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ABSTRACT

Aims and background. Exfoliated cells in human stool offer excellent opportunities
to non-invasively detect molecular markers associated with colorectal tumorigenesis,
and to evaluate the effects of exposures to exogenous and endogenous carcinogenic
or chemopreventive substances. This pilot study investigated the feasibility of deter-
mining DNA methylation and RNA expression simultaneously in stool specimens
treated with a single type of nucleic acid preservatives.

Methods. Stool specimens from 56 volunteers that were preserved up to a week
with RNAlater were used in this study. Bisulfite sequencing was used to determine
methylation at 27 CpG loci on the estrogen receptor 1 (ESR1) promoter. Taqman as-
say was used for quantitative reverse transcription polymerase chain reactions to
measure cyclooxygenase 2 (COX2) and epidermal growth factor receptor (EGFR)
mRNA expression. Subjects’ basic demographic and other selected risk factors for
colorectal cancer were captured through questionnaires and correlated with the
levels of these markers.

Results. Less than 10% of the samples failed in individual assays. Overall, 24.0% of the
CpG loci on the ESR1 promoter were methylated. COX2 expression and alcohol use
were positively correlated; an inverse association was present between EGFR expres-
sion and cigarette smoking; and subjects using anti-diabetic medication had higher
ESR1 methylation. In addition, higher EGFR expression levels were marginally associ-
ated with history of polyps and family history of colorectal cancer.

Conclusions. The present study demonstrates that simultaneous analyses for DNA
and RNA markers are feasible in stool samples treated with a single type of nucleotide
preservatives. Among several associations observed, the association between EGFR
expression and polyps deserves further investigation as a potential target for colorec-
tal cancer screening. Larger studies are warranted to confirm some of our observa-
tions.

Introduction

It has been estimated that approximately 1.5 million human colonic epithelial cells
can be isolated per gram of human stool1,2. Thus, exfoliated cells in stool offer excel-
lent opportunities to non-invasively detect molecular markers associated with col-
orectal tumorigenesis, as well as to evaluate the effects of luminal and systemic expo-
sures of colorectal epithelial cells to exogenous and endogenous carcinogenic or
chemopreventive substances3,4.

Most stool-based screening tests for molecular markers utilize fresh or frozen stool
specimens. This requires prompt transfer of sample from the subject’s home to a test-
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testinal bacteria) or medications known to affect methy-
lation (including some antineoplastic, antirheumatic,
and anti-AIDS agents such as 5-FU derivatives,
methotrexate, sulfasalazine, and AZT, and other med-
ications, such as hydralazine and procainamide), recent
history of an infectious type of diarrhea, or a history of
major colorectal surgery (i.e., hemicolectomy or total
colectomy). Those with a history of colorectal cancer
were also ineligible for this study. The study comprised
2 phases: the initial phase for the development and val-
idation of fecal specimen collection, processing, and
stool marker assays, and the second phase for applica-
tion of a single selected stool collection/processing
method to community volunteers. The first phase in-
volved 10 patients being evaluated at a vascular clinic,
the John D. Dingell VA Medical Center (Detroit, MI), that
have been described in more detail elsewhere6; the sec-
ond phase involved 53 community volunteers who were
recruited through flyers and personal referral. Among
the 63 study subjects, 12 reported a previous diagnosis
of colorectal polyps. The research protocol was ap-
proved by the human investigation committees of the
Wayne State University and the VA Medical Center, and
signed informed consent was obtained from each study
participant.

Sample collection and processing

The sample collection and processing procedures for
the initial phase have been described previously5,6.
Briefly, fresh stool samples were collected and tested af-
ter storage with several commercially available preserv-
atives for 5 days, in comparison with stool samples im-
mediately frozen in liquid nitrogen. Based on these re-
sults, we chose RNAlater (Ambion, Austin, TX, USA) as
the preservative to be used in the second phase. Al-
though RNAlater is a non-toxic chemical, it is an irritant.
Thus, to minimize the risk of accidental exposure for
prospective participants, we invented a special fume-
free device that enabled subjects to mix a stool aliquot
with the solution without contacting or inhaling the
chemical (International Patent Appln. No. PCT/US
08/1089). The device contains 5 mL of RNAlater solu-
tion, and a collection spoon with an ejectable tip to hold
an approximately 0.2 g stool aliquot. Two kits were pro-
vided to each participant with instructions for sending
collected samples back to our laboratory by priority
mail in leak-free plastic bags in an envelope that we pro-
vided. Upon receipt, samples were centrifuged, and pel-
lets were transferred to -80 oC. For each subject, total
RNA was extracted from 1 of the 2 samples using the
RNA PowerSoilTM (MO BIO Laboratories, Carlsbad, CA,
USA) method, and DNA was extracted by a Qiagen Stool
kit (Qiagen, Hilden, Germany) from the second sample,
except in the case of 1 participant from whom only 1
satisfactory sample was received which was processed
for RNA only. All extraction procedures followed original

ing laboratory, which may not always be practical. How-
ever, new technologies have recently become available
to preserve DNA and RNA for a period of time at room
temperature, so that immediate processing is no longer
necessary5,6. Such technologies may greatly facilitate
screening tests and epidemiological studies. In fact,
mutations, microsatellite instability, and aberrant pro-
moter methylation in several candidate genes have al-
ready been introduced in colorectal cancer screen-
ing3,7,8. In addition, methylation in other genes, includ-
ing the estrogen receptor 1 (ESR1), are suggested to
serve as a marker for both aging and colorectal cancer9.
A number of genes that are overexpressed in colorectal
cancer tissue also represent potential targets for new
therapy and RNA-based screening. Of particular interest
are cyclooxygenase 2 (COX2), which has already been
tested in several studies for screening8,10, and epidermal
growth factor receptor (EGFR), for which an anti-EGFR
therapy has been approved by the FDA for advanced
colorectal cancer11. Importantly, aberrant promoter
methylation and COX2 and EGFR expressions have been
shown to be influenced by environmental factors12-16

that are associated with increased risk of colorectal can-
cer, e.g., alcohol intake17 and cigarette smoking18,19, as
well as with reduced risk, such as aspirin and non-
steroidal anti-inflammatory drug use20.

Although some clinical studies have employed DNA
preservatives for stool testing7,21-23, media that can pre-
serve both DNA and RNA are highly desirable in order to
examine different types of markers simultaneously. De-
spite the perceived difficulty in recovering good quality
RNA from stool samples, our laboratory recently report-
ed the use of commercially available preservatives that
enabled analysis of mRNA for a specific gene in most
stool samples tested5. In that study, we compared com-
prehensively several commercially available preserva-
tives in both DNA and RNA quantity and quality as well
as in PCR inhibitory effects in order to choose one that
works best for downstream DNA and mRNA analyses5,6.
The aims of this cross-sectional study were (i) to test the
feasibility of a selected preservative, RNAlater, to quan-
tify fecal ESR1 promoter methylation and EGFR and
COX2 mRNA expression; and (ii) to examine whether
these molecular markers were affected by age, gender,
alcohol intake, cigarette smoking, regular aspirin use,
colorectal polyp history, and family history of colorectal
cancer.

Materials and methods

Study subjects

The subjects included in this study were individuals
aged 48 or older or those younger than 48 with a history
of polyps. Ineligibility criteria included recent use (with-
in a month) of oral antibiotics (due to their effects on in-
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manufacturers’ standard procedures for RNA and hu-
man DNA extraction.

Data concerning subjects’ medical history, family his-
tory, smoking, drinking, body weight and height were
obtained through structured questionnaires. All sub-
jects in phase 1, and 8 subjects in phase 2 were inter-
viewed in person to complete the questionnaires. Nine
subjects in phase 2 were interviewed over the tele-
phone, while the remainder of the subjects in phase 2
chose to complete the questionnaires by themselves at
home and to return them by mail. The information
about subjects’ characteristics were not shared with lab-
oratory personnel who performed the assays to ensure
unbiased assessments.

DNA methylation assays

DNA (2 µg) was denatured in 0.3 M NaOH, treated
with 3 M sodium metabisulfite and 0.5 M hydroquinone
for 20 heating cycles (95 oC 30 s alternating with 50 oC 15
min), then purified, desulfonated, and precipitated in
40 mM sodium acetate in 96% ethanol at -80 ºC. In or-
der to increase specificity and sufficient amplification of
this human DNA target, we used nested PCR to amplify
the 5’-untranslated region at bases -247 to -1 upstream
from the ATG start codon of ESR1, which contained 27
CpG sites (Figure 1A). Primers in the first-round ampli-
fication were LP-ER-403 (5’-GAG-TGA-TGT-TTA-AGT-
TAA-TGT-TAG-GGT-AAG-3’) and RP-ER-403 (5’-ATC-
TAA-TAC-AAT-AAA-ACC-AC-CCA-AAT-ACT-3’), and
those in the second round were LP-ER-290 (5’-GAG-
ATT-AGT-ATT-TAA-AGT-TGG-AGG-TT-3’) and RP-ER-
290 (5’-AAT-ATA-AAA-AAT-CAT-AAT-CAT-AAT-CC-3’).
Purified bisulfite-treated DNA or PCR product from the
preceding round was amplified using 10 pmol each of
primers, 2.5 U Taq DNA polymerase, 1.25 mM MgCl2,
dNTPs and PCR buffer (Applied Biosystems) in a final
volume of 50 µL. The first-round PCR thermocycle con-
sisted of 93 °C for 3 min initial denaturation, 40 cycles of
amplification (45 s 93 °C, 45 s 55 °C primer annealing, 1
min 72 °C elongation), and 7 min final 72 oC elongation.
Second-round PCR was identical except that the an-
nealing step was at 50 oC.

The PCR products were separated on 1.5% agarose
gels, purified with a Rapid Gel Extraction System®

(Marligen Biosciences, Inc, Rockville, MD, USA), and
then cloned for sequencing using the TOPO TA Cloning®

kit (Invitrogen, Carlsbad, CA, USA). Two clones were an-
alyzed for each sample. After confirming the presence of
the target DNA region in each amplicon by reamplifica-
tion, DNA was purified and sequenced. The presence of
methylation at each of the 27 CpG sites was determined
by comparing the resultant sequences with the reference
human genomic sequence, scoring sites as methylated
or non-methylated according to the presence of C or T,
respectively. DNA extracted from MCF-7 and SW-48 cell
lines were used as negative and positive controls.

Figure 1 - A) CpG island analyzed in this paper. The 27 potentially
methylated CpG sites in the 5’-untranslated genomic sequence of
ESR1 are highlighted and underlined. The italic ATG is the transla-
tion start codon of the gene. B) Methylation at the 27 loci illustrat-
ed in 1A for 2 clones of DNA sequences derived from each of 49 sub-
jects. Symbols indicate a methylated CpG; blanks denote no methy-
lation.
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Quantitative reverse transcription polymerase chain
reactions (qRT-PCR)

The expression levels of 3 genes were quantified by
qRT-PCR in 3 samples from the first phase and 28 from
the second phase that had at least 0.5 µg of total RNA
left (n = 31). This reduction in the sample size was part-
ly due to heavy usage of some of the samples (particu-
larly those in phase 1) for other purposes. cDNA was
prepared from total RNA isolated from stool using the
High Capacity cDNA Archive Kit (Applied Biosystems,
Foster City, CA, USA). The cDNA was preamplified using
the TaqMan PreAmp Master Mix Kit with pooled Taq-
Man assay mixes for PTGS2, EGFR, and RPLP0 (the gene
for protein P0 of the large ribosomal subunit, consid-
ered a housekeeping gene for internal reference con-
trol), for 10 cycles. Expression analysis for PTGS2, EGFR,
and RPLP0 were run using TaqMan assay mixes. The as-
says were run in triplicate at 3 concentrations (1:5, 1:10
and 1:20 dilution) with no template controls on an
AB7900. PCR efficiencies for each primer set were as-
sessed by changes in threshold cycle numbers by 2-fold
dilution specified above. The mean change by dilution
was almost identical for the 3 genes, 1.0349 for EGFR,
0.9968 for COX2, and 1.0987 for RPLP0, and little differ-
ent from the expected value, 1.000. All reactions were
run with standard conditions as per manufacturers’
protocols.

Statistical analysis

Descriptive statistics were presented for each stool
marker after averaging 2 methylation frequencies from
bisulfite sequencing and 9 repeated measures (triplicate
assays at the 3 concentrations) for Ct values. Relative
quantification of gene expression was performed by
computing the difference in PCR threshold cycle num-
bers (Ct values) between RPLP0 and the target genes
(PTGS and EGFR). Levels of each marker were then cat-
egorized into 3 levels (approximate tertiles); negative,
low and high, based on the overall distribution. The
prevalence (%) of the selected characteristics of the
study subjects was calculated by the level of each stool
marker and the distributions of these characteristics by
stool marker level were tested by Fisher’s exact test. In

addition, if the selected characteristics were originally
given as continuous values, Spearman’s correlation co-
efficients between the stool markers and those covari-
ates were calculated. All P values were 2 sided.

Results

Among the 52 samples tested for ESR1 methylation, 3
failed to amplify the ESR1 gene after bisulfite treatment,
and 2 of the 31 RNA samples tested failed to amplify
RPLP0 . Thus, the effective sample size was 49 for DNA
methylation, and 29 for RNA expression assay (Table 1).
Altogether, there were 55 study subjects aged 27-73
years (median 60 years) including 10 with a history of
polyps. For the bisulfite sequencing analysis of ESR1
methylation, a total of 2,646 loci were sequenced for the
49 subjects, and 634 (24.0%) were found to be methylat-
ed. A high intra-individual (clone) correlation was pres-
ent among methylated loci, i.e., methylation clustered
within individuals/clones (Figure 1B). The median
number of methylated CpG sites out of the 27 tested for
each subject was 1.5, while 9 subjects had average val-
ues of 20 or above. EGFR transcript levels were higher
than those of RPLP0 for most of the RNA samples. COX2
was expressed in approximately two-thirds of the sam-
ples, and the median expression level was lower than
that of RPLP0 (Table 1).

Tables 2-4 present the associations between these
molecular markers and subjects’ characteristics. For
ESR1 methylation (Table 2), the average number of
methylated CpG islands out of the 27 loci were grouped
as follows; negative: 0 and 0.5 (borderline positive), low:
1-9.5 loci, and high: equal or above 10 loci. There were
no subjects whose samples yielded values between 6.5
and 10. Participants’ demographics, history of polyps or
family history of colorectal cancer were not associated
with the level of ESR1 methylation.

For EGFR (Table 3), the expression levels were
grouped into those less than RPLP0, those 0 to 1.5 Ct
units greater than RPLP0, and those more than 1.5 Ct
units greater than RPLP0. 1.5 Ct units change may be in-
terpreted as ~2.82 fold change when PCR efficiencies
are exactly the same for a target and a reference gene.

Table 1 - Numbers of study subjects included and median and range of the test results for each marker

Markers No. tested No. failed Effective sample size No. with Median* Range of detectable
undetectable levels levels*

ESR1 methylation 52 3 49 14 1.5 0.5 - 27.0
EGFR expression 31 2 29 2 0.556 -2.398-4.143
COX2 expression 31 2 29 10 -0.942 -3.049-4.874

Total 56 55 (Age 27-73, median 60 years, 53% male)

*Values are expressed as the number of detected methylation sites out of the 27 loci for ESR1 and differences in threshold cycle numbers
(Ct values) from a housekeeping gene for EGFR and COX2.
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The proportion of subjects who had ever smoked tend-
ed to decrease with EGFR expression levels, and the cor-
relation between EGFR expression levels and the num-
ber of pack-years of cigarette smoking was statistically
significant (P = 0.046). In addition, we observed margin-
ally significant associations between higher expression
levels and history of polyps (P = 0.050) and family histo-
ry of colorectal cancer (P = 0.089).

The proportion of subjects who consumed at least 1
alcoholic drink per day tended to be higher in subjects
expressing COX2, particularly in subjects whose sam-
ples yielded a high COX2 level (i.e., higher than RPLP0)
(Table 4). The correlation coefficient between COX2 ex-
pression and the number of alcoholic drinks consumed
per week by the subject was also statistically significant
(P = 0.026). In addition, regular aspirin users (3 or more
times per week) were more common among subjects
expressing COX2 (P = 0.005). Finally, there was a mar-
ginally significant correlation (Spearman correlation
coefficient 0.366, P = 0.051) between EGFR and COX2

expression. None of these correlated with ESR1 methy-
lation.

Discussion

The present study demonstrates that fecal samples
collected in a commercially available nucleic acid pre-
servative are adequate for testing DNA methylation and
gene expression. A recently invented device for partici-
pants to self-collect, preserve, and mail fecal samples
safely was used reliably by more than 50 subjects. More-
over, significant correlations between expression of
EGFR and COX2 and various aspects of participants’
medical histories, smoking, and alcohol use were ob-
served.

ESR1 was chosen for methylation analysis for healthy
volunteers in this study, because its hypermethylation
has been associated not only with colorectal tumors but
also with aging9,24,25. However, no association with age

Table 2 - Prevalence (%) of selected characteristics among 49 subjects according to ESR1 promoter methylation status

ESR1 methylation*

Characteristics Definition Negative Low High P value for Fisher’s P value for Spearman
(n = 17) (n = 19) (n = 13) exact test correlation

Age ≥60 58.8 47.4 53.9 0.826 0.274
Gender Male 47.1 52.6 61.5 0.720 -
Cigarette smoking

Ever 47.1 57.9 46.2 0.817 -
≥20 pack-years 29.4 26.3 15.4 0.707 0.574

Alcohol ≥1 drink/day 52.9 47.4 53.9 1.000 0.678
Colorectal polyp 17.7 21.1 15.4 1.000 -
Family history of colorectal cancer 5.9 21.1 0.0 0.198 -
Regular aspirin use 47.1 26.3 38.5 0.459 -

*Negative <1, Low 1.0-9.5, High ≥10 methylated out of 27 CpG loci.

Table 3 - Prevalence (%) of selected characteristics among 29 subjects according to EGFR expression levels

EGFR expression*

Characteristics Definition Low Interme High P value for Fisher’s P value for Spearman
diate exact test correlation

(n = 10) (n = 9) (n = 10)

Age ≥60 40.0 55.6 30.0 0.575 0.873
Gender Male 60.0 66.7 60.0 1.000 -
Cigarette smoking

Ever 90.0 66.7 40.0 0.066 -
≥20 pack-years 40.0 33.3 10.0 0.344 0.046

Alcohol ≥1 drink/day 40.0 55.6 50.0 0.897 0.066
Colorectal polyp 0.0 44.4 20.0 0.050 -
Family history of colorectal cancer 0.0 0.0 30.0 0.089 -
Regular aspirin use 30.0 33.3 30.0 1.000 -

*Low: negative or lower than a housekeeping gene, Intermediate: 0 to 1.5 Ct units greater expression, High: more than 1.5 Ct units greater
expression than a housekeeping gene.



was observed in our study. This may reflect the relative-
ly narrow age range of our subjects since our study pop-
ulation consisted of individuals generally recommend-
ed for colorectal cancer screening. Because of this study
design, all subjects were between 48 and 73 years old,
except for one subject who was 27 years old but had a
history of polyps. Alternatively, as most earlier reports
were based on gastrointestinal disease or surgery clin-
ics, age-related gastrointestinal pathologies may have
confounded these associations with age. Studies have
revealed that methylation status in specific gene pro-
moters is affected by an assortment of environmental
factors, but our study found little evidence of an effect
of these environmental factors on ESR1 promoter
methylation in exfoliated gastrointestinal cells. These
discrepancies may arise from differences in tissues
(normal vs tumor) and genes analyzed12-16.

EGFR is a member of the tyrosine kinase family of cell
surface receptors that play key roles in regulating prolif-
eration, differentiation and transformation of cells in
many tissues. EGFR overexpression and increased tyro-
sine kinase activities have been associated with many
malignancies including colorectal cancer26 and its pre-
cursor lesions such as colorectal polyps, and ulcerative
colitis27. Thus, our observation that subjects reporting a
history of colorectal polyps tended to exhibit higher
EGFR expression in their exfoliated cells may have sig-
nificant clinical implications. In addition, Brandt et al.
reported that a polymorphic repeat sequence in the
EGFR gene, leading to EGFR overexpression, was associ-
ated with a family history of cancer28, consistent with
our observation of a greater prevalence of a family his-
tory of colorectal cancer among individuals with higher
EGFR expression. The finding that smoking was a nega-
tive predictor of EGFR expression is intriguing in view of
growing observations that non-smokers are more re-
sponsive to anti-EGFR therapies for non-small cell lung
cancer than smokers29-33. Non-smokers are also more
likely to display EGFR activation34 and mutations31, 35-38

that lead to gene amplification and increased sensitivi-

ty to anti-EGFR agents39,40, and increased gene copy
numbers31,41. Although the data specific to colorectal
cancer outcome by smoking status are limited, the im-
portance of EGFR copy number for clinical response to
anti-EGFR treatment for colorectal cancer has previous-
ly been recognized42.

Increased COX2 expression was associated with alco-
hol drinking and regular aspirin use in our study. The
association with alcohol intake is intriguing, as alcohol
intake has been convincingly associated with an in-
creased risk of colorectal cancer, especially for men17. In
support of this association, increased cell regeneration
and proliferation has been observed in experimental
animals treated with ethanol as well as in chronic alco-
holic patients43-45. These effects of alcohol have been hy-
pothesized to be medicated through prostaglandin pro-
duction (via COX), lipid peroxidation, generation of re-
active oxygen species, and proinflammatory cytokine
induction17,46,47. The increase in COX2 expression
among regular aspirin users was unexpected. However,
since aspirin inhibits COX2 activity at a post-transla-
tional level20, aspirin may drive gene expression in a
compensatory fashion if there is an underlying disease
leading to regular aspirin use. Because of the wide-
spread use of this class of medications, caution should
be exercised in evaluating COX2 expression data as a
potential marker for colorectal cancer screening10.

This study has several limitations. First, we are fully
aware that the sample size of this study is small and thus
relates the low statistical power for detecting a modest ef-
fect size. Inadequate statistical power may also account
for the lack of an observed statistical association between
the extent of ESR1 methylation and covariates studied.
On the other hand, there is a high likelihood that some of
the associations observed in this study were chance find-
ings due to multiple comparisons. Apparently, the associ-
ations found in our study need to be confirmed with larg-
er samples as well as in independent populations. In fact,
this study was designed to serve as a pilot to develop
methodology for larger population studies.
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Table 4 - Prevalence (%) of selected characteristics among 29 subjects according to COX2 expression levels

Cox2 expression*

Characteristics Definition Negative Low High P value for Fisher’s P value for Spearman
(n = 10) (n = 9) (n = 10) exact test correlation

Age ≥60 30.0 55.6 40.0 0.575 0.320
Gender Male 69.7 55.6 60.0 0.893 -
Cigarette smoking

Ever 80.0 44.4 70.0 0.296 -
≥20 pack-years 30.0 11.1 40.0 0.450 0.985

Alcohol ≥1 drink/day 30.0 33.3 80.0 0.061 0.026
Colorectal polyp 20.0 11.1 30.0 0.847 -
Family history of colorectal cancer 10.0 0.0 20.0 0.754 -
Regular aspirin use 0.0 66.7 30.0 0.005 -

*Negative: no expression, Low: lower than a housekeeping gene, High; higher than a housekeeping gene.



Second, only 2 colonies were cloned for quantifying
the degree of ESR1 methylation for each subject. Analy-
sis of more colonies per sample could have more accu-
rately reflected quantitative changes in a larger number
of exfoliated cells. Furthermore, although DNA and RNA
preservation and extraction methods were adequate to
obtain measurements for most subjects, some degrada-
tion did still occur, and this could be improved. In the
present study, several adjustments were important for
ensuring the success of our analyses. For instance, for
DNA methylation analysis, we found that amplifications
were more robust and reproducible targeting sequences
of 300 bp or shorter (data not shown). This constrained
choices of CpG islands. The bisulfite sequencing proto-
col is also highly labor intensive. For further studies on
genes more closely related to colorectal cancer, higher
throughput methods, e.g., Taqman quantitative methy-
lation-specific PCR, pyrosequencing, and MALDI-
TOF48,49, need to be developed. To compensate for low
yields of human RNA, samples were subjected to a pre-
amplification process after reverse transcriptase reac-
tions. The use of different RNA pre-amplification tech-
nologies50 may maximize the potential of these degrad-
ed samples.

Finally, our data concerning family history and histo-
ry of polyps were self-reported, not confirmed by med-
ical records. Thus, a certain degree of misclassification
of family history may be present51. In addition, polyps
could not be histologically defined and thus included
hyperplastic polyps beside adenoma, although these
polyps have been acknowledged as a high risk lesion for
colorectal cancer52.

In conclusion, the present study demonstrates that si-
multaneous analyses for DNA and RNA markers are fea-
sible in stool samples treated with a single type of nu-
cleotide preservatives. This also provides promising in-
formation to advance the use of stool markers for identi-
fying or monitoring high-risk individuals and for early
detection of colorectal cancer. Specifically, EGFR expres-
sion in exfoliated cells in stool samples deserves further
investigation as a potential target for colorectal cancer
screening, while caution should be exercised in inter-
preting the data on COX2 expression. Larger studies are
warranted to confirm some of the observed associations.
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