
INTRODUCTION
Colorectal cancer is a typical form of cur-

able cancer if diagnosed at an early stage.

Population screening, based on fecal occult
blood (FOB) test, has been successfully intro-
duced and improved the clinical outcome of the
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ABSTRACT

Detection of genetic alterations in exfoliated
intestinal cells into feces is expected to be a
novel approach to colorectal cancer screening.
We aimed here to detect cancer-related gene
mutations in routine fecal specimen; dried feces
spots (DFS) on a filter paper especially desig-
nated for an automated fecal occult blood (FOB)
test. DNA was simply extracted from a 3 mm
disc of DFS (including around 10 mg feces) with
a boiling procedure followed by a cationic sur-
factant extraction. K-ras common mutations, as
the typical cancer-related gene alterations, were
detected with a nested allele specific PCR with
microfluorometry (ASP/MFL). Adequate DNA

was recovered from 363/451 (80.5%) DFS speci-
mens tested. The K-ras mutations were de-
tected in 2/24 (8.3%) from patients with colorec-
tal cancer and 13/315 (4.1%) from screening par-
ticipants with positive FOB. No mutations were
detected in 24 DFS specimens with negative
FOB. The results of K-ras mutation frequency
were not encouraging to achieve practically a
specific and reliable method for colorectal can-
cer screening. However this report, identifying
for the first time a cancer related gene altera-
tion in feces using identical samples with rou-
tine FOB test, will be a step to realize a molecu-
lar genetic testing for the cancer screening.
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patient1-3). The FOB test is noninvasive and eco-
nomical, however there remains an obscurity in
sensitivity and specificity being caused by fre-
quent false negative and positive cases.
In the last decade, extensive research has

aimed to identify cancer related gene alterations
(such as K-ras, p53 and BAT26 mutations) in
cells shed from the tumors into stools4-7). Such a
molecular genetic approach is still not a practi-
cal alternative to the FOB test. Nevertheless, it
has great potential to improve the efficacy of
colorectal cancer screening.

Most of the previous studies on genetic
testing of stool specimens were limited to the
use of samples obtained from patients already
diagnosed as having colorectal cancer. In con-
trast, we aimed here to detect K-ras mutations
(as one of the most typical gene alterations) in
routine fecal specimen. This was done by ob-
taining dried feces spots (DFS) on a filter paper
especially designated for an automated FOB
test8).

K-ras has been preferentially targeted for
genetic alteration because most mutations,
found in 30 - 40% of colorectal cancer, are clus-
tered at codons 12 and 13. Several methods, ap-
plicable to stool samples, were reported based
on PCR amplification with a variety of detection
techniques6,9-11). We adopted and optimized here
a nested allele specific PCR (ASP) with micro-
fluorometry (MFL) for K-ras mutations in DFS.
ASP/MFL is a simple and practical technique
developed by combined use of ASP amplifica-
tion and subsequent fluorogenic intercalation to
the amplicon12). The method, designated to work
on a 96-well microplate scale, is especially suit-
able for screening a multitude of samples and
produces objective results.

MATERIALS AND METHODS
DFS specimens

The DFS specimens with positive FOB test
were kept at 4℃ for 3 to 6 months until colono-
scopic evaluation was completed. DFS speci-
mens with negative FOB were also used as con-
trol. A total of 422 routine DFS, obtained from

211 participants in two successive days, was
analyzed. In addition, DFS from 29 patients with
colorectal cancer, not screened but found clini-
cally, were obtained prior to surgery. All partici-
pants in the study had given their informed con-
sent, and experiments were carried out after ap-
proval by the local ethics committee.

DNA extraction from DFS specimens
Scraps of stool surface taken with a swab

were obtained by participants, and applied onto
the filter paper. Each specimen, including 3
discs of 5 mm diameter with around ten mg
stool / disc, was kept dry and away from the
light in a closed aluminum bag (according to the
manufacturer's instruction). One of the fecal
discs was submitted for the automated FOB
test (SanAuto Hemo Kit & FE system, Sanko
Pure Parmaceurical, Tokyo, Japan). Another
disc, for DNA extraction, was placed in a 0.5 mL
microtube using a tweezer. Two hundred µL of
cetyltrimethylammonium bromide (CTAB) - ly-
sis buffer (0.5% CTAB, 0.5 M Tris, 16 mmol/L
EDTA, 1.4 M NaCl, pH 9.0) was added, and vor-
texed vigorously. By this step, the dried feces
were spread out in the sol of the filter paper
matrix (with highly water absorbent material).
The microtubes were boiled at 95℃ for 15 min
using a GeneAmp 9600 PCR System (Perkin El-
mer, Norwalk, CT, U.S.A.). The tubes were cen-
trifuged for 5 min at 15,000 rpm with the resul-
tant supernatant (around 120 µL) being trans-
ferred to a new tube. The excess CTAB was re-
moved by vigorous vortexing for 1 min with 200
µL chloroform followed by centrifugation for 5
min at 15,000 rpm. The aqueous layer was
transferred to a new tube. Another 200 µL chlo-
roform was added, and the CTAB removal step
was repeated. DNA was precipitated by the ad-
dition of 100 µL 2-propanol to the final aqueous
layer, and the mixture left standing for 30 min
at -20℃. DNA was collected by centrifugation at
15,000 rpm for 10 min at 4℃ and the superna-
tant was discarded. The DNA was then washed
with 400 µL 70% ethanol and finally dissolved in
50 µL of TE buffer solution (10 mmol/L Tris, 1
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mmol/L EDTA, pH 8).

ASP/MFL for K-ras mutations
Template DNA of the DFS extracts was

first amplified using a PCR primer pair; KrasF-1
st (forward: 5'-agg cct gct gaa aat gac tga ata)
and reported KrasR (reverse: 5'-tga gct gtc gct
taa ttg ctc)13). Eighteen µ l of PCR reaction mix-
ture was added to each microtube containing 2
µ l of the DNA. The final mixture consisted of
10 mmol/L of Tris-HCl (pH 9.0), 50 mmol/L of
KCl, 1.5 mmol/L of MgCl2, 0.2 mmol/L of each
dNTP, 0.5 units of Taq DNA Polymerase (Amer-
sham Pharmacia, Piscataway, NJ, U.S.A.) modi-
fied with 0.7 pmol of TaqStartTM Antibody
(Clontech, Palo Alto, CA, U.S.A.), and 5 pmol of
both KrasF-1st and KrasR primers. The mix-
tures were denatured initially for 5 minutes at
95℃, then alternatively cycled at 95℃, 60℃ and
72℃ for 30 second periods over 38 cycles. This
was followed by a final extension at 72℃ for 7
minutes using a GeneAmp 9600 PCR System
(Perkin Elmer, Norwalk, CT, U.S.A.). After spin
down the plate, a 10 µ l-portion of the amplicon
was transferred with a multichannel micropi-
pette to a well of a 96-well white plate for
fluorometry (Nunc, Rochester, NY, U.S.A.). The
residual 10 µ l of the amplicon was diluted 10
times by the addition of 90 µ l TE buffer solu-
tion (the cap was replaced to avoid leaking).

A two µ l-portion of the diluted amplicon
was submitted for nested ASP. The ASP prim-
ers were particularly designed for highly spe-
cific detection of 3 major K-ras mutations; G12D
(ggt>gat), G12V (ggt>gtt) and G13D (ggc>gac).
The primer sequence were as follows: Kras12A-
3g (5'-ctt gtg gta gtt gga gGt ga) for G12D, Kras
12T-3g (5'-ctt gtg gta gtt gga gGt gt) for G12V
and Kras13A-1a (5'-gtg gta gtt gga gct ggt Aa)
for G13D. A mismatch sequence (capitalized)
was introduced to achieve optimum specificity
at 1 or 3 bp upstream of each mutant position
from the 3' terminal. The nested ASP condition
was the same as that described in the first PCR
section except for the cycle numbers being
changed to 15, the reaction volume being re-

duced to 10 µ l, and the primer pair being re-
placed by an ASP primer set (every 2.5 pmol of
Kras12A-3g, Kras12T-3g and Kras13A-1a with
the common KrasR). For the typing of the indi-
vidual mutation, one of the corresponding for-
ward ASP primers was used with the common
KrasR primer instead of the ASP primer set.

A working solution of fluorogenic intercala-
tor, SYBR Green I (Molecular Probes, Eugene,
U.S.A.) was prepared by diluting the stock solu-
tion at a ratio of 5,000 to 1 with TAE buffer so-
lution (0.04 M Tris, 1 mmol/L EDTA, pH 7.8 ad-
justed with acetic acid). To each well of the
white plate, including the first PCR product, 100
µ l SYBR Green I was added and mixed by
pumping using a multichannel micropipette, and
the mixture was then left standing for 10 min-
utes at room temperature. Meanwhile, SYBR
Green I was added and mixed to the nested
PCR products in the PCR tubes, 100 µ l as well.
The 100 µ l-portion of the mixture was trans-
ferred to the white plate. The specific fluores-
cence was measured by a fluorometric mi-
croplate reader Fluoroskan II (Labsystems, Hel-
sinki, Finland) at 485/538nm of excitation/emis-
sion wavelength.

RESULTS AND DISCUSSION
The typical output of the ASP/MFL is

shown in Fig. 1. The fluorescence intensities de-
rived from the first PCR and nested ASP corre-
sponded to K-ras alleles with [wild plus mutant]
and [mutant], respectively. The DFS samples
were defined as being positive when the inten-
sity ratio of the following criteria were satisfied;
[mutant]/ [reagent blank] > 2 and [mutant ] /
[wild plus mutant ] > 0.1. The DFS sample was
considered as insufficient DNA, without further
evaluation, when the fluorescence ratio [wild
plus mutant] / [reagent blank] < 2. The positive
result was confirmed by the typing protocol for
the individual mutation from the first PCR step.
The sample, shown to be successively positive
by this repetitive test, was finally recognized as
harboring the mutations.

Based on these criteria, adequate DNA was
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FL Intensity Ratio

DFS

PC

DW

Raw
1st PCR ASP Positive

Net ASP/1st PCR

0 20 40 0 20 40 0 1.0 2.0

recovered from 363 out of 451 DFS specimens
(80.5%), and the K-ras mutations were detected
in 2 out of 24 patients (8.3%) and 13 out of 315
DFS specimens (4.1%) from screening partici-
pants with positive FOB test (Table 1). The rou-
tine samples were analyzed in duplicate using
the discs obtained in two successive days.
Therefore, the mutation frequency per person
was calculated as being nearly twice the rate
since no case was shown to be successively
positive in both discs. Similarly, no mutations
were detected in 24 DFS samples or 12 partici-
pants with negative FOB test.

Given the difficulties of using DFS as a
DNA source, such as stools with complex ma-
trix, small sampling amounts and samples not
being freshly obtained (stored at 4℃ for a long
period), 80% recovery of DNA is an adequate
rate. All of the previous studies required stool
samples freshly obtained and frozen stored4,6-7,9-11).
On the other hand, DNA degradation by

apoptosis is supposed to be less efficient in cells
shed by tumors compared with fully differenti-
ated cells5). In addition, Machiels et al.14) recently
reported that DNA could be recovered from
stools kept dry in a closed tube for two days at
room temperature. The dehydration is likely to
inactivate enzymes related to degradation of
DNA. The SanAuto Hemo kit is used to stabi-
lize hemoglobin in stool. It is easy to use and
transport. Thus, the use of DFS will be more
preferable for routine genetic testing than the
system of hydrated stool samples in a buffer so-
lution adopted by the majority of FOB kits.

The procedure for DNA extraction was
simplified by boiling the fecal disc in the pres-

Fig. 1 Detection of K-ras mutations in DFS samples by nested ASP/MFL. The DNA was extracted from DFS
samples by CTAB/boil method. K-ras exon 1, encompassing codons 12 and 13, was amplified by the first
PCR. The nested ASP was targeted for 3 major mutations; G12D, G12V and G13V using a mixed ASP
primer set. Fluorogenic intercalator, SYBR Green I was added to the first PCR and the nested ASP prod-
ucts, then the specific fluorescence was measured by a conventional fluorometric microplate reader at 485
/538nm. DFS = Dried feces spots, PC = Cloned positive control for the 3 mutations, DW = Deionized
water as reagent, FL = Fluorescence intensity in arbitrary, Raw = Fluorescence versus air blank, Net =
Fluorescence subtracted the background level of S/N 2, Open bar = Signal for the first PCR, Hashed bar
= Signal for the nested ASP, Closed bar & Arrow = Positive cases of K-ras mutation under the criteria
both with [S/N>2 of the Raw signals] and with [the Ratio of the Net signals; ASP/1st PCR >0.1], Closed
circle = Samples with insufficient DNA.
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ence of a cationic surfactant, CTAB. The excess
CTAB as well as stool debris and filter paper
matrix was efficiently removed at once by sub-
sequent chloroform extraction. The removal of
fecal anionic polysaccharides by ion-pairing with
CTAB was an essential step for preventing
PCR inhibition, as previously pointed out15).

The condition of the nested ASP/MFL was
examined for the detection of K-ras common
mutations. The best counterpoise in sensitivity
and specificity was achieved by a combination
of 38 cycle numbers for the first PCR and 15 for
the nested ASP. The introduction of a mismatch
sequence, in each ASP primer, was effective to
improve specificity while maintaining moderate
sensitivity. The adoption of ASP, in conjunction
with MFL detection, has great potential, espe-
cially for robust and economical application in
population-based studies12).

The three major K-ras mutations were tar-
geted here since our preliminary study, as well
as other studies, detected them in 30 to 40 % of
tissue specimens from colorectal cancer. The
8.3% frequency of the mutations, detected in
DFS from patients with colorectal cancer, is
lower than that generally accepted (Table 1);
and this is primarily due to the smaller amounts

of stool samples (around 10 mg). Another possi-
ble reason may be the rather strict criteria
adopted for positive results in our study; al-
though paired tumors were not available and
therefore could not be tested. Most of the other
reports on genetic testing of stool samples did
not clearly explain their criteria for possible re-
sults.

The main focus of this paper is to assess
the possibilities of a genetic test for routine
screening of colorectal cancer. The FOB posi-
tive DFS samples were recovered and tested
for the K-ras mutations under uniform condi-
tions. The samples were classified into 3 sub-
groups according to clinical diagnosis by colono-
scopy. K-ras mutations were detected from all
the subgroups of Cancer, Polyp and Negative
(without any specific observations) in 5.6, 2.0 and
6.2 % of samples, respectively (Table 1). The fre-
quencies for the Cancer and Polyp groups may
be appropriate in comparison to the 8.3% in the
typical patients and a similar frequency is noted
even in the Negative group including a case
with heterogeneous mutations. In terms of K-ras
mutation frequencies, however, the age of the
DFS samples must be borne in mind. All DFS
samples from screening participants, had been

K-ras mutation detected

DFS Tested DNA adequate № ％ G12D G12V G13D

Colorectal cancer 29 24 2 8.3 1 0 1

Screening participant1

FOB positive2

Cancer 72 54 3 5.6 1 0 2

Polyp 174 149 3 2.0 1 1 1

Negative 144 112 7 6.2 33 23 3

FOB negative 32 24 0 - - - -

1 Tested duplicate samples per person obtained in two successive days.
No cases of mutations identified in both samples.
2 Subgrouped by clinical diagnosis with colonoscopy.
3 Including one case with heterogeneous mutations.

Table 1 K-ras Mutations detected in DFS specimens from patients with colorectal cancer and screening partici-
pants with FOB tests
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obtained 3 to 6 months before colonoscopy and
the tumor and/or genetic status might have
changed during this time lag. Moreover, K-ras
status with heterogeneous mutations is also fre-
quently reported in adenomas (30-40%)16). These
data may support recent findings showing that
K-ras mutations are not centrally involved in
the malignancy of tumors, but just related to
the morphological phenotype of the ade-
noma5,10,16).

In FOB tests, successive stool sampling is
recommended because bleeding from the tumor
is known to be intermittent. Our results suggest
similar limitations to FOB tests in genetic test-
ing also. Regarding K-ras detection in this study,
there were no cases which were positive in suc-
cessive DFS samples, even though the corre-
sponding FOB tests showed positive in most
cases. This suggests inadequate sensitivity of
the detection of K-ras mutations in colorectal
cancer screening under present circumstances.

Somatic mutations in tumors, like K-ras as
we experienced it here, are often hard to detect
and still not widely acknowledged in the clinical
setting. Conversely, germline mutations in famil-
ial cancer, such as in APC or p53, will be easier
to detect and more open to definitive clinical ac-
tion. However, a different methodological ap-
proach will be needed for the detection of their
dispersed mutations. We are now trying to de-
tect APC mutations in DFS with positive FOB
results as a secondary test. When an APC muta-
tion is identified, colonoscopy should be strongly
recommended.

The final goal of achieving a specific and re-
liable method of molecular genetic testing for
cancer screening is perhaps some way in the fu-
ture yet. Nevertheless this report, identifying
for the first time a cancer related gene altera-
tion in stool using identical samples with routine
FOB test, is a step in the right direction. Fur-
thermore, the potential advantage of DFS speci-
mens as a novel DNA source for genetic testing
is clarified.
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