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Abstract
AIM: To invest igate the feasibi l i ty of detect ing 
methylated fecal DNA as a screening tool for colorectal 
carcinoma (CRC) and precancerous lesions.

METHODS: Methylated secreted frizzled-related protein 
gene 2 (SFRP2 ), hyperplastic polyposis protein gene 
(HPP1 ) and O6-methylguanine-DNA methyltransferase 
gene (MGMT) in stools from 52 patients with CRC, 35 
patients with benign colorectal diseases and 24 normal 
individuals were analyzed using methylation-specific 
PCR. 

RESULTS: Methylated SFRP2 , HPP1  and MGMT were 
detected in 94.2%, 71.2%, 48.1% of CRC patients and 
52.4%, 57.1%, 28.6% of adenoma patients, respectively. 
The overall prevalence of fecal DNA with at least one 
methylated gene was 96.2% and 81.8% in patients 
with CRC and precancerous lesions, respectively. In 
contrast, only one of the 24 normal individuals revealed 
methylated DNA. These results indicated a 93.7% 
sensitivity and a 77.1% specificity of the assay for 
detecting CRC and precancerous lesions. 

CONCLUSION: Methylation testing of fecal DNA using 
a panel of epigenetic markers may be a simple and 
promising non-invasive screening method for CRC and 
precancerous lesions. 

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal carcinoma (CRC) is one of  the leading causes 
of  cancer-related death in the world. Detection of  early-
stage cancer and precancerous lesions seems to be a key 
measure to reduce its death rate[1]. Most deaths due to 
CRC are preventable through screening, which involves 
the search for neoplasms (cancer and precancerous lesions) 
in asymptomatic individuals. Several CRC screening tests, 
including fecal occult-blood testing (FOBT), barium 
enema, colonoscopy and sigmoidoscopy, have been 
available for years. However, none of  these methods has 
been established as a well-accepted screening tool, because 
of  their low compliance rates or low sensitivity and/or 
specificity. More optimized screening methods should be 
established with a high sensitivity and specificity for early-
stage cancers and precancerous lesions.

Epigenetic gene silencing is increasingly recognized 
to play a crucial role in human tumors[2]. One of  the 
principal epigenetic mechanisms known to be involved 
in carcinogenesis is the methylation of  cytosine residues 
in CpG-rich sequences (CpG islands) located within the 
promoter regions of  genes regulating cell proliferation, 
apoptosis, and DNA repair. DNA methylation within 
gene promoters results in aberrant gene silencing, 
which can make an important contribution to the 
emergence of  neoplasias. A number of  genes can now 
be hypermethylated in colorectal tumors[3]. Aberrant 
promoter methylation often occurs very early during CRC 
carcinogenesis[4]. Moreover, it has been shown recently that 
DNA hypermethylation can be detected in DNA from 
stools of  patients with colorectal tumor, suggesting that 
fecal DNA methylation analysis might provide a valuable 
approach to non-invasive screening for early colorectal 
lesions[5-8]. Lenhard et al[9] reported that a single methylation 
marker hypermethylated in cancer 1 (HIC1) can be used 
to detect CRC. Methylated HIC1 has been found in 42% 
and 31% of  fecal samples from patients with CRC and 
adenoma, respectively. Aberrant methylation of  vimentin 
gene was also reported in fecal DNA from 43 out of  94 



Huang ZH et al . DNA methylation in fecal DNA                                                                                                   951

www.wjgnet.com

CRC patients, with a sensitivity of  46% and a specificity 
of  90%, respectively[10]. These studies suggested that a 
panel of  methylated genes might be required to improve 
the detection sensitivity for CRC. However, to date, 
methylation markers have not been assessed thoroughly 
in stools. Few studies have been performed on methylated 
fecal DNA in CRC patients in parallel with healthy 
individuals and patients with benign colorectal diseases, 
and most of  these investigations only analyzed a small 
number of  samples. 

In the present study, we analyzed methylation of  three 
genes: secreted frizzled-related protein gene 2 (SFRP2), 
hyperplastic polyposis protein gene (HPP1) and O6-
methylguanine-DNA methyltrans- ferase gene (MGMT) 
in stools from patients with CRC and benign colorectal 
diseases as well as from normal controls, and evaluated 
the feasibility of  detecting hypermethylation in stools as 
a non-invasive screening tool for CRC and precancerous 
lesions.

MATERIALS AND METHODS
Materials 
Fifty-two CRC patients, 35 patients with benign colorectal 
diseases (including 21 with adenomas, 8 with hyperplastic 
polyps and 6 with ulcerative colitis) and 24 patients with 
endoscopically normal colons, undergoing colonoscopy for 
routine clinical indications in the 4th Affiliated Hospital 
of  Soochow University, were enrolled in this study (Table 
1). In addition, fifteen CRC tissue samples and 8 normal 
colon samples that were resected at the time of  surgery or 
colonoscopy were obtained from Wuxi Tumor Resource 
Bank. The study was approved by the ethical committee of  
our institution.

Stool specimens were collected by patients and sent to 
laboratory within 2 h after defecation, aliquoted and stored 
at -80℃ until analysis.

Methods 
DNA isolation: DNA was isolated from stool samples 
(200 mg) using the QIAamp DNA Stool Mini Kit 
(Qiagen). Genomic DNA was purified from colon 
tissue samples using the QIAamp DNA Mini Kit. The 
extracted DNA was quantitated by UV spectrum and 
stored at -20℃.
Methylation-specific PCR (MSP): Stool DNA was 
modified with sodium bisulfite as previously described[11]. 
Blood DNA treated in vitro with SssI methyltransferase 
was used as a positive control for methylated alleles, and 
placental DNA was used as a negative control for MSP 
assay.

The bisulfite-modified DNA was subjected to PCR in 
a blinded manner using primer pairs designed to amplify 
specifically the methylated or unmethylated alleles of  
respective genes (Table 2). PCR products were analyzed by 
2.5% agarose gel electrophoresis. To verify the reliability 
of  MSP, ten PCR products from methylated amplicon 
of  SFRP2 were randomly selected and bidirectionally 
sequenced.

Statistical analysis
Statistical probabilities were analyzed by 2 × 2 contingency 
tables using binomial distribution of  differences, Fisher's 
exact test or Pearson’s chi-square test. Calculations 
were performed using SPSS10.0 software. P < 0.05 was 
considered statistically significant.

RESULTS
Methylated SFRP2, HPP1 and MGMT were found in 
14, 11 and 8 of  15 CRC tissue samples, respectively. In 
contrast, none of  the 8 samples from normal colonic 
epithelia revealed any detectable methylated DNA.

MSP was performed on all the 111 stool samples, 
including 15 fecal samples from CRC patients with 
matched CRC tissue samples, to analyze SFRP2, HPP1 and 
MGMT (Figure 1). The conversion rate of  unmethylated 
cytosines by bisulfite was measured by sequencing random 
PCR products from methylated MSP for SFRP2 (Figure 2). 

Table 1  Characteristics of patients

Characteristics Colorectal cancer
     n = 52

Benign control
      n = 35

Normal control
     n = 24

Sex 
  Male       31       20       13
  Female       21       15       11
Age 
  Mean ± SD       63.5 ± 11.8       60.0 ± 10.3       59.6 ± 8.2
  Range       25-81       31-79       35-68
Dukes stage
  A + B       27       Na       Na
  C + D       25       Na       Na
Nodal status
  Positive       23       Na       Na
  Negative       29       Na       Na
Tumor size 
  > 5 cm       19       Na       Na
  ≤ 5 cm       33       Na       Na
Tumor locus
  Rectum       24       Na       Na
  Distal colon       16       Na       Na
  Proximal colon       12       Na       Na

Na: not applicable.

Table 2  Primers for MSP

Primer Sequences (5’-3’) Annealing 
temperature

Product 
size (bp)

SRFP2-MF GGGTCGGAGTTTTTCGGAGTTGCGC     62℃    138
SRFP2-MR CCGCTCTCTTCGCTAAATACGACTCG
SRFP2-UF TTTTGGGTTGGAGTTTTTTGGAGTTGTGT     58℃    145
SRFP2-UR AACCCACTCTCTTCACTAAATACAACTCA
HPP1-MF TTTAGCGGACGATTTTTTCGTTTCG     57℃    122
HPP1-MR AACGACGACGATAACAATAA
HPP1-UF TTTAGTGGATGATTTTTTTGTTTTG     57℃    122
HPP1-UR AACAACAACAATAACAATAA
MGMT-MF TTTCGACGTTCGTAGGTTTTCGC     56℃      81
MGMT-MR GCACTCTTCCGAAAACGAAACG
MGMT-UF TTTGTGTTTTGATGTTTGTAGGTTTTTGT     59℃      93
MGMT-UR AACTCCACACTCTTCCAAAAACAAAACA

U: unmethylated; M: methylated; F: forward; R: reverse.



A total of  10 PCR products were sequenced bidirectionally, 
revealing only 1 unconverted non-CpG cytosine. A total 
of  39 non-CpG cytosines were present in the genomic 
sequence matching with the amplicon of  SFRP2. By, 
assuming error-free PCR, > 99.7% of  unmethylated 
cytosines were converted, which assured the reliability of  
the positive results of  MSP. In addition, the sequencing 
results revealed that CpGs in the amplicon were uniformly 
methylated (Figure 2), indicating that complete methylation 
or hypermethylation occurred at SFRP2.

The MSP results of  fecal DNA are listed in Table 3. 
Of  the 10 patients with advanced adenomas (characterized 
by size > 1 cm, villous histology, and high-grade dysplasia), 
8 had detectable promoter hypermethylation in at least 
one gene. The sensitivity and specificity of  MSP for 
detecting advanced adenoma were 80% and 83.7%, 
respectively. Of  the 6 patients with ulcerative colitis (UC), 
one was positive for SFRP2 and HPP1. Colonoscopy with 
biopsy for this patient revealed high-grade dysplasia. One 
colonoscopically negative control revealed methylation of  
SFRP2. The sensitivity of  SFRP2, HPP1 and MGMT assay 
for detecting CRC and precancerous lesions (including 10 
advanced adenomas and 1 UC with dysplasia) was 90.5%, 
71.4% and 46.0%, respectively. The specificity of  SFRP2, 
HPP1 and MGMT for detecting CRC and precancerous 
lesions was 83.3%, 85.4% and 93.8%, respectively. These 
results indicated a 93.7% sensitivity and a 77.1% specificity 
of  the combined test of  the three genes for detecting CRC 
and precancerous lesions.

To examine the coincidence of  methylation status 
between fecal DNA and DNA in its original colon caner, 

15 pairs of  samples with matched tissue and fecal samples 
were tested for their methylation status. Methylated 
SFRP2, HPP1 and MGMT were found in 14, 11 and 8 of  
15 CRC tissue samples, respectively. In contrast, none of  
the 8 samples from normal colonic epithelia revealed any 
detectable methylated DNA. The MSP results were highly 
consistent between paired fecal and tissue samples, except 
that two patients had detectable methylated HPP1 or 
MGMT only in tissue samples.

No correlation was observed between stool DNA 
hypermethylation and nodal status, Dukes stage, tumor 
size or tumor locus (data not shown).

DISCUSSION
In this study, we explored the feasibility of  detecting 
methylated fecal DNA as a screening tool for CRC and 
precancerous lesions. The results showed that DNA 
methylation could be detected in feces of  patients with 
CRC and precancerous lesions with a high sensitivity 
(93.7%) and specificity (77.1%).

We detected DNA methylation of  SFRP2, HPP1 and 
MGMT in fecal samples from patients with colorectal 
tumor and non-tumor diseases. It has been shown that 
these three genes can be methylated in patients with CRC 
and precancerous lesions[6-8,12-16]. Of  the genes chosen for 
this study, SFRP2 gene belongs to a new class of  tumor 
suppressor genes (SFRPs), which are secreted glycoproteins 
working as inhibitory modulators of  a putative tumorigenic 
pathway (the Wnt signaling pathway). Aberrant promoter 
methylation of  SFRP genes has been described in CRC 

Figure 1  Representative results 
from methylation-specific PCR 
analysis performed in stool 
samples f rom pat ients  wi th 
colorectal cancer.
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Figure 2  Sequence comparison 
between amplicons of methylated 
SFRP2 and wild-type SFRP2.
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by several studies[7,15]. Müller et al[7] reported that SFRP2 
is methylated differentially in stools of  patients with or 
without CRC, and SFRP2 hypermethylation is proposed as 
a sensitive marker, detecting 77%-90% of  CRCs. However, 
the sample size used in their study was small and the 
prevalence of  methylated SFRP2 in patients with benign 
colorectal diseases and in other races or ethnic group 
was not addressed. In this study, we detected methylated 
SFRP2 in fecal samples from Chinese patients with CRC, 
benign colorectal diseases and in healthy individuals, 
simultaneously. Our results show that hypermethylated 
SFRP2 is detectable in stools of  Chinese patients with 
CRC and precancerous lesions, suggesting that it is a 
sensitive marker for detecting CRC in healthy controls with 
94.2% of  sensitivity and 95.2% of  specificity, higher than 
those in a previous report[8]. The different results may be 
due to the assay-related differences or a different patient 
population. In addition, methylation of  this gene was 
found in one colonoscopically negative case, which may 
be most likely owing to the SFRP2 methylation occurring 
frequently in premaligant aberrant crypt foci (ACF) that is 
overlooked at colonoscopy[15]. 

HPP1 encodes a transmembrane protein containing 
follistatin and epidermal growth factor–like domains and 
contains a CpG island in its promoter region that can 
be aberrantly hypermethylated in CRC and its precursor 
lesions[13,14,16-18], indicating that HPP1 gene methylation is 
an early epigenetic alteration in colorectal carcinogenesis 
and may be a valuable molecular marker for early diagnosis 
of  CRC. The results of  our study indicate that HPP1 
methylation could be frequently detected in most stool 
samples from patients with CRC (71.2%) and advanced 
adenoma (57.1%). 

MGMT is an important DNA repair enzyme that 
protects cells from the carcinogenic effects of  alkylating 
agents by removing adducts from the O6 position of  
guanine, thus preventing G:C to A:T transition. It was 
reported that MGMT gene inactivation caused by promoter 
methylation plays a key role in a great variety of  human 
tumors[12]. Leung et al[6] showed that 45% hypermethylated 
MGMT are detected in stools of  CRC patients in a small-
scale feasibility study without healthy subjects as controls. 
The positive rate of  MGMT hypermethylation in our study 
was comparable with their results. 

Of  the three genes, SFRP2 is the most informative 
marker, reaching a sensitivity of  90.5% for CRC and 
precancerous lesions. In our study, all the 32 samples with 
methylated MGMT revealed methylated SFRP2, suggesting 
that combined detecting of  MGMT could not increase the 
detection rate of  SFRP2 for CRC, while a combined test 
of  SFRP2 and HPP1 increased the detection rate (93.7%) 
for CRC and precancerous lesions. 

No signif icant cor relat ion was found between 
the presence of  methylation in fecal DNA and any 
clinicopathologic characteristics of  cancer in our study, 
indicating that these methylation markers in later stage 
CRC are as sensitive as in early stage CRC, and may 
be equivalently sensitive to proximal or distal cancers. 
However, Ebert et al[16] reported that HPP1 methylation 
is linked to the location of  the primary tumor in the 
colon and is more frequently methylated in colon cancer 

compared to rectal cancer. The reasons for the divergent 
results may include assay-related differences, different 
patient population and samples.

Adenomas are the precursor of  most sporadic CRCs. 
Hyperplastic polyp-serrated adenoma to carcinoma 
sequence is characterized by recognizable histological 
changes. Colorectal lesions, starting with dysplastic ACF, 
hyperplastic polyp (HP) and benign tubular adenoma have 
the potential to progress to advanced adenomas, which 
have a significant potential to transform into CRC[17]. 
Although both ACF and HP are common lesions and 
the great majority would not transform into clinically 
significant polyps. HP occurring in the right colon and 
in the setting of  hyperplastic polyposis has the greatest 
potential to transform into CRC[17,18]. It is unclear if  these 
lesions with methylated DNA would develop into cancer. 
However, DNA methylation is more common in advanced 
adenomas. All these findings suggest that methylation 
may reflect the malignant potential of  these lesions. UC-
associated CRC is different from sporadic carcinoma. The 
molecular mechanisms underlying the progression of  UC 
to dysplasia and carcinoma have not been fully understood. 
One of  the UC patients with methylated SFRP2 and 
HPP1 in feces was also diagnosed with high-grade 
dysplasia, indicating that DNA methylation is not only a 
frequent event in colorectal tumor, but also detectable in 
fecal samples from patients with HP and UC. Although 
detection of  early stage CRC represents an important 
screening goal, efforts should be directed toward detection 
of  dysplastic cells present in patients with benign diseases, 
such as adenoma, HP and UC. Whether hypermethylation 
of  these three genes can identify these non-malignant 
diseases, including self-limiting HPs, non-dysplastic 
ACF and UC, is still unclear. Recent studies indicate that 
methylation patterns can define a subset of  HPs with a 
significant malignant potential[17,19]. Thus, patients with 
methylated fecal DNA may belong to high-risk individuals 
and need more accurate/specific clinical examinations and 
follow-up.

Although FOBT is a valuable noninvasive screening 
method that reduces the risk of  CRC-related death, it has 
a limited sensitivity. Colonoscopy, with a high sensitivity 
and specificity for detection of  CRC and large adenomas, 
requires a thorough bowel preparation, which causes 
discomfort and small but non-negligible risk of  major 
complications in patients. In contrast, using aberrant 
gene methylation as a molecular marker seems to offer 
a potentially powerful approach to population-based 

Table 3  Methylation of SFRP2 , HPP1  and MGMT  in stool 
samples  n  (%)

Diagnosis No            Gene locus Total

SFRP2 HPP1 MGMT
Cancer 52 49 (94.2) 37 (71.2) 25 (48.1) 50 (96.2)
Adenomas 21 11 (52.4) 12 (57.1)   6 (28.6) 15 (71.4)
  Advanced adenomas 10   7 (70.0)   7 (70.0)   4 (40.0)   8 (80.0)
Hyperplastic polyp   8   3 (37.5)   2 (25.0)   1 (12.5)   3 (37.5)
Ulcerative colitis   6   1 (16.7)   1 (16.7)   0 (0)   1 (16.7)
Normal 24   1 (4.2)   0 (0)   0 (0)   1 (4.2)
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screening for CRC and precancerous lesions. However, 
further prospective study is needed to validate the 
epigenetic markers. In addition, simplified, non-expensive 
and automatized assays may be important for population-
based screening.
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