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Early detection of colorectal cancer (CRC) is desired for reducing
its mortality rate. Recently, the feasibility of a new method for
isolating colonocytes from feces was demonstrated, followed by
direct sequencing analysis for detecting colorectal cancer. In the
present study, gene expression analysis was conducted using
quantitative real-time reverse transcriptase–polymerase chain
reaction (RT-PCR). One hundred and sixty-six patients with CRC and
134 healthy volunteers were enrolled. Messenger RNA expressions
of CEA, MMP7, MYBL2, PTGS2 and TP53 in the colonocytes isolated
from feces were analyzed by quantitative real-time RT-PCR. Beta-2-
microglobulin, used for internal control, could not be detected in
approximately 25% each of the CRC patients (39/166) and healthy
volunteers (33/134). CEA expression did not differ significantly
between CRC patients and healthy volunteers (P = 0.21). MMP7,
MYBL2, PTGS2 and TP53 gene expressions were significantly higher
in CRC patients than in healthy volunteers (P < 0.001). The overall
sensitivity and specificity using these gene expressions were 58.3%
(74/127, 95% CI; 49.2–67.0) and 88.1% (89/101, 95% CI; 80.2–93.7),
respectively. The sensitivity was dependent on the tumor location
(P = 0.01) and tumor size (P = 0.02), but not the tumor depth (P =
0.06) or cancer stage (P = 0.37). Gene expression analysis of colonocytes
isolated from feces may be a useful method for CRC screening, if the
number of isolated colonocytes is sufficiently high for analysis by
quantitative real-time PCR. Therefore, improvement of the colonocyte
retrieval system from feces may be necessary for the technique to
be developed for clinical use. (Cancer Sci 2008; 99: 1977–1983)

Colorectal cancer (CRC) is one of the most common
malignancies worldwide. In the world, CRC is the third

leading cause of cancer-related mortality and the second leading
cause of cancer-related incidence.(1) Meanwhile, the survival rate
from CRC is good if this cancer can be diagnosed early and
resected surgically at an early stage.(2) Thus, to reduce the
mortality rate of CRC, the development of a screening test by
which the cancer can be diagnosed at an early stage is necessary.

To date, the fecal occult blood test (FOBT) has been used
widely as the screening test for CRC.(3–5) However, three recent
large-scale studies showed that the sensitivity of FOBT was not
very high using total colonoscopy as a reference standard in all
subjects.(6–8)

Therefore, numerous other methods have been reported for
early detection of CRC in fecal samples, including those based on
the detection of mutated DNA,(9–13) cancer-related methylation(14,15)

and DNA integrity.(16,17) However, these methods are time
consuming and not sufficiently sensitive. The major reason for
this inaccuracy is that the nucleic acids in feces are derived from
an enormous number and variety of bacteria and normal cells.

Accordingly, the proportion of genes derived from cancer cells
in the feces may be as low as 1% at the most.(18) This makes the
application of gene detection methods difficult in clinical practice.

Use of quantitative real-time RT-PCR has been reported to
detect colorectal cancer cells in the peripheral blood,(19–23)

mesenteric venous blood,(20) peritoneal lavage fluid(20–23) or
lymph nodes.(24,25) However, in the early stage of CRC, the cancer
cells rarely invade the blood or peritoneal cavity; therefore, it is
difficult to diagnose early CRC by gene expression analysis
using these samples. Meanwhile, there have been a few studies
that have attempted to detect CRC by utilizing RT-PCR in fecal
samples.(26,27)

Previously, we reported the presence of viable cancer cells in
the feces, which could be isolated from naturally evacuated
feces using cell isolation methods.(28,29) We developed a new
method for the detection of early CRC, wherein the extracted
DNA from the cells isolated from feces was examined for CRC-
related gene mutations. Our new method for the diagnosis of
CRC was found to have a sensitivity of 71% (82/116) and a spe-
cificity of 88% (73/83).(29)

Our cell isolation method using immunomagnetic beads is
relatively feasible for cytological or molecular biological analyses
to detect colorectal cancer.(29) However, direct sequencing analysis
involves many steps and it is difficult to conduct analysis for the
point mutations. A simple method is necessary to analyze a
large number of samples, so we attempted a gene expression
analysis method in fecal samples for the detection of CRC in the
present study.

Materials and Methods

Patients with CRC and healthy volunteers. From August 2003 to
September 2004, 166 patients with histologically confirmed
colorectal cancer and 134 healthy volunteers were enrolled in
the present study. The healthy volunteers consisted of 59 men
and 75 women with no evident abnormalities, such as adenoma
or carcinoma (including hyperplastic polyps), as determined by
total colonoscopy performed at the National Cancer Center
Research Center for Cancer Prevention and Screening. The median
age of the volunteers was 60 years (range, 40–70 years). The
characteristics of these patients are summarized in Table 1. All
the patients had undergone surgical resection of their primary
cancer at the National Cancer Center Hospital, Tokyo, Japan.

5To whom correspondence should be addressed. E-mail: yhmatsum@east.ncc.go.jp



1978 doi: 10.1111/j.1349-7006.2008.00954.x
© 2008 Japanese Cancer Association

The median age of the patients was 63 years (range, 32–83 years).
There were 108 male and 58 female patients. The primary tumor
was located at the following sites: rectum, 82 patients; sigmoid
colon, 34 patients; descending colon, 7 patients; transverse colon,
7 patients; ascending colon, 29 patients; and cecum, 7 patients.
The median diameter of the primary tumor was 38 mm (range,
10–160). The clinical stage of the patients according to Dukes’
classification was as follows: Dukes’ stage A, 46 patients; stage
B, 41 patients; stage C, 66 patients; and stage D, 13 patients. All
patients were provided detailed information about the study and
gave written consent for participating in the study, which was
approved by the Institutional Review Board of the National
Cancer Center, Japan.

Immunomagnetic beads. Dynabeads Epithelial Enrich (Dynal,
Oslo, Norway), which are commercially available immunomagnetic
beads conjugated with epithelial cell adhesion molecule antibodies
(EpCAM Ab; Ber-EP4) measuring 4.5 μm in diameter, were
used for the present study.

Fecal samples and isolation of exfoliated cells. Naturally evacuated
fecal samples were obtained from 166 colorectal cancer patients
before they underwent surgical resection. Fecal samples were
also obtained from 134 healthy volunteers a few weeks after
they had undergone a total colonoscopy. All patients and
volunteers were instructed to evacuate at home into a disposable
polystyrene tray (ASone, Osaka, Japan) that measured
5 × 10 cm in size and bring the sample to the Reception Counter

at the Outpatient Clinic or the Cancer Prevention and Screening
Center of the National Cancer Center. The fecal samples were
prepared for the next step immediately after they were brought
to our laboratory.

The samples were processed as described previously.(29) Briefly,
the fecal sample was homogenized with a buffer (40 mL)
consisting of Hanks solution, 10% fetal bovine serum (FBS)
and 25 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) buffer (pH 7.35) at 200 times per minute for 1 min using
a Stomacher system (Seward, Thetford, UK). The homogenate
was filtered through a nylon filter (pore size; 512 μm) and
following the addition of 80 μL of the commercially available
immunomagnetic beads (Dynabeads Epithelial Enrich; Dynal,
Oslo, Norway), the sample mixture was incubated for 30 min
under a gentle rolling condition at room temperature. The
mixture on the magnet was incubated on a shaking platform for
15 min at room temperature. The supernatant was then removed
and the colonocytes in the pellet were stored at –80°C until
RNA extraction.

Extraction of total RNA. Total RNA was extracted from the
colonocytes isolated from the fecal samples using an RNeasy
mini kit (QIAGEN, Valencia, CA, USA) in accordance with the
manufacturer’s instructions. Each sample was eluted in 100 μL
of RNase-free water.

Complementary DNA synthesis. Complementary DNA (cDNA)
was synthesized using the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster, CA, USA) in
accordance with the manufacturer’s instructions. The reaction
mixture consisted of 10 μL of total RNA, 2 μL of 10 × reverse
transcription (RT) buffer, 2 μL of 10 × random primer, 0.8 μL of
25 × deoxyribonucleotide triphosphates (dNTP) (100 mM), 1 μL
of RNase Inhibitor (20 U/μL) and 1 μL of MultiScribe Reverse
Transcriptase (50 U/μL) in a final reaction volume of 20 μL.

Quantitative real-time reverse transcription–polymerase chain reaction
(RT-PCR) analysis. For gene expression analysis of the total RNA
obtained, we targeted six genes: CEA (carcinoembryonic antigen),
MMP7 (matrix metallopeptidase 7), MYBL2 (myeloblastosis viral
oncogene homolog like 2), PTGS2 (prostaglandin-endoperoxide
sythase 2) and TP53 (tumor protein p53), using B2M (beta-2-
microglobulin) as the internal control gene. For all of these
genes, we used commercially available TaqMan primers and
probe mixture (Applied Biosystems). The reporter dye at the
5′-end of the probe was FAM™, and the quencher dye at the
3′-end was minor groove binder (MGB).

The reaction mixture for the analysis of the total RNA
consisted of 4 μL of a template cDNA, 10 μL of TaqMan Fast
Universal PCR Master Mix (Applied Biosystems) and 1 μL of
20 × primers/probe mixture in a total reaction volume of 20 μL.
Real-time PCR was performed with precycling heat activation at
95°C for 20 s, followed by 40 cycles of denaturation at 95°C for
3 s, and annealing/extension at 62°C for 30 s, in an Applied
Biosystems 7500 Fast Real-Time PCR System (Applied Biosys-
tems). The relative quantification of the total RNA in each
sample was conducted using the comparative Ct (threshold cycle)
method. In this analysis, the formulae for the relative quantifica-
tion of each of the genes were as follows: (dCt of each
gene) = (Ct of each gene) – (Ct of B2M), and (Relative
Quantification of each gene) = 2–(dCt of each gene). A negative control
(without template) was run in each reaction plate.

Statistical analysis. The detection rate of the target genes and
the sensitivity of detection of the tumor location, tumor size,
tumor depth and Dukes’ stage were analyzed using two-sided
Fisher’s exact test. The differences in the relative quantification
of the target genes in both the patients and volunteers were
analyzed by two-sided Mann–Whitney’s U-tests. Statistical
analyses were performed using StatView ver. 5 for Windows
(Abacus Concepts, Berkeley, CA, USA). P < 0.05 was considered
statistically significant.

Table 1. Characteristics of patients and healthy volunteers

Characteristics
Patients 
(N = 166)

Healthy volunteers 
(N = 134)

Age, years
Median 63 60
Range 32–83 40–70

Sex, no (%)
Male 108 (65.1) 59 (44.0)
Female 58 (34.9) 75 (56.0)

Tumor location, no (%)
Cecum 7 (4.2)
Ascending colon 29 (17.5)
Transverse colon 7 (4.2)
Descending colon 7 (4.2)
Sigmoid colon 34 (20.5)
Rectum 82 (49.4)

Tumor size, mm
Median 38
Range 10–160

Histology, no (%)
W/D 89 (53.6)
M/D 67 (40.4)
P/D 4 (2.4)
Mucinous carcinoma 5 (3.0)
Carcinoid tumor 1 (0.6)

Tumor depth, no (%)
T1 18 (10.8)
T2 39 (23.5)
T3 106 (63.9)
T4 3 (1.8)

Dukes’ stage, no (%)
A 46 (27.7)
B 41 (24.7)
C 66 (39.8)
D 13 (7.8)

W/D, well differentiated adenocarcinoma; M/D, moderately 
differentiated adenocarcinoma; P/D, poorly differentiated 
adenocarcinoma.
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Results

Detection rate of each gene using real-time RT-PCR. The detection
rate of B2M was 76.5% (127/166) in the patients with CRC and
75.4% (101/134) in the healthy volunteers (Table 2); there was
no significant difference in the detection rate between the patients
and volunteers (P = 0.89). On the other hand, the median Ct
value of B2M was 30.541 (range, 21.060–36.719) in the CRC
patients and 32.194 (16.231–38.488) in the volunteers, and the
difference in the median Ct value between the two groups was
significant (P < 0.0001). This result implies that the number of
colonocytes in the 2-gram fecal samples obtained from the
patients with CRC was three times higher than that in the
samples of the same weight obtained from the healthy volunteers.

The detection rate of CEA was 75.3% (125/166) in the
patients with CRC and 73.1% (98/134) in the healthy volun-
teers. There was no significant difference in the detection rate
between the patients and volunteers (P = 0.69).

The detection rates of the MMP, MYBL2, PTGS2 and TP53
genes in the CRC patients were 23.5% (39/166), 24.1% (40/
166), 50.6% (84/166) and 29.5% (49/166), respectively, and the
corresponding rates in the healthy volunteers were 4.5% (6/
134), 0.7% (1/134), 11.9% (16/134) and 5.2% (7/134), respec-
tively. There were significant differences in the detection rates
of these genes between the patients and volunteers (P < 0.0001).

Relative quantification of each target gene by normalizing the values
to the B2M gene expression level. The relative expression level of
each gene as compared with that of B2M, a housekeeping gene,
was determined for 127 of the 166 CRC patients and 101 of the
134 healthy volunteers. The mean relative expression levels of
CEA, MMP7, MYBL2, PTGS2 and TP53 in the CRC patients
were 1.706 (range, 0–20.224), 0.008 (0–0.166), 0.023 (0–1.728),
0.137 (0–2.539) and 0.003 (0–0.048), respectively, and the
corresponding relative expression levels in the healthy volunteers
were 1.290 (range, 0–12.527), 0.0003 (0–0.021), 9.648 × 10–8

(0–9.744 × 10–6), 0.015 (0–0.409) and 0.0002 (0–0.010),
respectively. Although there was no significant difference in the

relative expression level of CEA between the CRC patients and
volunteers (P = 0.21), significant differences were observed in
the relative expression levels of MMP7, MYBL2, PTGS2 and
TP53 between the patient and volunteer groups (P < 0.001)
(Table 3). Thus, it was determined that these genes could be
used for the detection of CRC by quantitative real-time RT-PCR
analysis.

Threshold of each gene to detect CRC. To determine the suitable
threshold for the detection of CRC, the numbers of CRC
patients and healthy volunteers were calculated using the
relative quantification of each gene and plotted into histograms
(Fig. 1). To obtain a specificity of CEA detection of 95% for the
diagnosis of CRC, the threshold required >2.8; however, at this
threshold, a sensitivity of only 14.2% was obtained. Using these
histograms, the suitable thresholds for MMP7, MYBL2, PTGS2
and TP53 were determined to be >0.0003, >0.00001, >0.06
and >0.001, respectively.

Sensitivity and specificity of the gene expression analysis.
According to the gene expression analysis of all four genes, the
overall sensitivity of patients and specificity of healthy volunteers
were 58.3% (74/127, 95% CI; 49.2–67.0) and 88.1% (89/101,
95% CI; 80.2–93.7), respectively (Table 4). The sensitivities
using MMP7, MYBL2, PTGS2 and TP53 were 30.7% (39/127,
95% CI; 22.8–39.5), 31.5% (40/127, 95% CI; 23.6– 40.3), 33.9%
(43/127, 95% CI; 25.7–42.8) and 29.1% (37/127, 95% CI; 21.4–
37.8), respectively. The specificities using MMP7, MYBL2, PTGS2
and TP53 were 95.1% (96/101, 95% CI; 88.8–93.7), 100% (101/
101, 95% CI; 96.4–100), 94.1% (95/101, 95% CI; 87.5–97.8)
and 94.1% (95/101, 95% CI; 87.5–97.8), respectively.

Using combined markers, the sensitivities of detection of
patients with cancers located on the right side of the colon and
those cancers located on the left side of the colon were 40.5%
(15/37, 95% CI; 24.8–58.0) and 65.6% (59/90, 95% CI; 54.8–75.3),
respectively. The sensitivities of detection of patients with
tumors less than 35 mm in diameter and those with tumors more
than 35 mm in diameter were 46.7% (28/60, 95% CI; 33.7–60.0)
and 68.7% (46/67, 95% CI; 56.2–79.5), respectively. The sensi-
tivities of detection of patients with Dukes’ stage A and B and
those with Duke’s stage C and D were 63.6% (42/66, 95% CI;
50.9–75.1) and 55.7% (34/61, 95% CI; 42.5–68.5), respectively.

Table 2. Detection rate of target genes

Target genes
Patient 

(N = 166)
Healthy volunteer 

(N = 134)
P-value

B2M
Detection, no (%) 127 (76.5) 101 (75.4)
Median Ct 30.541 32.194 0.89

CEA
Detection, no (%) 125 (75.3) 98 (73.1)
Median Ct 30.229 32.023 0.69

MMP7
Detection, no (%) 39 (23.5) 6 (4.5)
Median Ct 34.381 37.612 <0.0001

MYBL2
Detection, no (%) 40 (24.1) 1 (0.7)
Median Ct 33.949 33.708 <0.0001

PTGS2
Detection, no (%) 84 (50.6) 16 (11.9)
Median Ct 33.529 34.892 <0.0001

TP53
Detection, no (%) 49 (29.5) 7 (5.2)
Median Ct 35.467 36.361 <0.0001

B2M, beta-2-microglobulin; CEA, carcinoembryonic antigen; MMP7, 
matrix metallopeptidase 7; MYBL2, myeloblastosis viral oncogene 
homolog like 2; PTGS2, prostaglandin-endoperoxide sythase 2; TP53, 
tumor protein p53. P-value analyzed by Fisher’s exact test; P < 0.05 was 
considered statistically significant.

Table 3. Mean values of relative expression of target genes compared
with a housekeeping gene, B2M

Target genes
Patient 

(N = 127)
Healthy volunteer 

(N = 101)
P-value

CEA
RQ, mean 1.706 1.290
Range 0–20.224 0–12.527 0.21

MMP7
RQ, mean 0.008 0.0003
Range 0–0.166 0–0.021 0.0009

MYBL2
RQ, mean 0.023 9.648 × 10–8

Range 0–1.728 0–0.000009 <0.0001
PTGS2

RQ, mean 0.137 0.015
Range 0–2.539 0–0.409 <0.0001

TP53
RQ, mean 0.003 0.0002
Range 0–0.048 0–0.010 <0.0001

CEA, carcinoembryonic antigen; MMP7, matrix metallopeptidase 7; 
MYBL2, myeloblastosis viral oncogene homolog like 2; PTGS2, 
prostaglandin-endoperoxide sythase 2; TP53, tumor protein p53; RQ, 
relative quantification. P-value analyzed by Mann–Whitney test; 
P < 0.05 was considered statistically significant.
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Table 4. Sensitivity and specificity of the present gene expression analysis

Target genes

Patients Healthy volunteer

Sensitivity (%) Specificity (%)

No. (95% CI) No. (95% CI)

Overall Combined markers 74 58.3 (49.2–67.0) 89 88.1 (80.2–93.7)
Patients (N = 127) MMP7 39 30.7 (22.8–39.5) 96 95.1 (88.8–93.7)
Healthy volunteer (N = 101) MYBL2 40 31.5 (23.6–40.3) 101 100 (96.4–100)

PTGS2 43 33.9 (25.7–42.8) 95 94.1 (87.5–97.8)
TP53 37 29.1 (21.4–37.8) 95 94.1 (87.5–97.8)

Combined markers MMP7 MYBL2 PTGS2 TP53

No. Sensitivity (%) P-value No. Sensitivity (%) P-value No. Sensitivity (%) P-value No. Sensitivity (%) P-value No. Sensitivity (%) P-value

Tumor location 0.01 0.002 0.0003 0.02 0.3
Right colon (N = 37) 15 40.5 (24.8–58.0) 4 10.8 (3.0–25.4) 3 8.1 (1.7–21.9) 7 18.9 (8.0–35.2) 8 21.6 (9.8–38.3)
Left colon (N = 90) 59 65.6 (54.8–75.3) 35 38.9 (28.8–49.7) 37 41.1 (30.9–52.0) 36 40.0 (29.8–50.9) 29 32.2 (22.7–42.9)
Tumor size 0.02 0.007 0.03 0.3 0.2
≤35 mm (N = 60) 28 46.7 (33.7–60.0) 11 18.3 (9.5–30.4) 13 21.7 (12.1–34.2) 17 28.3 (17.5–41.5) 14 23.3 (13.4–36.1)
>35 mm (N = 67) 46 68.7 (56.2–79.5) 28 41.8 (29.9–54.5) 27 40.3 (28.5–53.0) 26 38.8 (27.2–51.5) 23 34.3 (23.1–46.9)
Tumor depth 0.06 0.06 0.4 0.4 0.2
T1 and T2 (N = 42) 19 45.2 (29.8–61.3) 8 19.0 (8.6–34.1) 11 26.2 (13.9–42.0) 12 28.6 (15.7–44.6) 9 21.4 (10.3–36.9)
T3 and T4 (N = 85) 55 64.7 (53.6–74.8) 31 36.5 (26.3–47.6) 29 34.1 (24.2–45.3) 31 36.5 (26.3–47.6) 28 32.9 (23.1–44.0)
Dukes’ stage 0.4 0.4 1 0.09 1
Stage A and B (N = 66) 42 63.6 (50.9–75.1) 18 27.3 (17.0–39.7) 21 31.8 (20.9–44.5) 27 40.9 (29.0–53.7) 19 28.8 (18.3–41.3)
Stage C and D (N = 61) 34 55.7 (42.5–68.5) 21 34.4 (22.8–47.7) 19 31.1 (19.9–44.3) 16 26.2 (15.8–39.1) 18 29.5 (18.5–42.5)

MMP7, matrix metallopeptidase 7; MYBL2, myeloblastosis viral oncogene homolog like 2; PTGS2, prostaglandin-endoperoxide sythase 2; TP53, tumor protein p53; Threshold, MMP7 (>0.0003), 
MYBL2 (>0.00001), PTGS2 (>0.06) and TP53 (>0.001); 95% CI, 95% confidence interval. P-value analyzed by Fisher’s exact test; P < 0.05 was considered statistically significant.
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The sensitivities of detection of patients with T1 and T2 cancers
and those with T3 and T4 cancers were 45.2% (19/42, 95% CI;
29.8–61.3) and 64.7% (55/85, 95% CI; 53.6–74.8), respectively.
Significant differences were seen among the sensitivities depending
on the location of the primary tumor (P = 0.01) and the size of
the primary tumor (P = 0.02). On the other hand, there were no
significant differences in the sensitivity of detection among
tumors of varying invasion depth (P = 0.06) and the Dukes’
stage classification (P = 0.37).

Discussion

A suitable screening method must not only show high sensitivity
and specificity, but also be simple to perform and cheap.
Indeed, the cytological analysis, reported previously,(29) was
conducted by two experienced cytotechnologists and the
identification of colorectal cancer cells was not simple. The
procedure for detection of genetic alterations by direct sequencing
analysis involves many steps and is expensive. Meanwhile, the

Fig. 1. Histogram of colorectal cancer (CRC) patients and healthy volunteers using relative quantification of each gene. (a) Histogram of CRC
patients and healthy volunteers using relative quantification of the CEA gene. At the suitable threshold (>2.8), the sensitivity of CEA detection for
the diagnosis of CRC was only 14% at the specificity of 95%. (b) Histogram of CRC patients and healthy volunteers using relative quantification
of the MMP7 gene. At the suitable threshold (>0.0003), the sensitivity of MMP7 detection for the diagnosis of CRC was 31% at the specificity of
95%. (c) Histogram of CRC patients and healthy volunteers using relative quantification of the MYBL2 gene. At the suitable threshold (>0.00001),
the sensitivity of MYBL2 detection for the diagnosis of CRC was 32% at the specificity of 100%. (d) Histogram of CRC patients and healthy
volunteers using relative quantification of the PTGS2 gene. At the suitable threshold (>0.06), the sensitivity of PTGS2 detection for the diagnosis
of CRC was 34% at the specificity of 95%. (e) Histogram of CRC patients and healthy volunteers using relative quantification of the TP53 gene. At
the suitable threshold (>0.06), the sensitivity of TP53 detection for the diagnosis of CRC was 29% at the specificity of 95%.
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cost of gene expression analysis by quantitative real-time
RT-PCR is only about one-fourth of that for direct sequencing
analysis. Colorectal cancers and breast cancers accumulate about
90 mutant genes(30) and the mutation sites differ among individual
tumors. Thus, the detection of genetic alterations can hardly be
considered as a suitable screening method for CRC.

CRC develops from the colorectal mucosa, and since feces
would be in contact with the lesion from an early stage, it was
considered that naturally evacuated fecal samples might be useful
to detect colorectal cancer cells even from an early stage.(28,29)

The gene expression analysis based on mRNA was one of the
newly used detection methods using fecal samples. The target
gene was COX2 (same as PTGS2) and the authors suggested that
gene expression analysis may be a promising approach for the
detection of CRC. The problems with these studies were: the
study population was too small, they used fecal RNA, not RNA
from colonocytes isolated from feces and they used non-
quantitative RT-PCR analysis, the sensitivity and specificity of
which depended on the template RNA concentration.(26,27)

In the present study, we conducted gene expression analysis
based on mRNA detection in isolated colonocytes from natu-
rally evacuated feces of 166 patients with CRC and 134 healthy
volunteers using quantitative real-time RT-PCR. The detection
rate of B2M, which was used as the internal control gene, was
about 75% (228 out of 300) in all subjects, including patients
and volunteers (Table 2). This result implies that gene expression
could not be analyzed in 25% of the total examinees enrolled in
this study owing to the insufficient number of isolated colono-
cytes from the 2-gram fecal samples. To improve the detection
rate of B2M, suitable immunomagnetic beads were considered
to be necessary to increase the number of isolated colonocytes from
the 2-gram fecal samples. Alternatively, colonocyte isolation
methods capable of handling higher amounts of fecal samples
would be required. The median Ct value of the gene for the
CRC patients was 1.6 cycles lower than that for the healthy
volunteers, which indicates that the number of colonocytes in
the 2-gram fecal samples obtained from the patients with CRC
was 3-times higher than that in the samples of the same weight
obtained from the healthy volunteers. Consistent with our previous
data, this result indicates that normal mucosal cells may die and
be exfoliated during turnover and that the exfoliated cancer cells
are more likely to survive for prolonged periods of time in the
feces.(28,29,31–33)

Because the number of colonocytes contained in 2-gram fecal
samples is small, the target genes investigated should not only
be cancer specific, but also expressed at high levels. Thus, we
decided to analyze five genes: CEA, MMP7, MYBL2, PTGS2
and TP53. The gene expression level of CEA was not signifi-
cantly different between the CRC patients and healthy volunteers
(Table 3). Therefore, we concluded that the CEA gene was not
suitable for diagnosing CRC by gene expression analysis of
isolated colonocytes from feces using quantitative real-time
RT-PCR.

In the gene expression analysis using quantitative real-time
RT-PCR, it is necessary to define the threshold for drawing a
sharp line between patients with CRC and healthy volunteers. In
the present study, the sensitivity and specificity were 58.3% and
88.1% as per the defined threshold. These results were inferior
to the those of direct sequencing analysis reported previously by
us.(28) However, the cost of gene expression analysis was sub-
stantially lower than that of the direct sequencing analysis.

We could detect cases with resectable CRC as well as those
with advanced CRC (Table 4). Detection at an early stage is
important for reducing the mortality from CRC. Meanwhile, the
detection rates of patients with the primary tumor located on the
right side of the colon and with a small size of the tumor were
lower than those of patients with the primary tumor located on
the left side of the colon and with tumors of larger diameters. It
is especially difficult to detect cancer located on the right side
of the colon because it is associated with few symptoms and is
relatively difficult to detect by colonoscopy.(34–36) The reason for
the lower sensitivity of detection of cancer on the right side of
the colon is that the exfoliated cancer cells from the right colon
are exposed to the feces for a longer time than those from left
colon cancer, resulting in a possibly reduced number of surviving
cells in the feces. Also, one reason for the low sensitivity of
detection of tumors of small size is that the number of exfoliated
cancer cells from small-size tumors would be fewer than that
from tumors of larger size. Thus, it is necessary to establish a
new screening test for detecting CRC, including that located on
the right side of colon.

In the present study, we conducted gene expression analysis
of colonocytes isolated from feces for the detection of CRC
using quantitative real-time RT-PCR. The CEA gene and KRT20
gene, commonly used for the detection of CRC, were found to
be not useful. The sensitivity and the specificity of the analysis
were 58.3% and 88.1% for the combination of MMP7, MYBL2,
PTGS2 and TP53. We, however, believe that gene expression
analysis of colonocytes isolated from feces offers promise of
becoming a mass screening method for CRC in the future after
several improvements are implemented, such as establishment of
more powerful immunomagnetic beads and colonocyte recovery
methods capable of dealing with higher amounts of feces.
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