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A novel stool-based SDC2 DNA methylation test
is more robust than FIT and plasma CEA in
detecting colorectal neoplasia in China
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ABSTRACT
BACKGROUND: Recent studies have shown that aberrant methylation of Syndecan-2 (SDC2) can be detected
in stool samples from patients with colorectal cancer (CRC) and advanced adenoma (AA). This study aims to
evaluate both the effectiveness and accuracy of a stool DNA (sDNA) test of methylated SDC2 in detecting CRC
and AA in comparison to a fecal immunochemistry test (FIT) and plasma carcinoembryonic antigen (CEA).
METHODS: The study enrolled 120 participants who were either diagnosed with CRC and AA or were CRCor AA-negative according to colonoscopy. Stool samples for each participant were collected and subjected to
both FIT and the sDNA test for SDC2 methylation. Meanwhile, peripheral blood was drawn to assess plasma
CEA level. Analytical performance of these three detection methods was compared in terms of sensitivity and
specificity. Furthermore, Spearman correlation was performed to evaluate possible correlation between SDC2
methylation and clinical characteristics in CRC patients. RESULTS: The sensitivity of the sDNA test in
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detecting CRC was 90.7%, significantly higher than both FIT (58.1%) and plasma CEA (20.9%). The detection
rate of the sDNA test for AA was also respectable at 52.7%, dramatically better than FIT (9.1%) and plasma
CEA (3.6%). The sDNA test was also particularly robust for stage I/II CRC at 87% sensitivity. Moreover, it
could detect a significant number of colonic carcinomas in situ as well as high-grade intraepithelial neoplasia,
besting FIT and CEA by a large margin (11/13 vs. 3/13 vs. 1/13). For both SDC2 testing and FIT, the specificity
was 86.4%, lower than the 90.9% specificity observed for plasma CEA. Interestingly, we found that SDC2
methylation status was positively correlated with tumor location, TNM staging, and size, but inversely
correlated with age at diagnosis. CONCLUSIONS: Single-target SDC2 methylation testing is a more sensitive
detection strategy for CRC and AA than conventional approaches such as FIT and plasma CEA in China. (Am
J Transl Med 2020. 5(1):37-50).
Keywords: Colorectal neoplasia, SDC2, Stool DNA, Gene methylation, Sensitivity
(Manuscript received July 5, 2020, accepted July 28, 2020; published online January 30, 2021)

drawbacks including a subpar performance–price
ratio, limited accuracy, or invasiveness. Therefore,
mass screening for CRC in China demands a more
effective screening method in order to be genuinely
effective.

INTRODUCTION
Colorectal cancer (CRC) is the third most common
malignant tumor and the second leading cause of
cancer-related death worldwide (Bray et al., 2018). In
China, CRC is the fourth most common cause of
death for women and the fifth for men. Moreover, the
morbidity and mortality rates of CRC have risen in
recent decades (Chen et al., 2016). Since the 5-year
survival rate of CRC is closely related to the stage of
the malignancy (Cellini et al., 2020; Jemal et al.,
2017), early detection and preventive measures are
essential to reduce the incidence and mortality of
CRC (Bray et al., 2018). Micro-simulation modeling
shows that the decline of the CRC death rate is
consistent with increased screening (Knudsen et al.,
2016), an important measure to detect precancerous
lesions or new-onset CRC in the asymptomatic phase
(Levin et al., 2008). Several countries have developed
national screening programs to reduce the incidence
of CRC (Imperiale et al., 2014; Rex et al., 2017b;
Zhang et al., 2015). Among them, routine methods for
screening the average-risk population include fecal
occult blood test (FOBT), fecal immunochemistry
test (FIT), plasma carcinoembryonic antigen (CEA),
and colonic endoscopy. Though these methods show
benefits in detecting CRC, each has various

In recent years, stool-based testing has attracted
widespread attention due to its noninvasiveness and
elimination of the need for extensive bowel
preparation. A multitarget stool DNA (sDNA) test
demonstrated excellent performance characteristics
in a large-scale CRC screening in the United States,
showing 92.3% sensitivity and 86.6% specificity
(Imperiale et al., 2014; Lai et al, 2018). The test
detects CRC-associated alterations in several genes –
including a somatic mutation in KRAS and promoter
hypermethylation in BMP3 and NDRG4 – in addition
to hemoglobin by FIT. The high-throughput and
quantitative fecal DNA detection technology was
later improved to increase sensitivity for
precancerous lesions and adenomas (Ahlquist et al.,
2012). In 2014, it was approved for commercial use
by the US Food and Drug Administration (FDA), and
subsequently recommended as a novel CRC
screening option by the US Preventive Services Task
Force, the US Multi-Society Task Force, and the
National Comprehensive Cancer Network (BibbinsDomingo et al., 2016; Provenzale et al., 2018; Rex et
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al., 2017a; Wolf et al., 2018). However, this test is
more complex and expensive than other methods
such as FIT and plasma CEA.

with those of FIT and plasma CEA, and the
correlation between SDC2 methylation and several
clinical features of CRC was also investigated,
providing new data to help evaluate and select
appropriate CRC screening strategies.

The development and progression of CRC, from
adenomas to adenocarcinomas, is associated with
abnormal methylation of a wide spectrum of genes
(Barták and Kalmár, 2017; Mitchell et al., 2014; Oh
et al., 2013; Okugawa et al., 2015; Ørntoft et al., 2015;
Park et al., 2018; Yang et al., 2013). In recent years,
the SDC2 gene has been found to be hypermethylated
in CRC cell lines and tissues, but hypomethylated in
normal tissues (Choi et al., 2015; Jang et al., 2017;
Kim and Park, 2018; Mitchell et al., 2014; Niu et al.,
2017; Oh et al., 2013; Oh et al., 2017; Park et al.,
2018). SDC2 encodes a highly glycosylated
membrane protein that is a member of the
synaptoprotein
family
of
heparin
sulfate
proteoglycans. As a co-receptor for cell signaling and
for extracellular matrix molecules, SDC2 plays an
indispensable role in cell-cell adhesion and
communication (Essner et al., 2006). In
tumorigenesis and metastasis, SDC2 is also essential
in regulating adhesion, migration, angiogenesis, and
metastasis (Choi et al., 2017; Sun et al., 2014).
Therefore, it provides a potential target for
developing molecular markers and therapeutic agents
to detect and treat CRC (Choi et al., 2015; Jang et al.,
2017; Mytilinaiou et al., 2017). Recently, SDC2
promoter hypermethylation was found capable of
discriminating normal individuals from people with
CRC and large adenomas in both tissue and stool
specimens (Niu et al., 2017). Therefore, a singletarget sDNA test of methylated SDC2 was
subsequently developed (Wang et al, 2020).

SUBJECTS AND METHODS
Study participants
The study enrolled 155 individuals of Han Chinese
ancestry from the Digestive Center of Songjiang
Hospital from April 13, 2018 to July 30, 2019.
Participants who met any of the following criteria
were included: (i) Subjects who underwent
colonoscopies and, in case of abnormal findings, had
biopsies and were diagnosed based on the
pathological reports; (ii) Patients with CRC who had
been diagnosed prior to surgery; (iii) Patients whose
pathological findings were benign or malignant
before endoscopic resection of adenomas; (iv)
Patients whose stool samples were collected before
bowel preparation prior to colonoscopy or at least one
week after colonoscopy but before surgeries to
remove CRC and advanced adenoma (AA). All
medical personnel involved in CRC testing
(including the SDC2 methylation test, FIT, and
plasma CEA) were blinded to the participants’
diagnostic status. All tests for CRC or AA patients,
who were nonrandomly selected for the current
clinical study, were conducted before the cancerous
or precancerous lesions were removed via surgical or
endoscopic resection. AA was defined as adenoma
with either maximum diameter ≥1 cm, high-grade
intraepithelial neoplasia, or substantial villous
structures (Imperiale et al., 2014). Stool and plasma
samples from control individuals were used to
minimize analytical bias and assess false-positive
rates in this outpatient setting. Some patients were

The current study compared the performance of a
sDNA test of methylated SDC2 to FIT and plasma
CEA for the detection of CRC in a hospital-based
cohort of 120 participants. The sensitivity and
specificity of the test were computed and compared
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excluded from the study based on the following
criteria: (i) Patients with other malignant tumors; (ii)
Patients with CRC who had received radiotherapy
and/or chemotherapy; (iii) Patients without
colonoscopy biopsy or postoperative pathology
information; (iv) Patients with ambiguous diagnosis；
(v) Patients with loose stools, watery stools, or
inability to provide stool samples; (vi) Patients whose
stool samples were collected less than one week after
colonoscopy but before surgery for CRC and AA; (vii)
Patients with neuroendocrine neoplasia; (viii) Cases
with incomplete information on FIT and plasma CEA.
Based on these criteria, a total of 35 enrolled subjects
were excluded from the final analysis (22.6%). Our
study was performed in accordance with the
principles of the Declaration of Helsinki with regard
to ethical research involving human subjects, and the
protocols were approved by the Institutional Review
Board of Songjiang Hospital (approval ID: 201811).
Written informed consent was obtained from all
participants prior to enrollment.

(Creative Biosciences, Guangzhou, China). Briefly,
3.2 ml crude stool samples were placed in a filter tube
and centrifuged at 5,000 rpm for 5 min at room
temperature. The supernatant was incubated with 2
ml lysis buffer and 50 μl M1 magnetic beads at 95°C
for 15 min and cooled at room temperature for 1 h.
The formed bead/hybrid complexes were washed
with 800 μl washing buffer, denatured in 50 μl
sodium hydroxide solution, and treated with 100 μl
sulfite buffer at 65°C for 70 min. The captured DNA
was mixed with M2 magnetic beads in binding buffer
and incubated for 15 min at room temperature. After
two washes with 800 μl washing buffer and treatment
with 200 μl desulfonic acid solution for 15 min at
room temperature, the bisulfite-treated DNA samples
were again washed twice and collected in 60 µl
elution buffer.

Quantitative methylation-specific PCR
(qMSP)

Fecal samples with an average weight of 4.5 g were
collected from each participant using a semiquantitative stool collection device (Creative
Biosciences, Guangzhou, China). Samples were kept
in a preservation buffer to prevent DNA degradation.
The buffer-protected stool samples were transported
to the designated testing laboratory within 3 days.
The stool samples were homogenized and centrifuged
immediately after they were received by the lab, and
the supernatants were aliquoted and stored at −80°C
for subsequent processing.

Real-time qualitative methylation-specific PCR
(qMSP) was performed to detect SDC2 methylation
in DNA samples. ACTB was used as a reference gene
for bisulfite treatment and DNA input. PCR
amplification was run on LightCycler 480II (Roche,
Basel, Switzerland) under the following cycling
conditions: 95°C for 5 min, 48 cycles at 95°C for 20
s, 58°C for 60 s, and 72°C for 30 s, and a final cooling
step at 37°C for 30 s. For every run, the bisulfitetreated DNA samples were amplified together with a
water blank, a positive control, and a negative control.
The complementary strand to the TaqMan probe of
methylated SDC2 was used to calculate marker
performance.

DNA extraction and bisulfite treatment

Results interpretation

Target human genes in stool DNA including SDC2
and the reference gene β-actin (ACTB) were purified
and detected with a methylation-specific detection kit

The cycle threshold (Ct) value of SDC2 methylation
was computed by an Abs Quant/2nd Derivative Max
method on Roche Light Cycler 480II. Patient samples

Fecal sample collection and processing
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Statistical analysis

were considered valid if the Ct value of ACTB was
≤36. The results were dichotomized into positive
and negative based on a pre-specified cut-off SDC2
Ct value of 39: A sample was considered positive for
SDC2 methylation if its Ct value was ≤ 39 and
negative for SDC2 methylation if its Ct value
was >39 or if it had no Ct value. Samples were
deemed invalid if Ct value of ACTB was >36 or if
there was no Ct value. In these cases, a new aliquot
of the stool sample was used for reanalysis.

Wilcoxon rank sum tests were performed to compare
methylation
levels
between
the
different
experimental groups. Data distribution was plotted
for SDC2 after log transformation to reduce skewness.
The Fisher exact test was used to evaluate the
correlation between methylation levels and
demographic and clinical characteristics. P-values
<0.05 were considered statistically significant. A
receiver operator characteristic (ROC) curve was
constructed to compare SDC2 methylation levels
among the different groups. The associated area
under the curve (AUC) value was calculated for each
ROC curve. Statistical analyses were conducted with
Graph Pad Prism version 6.0 (Graph Pad Software
Inc, San Diego, CA). Spearman correlation analysis
was further performed with SPSS 20.0 (IBM
Corporation, Armonk, NY) to evaluate possible
correlation between SDC2 methylation and clinical
and pathological characteristics of CRC patients.

FIT and detection of plasma CEA
A colloidal gold immunochromatographic assay was
used for FIT and performed according to the
manufacturer’s instructions (W.H.P.M. Inc., Beijing,
China). The result was positive if lines T and C
agglutinated to each form a color band, and the result
was negative if only line C formed a color band.
Electrochemiluminescence immunoassay was used
to detect plasma CEA on MODULAR Analysis
YTICS E170, Cobas E601, and Cobas E602 (Roche).
The result with plasma CEA ≤6.5 ng/ml was called
negative and otherwise positive. All tests were
performed in the clinical laboratory of Songjiang
Hospital.

RESULTS
Demographic and clinical features of
CRC, AA, and control groups
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Of the 120 study participants in the final analysis, 43
had CRC (35.8%), 55 had AA (45.8%), and 22 had
neither (control; 18.3%) based on colonoscopy
examinations and/or pathological reports. The control
group consisted of individuals with ulcerative colitis,
benign polyps, non-AA (<1cm), and negative
colonoscopy findings (Table S1-3). The baseline
demographic and clinical information for the study
participants is summarized in Table 1. There were
significant age differences between the three groups:
The CRC group had the oldest median age (68) while
the control group had the youngest (61.5).
Significantly more men than women were present in
both CRC and AA groups (25 VS 18; 38VS. 17), and
more than half of the participants in the CRC group

(23/43, 53.5%) had early-stage cancers (stage I/II). A
large proportion of the CRC tumors and AAs were
located at distal region of the colon (66/98, 67.3%),
and their sizes varied widely from 0.6 to 9.0 cm. The
majority of cancers were in the moderately
differentiated or well differentiated state (39/43,
90.7%).

Performance characteristics of sDNA
methylation test, FIT, and plasma CEA
The median logarithmic methylation levels of SDC2
in the CRC and AA groups were significantly higher
than that in the control group (P<0.001 and P=0.002)
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(Figure 1A). There was a statistically significant
difference in FIT test performance for CRC vs.
control (P=0.001) but not for AA vs. control

(P=0.622) (Figure 1B). There was no difference in
plasma CEA test performance between either CRC vs.
control or AA vs. control (P=0.441 and 0.162,
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respectively) (Figure. 1C). Additionally, the AUC of
SDC2 methylation was 0.94 (95% CI: 0.89–1.00) for
the CRC vs. control groups and 0.74 (95% CI: 0.62–
0.85) for the AA vs. control groups (Figure 2A),
indicating that the SDC2 methylation test was
excellent at discriminating between CRC and control
and fair at discriminating between AA and control.
The AUC of FIT and plasma CEA was either equal to
or below 0.74, indicating much less robust
performance (Figure 2B and C).

and 52.7% for AA, significantly higher than that of
the FIT (58.1% and 9.1%, respectively) and plasma
CEA (20.9% and 3.6%, respectively) methods (Table
2). Notably, the sDNA test also delivered a strong
performance of 87.0% sensitivity in detecting earlystage CRC (stage I/II). More importantly, the sDNA
test was able to uncover five cases of stage 0 CRC
and eight cases of high-grade intraepithelial dysplasia,
most of which were not detected by FIT or plasma
CEA (Table S2). Even though the sDNA test did not
have the highest specificity among the diagnostic
tests investigated, its specificity was still respectable
at 86.4% (19/22).

A total of 71 participants with a Ct value ≤39
were classified as having positive SDC2 methylation
in this study. Among these individuals, 39 were
diagnosed with CRC, 29 were diagnosed with
nonmalignant AAs, and three were false positives.
Among the 39 CRC cases, there was no statistically
significant difference in the ability of the sDNA test
to detect early- or late-stage tumors, indicating equal
detection capability for both tumor types. The
sensitivity of SDC2 methylation was 90.7% for CRC

Association of SDC2 gene methylation
with clinical characteristics of CRC
patients
Among the 43 CRC patients in the study, fecal SDC2
methylation was not correlated with gender and
tumor differentiation by either Fisher exact test or
Spearman correlation analysis (Table 3, Table S4).
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The sDNA test seemed to perform equally well
between male and female participants, and there was
no statistically significant difference in the test’s
capacity to detect tumors in a poorly, moderately, or
highly differentiated state. Though the dichotomous
methylation level of SDC2 was not significantly
associated with any of the clinical characteristics
analyzed (Table S4), in Spearman correlation
analysis, logarithmic methylation levels of SDC2
were positively correlated with tumor stage, location,
and size (measured by its maximum diameter) in
patients with CRC (Table 3). Meanwhile, logarithmic
methylation levels of SDC2 were inversely associated
with patient age at CRC diagnosis, indicating that
SDC2 methylation levels may be reduced in CRC
patients with increased age. All of these correlations
were statistically significant (Table 3). In addition,
almost all tumors located at both proximal and distal
regions of the colon were identified by the sDNA test
(11/12 vs 28/31, respectively), suggesting that tumor
location has no apparent effect on tumor detection
rate, even though it was associated with decreased
methylation levels (Table S1). Furthermore, the
sDNA test could detect early-stage cancers (I/II) as
well as late-stage ones (III/IV) at high rates (87.0%
vs 95.0%), suggesting that hypermethylation of the
SDC2 promoter would be an early and frequent event
in the pathogenesis of CRC. Although larger tumors
were associated with increased logarithmic
methylation levels of SDC2, there was no statistically
significant difference in the ability of the sDNA test
to detecting large (>3 cm) vs. small (≤3 cm) CRC
tumors (22/23 vs. 17/20, P=0.324; Table S4).

detection has produced a series of potential new
screening modalities (Issa and Noureddine, 2017). In
China, the main screening methods for CRC include
FIT, plasma CEA, and colonoscopy. The present
study demonstrates that the sensitivity of CEA and
FIT to detect CRC and AA was <60% in this hospitalbased cohort. Although FIT screening is still widely
used and has an effect on the short-term mortality rate
of CRC, it has no effect on overall CRC mortality
(Shaukat et al., 2013). Detection of plasma CEA is
used to monitor CRC recurrence in some
circumstances, but as a screening method for early
CRC, it has severe limitations (Gao et al., 2018).
Therefore, FIT and plasma CEA are not ideal
approaches for mass screening of CRC. Meanwhile,
though colonoscopy can reduce the incidence of CRC
by 67% and the mortality of CRC by 65%, it is poorly
accepted for screening in China due to the
cumbersome intestinal preparation involved, as well
as its invasiveness, discomfort, and complications
including intestinal perforation and bleeding (Kahi et
al., 2009). Therefore, only 14% of the targeted
population actually participated in the Cancer
Screening Program in urban China from 2012-2015
(Chen et al., 2019). Given its noninvasive and userfriendly nature, the sDNA test could serve as a new
first-line screening choice, particularly for the
colonoscopy-averse population. Furthermore, more
robust performance of sDNA testing in detecting
early-stage CRC and nonmalignant AA delivers it a
clear advantage over FIT and plasma CEA methods.
Elevated SDC2 methylation levels can alert
endoscopists to observe patients more carefully
during subsequent colonoscopy procedure, especially
when they are searching for small or flat lesions with
poor intestinal preparation, which is not uncommon
in China. The sDNA test has the potential to increase
the compliance rate for CRC screening among the
average-risk population and to enhance the
effectiveness and accuracy of each colonoscopy
examination.

DISCUSSION
Biomarkers play critical roles in personalized
medicine and are used to screen patients who may
respond substantially to target therapies (Wang et al,
2020). Research on molecular markers in CRC
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The clinical performance of this fecal DNA test of
SDC2 methylation for CRC detection is robust and
comparable to many of previously published reports
(Ahlquist et al., 2012; Barták and Kalmár, 2017; Han
et al., 2019; Itzkowitz et al., 2008; Park et al., 2018).
Three false negatives from the fecal DNA test were
diagnosed by colonoscopy as one rectal tumor, one
cancer in the sigmoid colon, and one cancer in the
ascending colon. The false negatives could be
attributed to two possible factors. First, it is possible
that SDC2 was not methylated in these malignant
tumors, as has been shown in some tumor tissue
specimens by Feng and colleagues (Niu et al., 2017).
Second, it is possible that an inadequate number of
exfoliated tumor cells were collected from stools of
these patients, and hence fewer DNA molecules were
available for qMSP reactions. Thus, future studies
should examine the effects of adding new markers,
collecting multi-point samples, and deploying new
detection methods to increase the sensitivity of the
sDNA test.

levels of SDC2 and clinical and pathological features
of CRC. We detected significant associations
between SDC2 methylation level and tumor size,
location, staging, and age of diagnosis, providing a
deeper insight into the evolving pattern of SDC2
methylation as tumors develop and progress. Korean
researchers have previously reported that the level of
SDC2 methylation in tissue specimens increases with
lesion severity (Oh et al., 2017), and, consistent with
this, the current study showed elevated level of SDC2
methylation as the tumor size increased and the stage
progressed. The fact that a similar correlation exists
between SDC2 methylation levels in stool and the
growth and progression of tumor tissues suggests that
the sDNA test is a powerful and effective method to
detect methylated SDC2 in fecal samples as well as
in tumor tissues.
In summary, the sDNA test delivered a more robust
performance compared to FIT and plasma CEA in a
clinical setting and shows promise as an emerging
and attractive option for CRC and AA detection and
screening. However, there are still several limitations
associated with the present investigation. First, the
sample size of the current study was limited.
Furthermore, the sensitivity and specificity values of
the sDNA test obtained from current study only make
sense when compared with the other two methods. In
order to obtain accurate and statistically significant
performance values, further large-scale multicenter
investigations in hospital-based cohort as well as an
average-risk population are required. Second, our
control group was composed of a mixture of healthy
individuals and patients with various gastrointestinal
disorders, which may have adversely affected the
specificity and therefore the accuracy of the testing.
Even though a pilot study showed that a plethora of
diseases did not seem to affect stool-based SDC2
methylation detection (Yu and Sung, 2019),
comprehensive and systemic data are not available to
assess the exact effect of interfering diseases such as

The current study has several strengths. First, it
compared the clinical performance of three NMPAapproved single-target detection methods of CRC and
AA in China head-to-head. The study shows, for the
first time, that a newly developed single-target sDNA
test of methylated SDC2 outperforms the sensitivity
of its two widely-used competitors, FIT and plasma
CEA, by an absolute margin of more than 30% and
40% for CRC and AA, respectively. Second, the
clinical study was enriched with 55 AA cases, more
than 50% of which showed positive SDC2 promoter
hypermethylation in the fecal test. Additionally, most
stage 0 CRC cases with high grade intraepithelial
dysplasia were detected by this sensitive method.
This desirable outcome is particularly relevant since
it demonstrates the potential of the test to screen
precancerous lesions in addition to malignant tumors.
Third, the current study performed a Spearman
correlation analysis between logarithmic methylation
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cancers of the digestive tract on the test’s
performance. Third, the sDNA test was designed
based on the Chinese genetic background and
lifestyle, which could differ significantly in other
ethnic groups (Han et al., 2019; Niu et al., 2017).
Therefore, the efficacy of the SDC2 methylation test
for CRC and AA in other ethnic groups should also
be investigated, enabling the development of tailored
tests for clinical practice around the globe.
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