stored at 2–8 ℃ for no longer 
than 24 h or at −25 to −15 ℃ for no longer than 72 h.

Detection of mRNF180 and mSEPT9

A GC methylation gene detection kit (BioChain, Beijing, 
China) was used to detect mRNF180 and mSEPT9. This 
kit is based on the principle of polymerase chain reaction 
(PCR) fluorescent probes. First, total cell-free DNA was 
extracted from 3.5 mL plasma samples (10 mL whole 
blood sample) using the plasma processing kit by BioChain 
(Beijing, China). The DNA was incubated with bisulfite 
to convert unmethylated cytosine to uracil sulfonate by 
deamination. Next, the methylated CpG sequences within 
the v2 transcript of the SEPT9 (chr17:77287891-77500596) 
and RNF180 (chr5:64165843-64166175) gene and the total 
bisulfite-converted DNA region of the beta actin gene 

(ACTB) were amplified by real-time (RT)-PCR. Fluorescein 
probes that specifically bound to the RNF180 and SEPT9 
genes were used to specifically detect methylation sequences 
in the PCR.

The fluorescent detection probes, bisulfite-converted 
unmethylated sequence specific blocker, and primers were 
designed in the region which lacks CpG dinucleotides. 
The primer sequences used for SEPT9 detection were as 
follows: forward primers, 5’-CCCACCAACCATCATAT-3’; 
reverse  pr imer,  5 ’ -GTAGTAGTTAGTTTAGTA
TTTATTTT-3’ .  The pr imer sequences  used for 
RNF180 detection were as follows: forward primers, 
5’-TCTGACTTTCCTGATGGACCTG-3’; reverse 
primer, 5’-CCTGAGTATTTACCCTGCTTCTGT-3’. 
Samples were analyzed ≥3 times with the Applied Biosystems 
7500 (Roche Diagnostics, Basel, Switzerland) instrument. 
Each time, positive and negative controls were run in 
parallel with the samples. The conditions for thermocycling 
were: activation at 94 ℃ for 20 min; 45 cycles at 62 ℃ for 
5 seconds (s), 55.5 ℃ for 35 s, 93 ℃ for 30 s; and cooling at 
40 ℃ for 5 s. For ACTB, the cycle threshold (Ct) of positive 
control was <29.6 and the Ct of negative control was <35.1. 
A Ct value of 40 was established for SEPT9 and RNF180. 
If the Ct value was ≤40, then the result was considered to 
be positive. If the Ct value was >40, then the result was 
considered to be negative. Amplification curves that were 
not regularly shaped were excluded. If ≥2 of the 3 replicates 
were positive, then the sample was considered to be positive 
for SEPT9 and RNF180. A sample was considered to be 

Figure 1 Patient selection. Medical records and blood samples were collected from 365 participants. Because of incomplete history or loss of 
tracking, 135 participants were excluded from the trial such that the final enrollment comprise 230 subjects. All subjects received endoscopy 
to confirm diagnosis and were divided into three clinical classification, including early gastric cancer (EGC) group with 74 patients, 
benign gastric diseases (BGD) group with 99 patients, and 57 no evidence of disease (NED). BGD includes inflammation, polyp, intestinal 
metaplasia, ulcer and erosion.

365 Participants Enrolled

135 Participants Excluded

230 Participants Included|

Endoscopy

EGC GBD NED
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negative if ≥2 of the 3 replicates were negative.

Measurement of CEA, CA199, CA724, and CA125

All tumor biomarkers were analyzed by the Department of 
Clinical Laboratory, Peking University Cancer Hospital. 
Electrochemiluminescence immunoassay kits (Cobas, 
Roche Diagnostics, Indianapolis, IN, USA) were used to 
detect these biomarkers according to the manufacturer’s 
instructions. The cutoff values for CEA, CA199, CA724, 
and CA125 were 5.0 ng/mL, 37.0 U/mL, 6.9 U/mL, and  
30 U/mL, respectively.

Statistical analysis

The sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and positivity rate of 
SEPT9 and RNF180 were calculated. All statistical analyses 
were performed with SPSS version 23 (SPSS Inc., Chicago, 
IL, USA). The relationships of the clinical characteristics of 
EGC with mRNF180, mSEPT9, CEA, CA199, CA724, and 
CA125 were analyzed using chi-square (χ2) tests. The χ2 test 
was also used to compare the positivity rates of mSEPT9 
and/or mRNF18 between EGC and GBD or NED. The 
diagnostic values of SEPT9 and/or RNF180 were calculated 
by receiver operating characteristic (ROC) curves with 
the area under the curve (AUC). Results with two-sided P 
values of <0.05 were considered statistically significant.

Results

Patient characteristics

In total, 230 patients were enrolled in this study, including 
119 men (51.7%) and 111 women (48.3%). There were 74 
EGC cases, 99 BGD cases, and 57 controls. Among the 
patients with BGD, 60 (38.5%), 18 (11.5%), 16 (10.3%), 
and 5 (3.2%) were diagnosed with inflammation, polyps, 
intestinal metaplasia, and other diseases, respectively. In 
the EGC group, intestinal type accounted for the largest 
proportion (67.6%, 50/74), followed by diffuse type 
(21.6%), and hybrid (8%). Well-differentiated, moderately 
differentiated, and poorly differentiated tumors accounted 
for 24.3% (18/74), 31.1% (23/74), and 28.4% (21/74) of 
cases, respectively, and the remaining 16.2% (12/74) of 
cases were signet ring cell carcinoma. In 44 (59.5%) and 30 
(40.5%) patients, invasion was limited to the mucosa and 
submucosa, respectively. Tumors measuring ≤1.5, 1.5–3.0, 

and ≥3.0 cm in size accounted for 26 (35.1%), 26 (35.1%), 
and 22 cases (29.8%), respectively. Table 1 summarizes the 
patients’ clinical characteristics.

Relationship between clinical characteristics and mSEPT9/
mRNF180 in patients with EGC

As shown in Table S1, mSEPT9 was not correlated with sex, 
age, Lauren classification, differentiation, location, depth of 
invasion, or lymph node metastasis. Although mSEPT9 was 
significantly correlated with tumor size (P<0.05), tumors 
with sizes ranging from 1.5–3.0 cm had higher positivity 
rates of mSEPT9 than tumors of other sizes. Among 
patients with EGC, the positivity rate of mRNF180 was not 
significantly correlated with sex, age, Lauren classification, 
differentiation, location, depth of invasion, tumor size, or 
lymph node metastasis (Table S2).

Positivity rates of mSEPT9 and mRNF180

Using PCR fluorescent probes,  we examined the 
methylation of SEPT9 and RNF180. Our results showed 
that SEPT9 was methylated in 28.4% (21/74) of EGC cases 
but in only 6.1% (6/99) of BGD cases (P<0.001; Table 2). 
The NED group showed a mSEPT9 positivity of 5.3% 
(3/57), which was significantly lower than that of the EGC 
group (28.4%) (P<0.001; Table 2). Similarly, RNF180 was 
found to be methylated in 32.4% (24/74) of EGC cases, 
which was significantly higher than the 13.1% (13/99) of 
BGD cases (P<0.001; Table 3). Regarding RNF180, the 
NED group showed a positivity of 5.3% (3/57), which 
was significantly lower than the 32.4% (24/74) observed 
in the EGC group (P<0.01; Table 3). Next, the proportion 
of cases with methylation of at least one of the two genes 
was calculated. The results showed that 40.5% (30/74) of 
cases in the EGC group had methylation, compared with 
only 17.2% (17/99) of cases in the BGD group (P<0.001; 
Table 4). The healthy control group showed a positivity of 
10.5% (6/57), which was significantly lower than that in the 
EGC group (40.5%, 30/74) (P<0.001; Table 4). In the EGC 
group, the positivity rates of CEA, CA199, CA724, and 
CA125 were 7.0% (5/71), 4.2% (3/71), 12.7% (9/71), and 
9.1% (6/66), respectively (Tables S3-S6).

Diagnostic performance of mSEPT9, mRNF180, and the 
combination of mSEPT9 and mRNF180 for EGC

To confirm the diagnostic capacity of mSEPT9 and 

https://cdn.amegroups.cn/static/public/TCR-20-1330-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-1330-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-1330-supplementary.pdf
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Table 1 Characteristics of the enrolled subjects

Variable EGC (n, %) Control (n, %) Total (n, %)

Sex 74 156 230

Male 47 (63.5) 72 (46.2) 119 (51.7)

Female 27 (36.5) 84 (53.8) 111 (48.3)

Age(years)

<60 35 (47.3) 102 (65.4) 137 (59.6)

≥60 39 (52.7) 54 (34.6) 93 (40.4)

Non-EGC

Inflammation – 60 (38.5)

Polyp – 18 (11.5)

Intestinal metaplasia – 16 (10.3)

Others – 5 (3.2)

NED – 57 (36.5)

Lauren classification

Intestinal type 50 (67.6)

Diffuse type 16 (21.6)

Hybrid 8 (10.8)

Differentiation

Well differentiated 18 (24.3)

Moderately differentiated 23 (31.1)

Poorly differentiated 21 (28.4)

Signet ring cell carcinoma 12 (16.2)

Depth of invasion

Mucosa 44 (59.5)

Submucosa 30 (40.5)

Size of tumor (cm)

≤1.5 26 (35.1)

1.5–3.0 26 (35.1)

≥3.0 22 (29.8)

Lymph node metastasis

Yes 8 (10.8)

No 66 (89.2)

EGC, early gastric cancer; others, includes ulcer, erosion and ectopic pancreas; NED, no evidence of disease.
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Table 2 Positivity rates of mSEPT9 in the enrolled group

Characteristics N
mSEPT9 positive case

N % P valuea P valueb

EGC 74 21 28.4 <0.001 <0.001

GBD 99 6 6.1 0.837 Ref.

NED 57 3 5.3 Ref. 0.837
a, early gastric cancer group compared with no evidence of disease group; b, early gastric cancer group compared with gastric benign 
disease group. EGC, early gastric cancer; GBD, gastric benign disease including inflammation, polyp, intestinal metaplasia, ulcer, erosion; 
NED, no evidence of disease.

Table 3 Positivity rates of mRNF180 in the enrolled group

Characteristics N
mRNF180 positive case

N % P valuea P valueb

EGC 74 24 32.4 <0.001 <0.01

GBD 99 13 13.1 0.119 Ref.

NED 57 3 5.3 Ref. 0.119
a, early gastric cancer group compared with no evidence of disease group; b, early gastric cancer group compared with gastric benign 
disease group. EGC, early gastric cancer; GBD, gastric benign disease including inflammation, polyp, intestinal metaplasia, ulcer, erosion; 
NED, no evidence of disease.

Table 4 Positivity rates of mSEPT9 and mRNF180 in the enrolled group

Characteristics N
mSEPT9 and/or mRNF180 positive case

N % P valuea P valueb

EGC 74 30 40.5 <0.001 <0.001

GBD 99 17 17.2 0.260 Ref.

NED 57 6 10.5 Ref. 0.260
a, early gastric cancer group compared with no evidence of disease group; b, early gastric cancer group compared with gastric benign 
disease group. EGC, early gastric cancer; GBD, gastric benign disease including inflammation, polyp, intestinal metaplasia, ulcer, erosion; 
NED, no evidence of disease.

mRNF180 for EGC, their sensitivity, specificity, PPV, 
NPV, and confidence intervals (CIs) were analyzed using 
pathological diagnosis as the gold standard. The sensitivity, 
specificity, PPV, and NPV of mSEPT9 for EGC were 28.3% 
(95% CI:18.5–40.0%), 94.2% (89.3–97.3%), 70.0% (52.9–
82.8%), and 73.0% (70.5–76.3%), respectively (Table 5).  
The ROC curve was plotted and is shown in Figure 2. The 
AUC value of mSEPT9 was 0.616 (95% CI: 52.0–71.1%) 
(Figure 2), suggesting a suboptimal performance of mSEPT9 
for the diagnosis of EGC.

The diagnostic value of mRNF180 for EGC was 
evaluated using the similarity method. The qualitative 

analysis for mRNF180 showed a mild increase compared to 
mSEPT9 in sensitivity with 32.4% (95% CI: 22.0–44.3%), 
while the specificity showed a decrease to 89.7% (95% CI: 
83.9–94.0%) (Table 5). The PPV and NPV of mRNF180 
were 60.0% (95% CI: 45.9–72.6%) and 73.7% (95% 
CI: 70.3–76.8%), respectively (Table 5). The AUC value 
of mRNF180 was 0.636 (95% CI: 54.2–73.0%) (Figure 
2), which constituted a better performance than that of 
mSEPT9 for EGC diagnosis.

The diagnostic value of the combination of mSEPT9 
and mRNF180 for EGC was evaluated. The combination 
analysis resulted in a further increase in sensitivity to 40.5% 
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(95% CI: 29.3–52.6%) and a mild decrease in specificity to 
85.3% (95% CI: 78.7–90.4%) (Table 5). The PPV and NPV 
of the combination were 56.6% (95% CI: 45.0–67.6%) and 
75.1% (95% CI: 64.5–76.7%) (Table 5). The AUC value of 
the combination was 0.65 (95% CI: 55.7–74.4%) (Figure 
2), suggesting that the combination analysis significantly 
distinguished the EGC from NED.

Overall, the combination of mSEPT9 and mRNF180 
showed satisfactory diagnostic value for EGC, and the 
plasma mSEPT9 and mRNF180 were promising diagnostic 
biomarkers for EGC.

Discussion

In this study, we analyzed the methylation of SEPT9 and 
RNF180 in EGC, BGD, and NED patients. Our results 
confirmed the diagnostic value of mSEPT9, which had 
a sensitivity of 28.3% and a specificity of 94.2%, and 
mRNF180, which had a sensitivity of 32.4% and specificity of 
89.7%, for EGC. Additionally, the diagnostic performance 
of the combination of these two genes was analyzed, showing 
a sensitivity of 40.5% and a specificity of 85.3%.

Owing to the high morbidity and mortality associated 
with GC, early detection is urgently required to improve 

Table 5 Diagnostic accuracy of mSEPT9 and/or mRNF180 for EGC

Variable mSEPT9 mRNF180 mSEPT9 + mRNF180

Sensitivity (95% CI) 28.3% (18.5–40.0%) 32.4% (22.0–44.3%) 40.5% (29.3–52.6%)

Specificity (95% CI) 94.2% (89.3–97.3%) 89.7% (83.9–94.0%) 85.3% (78.7–90.4%)

PPV (95% CI) 70.0% (52.9–82.8%) 60.0% (45.9–72.6%) 56.6% (45.0–67.6%)

NPV (95% CI) 73.0% (70.5–76.3%) 73.7% (70.3–76.8%) 75.1% (64.5–76.7%)

EGC, early gastric cancer; PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.

Figure 2 Receiver operating characteristic (ROC) curve of SEPT9, RNF180 and the combination.

Group Area Std. error
Asymptotic 

sig.

Asymptotic 95% CI

Lower bound Upper bound

SEPT9 0.616 0.049 0.024 0.520 0.711

RNF180 0.636 0.048 0.008 0.542 0.730

The combination 0.650 0.048 0.003 0.557 0.744

ROC curve

S
en

si
tiv
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0.0            0.2            0.4            0.6             0.8            1.0
1-specificity

Source of the curve

SEPT9
RNF180
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the 5-year survival rate and reduce the number of cancer-
related deaths. Although gastroscopy is commonly used, it 
cannot be applied as a routine screening method for EGC 
as it is invasive, inconvenient, and can increase the risk of 
infections. Despite various biomarkers, such as CEA, C-199, 
CA724, and CA125, often being used in the early diagnosis 
of GC, these markers show low sensitivity and specificity, 
and their diagnostic performance is poor (8). A Japanese 
meta-analysis that studied the role of tumor markers in 
GC found that the overall positive rates for these markers 
were 24.0% for CEA, 27.0% for CA-199, and 29.9% for 
CA724; moreover, the positive rates for stage I GC were 
13.7% for CEA, 9.0% for CA199, and 12.0% for CA724 (9).  
Consistent with these data, our results showed that the 
positivity rates of CEA, CA199, CA724, and CA125 in 
the EGC group were 7.0%, 4.2%, 12.7%, and 9.1%, 
respectively (Tables S3-S6). In contrast, the positivity rates 
of mSEPT9, mRNF180, and the combination of the two 
were 28.4%, 32.4%, and 40.5% (Tables 2-4).

In recent years, many studies have shown that SEPT9 
participates in tumorigenesis by modulating apoptosis,  
cell proliferation, genomic stability, and malignant 
progression (26). In colorectal cancer, mSEPT9 acts as a 
diagnostic biomarker, with a sensitivity of 74.8% and a 
specificity of 87.4% (27). SEPT9 has also been confirmed 
to be a biomarker for prognosis and monitoring of the 
recurrence and metastasis of colorectal cancer (28,29). 
Moreover, mSEPT9 has been shown to have a high 
positivity rate in GC (29). In this study, we found that 
mSEPT9 was a potential biomarker for the early detection 
of GC, with a sensitivity of 28.3%, a specificity of 94.2%, 
and an AUC value of 0.616. Further studies are needed to 
assess the relationship between SEPT9 and the prognosis 
or recurrence of GC. Additionally, the specific functions of 
SEPT9 in the development and progression of GC are still 
unknown. Additional research is also required to determine 
whether SEPT9 can be used as a therapeutic target.

The tumor-suppressor gene RNF180 can alter the 
malignant characteristics of GC cells (30). Methylation of 
CpG islands in the RNF180 promoter silences the gene, 
promotes cell growth, and inhibits apoptosis (23). H. 
pylori infection can increase this type of methylation (24).  
Promoter methylation of RNF180 can be used to predict 
lymph node metastasis and poor survival in patients with 
GC (31,32). RNF180 can also be found in GC and atrophic 
gastritis samples, but whether it can be used to differentiate 
these two diseases has yet to be determined (24).  
By comparing the positivity rates in the EGC, BGD, and 

NED groups in this study, we confirmed mRNF180 to be 
a potential diagnostic marker for EGC, with a sensitivity 
of 32.4%, a specificity of 89.7%, and an AUC value of 
0.636. Moreover, mRNF180 can distinguish between EGC 
and BGD, including atrophic gastritis (Table 3). However, 
further studies are needed to uncover the detailed function 
of mRNF180 in the pathogenesis of GC.

Furthermore, in our study the combination of mSEPT9 
and mRNF180 improved the sensitivity of the assay to 40.5%. 
To further improve diagnostic sensitivity, it may be possible 
to combine mSEPT9, mRNF180, and CEA detection. Large-
scale studies are warranted to evaluate the potential of these 
markers for predicting prognosis or recurrence.

This was the first study to use samples from EGC 
patients to evaluate the diagnostic performance of mSEPT9 
and mRNF180 for GC. Although the sensitivity was 
somewhat low, this may be attributable to the confinement 
of the lesions to the local area and an insufficient number of 
circulating free DNA for detection in the peripheral blood. 
The circulating cell-free DNA level is significantly lower in 
EGC than in advanced GC (33). Improving the methylation 
detection sensitivity may be helpful in addressing this issue. 
In future, we believe than such an easily administered 
blood-based test for the early detection of GC followed by 
gastroscopy for positive individuals has the potential to be a 
very effective tool for improving the diagnostic rate of EGC 
and reducing mortality.

There were several limitations to this study. First, we 
did not have data for CEA, CA199, CA724, and CA125 in 
the control group, which may affect the significance of our 
results. However, we did have data regarding the positivity 
rates of these markers in patients with EGC, which increases 
the reliability of our findings. Second, the sample size in the 
EGC group was small. Finally, all patients enrolled in this 
study were Chinese, and it is unclear whether similar results 
would be obtained in patients of different ethnicities.

Conclusions

Our study has provided evidence that mSEPT9 and 
mRNF180 are promising diagnostic biomarkers for 
EGC. Furthermore, the assessment of these two markers 
combined showed a better diagnostic performance for EGC 
than those of the two markers individually.
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