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LETTER TO TH E EDITOR

Combining methylated SEPTIN9 and RNF180 plasma
markers for diagnosis and early detection of gastric cancer

Dear Editor,
Early diagnosis is critical for successful treatment of gas-
tric adenocarcinoma (GA). However, the sensitivities of
tumor markers carcinoembryonic antigen (CEA), cancer
antigen 19-9 (CA19-9) and CA72-4 for GA detection are
approximately 20% [1], and the sensitivities of all markers
combined for early gastric cancer detection is still very low
[2]. DNA methylation plays a major role in tumorigene-
sis and therefore has obvious potential as a non-invasive
biomarker for cancer detection [3]. Through genome-wide
methylation analysis and histological verification, we pre-
viously identified ring finger protein 180 (RNF180) as a
novel preferentially methylated gene in GA [4, 5].
To increase the sensitivity for detecting GA, we com-

bined mRNF180 and other methylated DNA markers.
According to previous studies, the sensitivity and speci-
ficity of circulating methylated SEPTIN9 (mSEPT9) are
estimated to be 50%-70% and ≥ 90%, respectively, to detect
colorectal cancer (CRC) [6, 7]. GA and CRC share simi-
lar biological features. Notably, GA and CRC share many
similar aberrant promoter DNAmethylations, resulting in
sharing many consistent gene methylation biomarkers [8].
Therefore, we attempted to establish a panel of mRNF180
and mSEPT9 (RS9 panel) for the early detection of GA.
The study protocols are included in the Supplementary
Materials.
To assess the diagnostic potential of the RS9 panel,

we prospectively examined 324 plasma specimens from
195 GA patients and 129 controls in the training cohort
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(Supplementary Figure S1, Supplementary Table S1). All
subjects underwent upper endoscopy before blood col-
lection. Receiver operating characteristic (ROC) analysis
revealed that methylation levels of mSEPT9 andmRNF180
performed well to distinguish GA from control patients,
as evidenced by high area under the curve (AUC) val-
ues of mSEPT9 (AUC: 0.723, 95% confidence interval [CI]:
0.669–0.776) and mRNF180 (AUC: 0.748, 95% CI: 0.695–
0.800) (Supplementary Figure S2). ROC analysis using a
combination of mSEPT9 and mRNF180 revealed that the
RS9 panel was effective in discriminating cancer patients
from controls (AUC: 0.791, 95% CI: 0.743–0.839) (Supple-
mentary Figure S2C). We then selected cut-off values of
mSEPT9 and mRNF180 from the ROC curve that provided
higher sensitivity while ensuring specificity was above
85%. The present results align with previous studies, and
mSEPT9 showed high tumor specificity. Therefore, the
cut-off threshold cycle (Ct) value of mSEPT9 was based
on a previous study [6] (mSEPT9 cut-off 45.0). The cut-
off ΔCt value of mRNF180 was rounded to make this
methylation marker panel easier to follow. A blood sam-
ple was consideredmethylation positive if at least one, two
or all three PCR replicates were positive for target gene
methylation. Using Youden’s index, the best-rounded cut-
off plasma levels of mRNF180 and mSEPT9 were 9.0 and
45.0, respectively (Supplementary Figure S2D).
To validate the performance of the RS9 panel, 1,381

subjects were included in amulticenter prospective valida-
tion cohort (Supplementary Figure S1). The control group
included 527 subjects without neoplastic lesions. A total
of 689 participants were diagnosed with gastric neoplastic
lesions, including GA (n= 650) and gastric dysplasia (GD)
(n= 39) (Supplementary Table S2). The remaining 165 sub-
jects of the validation cohort had other malignant tumors
(Supplementary Table S3).
We examined whether the methylation status of

mSEPT9 and mRNF180 was related to the clinicopatho-
logical features of GA patients (Supplementary Table S4).
Only sex correlated with mRNF180 status (P = 0.003).
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F IGURE 1 Testing and validation of mSEPT9 and mRNF180 in the validation cohort. (A, B) Methylation levels of RNF180 and SEPT9 in
the plasma by the disease status in the prospective validation cohort. Dot plots illustrating DNA methylation levels of subjects with gastric
neoplastic lesions or non-neoplastic disease (mRNF180 and mSEPT9, respectively) are shown; (C) ROC curve analysis of mSEPT9, mRNF180,
and the RS9 panel in GA patients and controls; (D) Diagnostic performance of mSEPT9, mRNF180, and the RS9 panel in GA patients and
controls. Abbreviations: AG, atrophic gastritis; AUC, area under the curve; Ct, threshold cycle; DE, diagnostic efficiency; GA, gastric
adenocarcinoma; GP, gastric polyp; IM, intestinal metaplasia; NA, not available; Non-AG, non-atrophic gastritis; NPV: negative predictive
value; PPV: positive predictive value.

Female GA patients had a higher positive rate of mRNF180
than male patients. The mSEPT9 status was associated
with age, T stage, N stage and pathological TNM stage
(all P < 0.05). Patients with a positive mSEPT9 status
were typically older, with advanced T, N and pathological
stages.
Compared with controls, the methylation levels of

mRNF180 and mSEPT9 were higher in cancer patients,
even in stage I GA (all P < 0.001; Figure 1A-B). In con-
trol participants, no significant difference was observed
in the methylation levels of either mRNF180 or mSEPT9
among non-neoplastic subgroups (P= 0.503 and P= 0.391,
respectively) (Figure 1A-B). ROC analyses revealed that
methylation levels of both mSEPT9 and mRNF180 had
good performances in discriminating patients with or
without GA, as demonstrated by high sensitivity, speci-
ficity, and AUC values of mRNF180 (sensitivity: 46.2%, 95%
CI, 42.3%–50.1%; specificity: 87.3%, 95% CI, 84.1%–89.9%;
AUC: 0.723, 95% CI, 0.694–0.752), mSEPT9 (sensitivity:
40.0%, 95% CI, 36.2%–43.9%; specificity: 96.0%, 95% CI,
93.9%–97.5%; AUC: 0.741, 95% CI, 0.713–0.769), and the
RS9 panel (sensitivity: 62.2%, 95% CI, 58.3%–65.9%; speci-

ficity: 84.8%, 95% CI, 81.4%–87.7%; AUC: 0.804, 95% CI,
0.779–0.829) (Figure 1C-D).
In the pathological subgroups, the sensitivity of the RS9

panel was increased in parallel with the progression of
neoplastic lesions from GD to stage IV GA (χ2 for lin-
ear association = 29.7, P < 0.001) (Supplementary Figure
S3A). In age subgroups, older participants had higher sen-
sitivity to the RS9 panel than younger participants (χ2
for linear association = 12.0, P = 0.001) (Supplemen-
tary Figure S3B). Sensitivities for female and male GA
patients were 70.2% and 59.1%, respectively (P = 0.003)
(Supplementary Figure S3C). The analysis revealed no
significant differences in the sensitivity distributions of
the RS9 panel between subgroups based on Lauren sub-
types (Supplementary Figure S3D). Subjectswith intestinal
metaplasia (IM) or gastric polyps had higher false-positive
rates of the RS9 panel than those with atrophic gastritis
(AG) or non-AG, but the differences were not statisti-
cally significant (Supplementary Figure S3E). Overall, the
RS9 panel demonstrated relatively high organ specificity
among several solid malignancies, except for GA, includ-
ing breast (12.5%), lung (17.2%), liver (20.0%), esophageal
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(21.0%), pancreatic (25.0%) and colorectal cancers (63.6%)
(Supplementary Figure S3F).
Information about conventional protein markers was

unavailable for all patients. Data for the RS9 panel, three
conventional protein markers (CEA, CA19-9, and CA72-4)
were available for 533 patients with GA and GD, and 127
representative controls. Compared with protein markers,
the RS9 panel showed similar specificity and significantly
higher sensitivity (Supplementary Tables S5-S7). Each of
these three protein markers had a sensitivity of 20.6%,
20.8% and 22.7%, respectively, for GA detection and 5.5%,
6.7% and 12.3%, respectively, for GD and stage I GA detec-
tion (Supplementary Table S7). The sensitivity of the RS9
panel was more than treble that of these three protein
markers. Notably, the positive detection rate of GD and
stage I GA was 22.1% (95% CI, 16.1%–29.4%) in combina-
tionwith the three proteinmarkers, whereas the RS9 panel
was two timesmore sensitive (47.9%, 95% CI, 40.0%–55.8%)
(Supplementary Table S7).
The proposed RS9 panel exhibited a high degree of

specificity but only a moderate degree of sensitivity.
Unlike earlier liquid biopsy panels for GA [9], this panel
incorporated only two methylation genes, which simpli-
fied the design of the detection panel. We believe this
panel provides an alternative for patients who are unable
or unwilling to undergo initial endoscopic screening,
similar to the plasma mSEPT9 test for CRC screening.
Although the same topic study has been published previ-
ously [10], this study had several strengths, including 1)
the first large-scale multicenter study; 2) analysis of the
performance of the RS9 panel in different TNM stages; and
3) analysis of the performance of RS9 panel in malignant
tumors other than GA. This RS9 panel for GA diagnosis
was approved by the National Medical Products Admin-
istration in China, and post-marketing surveillance data
will clarify its performance in various clinical scenarios,
including population GA screening and postsurgical
surveillance.
In conclusion, we developed and validated a blood

methylation biomarker panel assay using mRNF180 and
mSEPT9 and established a reliable technique for diagnos-
ing GA. The methylation status of mRNF180 and mSEPT9
can be used to detect GA at an early treatable stage.
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