
Abstract. Background: Establishment of a sensitive,
reliable and non-invasive method for the diagnosis of early-
stage colorectal cancer is necessary, because colorectal
cancer can be cured surgically if diagnosed early. The aim
of the present study was to evaluate the feasibility of using
PCR-SSCP (polymerase chain reaction-single strand
conformation polymorphism) analysis of the DNA extracted
from the colonocytes isolated from naturally evacuated
feces, in order to detect colorectal cancer. Materials and
Methods: Colonocytes exfoliated into feces, retrieved from
33 patients with colorectal cancer and 63 healthy volunteers,
were analyzed for the presence of mutations in their DNA.
The DNA extracted from the colonocytes was examined for
mutations of the APC, K-ras and p53 genes using direct
sequence analysis, and also subjected to PCR-SSCP
analysis. Results: Genetic alterations were detected in the
colonocytes isolated from the feces of 12 out of 33 patients
with colorectal cancer (36.4%) by direct sequence analysis.
PCR-SSCP analysis using the same DNA samples revealed
abnormal signals in 18 of the 33 patients (54.5%).
However, 3 and 7 among the 63 healthy volunteers were
also found to have abnormal genetic alterations by direct
sequence and PCR-SSCP analysis, respectively. Conclusion:
The present study indicated the feasibility of using PCR-

SSCP analysis for the detection of mutations in the DNA
extracted from colonocytes isolated from naturally
evacuated fecal samples.

Colorectal cancer is the second leading cause of death from
cancer not only in Japan (1) but also worldwide. Survival of
patients with colorectal cancer is highly dependent on the
stage at the time of diagnosis, with the 5-year survival of
patients with early-stage colorectal cancer being more than
90% (2). Therefore, it is important to undertake mass
screening for the detection of early-stage colorectal cancer. A
mass screening method for cancer detection should be simple,
economic and non-invasive, such as fecal occult blood testing
(FOBT) which is widely used for colorectal cancer screening
(3-5). FOBT every 1-2 years has yielded a 15-33% reduction in
the cumulative colorectal cancer mortality rate (6-8).
However, it is not sufficiently sensitive for the detection of
early colorectal cancer (9-11). To date, several screening
methods for colorectal cancer based on the detection of
mutated DNA in feces have been reported (11-24). These
methods are, however, time-consuming and not sufficiently
sensitive. 

A new effective methodology that allows simple isolation
of exfoliated colonocytes with well-maintained morphology
from the feces, not only from the surface, but also the central
portion of the fecal specimens has been developed. Following
the isolation of colonocytes from naturally evacuated feces, we
applied a molecular biological tool to detect DNA alterations
in these cells for cancer diagnosis. Subsequently, we reported
direct-sequence analysis of the genomic DNA extracted from
colonocytes with a sensitivity and specificity for the detection
of colorectal cancer of 71% (82/116) and 88% (73/83),
respectively (25).
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However, since direct-sequence analysis involves a complex
procedure, we considered that PCR-SSCP (polymerase chain
reaction-single strand conformation polymorphism) analysis
may be a simpler, less expensive and, therefore, more suitable
technique for mass screening than direct-sequence analysis (26-
27). The purpose of the present study was to determine the
feasibility of PCR-SSCP analysis use for the detection of
mutations in DNA extracted from colonocytes isolated from
fecal samples, as compared with that of direct-sequence
analysis, for colorectal cancer screening.

Materials and Methods

Magnetic beads. DynaBeads® (Dynal, Norway) magnetic beads, 4.5
Ìm in diameter, and coated with mouse IgG1 monoclonal antibody
(Ber-EP4) specific for the glycopolypeptide membrane antigen, Ep-
CAM, expressed in human epithelial tissues, were used for isolating
colonocytes from the feces (28-30).

Patients. The study population consisted of 33 patients with colorectal
cancer and 63 healthy volunteers. The characteristics of the patients
and healthy volunteers are summarized in Table I. The patients with
colorectal cancer had undergone curative surgery at the National
Cancer Center Hospital, Tsukiji, Japan, between June 2005 and
December 2005. The healthy volunteers had no abnormalities, such
as adenoma or carcinoma (including hyperplastic polyp) of the colon,
as determined by a total colonoscopy performed at the National
Cancer Center Research Center for Cancer Prevention and Screening
between June 2005 and November 2005. All patients and healthy
volunteers were thoroughly informed about the procedure and intent
of the study, which was approved by the Institutional Review Board
of the National Cancer Center, Japan.

Stool samples and isolation of exfoliated cells. Naturally evacuated
feces, evacuated without the intake of any laxatives, were used as
the fecal samples. Such fecal samples were obtained from 33
patients with colorectal cancer, prior to their undergoing surgical
resection, and 63 healthy volunteers who had undergone total
colonoscopy more than 7 days prior to the day of the specimen
collection. Approximately 3 g of naturally evacuated feces were
used to isolate exfoliated cells following a previously reported
method (25). The stool samples were collected into a Stomacher
Lab Blender bag (Seward, Thetford, UK) and homogenized with a
buffer (30 mL) containing Hanks' solution, 10% fetal bovine serum
(FBS), and 25 mM Hepes buffer (pH 7.35) at 200 rpm for 1 minute
in the Stomacher. The homogenates were then filtered through a
nylon filter with a pore size of 512 Ìm. Subsequently, 240 ÌL of
DynaBeads® were added to the homogenized sample solution and
the mixture was incubated for 30 minutes under gentle rolling in a
mixer at room temperature. The samples on the magnet were then
incubated on a shaking platform for 15 minutes at room
temperature. The isolated colonocytes were centrifuged and the
sediments were stored at –80ÆC until DNA extraction.

Tissue samples. Fresh tissue samples were obtained from the
surgically resected specimens of the 33 patients with colorectal
cancer. The samples were stored in liquid nitrogen until analysis.

DNA extraction. Genomic DNA for mutation analysis was extracted
from the colonocytes isolated from the feces using the QIAamp

DNA Stool Mini kit (QIAGEN, Valencia, USA), in accordance
with manufacturer's instructions. Genomic DNA was also extracted
from each tumor tissue specimen using the DNeasy kit (QIAGEN),
in accordance with the manufacturer's instructions.

Nested PCR amplification. The DNA-based analysis was targeted
to 10 regions from 3 genes (p53, K-ras and APC). Table II shows
the primer sets used in this study. The second primers for the
nested PCR were fluorescence (X-rhodamine isothiocyanate)-
labeled. Genomic DNA from the colonocytes and standard human
genomic DNA (Roche, Switzerland) as control, were amplified by
nested PCR using the GeneAmp PCR System 9700 (Applied
Biosystems, USA). The First PCR amplification was carried out
in a 20 Ìl volume of the reaction mixture containing 0.5 U
Novataqì Hot Start DNA polymerase and 2xAmpdirect® Plus
buffer (Shimazu, Japan), 0.375 ÌM of each of the primers, and 3 Ìl
of the template DNA. The second nested PCR amplification was
carried out in a 20 Ìl volume of the reaction mixture containing
0.5 U Amplitaq Gold® Hot Start DNA polymerase and 10xbuffer
(Applied Biosystems, USA), 0.2 mM each dNTP mixture, 2 mM
MgCl2, 0.375 ÌM of each primers, and 2 Ìl of the first PCR
products diluted 100-fold. The cycling conditions were 94ÆC for 3
minutes followed by 35 cycles at 95ÆC for 20 seconds, each
annealing temperature for 40 seconds, and extension at 72ÆC for 1
minute. Genomic DNA obtained from the tumor tissues was
amplified by 1-step PCR under the same conditions as the second
PCR for the DNA extracted from the exfoliated colonocytes.
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Table I. Characteristics of patients and healthy volunteers.

Patients Healthy volunteers

Number of individuals 33 63
Age (years)

Mean (range), 61.0 (39-78) 58.0 (41-75)  
Gender

Male 24 34
Female 9 29

Tumour location
Cecum 2
Ascending colon 4
Transeverse colon 3
Descending colon 0
Sigmoid colon 9
Rectum 15

Size
Mean (range), mm 4.5(2-8.6)

Histology
W/D 26
M/D 7

Depth
T1 1
T2 4
T3 27
T4 1

Duke's stage
A 5
B 17
C 11

W/D: Well-differentiated adenocarcinoma; M/D: Moderately
differentiated adenocarcinoma.



Direct sequence analysis. The PCR products were sequenced by
direct sequencing with the Big Dye Terminator v 3.1/1.1 cycle kit
(Applied Biosystems, Forester City, USA), in accordance with the
manufacturer's instructions. All sequences obtained were aligned
with previously published sequences [National Center for
Biotechnology Information (NCBI) Genebank accession numbers
M74088 (APC), M54968 (K-ras), X54156 (p53)] for each of the
target genes and analyzed by Phred/Phrp/DNASIS Pro (Hitachi
Software Engineering, Tokyo, Japan).

SSCP analysis. A volume of 2 Ìl of the fluorescence-labeled DNA
fragments were diluted 7-fold with a loading buffer mainly
consisting of formamide (99.75% formamide, 0.5 mM EDTA,
0.005% Fuchsin). The DNA samples were denatured at 90ÆC for
1.5 minutes and cooled immediately on ice. Three microliters of
each sample were applied onto 14%T-1%C polyacrylamide gel and
electrophoresis was performed at 1200 V for 2-4 hours. The
electrophoresis conditions for each fragment are given in Table III.
The appearance of the extra bands that seemed to be aberrantly
migrating in comparison with bands obtained from control DNA
was considered to represent abnormal signals.

Statistical analyses. All statistical analyses employed the ¯2 test to
compare proportions. All the reported p-values are two-sided and
values of p<0.05 were considered statistically significant.

Results

Analysis of the tumor tissue samples.
i) Direct sequence analysis. Genetic alterations were
detected in the samples from 22 out of the 33 patients

(66.7%) with colorectal cancer. Among the 33 patients, 4
out of 5 Duke's stage A colorectal cancer patients and 5
out of 9 proximal colorectal cancer patients showed genetic
alterations (Table IV).
ii) SSCP analysis. A representative electrophoretogram of
the PCR products for K-ras is shown in Figure 1. Abnormal
signals were detected in the samples from 24 out of the 33
patients (72.7%) with colorectal cancer, including 4 out of
5 Duke's stage A colorectal cancer patients and 6 out of 9
(66.7%) proximal colorectal cancer patients (Table V).

Analysis of the colonocytes isolated from the fecal samples.
i) Direct sequence analysis. Genetic alterations were detected
in the colonocyte DNA of 12 out of the 33 patients with
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Table II. PCR primer sets of genes analyzed in this study.

Region Amplification Forward Primer sequences 5'-3' Reverse Product size Annealing 
(bp) temperature 

(ÆC)

p53ex5 1st TGCCGTGTTCCAGTTGCTTTAT CACTCGGATAAGATGCTGAG 370 55
2nd ACTTGTGCCCTGACTTTCAAC AACCAGCCCTGTCGTCTCT 266 58

p53ex6 1st CCACCATGAGCGCTGTGCTCAG TTGCACATCTCATGGGGTTATAGG 350 58
2nd CAGGGTCCCCAGGCCTCTGATTC GGGCCACTGACAACCACCCTTAACC 212 63

p53ex7 1st TGGGCGACAGAGCGAGATTC GGGAGCAGTAAGGAGATTCC 374 68
2nd AAGGCCTCCCCTGCTTGCCACAG CACAGCAGGCCAGTGTGCAGGGTG 222 68

p53ex8 1st TTGGGAGTAGATGGAGCCTGGTT CTGGGGAGAGGAGCTGGTGTTG 410 63
2nd ATTTCCTTACTGCCTCTTGCTTCTC GCATAACTGCACCCTTGGTCTC 231 58

K-ras 1st CTGGTGGAGTATTTGATAGTG CCCAAGGAAAGTAAAGTTCCC 388 50
2nd TTTTCATTATTTTTATTATAAGG GTCCTGCACCAGTAATAT 183 50

APC ex15-1 1st CTCCAATATGTTTTTCAAGATGTAGTT TGGTTCTAGGGTGCTGTGACA 539 55
2nd CTCCAATATGTTTTTCAAGATGTAGTT TGGTTCTAGGGTGCTGTGACA 198 58

APC ex15-2 1st TGAAGATCCTGTGAGCGAAGTT AGTGGGGTCTCCTGAACATAGTG 500 55
2nd TGAAGATCCTGTGAGCGAAGTT AGTGGGGTCTCCTGAACATAGTG 198 63

APC ex15-3 1st AGCGAAATCTCCCTCCAAAA TTGGTGGCATGGTTTGTCC 459 58
2nd AGCGAAATCTCCCTCCAAAA TTGGTGGCATGGTTTGTCC 230 63

APC ex15-4 1st ATTGCCAGCTCCGTTCAGA TGCTTAGGTCCACTCTCTCTCTTT 373 58
2nd ATTGCCAGCTCCGTTCAGA TGCTTAGGTCCACTCTCTCTCTTT 206 63

APC ex15-5 1st GCATTATAAGCCCCAGTGATCT GAACCTGGACCCTCTGAACTG 406 58
2nd GCATTATAAGCCCCAGTGATCT GAACCTGGACCCTCTGAACTG 198 55

Table III. Electrophoretic conditions for each fragment.

Primer Temperature (ÆC) Time (h)

p53_ex5 30 2
p53_ex6 15 3
p53_ex7 20 2
p53_ex8 15 4
K-ras 20 2
APC-1 10 4
APC-2 10 4
APC-3 10 4
APC-4 10 4
APC-5 10 2



colorectal cancer, including 3 out of 5 Duke's stage A
colorectal cancer patients and 2 out of 9 proximal colorectal
cancer patients. On the other hand, abnormal gene
alterations were also detected in the DNA of 3 out of the
63 healthy volunteers (Table IV).
ii) SSCP analysis. Abnormal signals were detected in the
colonocyte DNA of 18 out of the 33 patients with colorectal
cancer, including 3 out of 5 Duke's stage A colorectal cancer
patients and 3 out of 9 with proximal colorectal cancer. On
the other hand, abnormal signals were also detected in the
DNA of 7 out of the 63 healthy volunteers (Table V).

Statistical analysis. The ¯2 test revealed no statistically
significant differences in sensitivity between direct sequence
and SSCP analysis for colorectal cancer tissue samples
(p=0.428), colonocytes isolated from colorectal cancer
patients (p=0.138), or healthy volunteers (p=0.187).

Discussion

The idea of isolating cancer cells from the feces was
originally prompted by a study that described abnormal
expression of the CD44 gene in many tumors, including
colon and bladder carcinomas (31-33). In the course of a

series of studies, we hypothesized that normal mucous cells
would die and be exfoliated during normal turnover and
that the cancer cells were likely to survive for prolonged
periods of time, even in the feces. Consequently, we
developed a new method for isolating colonocytes from
naturally evacuated feces (25).

However, it appeared that cytological examination of
these colonocytes was not a suitable method for cancer
diagnosis because of the low sensitivity (32%) (25). The
colonocytes isolated from the feces were then subjected to
DNA analysis. Direct sequence analysis of the APC, K-ras
and p53 genes in colonocytes isolated from the feces
showed a sensitivity of 71% (82/116) and specificity of 88%
(73/83) (25) for the diagnosis of colorectal cancer. Direct
sequence analysis is, however, a complex and time-
consuming procedure. We, therefore, devised a PCR-SSCP
analysis system instead for the detection of mutations, as
we considered it to be a simpler and less expensive method
as compared to direct sequence analysis for the diagnosis
of colorectal cancer.

In the present study, direct sequence analysis and PCR-
SSCP analysis of the genomic DNA extracted from the fecal
colonocytes showed a sensitivity of 36.4% (12/33) and 54.5%
(18/33), respectively. Both the figures were lower than the
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Table IV. Detection of some genetic alteration by direct sequencing analysis, according to tumor location and tumor stage.

Patients with colorectal cancer Healthy volunteers

Tissues Colonocytes Colonocytes

Total (n) Positive (n) Sensitivity, % Positive (n) Sensitivity, % Total (n) Positive (n) Specificity, %

Overall 33 21 63.6 12 36.4 63 3 95.2
Duke’s A 5 4 80 3 60
Duke’s B 17 10 58.8 5 29.4
Duke’s C 11 8 72.7 4 36.4
Proximal colon 9 5 55.6 2 22.2
Distal colon 24 16 66.7 10 41.7

Table V. Detection of some abnormal signs by SSCP analysis, according to tumor location and tumor stage.

Patients with colorectal cancer Healthy volunteers

Tissues Colonocytes Colonocytes

Total (n) Positive (n) Sensitivity, % Positive (n) Sensitivity, % Total (n) Positive (n) Specificity, %

Overall 33 24 72.7 18 54.5 63 7 88.9
Duke’s A 5 4 80 3 60
Duke’s B 17 12 70.6 9 52.9
Duke’s C 11 7 63.6 6 54.5
Proximal colon 9 6 66.7 3 33.3
Distal colon 24 18 75 15 83.3



figure we reported previously (71%) (25). This could
possibly be explained by the detection of genetic alterations
at an incidence of only 66.7% (22/33) in the original cancer
tissues in the present study, whereas the corresponding
incidence was 80% (93/116) in the previous study. Obviously,
genetic alterations would not be expected in the colonocytes
isolated from the feces if the original cancer tissue did not
contain genetic alterations. Another problem is the relatively
lower specificity of this PCR-SSCP analysis (89%; 56/63) as
compared with that of direct sequence analysis (95%; 60/63);
we have no clear explanation for this result. However, it is
easy to speculate that direct sequence analysis may be more
accurate than PCR-SSCP analysis because of the higher
frequency of technical errors in the latter. We believe,
however, that PCR-SSCP analysis may be more suitable for
the mass screening of colorectal cancer as compared to
direct sequence analysis because it can be easily automated
and mechanized, and may be more economical.

Although the PCR-SSCP analysis was not sufficiently
sensitive nor specific for colorectal cancer diagnosis in this
study, we may be able to improve the sensitivity and specificity

by enhancing the colonocyte retrieval rate from feces using the
novel and more potent immunobeads we developed recently.
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