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Abstract

This review article summarizes the research advances
of the plasma-based SEPT9 gene methylation assay
for the clinical detection of colorectal cancer and its
limitations. Colorectal cancer is a common malignancy
with a poor prognosis and a high mortality, for which
early detection and diagnosis are particularly crucial for
the high-risk groups. Increasing evidence supported
that SEPT9 gene methylation is associated with the
pathogenesis of colorectal cancer and that detecting
the level of methylation of SEP79 in the peripheral
blood can be used for screening of colorectal cancer
in susceptible populations. In recent years, the data
obtained in clinical studies demonstrated that the
SEPTY gene methylation assay has a good diagnostic
performance with regard to both sensitivity and specificity
with the advantage of better acceptability, convenience
and compliance with serological testing compared with
fecal occult blood tests and carcinoembryonic antigen for
colorectal cancer (CRC). Furthermore, the combination
of multiple methods or markers has become a growing
trend for CRC detection and screening. Nevertheless,
the clinical availability of the methylated SEPT9 assay
is still limited because of the large degree of sample
heterogeneity caused by demographic characteristics,
pathological features, comorbidities and/or technique
selection. Another factor is the cost-effectiveness of
colorectal cancer screening strategies that hinders its
large-scale application. In addition, improvements in
its accuracy in detecting adenomas and premalignant
polyps are required.

Key words: Plasma; SEPT9; Methylation; Colorectal
cancer; Early detection
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Core tip: The methylated SEP79 gene has been implicated
as a biomarker for colorectal cancer associated with the
pathogenesis of colorectal cancer (CRC). In this article,
we reviewed the literature on the correlation of SEPT9
gene and colorectal cancer and the theoretical basis of
the SEPT9 gene methylation assay. Then, we focused
on the diagnostic performance of the SEPT9 gene
methylation assay for CRC by analyzing the clinical trial
studies and compared that assay with other methods.
Finally, we discussed the limitations of the SEP79 gene
methylation assay in clinical application. We hope that
this article can provide a comprehensive overview of
the progress achieved in the SEP79 methylation assay
for both the basic and clinical sciences.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
malignant tumors of the digestive system and
results in significant morbidity and mortality. As it is
estimated, there were approximately 135430 new
cases of colorectal cancer, including men and women,
in 2017 The incidence is higher in men than women
and markedly increases with age'. CRC kills almost
700000 people every year, making it the world’s
fourth deadliest cancer (after lung, liver and stomach
cancers)®. As research has shown, the incidence and
mortality rates of CRC vary up to 10-fold worldwide,
with distinct gradients across human development,
pointing towards widening disparities and an increasing
burden in countries in transition*. In general, its
incidence and mortality rates are still rising rapidly in
many low-income and middle-income countries.

The initial symptoms of colorectal cancer, however,
are atypical, leading to a poor prognosis and high fatality
rate. Therefore, screening of CRC in the population
is of great significance for its early diagnosis and
treatment. Currently, CRC screening approaches are
divided into two categories: Invasive and noninvasive
methods. The invasive methods, such as colonoscopy,
remain the main screening tools due to their very
good diagnostic performance, enabling the detection
and removal of precancerous lesions™. However, it
requires thorough bowel preparations. Additionally,
discomfort and privacy infringement contribute to poor
compliance among patients. Non-invasive screening
approaches, which include fecal occult blood tests
(FOBT), fecal immunochemical tests (FITs) and
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carcinoembryonic antigen (CEA), are more easily
acceptable. However, their effectiveness may not be
guaranteed. Although various guideline-recommended
methods are available for CRC detection, patient com-
pliance remains low. The data in 2013 showed that
only approximately 57% of eligible adults adhered to
the screening recommendations provided by the United
States Preventive Services Task Force®®. Thus, it is very
important to develop an efficient approach to enhance
patient compliance that can be applied to screening the
general population.

Studies”® have shown that the DNA methylation of
certain genes is closely related to the development of
colorectal cancer. Beggs et al™® verified that methylation
changes contribute substantially to the progression
from normal mucosa to adenoma and to carcinoma; for
instance, GRASP, which encodes the general receptor
for phosphoinositide 1-associated scaffold protein, was
differentially methylated in colorectal cancer. Aberrant
DNA methylation in the genome may contribute to
malignant transformation by silencing multiple tumor-
suppressor genes. This type of epigenetic alteration is
believed to occur early in tumor development and may
precede genetic changes™.. In recent years, SEPT9 gene
methylation has been recognized as a hotspot and is
considered to be a specific biomarker of the early stages
of colorectal cancer. It may be a reliable indicator for
screening CRC among high-risk individuals. This paper
reviews the progress in the plasma-based SEPT9 gene
methylation assay for the detection of colorectal cancer.

SEPT9

As we know, there are 14 members (SEPT1-SEPT14) in
the SEPT gene family, whose protein products Septins
are a series of highly conserved GTP binding protein
family. In humans, there are 13 genes, respectively
named SEPT1 to SEPT13; the SEPT9 gene is located
on the human chromosome 17g25. 3"%, contains 17
exons, and spans 240 x 10° bp. The 5'-end regulatory
regions of the SEPT9 gene have a -C- phosphor
-G- site (CpG island), which is the main site of DNA
methylation. In mammals, 60%-90% of CpG sites are
methylated, and most of the remaining unmethylated
residues are clustered in CpG islands within functional
gene promoters!*®. It has been shown™'***! that SEPT
9 has 18 distinct transcripts encoding 15 polypeptides,
with two transcripts (SEPT9_v4 and v4*) encoding the
same polypeptide.

SEPT9 GENE AND COLORECTAL
CANCER

In recent years, growing evidence has shown that
the SEPT9 gene is associated with malignant tumors.
Peterson et a/™® used immunoprecipitation and im-
munofluorescence studies to analyze SEPT9_il and
found that it interacts with both a and y tubulin.
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Figure 1 The outline of the Epi proColon work flow. The test consists of the Epi proColon Plasma Quick kit, PCR kit, and Control kit. The total assay time is
approximately 8 h. For the Plasma Quick kit, 3.5 mL of plasma was mixed with an equal volume of lysis buffer; after incubating for 10 min, magnetic beads and
absolute ethanol were added. After 45 min, impurities were removed from the magnetic beads by centrifugation; the purified DNA was then released from the
beads in the elution buffer and treated at 80 ‘C with a solution of ammonium bisulfite for deamination of cytosine®™. After a series of washing steps, the converted
DNA (bisulfite-modified DNA, bisDNA) was captured by magnetic beads. The bisDNA was assayed with the PCR kit on a Duplexed Real-Time PCR device. Finally,
methylated SEPT9 and PCR results were recorded by the instrument software. In the whole working flow, the processing controls were included to monitor the
execution of the procedure and ensure the validity of the test result and model®.

SEPT9_il-expressing cells demonstrated dramatic Epigenomics AG first studied SEPT9 methylation
chromosome segregation defects, centrosome ampli- based on the SEPT9 biomarker available in Europe in
fication and cytokinesis defects, which indicates that 20081*%, After one year, a commercial kit was finalized
SEPT9_i1 increases genomic instability in the process and the first generation of the CE-marked Epi proColon
of tumorigenesis through two potential molecular real-time PCR kit was launched. This CE-marked IVD
mechanisms: defective chromosome segregation and (In vitro Diagnostic) kit became publicly available in
cytokinesis failure. Additionally, expression of HIF"'”, Europe in 2010. Currently, the second generation of

INK™ and Rho signaling pathways!*®’ may also be the assay is commercially available as the Epi proColon
potential mechanisms of colorectal cancer development 2.0 assay™,

in which the SEPT9 gene is involved. In general, The Epi proColon test is an in vitro
SEPT9 gene encodes a protein called septin-9,  diagnostic PCR method for the qualitative detection
which is part of a group of proteins called septins. of SEPT9 DNA methylation levels in plasma derived

Septins are involved in various biological processes from patients’ whole blood specimens (Figure 1).
such as division of cytoplasm, cell polarization, vesicle To perform the test, approximately 10 mL of whole
transport and membrane reconstruction. The septin-9  piood is a source of sufficient plasma for the analysis.
protein also appears to act as a tumor Suppressor,  The testing cycle performed with the current manual
which means that it regulates cell growth and prevents workflow takes approximately 8 h. As a first step, a
cells from dividing too fast or in an uncontrolled way™.. minimum of 3.5 mL of blood plasma is isolated from
When the methylation occurs at a CpG island, genes the blood sample. Then, the Epi proColon 2.0 test
with high levels of 5-methylcytosine in their promoter consists of two phases. In Phase 1, DNA is extracted
region are transcriptionally silent*; DNA methylation o the plasma fraction and treated with bisulfite-
gradually accumulates on long-term silenced gene and conversion reagents and purified to obtain highly

may resullt in the 2i2r1activation of cancer suppressor purified DNA®®), In Phase II, the test detects the
genes. Téth et al®®! have found that SEPT9 mRNA

expression decreased from adenoma to dysplasia
to carcinoma in the progression of colon neoplastic
disease, which presents a strong significant correlation
of SEPT9 methylation with the mRNA's low expression
in CRC. Thus, downregulation of SEPT9 mRNA and
the decrease in SEPT9 expression may account for
the pathological progression from benign to malignant
lesions in colon tissues.

hyper-methylated v2 region of the SEPT 9 gene and
a region of the ACTB (B-actin) gene as an internal
control by duplex real-time PCR!*., Finally, the Epi
proColon 2.0 test only reports qualitative positive and
negative results. A positive test is indicative of an
increased likelihood for having CRC and a colonoscopy
is recommended as a follow-up for diagnostic
evaluation.

Diagnostic performance of plasma SEPT9 gene
PLASMA SEPT9 GENE METHYLATION methylation

Increasingly, studies®® % are suggesting that the
ASSAY methylation status of SEPT9 is a reliable index for
Methods of the SEPT9 gene methylation assay screening CRC. For evaluating its diagnostic performance,
Due to epigenetic silencing of the SEPT9 gene by we have collected several research results in which the
promoter methylation in plasma, the company sensitivity and specificity are key indicators. Table 1
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Table 1 Sensitivity and specificity of the SEPT? gene methylation assay for colorectal cancer detection

Publications Number of cases Sensitivity Specificity Algorithm Assay used Ref.
Téth et al (2012) 184 (92 CRC, 92 no evidence of 95.6% 84.8% 1/3 Epi proColon 2.0  [27]
disease) (95%CI: 89.2%-98.8%) (95%CI: 75.8%-91.4%)
79.3% 98.9% 2/3
(95%CI: 69.6%-87.1%) (95%CI: 94.1%-100%)
Church et al (2014) 1516 (53 CRC, 1457 without CRC) 48.2% 91.5% 1/3 Epi proColon 1.0  [31]
(95%CI: 32.%-63.6%) (95%CI: 89.7%-93.1%)
Potter et al (2014) 1544 (44 CRC, 1500 non-CRC) 68.0% 80.0% - Epi proColon 1.0  [34]
(95%CI: 53%-80%) (95%CI: 78 %-82%)
Su et al (2014) 234 (172 CRC, 62 controls) 88.4% 93.5% - MSP-DHPLC [28]
Johnson et al (2014) 301 (101 CRC, 200 non-CRC) 73.3% 81.5% - Epi proColon1.0  [32]
(95%CI: 63.9%-80.9%) (95%CI: 75.5%-86.3 %)
Jin et al (2014) 476 (135 CRC, 341 non-CRC) 74.8% 87.4% 2/3 Epi proColon 2.0 [29]
(95%CI: 67.0%-81.6%) (95%CI: 83.5%-90.6%)
Drntoft et al (2015) 300 (150 CRC, 150 controls) 73.0% 82.0% 1/3 Epi proColon 1.0  [33]
(95%CI: 64.%-80%) (95%CI: 75%-88%)
Sharif et al (2016) 90 (45 CRC, 45 controls) 84.4% 99.0% MS-HRM assay  [52]
Wu et al (2016) 1031 (291 CRC, 740 non-CRC) 73.0% 97.5% Epi proColon 2.0  [30]
76.6% 95.9% New SEPT?9 assay
(95%CI: 71.3%-81.4%)
Nian ef al (2016) 25 studies, 9927 samples (2975 71.0% 92.0% 2/3 Epi proColon 2.0  [35]

(CRC, 6952 non-CRC)

(95%CT: 67%-75%)

(95%CI: 89%-94%)

CRC: Colorectal cancer.

shows the data from dlinical trials using the SEPT9 gene
methylation assay published since 2012.

From the table, it can be seen that the plasma
SEPT9 gene methylation assay exhibited a high overall
sensitivity and specificity for CRC detection. Moreover,
with the improved method used in the subsequent
studies, especially after the application of the second-
generation SEPT9 methylation assay (Epi proColon 2.0,
Epigenomics AG, Germany), the detection sensitivity
increased from approximately 48.2%-73.3%"'3%
to approximately 71.0%-95.6%"%7**?%3*1 while the
specificity improved from 80.0%-91.5% to 84.8%-
98.9%. Meanwhile, Wu et a/®™ reported that the
new SEPT9 assay, with enhanced technical simplicity
and a lower cost, presented a sensitivity of 76.6%
and a specificity of 95.9%, which not only did not
differ in performance compared with Epi proColon
2.0 but also reduced the complexity of the testing
process and appeared to be a simpler, cheaper, more
efficient, convenient, and user-friendly alternative
for CRC screening. Additionally, methylation of
SEPT9 detected by MSP-DHPLC (methylation-specific
polymerase chain reaction (PCR)-denaturing high-
performance liquid chromatography)® shows that
the sensitivity and specificity are as high as 88.4%
and 93.5%, respectively, which also appears to be a
useful biomarker in a clinical laboratory setting. Téth
et al® measured the positive predictive value and
negative predictive value, which reached up to 93.8%
(30/32) and 84.6% (22/26), respectively, supporting
the reliability of this assay for CRC detection. Nian et
al®! also estimated an area under the curve (AUC) of
0.88 and diagnostic odds ratio of 27 (95%CI: 18-42)
using a bivariate mixed effect model. Furthermore,
@rntoft et al®® found that the clinical sensitivity for
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CRC stages I -IV was 37%, 91%, 77%, and 89%,
respectively. In comparison, Jin et al*®' described
that methylated SEPT9 was positive in 66.7% of
stage 1 (12/18), 82.6% of stage I (19/23), 84.1% of
stage Il (37/44), and 100% of stage IV (5/5) cases in
90 cases of CRC whose stages were identified based
on the surgically resected specimens. The results
indicate that advanced stage CRCs are more easily
detected by SEPT9 methylation than the early stage.
Although the sensitivity and specificity reported in
Table 1 come from different studies, leading to the
variation in the ability to detect CRC, these results are
still comparable because the majority of studies used
Epi proColon products as the commercialized tests,
and multiple PCR reactions are performed in all of
these studies, which determine the final test result.

As for the test performance of other non-invasive
CRC detection approaches, according to retrospective
case control studiest?”**"28 the FOBT identifies
individuals with CRC with a sensitivity between 33%
and 79% and a specificity between 87% and 98%.
Another recent case control study by Téth et a/*”?
showed that the FOBT was positive in 29.4% (5/17)
of NED (no evidence of disease) and 68.2% (15/22)
of CRC and that elevated CEA levels were detected
in 14.8% (4/27) of NED and 51.8% (14/27) of CRC.
Both the FOBT and CEA showed a lower sensitivity
and specificity than SEPT9 (95.6% and 84.8%). In
addition, Lee et al®® reported that the sensitivity was
as high as 79% (95%CI: 69%-86%) for FIT for CRC
with a specificity of 94% (95%CI: 92%-95%) by
meta-analysis, which is at the same level as SEPT9™",
Johnson et al*” obtained estimates of 68.0% (95%CI:
58.2-76.5%) for the sensitivity and 97.4% (95%CI:
94.1%-98.9%) for the specificity of FIT, and drew the
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conclusion that the sensitivity of the Epi proColon test
was statistically comparable to FIT by analyzing the
paired samples. A study by Song et a/*” also showed
that the SEPT9 assay exhibited significantly higher
sensitivity than the FIT test (75.6% vs 67.1%, P <
0.05) in pooled data of the symptomatic population.
In general, compared with these other CRC detection
tests, the SEPT9 gene methylation assay shows a
good diagnostic performance in both sensitivity and
specificity with the advantage of better acceptability
and compliance of serological testing.

Hence, the promoter hyper-methylation analysis
of plasma SEPT9 DNA has the potential to serve as a
non-invasive screening method for the identification
of specific biomarkers, enabling early detection of CRC
in a large population. This approach holds promise for
increased accuracy, safety, affordability, and patient
compliance™".

Combined detection of the SEPT9 assay with other
colorectal cancer detection tests

The combination of multiple methods or markers has
become an increasing trend in CRC detection and
screening. A recent study conducted by Wu et a/*”
demonstrated that the combination of SEPT9 + FIT
had a high sensitivity for CRC detection (94.4%), and
the sensitivity of combined examination of SEPT9 +
FIT + CEA was 97.2% (76.6%, SEPT9 alone). Another
study™™ found that the sensitivity of joint examination
of SEPT9 and FIT in CRC diagnosis was 97.8% (80.0%,
SEPT9 alone) and that the specificity was 52.9%,
whereas the advanced adenoma diagnosis was 67.6%
(10.8%, SEPT9 alone) and 47.4%, respectively,
which suggested that the combination of the SEPT9
and FIT assays not only significantly enhanced the
sensitivity for CRC detection but also increased the
positive detection rate for advanced adenoma. In
the study of Yu et al***¥, it was seen that the under-
ROC curve area of SEPT9 with CEA and FOBT for CRC
detection reached 0.935. Furthermore, other than
the tests mentioned above, SEPT9 may be combined
with other existing biomarkers for CRC detection,
such as glycoprotein markers or other methylation
markers'™?). A study published by Ténzer et a/"
demonstrated the combined analysis of methylation
status of SEPT9 and ALX4 to be highly significant in
the detection of colorectal polyps with a sensitivity
and specificity reaching 71% and 95%, respectively,
indicating the potential use of the combined methods
in detecting advanced precancerous colorectal lesions.
However, further studies are still required to evaluate
the effect of combined biomarker assays on CRC
detection and screening.

Limitations of the SEPT9 methylation assay

Although the plasma-based SEPT9 methylation
assay performs well with regard to both sensitivity
and specificity, its clinical availability is still limited.
As we can see in Table 1, there is a large degree of
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heterogeneity among studies, which may be due to
many causes, especially the impacts of non-tumor-
related factors on DNA methylation, such as aging,
sex, race, hormone levels, dietary factors'*”, lifestyle
factors (smoking and alcohol consumption)™*®, and
other environmental exposure factors. Song et a/*”)
found a high PDR (positive detection rate) of SEPT9
methylation in normal subjects and cancer patients
over 60 years, which may reflect increased SEPT9 gene
methylation levels with age. Additionally, the increased
false negative rate of the SEPT9 assay is associated
with diabetes, arthritis and arteriosclerosis (P < 0.05)"%,
which can explain why the diagnostic performance
of the SEPT9 assay varies compared to previous
retrospective case-control studies. Nevertheless,
not enough is known to approximate the effect of
demographic characteristics, pathological features and/
or comorbidities on the results of the SEPT9 methylation
assay. Moreover, using a 2/3 algorithm test has a
high true negative rate, although its sensitivity was
higher with a 1/3 algorithm test. On account of
the capability of excluding non-cancer samples and
avoiding the rate of misdiagnosis, the 2/3 algorithm
is recommended for CRC detection. Therefore, the
technique and method selection could also affect the
laboratory results and lead to heterogeneity. Further
studies should pay more attention to examining the
variation in diagnostic accuracy and validating potential
confounding factors affecting DNA methylation
status, in the design of future experimental studies.
These non-neoplastic factors should be taken into
consideration when evaluating DNA methylation to
avoid the influence those caused on the testing results.

The cost-effectiveness is another limitation that
limited large-scale application of the SEPT9 methylation
assay. It was reported™ that the methylated SEPT9-
based strategies were not a cost-saving with the
costs of $8400 to $11500 per quality-adjusted life-
year gained in comparison with established screening
strategies including FOBT, FIT, and colonoscopy. The
current cost of the methylated SEPT9 test in Europe is
approximately 150 Euros, considerably more than fecal
tests'®', In brief, FIT dominated methylated SEPT9
and was preferred among all of the alternatives!**>?,
Even so, the biomarker for colorectal cancer screening
still offers potential benefits over current methods,
but in order to realize its full potential, the plasma-
based assay will need to be acceptable to clinicians
and patients compared to current technologies and
the medical environment. As the emerging SEPT9
methylation assay becomes available clinically, the
decision over whether to adopt it will require weighing
its costs, utilization and longitudinal adherence
against the alternative of putting efforts into improving
current screening strategies. At the population level,
methylated SEPT9 yielded incremental benefit at
acceptable costs when it increased the fraction of the
population screened more than it was substituted for
other strategies™®. Thus, screening costs, utilization,
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adherence, and follow-up are the influential determinants
of the cost-effectiveness of colorectal cancer screening
strategies.

Moreover, the capability of the SEPT9 gene methy-
lation assay for detecting adenomas, which is the most
common precancerous lesion of CRC, is limited. For
early stage CRC (Stage 1), polyps or adenomas,
methylated SEPT9 alone presented quite low sensi-
tivity with approximately 35%*, 20%"" and 11.2%"",
respectively, indicating that this biomarker may be
far from sufficient and effective at screening asympto-
matic CRC patients, despite the diagnostic value of
detecting advanced stage CRCs (II-IV). With the
transformation of the medical pattern, the focus of
hygiene work is switching to prevention rather than
curing. Thus, the detection of precancerous or early
stage colorectal cancer is very crucial for the health
workers to identify high-risk groups and to provide
an accurate early diagnosis. Still, this assay faces
significant challenges nowadays when introduced for
detecting early pre-invasive pathological changes, such
as adenomas and premalignant polyps. On the one
hand, there is plenty of room for improvement in the
method of the methylated SEPT9 assay itself, such as
amelioration of DNA isolation or enhancement of PCR
efficiency. On the other hand, the combination of the
SEPT9 assay with other markers in CRC detection is at
its initial stage, in spite of the detection rate increasing
to 37%"“* by applying an additional methylation
marker like ALX4, but further research is still needed
to evaluate the effect of joint detection and to explore
its possibility, for the sake of improving the sensitivity
for detection of early cancers and advanced adenomas.
More studies on early-stage CRC are expected in the
future.

FUTURE PERSPECTIVES

Taken together, the use of the plasma-based methy-
lated biomarker SEPT9 gene should be the alternative
approach for CRC screening due to greater diagnostic
performance, convenience, and compliance in com-
parison with non-serological methods. The methylated
SEPT9 assay showed relatively high pooled sensitivity,
whereas it was also affected by many factors, leading
to the high level of heterogeneity. Future clinical
diagnostic studies of methylation in blood should
consider the impacts of these factors, especially non-
neoplastic factors (e.g., aging, sex, lifestyle, coexistent
disease, methodology) on diagnostic accuracy.
Moreover, the cost of the SEPT9 methylation assay is
still much higher than the FOBT and FIT. And further
investigation of early CRC is still required, as a result
of its sensitivity for the asymptomatic population in
the screening setting still not being satisfactory, but
improvements in accuracy can be expected as the
diagnostic technology evolves.

In the future, deciphering epigenetic information
including DNA methylation and applying it to the
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selection of appropriate detection methods and the
development of relevant therapy is likely to transform
the diagnosis and treatment of colorectal cancer,
consequently decreasing mortality.
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