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Abstract

AIM: To investigate GATAS5, SFRP2, and ITGA4
methylation in plasma DNA as noninvasive biomarkers
for colorectal cancer (CRC) or adenomas.

METHODS: There were 57 CRC patients, 30 adenomas
patients, and 47 control patients enrolled in this study.
Methylation-specific polymerase chain reaction was
used to determine the promoter methylation status
of GATA5, SFRP2, and ITGA4 genes in plasma DNA,
and their association with clinical outcome in CRC.
The predictive ability of GATA5, SFRP2, and ITGA4
methylation, individually or in combination, to detect
CRC or adenomas was further analyzed.

RESULTS: Hypermethylated GATA5 was detected in
plasma in 61.4% (35/57) of CRC cases, 43.33% (13/30)
of adenoma cases, and 21.28% (10/47) of control
cases. The hypermethylation of SFRP2 was detected
in 54.39% (31/57), 40.00% (12/30), and 27.66%
(13/47) in plasma samples from CRC, adenomas,
and controls, respectively. ITGA4 methylation was
detected in 36.84% (21/57) of plasma samples of
CRC patients and in 30.00% (9/30) of plasma samples
from patients with colorectal adenomas, and the
specificity of this individual biomarker was 80.85%
(9/47). Moreover, GATA5 methylation in the plasma
was significantly correlated with larger tumor size (P =
0.019), differentiation status (P = 0.038), TNM stage
(P = 0.008), and lymph node metastasis (P = 0.008).
SFRP2 and ITGA4 methylation in plasma significantly
correlated with differentiation status (SFRP2, P = 0.012;
ITGA4, P = 0.007), TNM stage (SFRP2, P = 0.034;
ITGA4, P = 0.021), and lymph node metastasis (SFRP2,
P = 0.034; ITGA4, P = 0.021). From the perspective of
predictive power and cost-performance, using GATAS
and SFRP2 together as methylation markers seemed
the most favorable predictor for CRC (OR = 8.06;
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95%CI: 2.54-25.5; P < 0.01) and adenomas (OR =
3.35; 95%CI: 1.29-8.71; P = 0.012).

CONCLUSION: A combination of GATA5 and SFRP2
methylation could be promising as a marker for the
detection and diagnosis of CRC and adenomas.

Key words: Colorectal cancer; GATA binding protein 5;
Secreted frizzled-related protein 2; Integrin, alpha 4;
Hypermethylation; Methylation-specific PCR
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Core tip: Hypermethylated GATAS was identified as a novel
plasma gene in colorectal cancer (CRC) and adenomas,
and it showed high potential as a biomarker in plasma-
based DNA testing. Furthermore, this study suggests that
a combination of GATA5 and SFRP2 methylation could be
used as a promising marker for the detection, diagnosis,
and prognosis of CRC and adenomas.

Zhang X, Song YF, Lu HN, Wang DP, Zhang XS, Huang SL,
Sun BL, Huang ZG. Combined detection of plasma GATAS
and SFRP2 methylation is a valid noninvasive biomarker for
colorectal cancer and adenomas. World J Gastroenterol 2015,
21(9): 2629-2637 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i9/2629.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.19.2629

INTRODUCTION

Colorectal cancer (CRC) is the third most prevalent
cancer and the fourth leading cause of cancer-related
mortality worldwide. Over 1 million new cases are
diagnosed annually worldwide, and approximately
50% of these patients will die of this disease!"!. The
mean 5-year survival rate for CRC is estimated to be
less than 10% if the cancer is detected at stage 1V, but
can be as high as 90% for stage I cases®*?!. Therefore,
identifying and treating CRC in its early stage or
with pre-malignant lesions is of great importance
in reducing disease-specific mortality. Currently,
colonoscopy is the gold standard for CRC diagnosist*?..
However, this procedure is invasive and uncomfortable
to many patients, who are therefore reluctant to
undergo colonoscopy. A significant advance in
screening could be realized by using blood-based
indicators, which could be sensitive and specific for
identifying patients at risk of CRC development. These
patients may benefit from early and/or more frequent
surveillance for CRC*”,

Recently, epigenetic mutations of specific genes as
marker candidates for the early detection of cancer have
received considerable attention®®. Aberrant methylation
of CpG islands in the promoter regions of genes are
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commonly associated with transcriptional silencing of
tumor suppressor genes and have been found to be
crucial in the early phases of CRC carcinogenesis™®*!,
It is widely accepted that CRC develops following
progressive accumulation of genetic and epigenetic
alterations during the transformation of normal mucosa
to a precursor adenoma and ultimately to carcinoma.
Since it takes 7-10 years for an adenoma to progress
to a carcinoma, there is a window of opportunity for
detecting and resecting advanced adenomas or early-
stage CRC; mass screening aids in this detection™***,
Studies have demonstrated that there are higher levels
of freely circulating methylated DNA in the peripheral
blood of CRC patients than in healthy control patients,
and DNA methylation often occurs very early during
CRC carcinogenesis'™***!, Several genes such as DAPK1,
SEPT9, RUNX3, or vimentin have been reported to be
methylated in the serum/plasma of CRC patients and
can potentially be used as epigenetic biomarkers in a
noninvasive manner for early detection of CRC!'**,
The detection of circulating methylated DNA in the
serum or plasma represents one of the most promising
methods for the early detection and diagnosis of CRC
and adenomas.

For the present study, we propose a panel of genes
that have been reported to be frequently methylated
in CRC and adenoma tissues. However, few studies
have investigated the methylation of these genes
in DNA from plasma samples of CRC patients, in
parallel with samples from healthy individuals and
from patients with adenomas. The genes evaluated
in this study were GATA-binding protein 5 (GATAS),
secreted frizzled-related protein gene 2 (SFRP2), and
integrin, alpha 4 (ITGA4). The methylation-specific
polymerase chain reaction (MSP) technique was used
to analyze the specificity and sensitivity of this method
for detecting CRC and adenomas and to evaluate
the clinical diagnostic significance of these DNA
methylation-based plasma markers.

MATERIALS AND METHODS

Patients and plasma samples

Fifty seven CRC patients, 30 patients with adenomas,
and 47 control patients with endoscopically normal
colons were enrolled in this study at Li Huili Hospital
(Ningbo, China) between April 2012 and April 2013.
The mean age of the patients in the CRC, adenoma,
and control groups was 56.64 + 8.27, 57.00 £+ 11.27,
and 61.40 + 12.41 years, respectively. The ratio of
male to female patients was 34:23 in the CRC group,
19:11 in the adenoma group, and 27:20 in the control
group. There were no significant differences in age
and gender between the CRC group, adenoma group,
and control group (data not shown). None of the
enrolled patients had previously received preoperative
chemotherapy or radiation therapy. This study was
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Table 1 Summary of primer sequences and annealing temperatures used for methylation-specific polymerase assays

Gene Primer Sequence (5'-3") Annealing Ref.
temperature (C)
GATAS5 MF TTAGAAATCGAGGAAATCGC 54
MR GTAAACCCCCTCGTTACGTA
UF TGTTTAGAAATTGAGGAAATTGT 48
UR CCCATAAACCCCCTCATTACATA
SFRP2 MF TTTTTGTAGGGGCGTTTTTATAAC 58 [21]
MR TATCGATATACTCCCCAATACCG
UF AGATTTTTGTAGGGGTGTTTTTATAAT 54
UR ACCTATCAATATACTCCCCAATACCA
ITGA4 MF TAGAGTTATTTCGCGTTTTGCG 56 [22]
MR CTTCGAATACTCGCGCTACTT
UF GTTTAGAGTTATTTTGTGTTTTGTG 50
UR AAAACTTCAAATACTCACACTACT

M: Methylated; U: Unmethylated; F: Forward; R: Reverse.

approved by the ethics committee of Li Huili Hospital
(Ningbo, China), and informed consent was obtained
from all participants. All the patients were diagnosed
with CRC based on pathological and/or cytological
evidence. Tumor stage was determined according
to the tumor node metastasis (TNM) criteria of the
Union for International Cancer Control/American Joint
Committee on Cancer, 2010"%. The plasma samples
were collected prior to treatment in the patient and
control groups. The plasma samples were immediately
isolated by centrifugation at 1000 x g for 10 min and
stored at -80 ‘C until use for DNA extraction.

DNA isolation

DNA was isolated from each plasma sample (200 pL)
using the QIAamp DNA Blood mini kit (Qiagen, Hilden,
Germany), according to the manufacturer’s instructions.
Plasma DNA was dissolved in a total volume of 80 uL
of elution buffer (EB) and stored at -20 ‘C until use in
the experiments.

Sodium bisulfite conversion

Sodium bisulfite conversion and DNA recovery
were performed using the Qiagen Epitect Plus DNA
bisulfite kit (Qiagen, Hilden, Germany), according
to the manufacturer’s instructions. DNA was then
resuspended in 30 uL of EB and stored at -20 C.

MSP
The methylation of GATA5, SFRP2, and ITGA4
promoters in the bisulfite-modified DNA was increased
using MSP, and primer pairs were designed to
discriminate between methylated and unmethylated
alleles. The primer sequences used are shown in Table 1.
Each 50 ulL reaction mixture consisted of 2 ulL of
bisulfite-modified DNA template, 10 uL of 1 x KAPA2G
buffer (Kapa Biosystems, Woburn, MA, United States),
1 uL of 10 mmol/L dNTP mix (Kapa Biosystems),
1 uL of each primer (50 mmol/L), and 0.5 units of
KAPA2G™ Robust Hotstart DNA polymerase (Kapa
Biosystems). The thermocycler conditions included a
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single cycle at 95 °C for 5 min; 10 cycles of 95 C for
30 s, Tm + 8 °C (decreasing by 0.8 C for each cycle)
for 60 s, and 72 °C for 30 s; 38 cycles of 95 °C for 30 s,
Tm for 60 s, and 72 °C for 30 s; and a final extension
step for 10 min at 72 °C. The PCR products were then
electrophoresed on a 2.5% agarose gel and visualized
under ultraviolet illumination (ChemiDoc XRS; Bio-
Rad, Hercules, CA, United States). Each experiment
was performed in triplicate to validate the results. The
researchers who performed all the assays were blinded
to all the clinical information.

Statistical analysis

SPSS 13.0 software (SPSS, Inc., Chicago, IL, United
States) was used for all the statistical analyses. The
sensitivity and specificity with 95%CIs of plasma DNA
assays were calculated. To compare the characteristics
of different groups of patients, the y*test or Fisher’
s exact test were used. Odds ratios (ORs) with the
corresponding 95%CIs were used to assess the
association between these methylation genes. P < 0.05
was considered statistically significant.

RESULTS

Frequencies of GATA5, SFRP2, ITGA4 promoter
methylation in the plasma of individuals with CRC or
adenomas

The MSP assay was used to detect the methylation
of DNA extracted from peripheral blood plasma.
Methylation of GATA5, SFRP2, and ITGA4 was observed
in 61.4% (35/57), 54.39% (31/57), and 36.84%
(21/57), respectively, of CRC patients (Figure 1). The
presence of GATA5, SFRP2, and ITGA4 methylation
was detected in 43.33% (13/30), 40.00% (12/30),
and 30.00% (9/30), respectively, of patients with
adenomas. GATA5, SFRP2, and ITGA4 methylation
were detected in 21.28% (10/47), 27.66% (13/47),
and 19.15% (9/47), respectively, of the healthy
controls (Figure 1). The methylation frequency of all
three genes was significantly higher in CRC plasma
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Figure 1 Frequency of detecting methylated DNA in the plasma of colorectal
cancer, adenomas, and control samples.

samples than in normal plasma samples (GATAS5, P
< 0.01; SFRP2, P < 0.01; ITGA4, P = 0.048) (Figure
1). The difference in the levels of GATA5 methylation
in plasma samples from patients with adenomas
compared with that for normal controls was statistically
significant, while no statistically significant difference
was identified between SFRP2 or ITGA4 methylation
levels in the plasma DNA of patients with adenoma
and of normal controls (GATA5, P = 0.039; SFRP2, P =
0.259; ITGA4, P = 0.273). Additionally, there was no
significant difference in the levels of the three genes
in the plasma of CRC and adenoma patients (GATAS5,
P = 0.107; SFRP2, P = 0.202; ITGA4, P = 0.426).
Representative agarose gel electrophoresis results of
the MSP for the three genes are shown in Figure 2.

Correlation between DNA methylation and
clinicopathological features in plasma

GATAS5 methylation in the plasma correlated
significantly with larger tumor size (P = 0.019),
differentiation status (P = 0.038), TNM stage (P =
0.008), and lymph node metastasis (P = 0.008).
SFRP2 and ITGA4 methylation in plasma correlated
significantly with differentiation status (SFRP2, P =
0.012; ITGA4, P = 0.007), TNM stage (SFRP2, P =
0.034; ITGA4, P = 0.021), as well as lymph node
metastasis (SFRP2, P = 0.034; ITGA4, P = 0.021).
There was no significant trend in the spread to distant
metastasis for all three genes (GATA5, P = 0.151;
SFRP2, P = 0.168; ITGA4, P = 0.620), probably owing
to the small number of CRC patients with distant
metastasis. In adenomas, the methylation status
of the three analyzed genes was independent of
adenoma size (GATAS, P = 0.431; SFRP2, P = 0.201;
ITGA4, P = 1.000), number of adenomas (GATA5,
P = 0.113; SFRP2, P = 0.130; ITGA4, P = 1.000),
and intraepithelial neoplasia (GATA5, P = 0.643;
SFRP2, P = 0.184; ITGA4, P = 0.329). Complete
information regarding the distribution of markers and
the clinicopathologic characteristics of the CRC and
adenoma samples is shown in Table 2.
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Effect of combining measurement of plasma GATAS,
SFRP2, and ITGA4 methylation for CRC and adenomas
determination

ORs were determined to estimate the predictive index of
methylation status of the three genes in the plasma for
detecting CRC and adenomas. The ORs for GATA5, SFRP2
and ITGA4 methylation and the combined test results
are shown in Table 3. The OR of GATAS methylation was
the most optimal of the three genes for predicting the
presence of CRC (OR = 5.89; 95%CI: 2.44-14.18; P <
0.01) and adenomas (OR = 2.83; 95%CI: 1.04-7.73;
P = 0.039). The OR for predicting CRC (OR = 8.06;
95%CI: 2.54-25.5; P < 0.01) was higher for combined
detection of GATAS5 and SERP2 methylation than
for GATA5 methylation alone (OR = 5.89; 95%CI:
2.44-14.18; P < 0.01). Although the sensitivity decreased
relative to that for single gene detection, the specificity
for CRC increased when the two genes were used
together. If both GATAS and SFRP2 methylation markers
were detected, the OR of the adenomas (OR = 3.35;
95%CI: 1.29-8.71; P = 0.012) was higher than that
obtained using GATAS (OR = 2.83; 95%CI: 1.04-7.73;
P = 0.039) or SFRP2 (OR = 1.74; 95%CI: 0.66-4.60;
P = 0.259) methylations individually. Even though the
specificity (65.96%) for predicting adenomas was lower
than when using GATAS methylation alone (78.72%),
the sensitivity was markedly increased by 20%. Overall,
the combined detection of GATAS and SFRP2 methylation
appeared to be the most effective predictor of CRC and
adenomas in terms of analytic validity, clinical validity,
and clinical utility.

DISCUSSION

The notion of using molecular tests to detect genetic
and epigenetic abnormalities in blood DNA have been
regarded as simple and noninvasive methods for CRC
and adenomas screening in a large-scale population.
Here, we show that the combined detection of
GATAS and SFRP2 methylation in plasma maybe an
effective method for screening CRC and pre-cancerous
adenomas.

Epigenetic alterations, leading to genetic silencing,
often occur early in the progression of CRC, even in
precancerous lesions. This suggests that detection
of DNA methylation in plasma is helpful in the early
diagnosis of tumors, evaluation of tumor metastasis
and prognosis, and guiding clinical treatment!®.
Among a wide range of commonly methylated
genes in CRC, only a few have undergone clinical
trials for detection of CRC and are commercially
available, such as SEPT9 (ColoVantage®) and vimentin
(ColoSure™)"7?% ColoVantage® test is a blood-
based SEPT9 methylated DNA assay with an overall
sensitivity of 90% (45/50) for methylated SEPT9 in
the plasma and specificity of 88% (11/94) in the case
of CRC, but this test only detected 12% (12/104)
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Figure 2 Representative methylation-specific polymerase results of GATAS5 (A), SFRP2 (B) and ITGA4 (C) aberrant methylation in colorectal cancer,
adenomas, and control patients. U: Results obtained using unmethylated primers; M: Results obtained using methylated primers.

of adenomas!’!. ColoSure™ test is a fecal-based
vimentin methylation assay, and a meta-analysis
demonstrated its sensitivity ranging from 38%-88%
and specificity ranging from 73%-100% for CRC in the
feces, but vimentin methylation tests in blood are not
commercially available yet®®*, However, our preliminary
study revealed that the methylation of SEPT9 and
vimentin in the plasma was extremely low in CRC
patients using the MSP method (data not shown).

The majority of promising blood-based DNA
methylation biomarkers are not commercially available,
but are currently in research, development, or in
clinical trials. A panel of biomarkers is also currently
being investigated, since combinations of robust
biomarkers achieve greater sensitivities than individual
markers, and thus have great potential in diagnosis.
In the current study, we evaluated three methylation
markers, GATA5, SFRP2, and ITGA4 and found that
80.70% (46/57) of patients with CRC, 70.00% (21/30)
of patients with adenomas, and 44.68% (21/47) of
normal controls exhibited at least one methylated gene
in their plasma samples.

GATAS5, a zinc-finger transcription regulatory factor
and a member of the GATA family of proteins (GATA1l
to GATA®6), is known to be functionally involved in cell
lineage specification and cell differentiation during
embryonic development of the heart, lung, urogenital
tract, and gut epithelium!*?, GATAS is thought to
be a potential tumor suppressor in gastrointestinal
tissues, a guiding factor in intestinal epithelial cell
differentiation™, and a mediator of carcinogenesis in
CRC. Hellebrekers et al*”’ showed GATA5 methylation
in 79% (61/77) of CRC tissues and in 13% (13/100)
of normal colon tissue samples from controls who
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did not have cancer. GATAS methylation was also
independent of clinicopathologic features. Currently,
no report has illustrated a link between GATAS
methylation in plasma and CRC or adenoma. In our
study, GATAS5 methylation in plasma displayed the
highest sensitivity among three genes for noninvasive
detection of CRC and intestinal adenoma. The results
showed that methylation of GATAS5 was detected in
61.4% (35/57) of CRC patients, 43.33% (13/30) of
patients with adenoma, and in 21.28% (10/47) of
the control patients in plasma samples. Although the
sensitivity and specificity were lower than those in
previous studies involving CRC tissues, these results
still have a high dlinical value in the diagnosis of CRC
and adenomas in plasma. Unlike previous reports, our
results revealed that GATAS methylation in the plasma
was significantly correlated with larger tumor size (P =
0.019), differentiation status (P = 0.038), TNM stage
(P = 0.008), and lymph node metastasis (P = 0.008),
suggesting that GATA5 methylation may also be useful
in determining the prognosis of CRC. However, there
was no significant difference in the levels of the GATAS
gene in the plasma of CRC and adenoma patients.
GATA5 methylation may be involved in the very early
development of CRC, even in precursor adenomas.
Furthermore, the MSP method is a type of qualitative
method, rather than quantitative method (such as
Q-MSP), and could not provide exact values, only the
number with methylation or not, leading to statistical
deviation. Thus, we need to expand our sample size or
use the Q-MSP combined pyrosequencing method to
validate the results in future.

Another interesting gene SFRP2, which is activated
via the Wnt/B-catenin signaling pathway, was also
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Table 2 Clinicopathological features and DNA hypermethylation in plasma samples of 57 colorectal cancer patients and 30 patients

with adenomas

GATAS SFRP2 ITGA4
Parameters n M u P value M u P value M u P value
Colorectal cancer
Gender
Male 34 20 14 0.627 21 13 0.174 10 24 0.157
Female 23 15 8 10 13 11 12
Age, yr
<60 28 16 12 0.516 16 12 0.681 8 20 0.203
> 60 29 19 10 15 14 13 16
Tumor size, cm
<5 42 22 20 0.019 21 21 0.266 13 29 0.123
=5 15 13 2 10 5 8 7
Differentiation
Well 6 2 4 0.038 2 4 0.012 0 6 0.007
Moderately 36 20 16 16 20 11 25
Poorly 15 13 2 13 2 10 5
TNM stage
-1 33 15 18 0.008 14 19 0.034 8 25 0.021
m-Iv 24 20 4 17 7 13 11
Lymph node metastasis
NO 33 15 18 0.008 14 19 0.034 8 25 0.021
N1-3 24 20 4 17 7 13 11
Distant metastasis
Mo 53 31 22 0.151 27 26 0.168 19 34 0.620
M1 4 4 0 4 0 2 2
Location
Colon 19 10 9 0.336 12 7 0.347 6 13 0.560
Rectum 38 25 13 19 19 15 23
Adenomas
Tumor size, cm
=1 14 5 9 0.431 5 9 0.201 4 10 1.000
>1 16 8 8 7 9 5 11
Tumor number
1 26 13 13 0.113 12 14 0.13 8 18 1.000
=2 4 0 4 0 4 1 3
Intraepithelial neoplasia
Low 24 11 13 0.673 8 16 0.184 6 18 0.329
High 6 2 4 4 2 3 3

investigated as a novel early detection marker in the
plasma. Tang et a/*®’ investigated SFRP2 methylation
in DNA from feces and serum of patients with CRC,
adenoma, or controls. Sensitivity for methylated
SFRP2 in fecal DNA was higher (46% in patients with
adenomas; 84% in patients with CRC) than that for
serum DNA (6% in patients with adenomas; and
67% in patients with CRC). However, serum SFRP2
methylation levels showed markedly higher specificity
in CRCs (94%) than SFRP2 methylation levels in fecal
DNA (54%). Moreover, serum SFRP2 methylation
was significantly associated with poor differentiation
grade (P = 0.019), serosal/subserosal invasion (P <
0.001), lymph node metastasis status (P < 0.001),
and TNM stage (P < 0.001) of CRC. In the current
study, SFRP2 methylation was detected in plasma
samples of 54.39% of CRC patients and 40.00% of
colorectal adenoma patients, and the specificity of
this single biomarker was 72.34%. Similarly, SFRP2
methylation in plasma were significantly correlated
with the differentiation status (P = 0.012), TNM stage (P
= 0.034), and lymph node metastasis (P = 0.034).
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Integrins are a superfamily of transmembrane
glycoproteins that are involved in cell proliferation,
differentiation, adhesion, and migration™®. The
altered expression of ITGA4 has shown a correlation
with transformation or metastasis in several human
cancers®*?, ITGA4 has been identified as a novel
gene, which is methylated frequently in CRC.
Methylated ITGA4 of tissue is present in 75% of colon
adenomas (n = 27), 92% of colon adenocarcinomas
(n = 69), and 6% of colon mucosa (n = 32).
Methylated ITGA4 in the fecal sample was found in
69% (9/13) of patients with colon adenomas and in
21% (6/28) of patients with no polyps®™!, but ITGA4
methylation changes in blood have not been previously
investigated. In our study, ITGA4 methylation was
detected in 36.84% (21/57) of CRC, 30% (9/30) of
adenomas, and 19.15% (7/47) of controls. ITGA4
alone could not be considered a unique marker for
cancer detection, because its sensitivity and specificity
are relatively low.

Methylated GATAS5, SFRP2, and ITGA4 can be used
together as diagnostic markers for CRC and adenomas

March 7, 2015 | Volume 21 | Issue9 |
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Table 3 Comparison of predictive ability of GATA5, SFRP2, ITGA4 methylation, when used alone or combined, in colorectal

cancer and adenomas

Sensitivity (95%CI) Specificity (95%CI) Odds ratio (95%CI) P value
Adenomas
GATAS5 43.33% (25.46%-62.57%) 78.72% (64.34%-89.30%) 2.83 (1.04-7.73) 0.039
SFRP2 40.00% (22.66%-59.40%) 72.34% (57.36%-84.38%) 1.74 (0.66-4.60) 0.259
ITGA4 30.00% (14.37 %-49.40%) 80.85% (66.74%-90.85%) 1.81 (0.62-5.26) 0.273
GATADS or SFRP2 63.33% (43.86%-80.07%) 65.96% (50.69%-79.14%) 3.35 (1.29-8.71) 0.012
GATAS5 or ITGA4 60.00% (40.60%-77.34%) 65.96% (50.69%-79.14%) 2.91 (1.13-7.50) 0.025
SFRP2 or ITGA4 55.67% (37.43%-74.53%) 61.70% (46.38%-75.49%) 1.48 (0.92-2.39) 0.114
GATADS or SFRP2 or ITGA4 70.00% (50.60%-85.27 %) 55.32% (40.12%-69.83%) 1.57 (1.06-2.33) 0.030
GATAS5 and SFRP2 26.77% (12.28%-45.89%) 91.49% (79.62%-90.00%) 3.13 (1.03-9.51) 0.032
GATAS5 and ITGA4 10.00% (2.11%-26.53%) 82.46% (70.09%-91.25%) 0.41 (0.10-1.64) 0.231
SFRP2 and ITGA4 13.33% (3.76%-30.72%) 85.11% (71.69%-93.80%) 0.88 (0.23-3.31) 1.000
GATADS5 and SFRP2 and ITGA4 6.67% (0.82%-22.07%) 93.62% (82.46%-98.66%) 1.04 (0.19-5.89) 1.000
Colorectal cancer

GATA5 61.40% (47.57%-74.00%) 78.72% (64.34%-89.30%) 5.89 (2.44-14.18) <0.01
SFRP2 54.39% (40.66%-67.64%) 72.34% (57.36%-84.38%) 3.12 (1.37-7.12) <0.01
ITGA4 36.84% (24.45%-50.66%) 80.85% (66.74%-90.85%) 2.46 (1.00-6.09) 0.048
GATADS or SFRP2 73.68% (60.34%-84.46%) 65.96% (50.69%-79.14%) 5.43 (2.33-12.61) <0.01
GATAS or ITGA4 73.68% (60.34%-84.46%) 65.96% (50.69%-79.14%) 5.43 (2.33-12.61) <0.01
SFRP2 or ITGA4 70.18% (56.60%-81.57%) 61.70% (46.38%-75.49%) 3.79 (1.67-8.59) <0.01
GATADS or SFRP2 or ITGA4 80.70% (68.09%-89.95%) 55.32% (40.12%-69.83%) 5.18 (2.16-12.41) <0.01
GATAS5 and SFRP2 42.86% (29.71%-50.00%) 91.49% (79.62%-90.00%) 8.06 (2.54-25.5) <0.01
GATAS and ITGA4 6.52% (1.37%-17.90%) 82.46% (70.09%-91.25%) 0.33 (0.08-1.27) 0.094
SFRP2 and ITGA4 21.05% (11.38%-33.89%) 85.11% (71.69%-93.80%) 1.52 (0.55-4.25) 0.419
GATAS and SFRP2 and ITGA4 15.79% (7.48%-27.87 %) 93.62% (82.46%-98.66%) 2.75 (0.7-10.82) 0.217

and for screening individuals at risk. We used the
MSP assay to evaluate the reliability, sensitivity, and
specificity of GATA5, SFRP2 and ITGA4 methylation
to detect CRC and adenomas. On the basis of the
MSP assay, we found that the three genes (GATAS5,
SFRP2, and ITGA4) exhibited high methylation levels
in CRC and adenoma plasma samples. When analysis
of GATAS and SFRP2 genes was used together for
an assay involving peripheral blood samples, the
respective sensitivities and specificities were 42.86%
and 91.49% for CRC detection (simultaneous detection
of two genes, OR = 8.06; P < 0.01), and 63.33% and
65.96% for adenoma detection (detection of one of
the two genes, OR = 3.35; P = 0.012. The combined
detection of methylated GATA5 and SFRP2 in plasma
will be tested in subsequent studies to evaluate their
clinical performance.

To this end, further studies with larger amounts
of plasma from CRC and adenoma patients will be
needed to validate GATA5, SFRP2, and ITGA4 as
biomarkers for population-based screening of CRC
and pre-neoplastic disease. GATA5 methylation in
plasma is the most frequently detected among the
three genes across all CRC stages and precancerous
lesions. Its combination with SFRP2 may also be useful
for monitoring patients with CRC and adenomas.
Since the sensitivity of the MSP detection method is
low, the pyrosequencing technique will need to be
used to verify whether GATAS5 and SFRP2 provide a
feasible and reliable noninvasive screening tool for
CRC and adenomas with the use of blood samples. In
the future, the 5-year survival rate of these patients
will be tracked, and blood from these patients will be
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periodically collected to explore the clinical value and
significance of GATAS and SFRP2 in CRC prognosis.

COMMENTS

Background

Gastric cancer is one of the most frequently diagnosed malignancies in China.
The search for better non-invasive biomarkers for colorectal cancer (CRC)
remains ongoing. Free circulating, tumor-derived methylated DNA is a good
target as a plasma marker for early detection. GATA5, SFRP2 and ITGA4
are potential tumor suppressor genes, and loss of GATA5, SFRP2 or ITGA4
expression are considered a critical step in the genesis and development of
CRC.

Research frontiers

Aberrant methylation of CpG islands at the promoter regions of genes are
commonly associated with transcriptional silencing of tumor suppressor genes
and have been found to be better non-invasive biomarkers for the detection
of CRC. Studies on the correlation of DNA methylation and clinicopathological
characteristics could help clinicians to optimize selection of suitable candidates
for CRC screening.

Innovations and breakthroughs

To date, no report has illustrated a link between GATA5, ITGA4 methylation
in plasma and CRC or adenoma, also no report has analyzed the relationship
between the levels of GATAS and ITGA4 methylation in plasma and their
clinicopathological characteristics. The current study showed that GATA5S
methylation in plasma displayed the highest sensitivity among three genes for
noninvasive detection of CRC and intestinal adenoma. GATAS methylation in
the plasma significantly correlated with larger tumor size differentiation status,
TNM stage, and lymph node metastasis. Furthermore, using GATA5 and
SFRP2 in plasma together as methylation markers seemed the most favorable
predictor for CRC and adenomas.

Applications

Hypermethylated GATAS was identified as a novel plasma gene in CRC and
adenomas, and it showed high potential as a biomarker in plasma-based
DNA testing. Furthermore, assessment of SFRP2 genes will be useful to raise
the sensitivity or specificity and could be used as a promising marker for the
detection and diagnosis of CRC and adenomas.
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Terminology

GATAS, a zinc-finger transcription regulatory factor, is known to be functionally
involved in cell lineage specification and cell differentiation during embryonic
development of the heart, lung, urogenital tract, and gut epithelium. SFRP2,
activated via the Wnt/B-catenin signaling pathway, was also investigated as
a novel early detection marker in plasma. ITGA4, has shown correlation with
transformation or metastasis in several human cancers, including in CRC.
Peer-review

In this study, the authors investigated the feasibility of detecting aberrant
methylation of GATA5, SFRP2, and ITGA4 promoters in plasma DNA as
noninvasive biomarkers for CRC or adenomas, and to evaluate the clinical
utility of these markers.
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