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Abstract

AIM: To detect tumor-associated DNA changes in stool
samples among Iranian patients with colorectal cancer
(CRC) compared to healthy individuals using BAT-26, p16
hypermethylation and long DNA markers.

METHODS: Stool DNA was isolated from 45 subjects
including 25 CRC patients and 20 healthy individuals
using a new, fast and easy extraction method. Long DNA
associated with tumor was detected using polymerase
chain reaction method. Microsatellite studies were
performed utilizing denaturating polyacrylamide gel to
determine the instability of BAT-26. Methylation status
of p16 promoter was analyzed using methylation-specific
PCR (MSP).

RESULTS: The results showed a significant difference
in existence of long DNA (16 in patients vs 1 in controls,
P < 0.001) and p16 (5 in patients vs none in controls, P
= 0.043) in the stool samples of two groups. Long DNA
was detected in 64% of CRC patients; whereas just one
of the healthy individuals was positive for Long DNA.
p16 methylation was found in 20% of patients and in
none of healthy individuals. Instability of BAT-26 was not
detected in any of stool samples.

CONCLUSION: We could detect colorectal cancer
related genetic alterations by analyzing stool DNA with
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a sensitivity of 64% and 20% and a specificity of 95%
and 100% for Long DNA and p16 respectively. A non-
invasive molecular stool-based DNA testing can provide
a screening strategy in high-risk individuals. However,
additional testing on more samples is necessary from
Iranian subjects to determine the exact specificity and
sensitivity of these markers.

© 2007 The WIG Press. All rights reserved.
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INTRODUCTION

Colorectal cancer is one of the most common forms of
cancer in the world and is curable if diagnosed at an early
stagem. Extensive research over the past 15 years has
shown that a specific series of genetic changes drives the
neoplastic transformation of normal colonic epithelium
to benign adenomas and subsequently to malignant
adenocarcinomas”. Colon cancers arise from at least
three different genetic pathways: chromosomal instability,
microsatellite instability, and CpG island methylation.
Chromosomal instability accounts for about 85% of
sporadic colorectal cancers. Microsatellite instabilities
that are replication errors (RERs) caused by germline
or somatic mutations of mismatch gene, are involved
in the development of some colorectal cancers”. Loss
of function of any of mismatch repair genes may lead
to a failure in repair mutations and development of
cancers'™. One microsatellite, BAT-26, a single locus of
26 consecutive adenine nucleotides is strongly associated
with failure of a mismatch gene. Thus, testing for
mutations in BAT-26 is almost as effective as screening
most microsatellite loci™”. Several studies showed the
relationship of this marker and colorectal cancers™. It is
implicated in about 20% of right-sided colorectal cancers
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while in only 1% to 2% of left-sided colon cancers.

One other pathway known to be involved in the
pathogenesis of colorectal cancer is the methylation of the
CpG islands located within the promoter regions of genes
regulating cell proliferation, apoptosis, and DNA repair.
The detection of hypermethylated fecal DNA has been
reported by others in a few studies' ™", Methylation often
affects multiple genes. It also occurs as an age-related
phenomenon in morphologically normal mucosa. p16, a
tumor suppressor gene silenced by hypermethylation of
its promoter in early stages of cancer, provide a valuable
approach to screening for early lesions!".

The discovery of these genetic and epigenetic
alterations has raised the possibility of detecting colorectal
cancer through examination of the stool DNA as a
healthy adult excretes approximately 10" epithelial cells
every dame. A large number of tumor cells will renew
and exfoliate into the intestinal cavity of colonic cancer
patients daily. A certain amount of DNA can maintain its
stability due to the resistance of intestinal tumor cells to
various degradation enzymes or due to the impairment of
apoptotic mechanism of tumor cells. Therefore, molecular
examination of the genetic composition of the colonic
mucosal cells, which are exfoliated into the stool, brought
new options for colorectal cancer screening. Sidransky
et al"? | for the first time, detected the K-ras gene mutations
in the fecal samples from eatly intestinal cancer patients.
Since then, several studies have shown that it is possible
to detect mutations of these genes in stool samples from
patients with colorectal cancer. Stool-based DNA testing
has gradually become a screening method for colorectal
cancer 1,

The amount of human DNA in feces may be increased
in individuals with colorectal cancer. Kelaassen e a/'”
demonstrated increased amounts of human DNA in
the feces of patients with colorectal tumors compared
with healthy persons. Boynton e a/'” showed that the
majority of DNAs isolated from the stool of patients
with colorectal tumors were of high molecular weight,
in contrast to the fragmented apoptotic DNAs found in
stools from colonoscopy-negative patients. They proposed
that the increased concentrations of human DNA could
be explained by decreased apoptosis of bowel cells and/or
increased shedding of cancer cells into the colonic lumen.
There is evidence that transformed colonic mucosa cells
have dysfunctional apoptotic mechanisms™ and thus may
shed cells that have not undergone apoptosis. Because
one of the characteristics of apoptosis can be the cleavage
of DNA into 180 to 210 bp fragments®, dysfunction
of apoptotic mechanisms will lead to presence of high-
molecular-weight fragments (more than 1 Kb) of DNAs,
which are named as Long DNA. Therefore, long DNA
becomes a valuable marker in stool based DNA testing;

Newer assays examining more than one mutation are
significantly more sensitive. They include more than 20
mutations on APC, p53 and k-ras, microsatellite analysis
for BAT-26 and Long DNA and methylation markers™*”,
In this study, we have established a stool-based DNA
assay to detect Long DNA and BAT-26 markers and p16
methylation in patients with colorectal cancer in Iran.

MATERIALS AND METHODS

Sample collection

Human stool samples were collected from 45 individuals
including 20 healthy colonoscopic volunteers and 25
patients with colorectal cancer without any dietary
restrictions or antibiotic treatment. About 5 g stool
was collected from each individual. All the samples
were collected in dry clean plastic containers. Informed
consent was obtained from every subject prior to the
study. Stools were collected prior to any preparation for
colonoscopy or 4-5 d following this procedure. Tumor
characteristics such as location, size, histological features,
stage and, in addition, age, sex and fecal occult blood test
(FOBT) results were considered. The stool specimens
wete stored at -20°C immediately after collection, to avoid
potential enzymatic degradation of nucleic acids, and then
transferred to a -70°C refrigerator within 24 h until use.
The information of 21 patients is shown in Table 1.

DNA extraction

For DNA extraction, 1 g of stool, frozen at -70°C, was
diluted in 10 mL of lysis buffer (0.5 mol/L Tris-HCI,
20 mmol/L EDTA, 10 mmol/L NaCl, 0.1% SDS, pH
= 9.0) (TEN-9) in a 50 mL tube. After vortexing for 5
min, samples were homogenized by shaking for 10 min.
A second dilution (1/2) step was performed with 10
mL lysis buffer and homogenized for 5 min. Particulate
materials were removed by centrifugation at 4500 t/min
for 10 min. The supernatant was transferred to a new
tube, approximately 15 mL. DNA was precipitated by
addition of 7.5 mL. ammonium acetate 7.5 mol/L (half the
sample volume) and 30 mL of ice-cold ethanol 95%-100%
(twice the sample volume). Incubation at -20°C for 30-45
min rendered a better precipitation. DNA was collected
following centrifugation at 4500 r/min for 15 min at
RT. In this step, precipitated DNA was not colorless and
contained the bile salts. The DNA pellet was re-suspended
in 750 uL of TE (pH = 8) and incubated at 65°C for 15
min. Then DNA was purified using the conventional single
step phenol/chloroform protocol. Phenol would eliminate
the colored impurities. After isopropanol precipitation,
colorless DNA pellet was collected and dissolved in
300 pl. of TE buffer following an overnight incubation at
37°C.

Long DNA analysis

A 1476 bp fragment including exons 6 to 9 of p53
gene was used for long DNA analysis. Primers were
previously described by Beroud e7 al*" (Forward: 5’
GCCTCTGATTCCTCACTGAT 3’ and reverse: 5’
AAGACTTAGTACCTGAAGGGT 3’). The PCR
reaction mixture consisted of 1 X CinnaGen PCR buffer,
500 nmol/L of each PCR primer, 1.5 mmol/L. MgClz,
200 pmol/L dNTPs and 1 U of Taq DNA polymerase
(CinnaGen, Tehran, Iran). Five hundred ng DNA diluted
in 200 ul. TE (pH = 8.0) was used in a reaction volume
of 20 plL. PCR conditions were as follows: 3 min at 95°C
followed by 35 cycles of 40 s at 95°C, 120 s at 58°C and
120 s at 72°C, and 5 min at 72°C as final extension, with
maximum heating and cooling settings in the Techne
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Table 1 Demographic and clinicopathological characteristics of patients

Patients Sex Age (yr) Tumor type Tumor size (cm) Tumor location Stage FOBT Long DNA Instability BAT-26 p16
1 M 37 A.C 10 AC B2 +4 + - M
2 M 52 A.C 5 C B2 +4 + - 10)
3 E 64 A.C 15 C C2 +4 + - 19)
4 M 62 A.C 2 R B1 +1 + - 10)
5 F 34 A.C - Sp B2 = + - 19)
6 M 50 A.C 10 Hp B2 +4 - - 10)
7 M 52 A.C 7 R C2 = + = 10)
8 M 70 A.C 3 AC B2 +2 - - 10)
9 M 83 A.C 1 R - +2 - - 10)

10 E 50 A.C 1.5 Sp B2 +4 + - 19)

11 M 64 A.C 3 R C2 +3 + - M

12 M 83 A.C 4.5 R - +4 + - M

13 M 72 A.C 8 C B2 +4 + - 10)

14 M 64 A.C 8 R C2 +2 + - M

15 E 73 A.C 6 - B1 +4 + - 16)

16 M 43 A.C 7 AC B1 - + - 16)

17 E 67 A.C 3.5 AC B2 +4 - - 16)

18 E 53 A.C 8 Sp C2 +4 + - M

19 M 49 A.C 8 C B2 +4 - - 16)

20 E 70 A.C 5 R B2 +3 - - 16)

21 M 51 A.C 6 R B2 +4 - - 18]

R: Rectum; C: Cecum; AC: Ascending colon; Sp: Splenic flexure; Hp: Hepatic flexure; A.C: Adenocarcinoma; FOBT: Fecal occult blood test. M: Methylated; U:

Unmethylated.

Thermal Cycler (Techgene, Techne, UK).

Five microliters of amplified products were electr-
ophoresed on 1.7% agarose gel, and stained with
cthidium bromide. The presence of the 1500 bp band was
considered as Long DNA. DNA extracted from blood was
used as the positive control. We also used amplification of
a short fragment (138 bp), including exon 9 of p53 gene,
to evaluate the extraction method.

Microsatellite studies

For microsatellite analysis, BAT-26 was used as the
microsatellite target. The purified stool DNA samples
were subjected to PCR amplification of the BAT-26
sequence in 20 pL reaction mixture containing 1 plL.
(about 200 ng) of purified DNA (or diluted DNA), 1 X
PCR buffer (Cinnagen), 1.5 mmol/L MgCl, 0.2 mmol/L
dNTPs, 10 pmol BAT-26 sequence-specific primers, and
1 U of Taq DNA polymerase (Cinnagen). The primers
have been described by Devouassoux-Shisheboran
et al” (Forward: 5 TGACTACTTTTGACTTCAGCC
3’and reverse: 5 AACCATTCAACATTTTTAACCC
3’). Amplifications were conducted in a Techgene
thermocycler. After an initial denaturation at 94°C for
5 min, PCR amplification was performed for 35 cycles,
each consisting of 45 s at 94°C, 2 min at 54°C, and 2 min
at 72°C, followed by a final extension of 30 min at 72°C.
Appropriate amount of PCR-products was mixed with
a formamide loading buffer and denaturated by boiling
for 5 min at 95°C. The mixture was then loaded onto 6%
polyacrylamide gel containing 7 mol/L urea.

Following the denaturating gel electrophoresis at 60 W
(50 mA; 1200 V) for 60 min in 1 X TBE (89 mmol/L Ttis;
2 mmol/L EDTA; 89 mmol/L Boric acid), the gels were
stained with silver nitrate as described by Creste e a/*”,
BAT26-associated instability was identified on the basis
of comparison between electrophoretic patterns of tumor
and their corresponding blood samples. Increased number
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of bands in tumor BAT-26 PCR products as compared to
blood samples indicated microsatellite instability.

p16 methylation analysis

Stool DNA (2 pg) was treated with sodium bisulfite as
previously described"**”. Modified DNA was purified
using a Promega Wizard DNA Clean-Up System,
according to the manufacturer’s instructions and then was
stored at -20°C until it was used for PCR. Modified DNA
was amplified using primers specific for methylated and
unmethylated p16 sequences as previously described"?,
DyNAzyme I Hot start Taq (Finnzymes, Finland) was
used as DNA polymerase. PCR conditions were as follows:
10 min at 95°C followed by 45 cycles of 45 s at 95C,
45 s at 60°C and 60 s at 72°C; and 5 min at 72°C as final
extension, with maximum heating and cooling settings in
the Techne Thermal Cycler (Techgene, Techne, UK). Five
microliters of amplified products were electrophoresed on
3% agarose gel, and stained with ethidium bromide. The
presence of a 150 bp band was considered for methylated
and a 151 bp band for unmethylated product. DNA extracted
from blood and treated with CpG methylase (M.Sss1,
Newengland BioLabs) was used as the positive methylated
control.

Statistical analysis

The relationship between Long DNA, p16 methylation
and BAT-26 instability and clinicopathological parameters,
as listed in Table 1, was analyzed using SPSS version 11.5
and the P value was calculated using Chi-square and Fisher
exact tests to find the significant relationships.

RESULTS

53 exon 9, representing the short fragment (138 bp), was
amplifiable in 24 out of 25 patient samples and 18 out
of 20 control samples. It was revealed that the extraction
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Figure 1 Long DNA analysis in patients with colon cancer in comparison with
healthy individuals. 1, 2, 3, 4: Stool DNA of patients with colorectal cancer; MW:
Ladder 100 bp; 5, 6: Stool DNA of healthy individuals; 7: Blood DNA as control; 8:
Negative control. The arrow indicates Long DNA. Long DNA detected in 3 out of 4
patients in the picture. The 1.7% agarose gel plus ethidium bromide was used for
electrophoresis at 120 volt.

Figure 3 Microsatellite analysis
of BAT-26 in two patients with
colon cancer. BAT-26 instability
detected in patient 2. P1: patient
with stable BAT-26, P2: Patient with
instable BAT-26, T: Tumor tissue,
N: Normal margin. The gel was
electrophoresed at 60 W (50 mA,;
1200 V) for 60 min using 1 x TBE.
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protocol produced enough amplifiable DNAs in most
cases suitable for standard PCR amplifications. L.ong DNA
(a nearly 1476 bp band) was detectable in 16 out of 25
colorectal cancer patients and only in 1 out of 20 healthy
individuals. There was a significant difference of this
marker in the stool samples of two groups (P < 0.001).
The sensitivity for this marker was 64% and the specificity
was 95%. Results of representative CRC patients and
healthy individuals are shown in Figure 1. Methylation
of p16 promoter was detected in 5 out of 25 patients
compared to none in healthy controls (P = 0.043). The
sensitivity for this marker was 20% and the specificity was
100%. Methylation analysis results are shown in Figure 2.
Interestingly, all the hypermethylated p16 samples were
also positive for Long DNA. Instability of BAT-26 was
not found in any of colorectal cancer patients using stool
DNA; whereas we could detect instability for BAT-26
using tumor tissue samples of the patients after surgery.
The instability of BAT-26 was detected in two out of 25
patients (8%) using the tumor tissue. The results are shown
in Figure 3.

Four samples were removed from statistical studies,
one sample due to not producing the small fragment
band (138 bp). It means the extraction protocol has not
produced sufficient DNA for amplification. Three other
samples were removed due to incomplete profile and
lack of clinicopathological parameters. The data for the

&

Figure 2 Methylation analysis of p16 among four patients. P15: patient 15; P5:
patient 5; P11: patient 11; P12: patient 12; MW: Ladder 50 bp; PM: Methylated
control; PU: Unmethylated control; M: Methylated PCR; U: unmethylated PCR.
Methylated p16 detected in patients 11 and 12.

remaining 21 cases are presented in Table 1. The mean age
of the patients was 59.2 years. Sixty six percent of patients
were male and 34% were female. The most common
tumor site was rectum (40%); other sites were cecum (20%0),
splenic flexture of colon (15%), ascending colon (20%)
and hepatic flexture (5%), respectively. All the tumors were
invasive adenocarcinoma. The tumor stages were reported
as 15.8% B1, 57.8% B2, and 26.4% C2 in patients with
available clinicopathological data. Tumor sizes were less
than 3 cm in 35%, 3-6 cm in 30% and more than 6 cm
in 35%. Although it seemed that there might be some
relationship between the presence of Long DNA and
p16 methylation in stool samples and clinicopathological
parameters while reviewing Table 1, comprehensive
statistical studies, using Chi-square and Fisher exact
tests revealed that there was no statistically significant
relationship.

DISCUSSION

Many investigators studied different genetic alternations
in stool-DNA of CRC patients and determined their
sensitivities and specificities as a diagnostic tool. Ahlquist
et al™ analyzed stool samples in a blinded fashion from 22
patients with colorectal cancer, 11 patients with adenomas
at least 1 cm in size, and 28 patients with endoscopically
healthy colons. The assay targeted point mutations at any
of 15 sites on K-ras, p53, APC, and the microsatellite
instability marker BAT-26 and Long DNA. The sensitivity
was 91% for cancer and 82% for adenomas 1 cm or
larger; the specificity was 93%. They could detect Long
DNA in 14 out of 20 cancers (70%) and 6 out of 11
adenomas (54.5%). However, Long DNA and BAT-26
were not detected in any of normal patients. Syngal ez @/
used a fecal-based assay to detect 23 DNA markers,
including 21 point mutations in K-ras, APC, and p53; the
microsatellite instability marker BAT-26; and Long DNA.
The sensitivity was 68% for invasive colorectal carcinoma,
40% for adenomas with high-grade dysplasia, and 20% for
adenomas with low-grade dysplasia. Overall, the sensitivity
of multitarget DNA stool assays ranged from 68% to 91%
for colorectal cancer and from 40% to 82% for advanced
adenomas. The specificity of the assays was approximately
95%"**!. Methylation of 16 in stool samples of CRC
patients has been reported”. Although it was detected in
smaller percentages of patients compared to our study, it
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still remains unconclusive for its sensitivity and specificity
in a stool-based DNA testing.

We could detect 64% of colon cancer cases using three
genetic markers, 64% were positive for Long DNA, 20%
for methylation of p16 and none for instable BAT-26.
However, additional testing of more samples is necessary
from Iranian subjects to determine the exact specificity and
sensitivity of these markers. We could detect the instability
for BAT-26 in 2 out of 25 patients (8%) using tumor
tissues after surgery, whereas we detected no instability
when DNAs extracted from stool were applied for
microsatellite studies. This may suggest that the proportion
of unstable DNA to total extracted DNA was very low.
It seems further procedures are required to increase the
unstable DNA following our extraction protocol. Oligo
capture was recommended by previous researchers to solve
this problem'”.

There are still many obstacles for stool-based DNA
testing to become a worldwide screening method. Stool-
based DNA testing is noninvasive, and it is more sensitive
than fecal occult blood testing. Only a single stool sample
is needed, and the patient and physician do not need
to handle it as much. The test does not require diet or
medication restrictions, it evaluates the whole colon and
rectum, and it is now generally available. However, it is
expensive, it is less sensitive than colonoscopy, and if the
stool-based test is positive, colonoscopy is still necessary.
The positive predictive value is low, and there is uncertainty
regarding how to manage patients with a positive test and
a healthy colonoscopic test. It is unclear whether screening
for extracolonic malignancies will prove to be an advantage

of stool-based DNA testing.
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