
Abstract. The altered expression of certain genes is frequently
detected as a hallmark of malignant tumors. These differentially
expressed genes have the potential to become molecular
markers. We purified the fecal mRNA from patients with
colorectal cancer to identify novel candidates by using oligo-
nucleotide microarray hybridization. We identified 21
upregulated and 22 downregulated candidates with significantly
altered expression in patient fecal samples that have not been
previously characterized. A gene encoding a homologue of
the Drosophila headcase protein (HECA) was further
examined due to its high ranking and possible importance in
some human cancers. A tendency towards increased expression
of HECA was dependent upon the clinicopathological stage.
In this report, healthy individuals expressed less HECA,
either in their blood samples or feces. Moreover, we detected
upregulated HECA in blood and fecal samples of patients
with colorectal cancer, and its expression level was shown to
be significantly correlated with disease status. Our data show
that HECA may be an early-stage classifier of colorectal
cancer that can discriminate between late- and early-stage
disease. In conclusion, this study is the first to analyze

differentially expressed genes in the feces of colorectal
cancer patients using oligonucleotide microarrays. The data
suggest that HECA expression levels in feces may be an
effective classifier for early-stage colorectal cancer.

Introduction

Human cancers frequently result from multiple genetic
alterations (1). The altered expression of certain genes has
been detected in a variety of malignant tumors (2,3). Colorectal
cancer has shown a dramatic increase in incidence to become
one of the most common malignancies worldwide (4).
Because it is a molecular genetic disease, cancer genes and
their ultimate expression could be keys to the development of
successful therapies (5). Thus, it is not surprising that many
genes have been characterized with aberrant expression and
mutations in colorectal cancer (6). However, most of the
differentially expressed genes were identified using array-
based studies with cancerous and corresponding noncancerous
colonic epithelia (7,8).

Studies using human feces have been the target for
noninvasive colorectal cancer detection in the last decade (9).
The feasibility of isolating intact colonic cells from feces has
been well demonstrated (10). Moreover, the analysis of
molecular biomarkers has been used for some specific
medical diagnoses. For examples, fecal protein serves as a
sample for enzyme-linked immunosorbent assays (ELISA)
(11), and fecal DNA has been examined for the identification
of intestinal bacteria (12) and viruses causing gastroenteritis
(13). For the purpose of analyzing gene expression, fecal
total RNA must first be purified from frozen feces (14).
Upon examination, many genes were shown to change
their expression in colorectal cancer patients (15,16). We
previously established an organic solvent-free method of
extracting fecal total RNA and revealed the aberrant presence
of fecal CK19 to be a potential biomarker of colorectal
cancer progression (17). However, there are likely to be
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many other molecular biomarkers with different expression
levels in the feces of patients with colorectal cancer.

Advanced microarray technologies were used to define
global changes in gene expression (18). Many researchers
have reported expression array-based studies analyzing
colorectal cancer with corresponding noncancerous colonic
epithelia (7,8,19). With a view toward colorectal cancer
screening across the general population, we purified the fecal
mRNA from patients with this tumor. Such fecal mRNA
served as targets for microarray hybridization to identify
differentially expressed genes in feces. Further validation
was performed with samples of feces, blood, and paired
tissue using reverse transcription-PCR (RT-PCR). The aim of
the present study was to investigate the uncharacterized
candidates that correlated with colorectal cancer and may
lead to a possible fecal molecular marker of colorectal cancer.

Materials and methods

Patients, tissue, blood, and fecal samples. Patients with
colorectal cancer were classified by Dukes' staging, and their
initial tumor stages were categorized. All clinical samples in
this study were obtained from the Cathay General Hospital or
Taipei Veterans General Hospital with the informed consent
of the patient or their legal representative. Colorectal cancer
and corresponding normal tissues were snap-immersed into
RNAlater and stored according to the manufacturer's instr-
uctions (Ambion, Austin, TX). Blood in EDTA tubes and
feces in specific preservation buffer were collected from
healthy volunteers and patients with colorectal cancer (17).

Cancer cell lines and human multiple tissue cDNA. Seven
colon cancer cell lines (DLD-1, SW480, LS174T, HT29,
LoVo, Caco-2, and HCT116) with epithelial morphology
were purchased either from the American Type Culture
Collection (ATCC; Manassas, VA) or Bioresource Collection
and Research Center (BCRC; Hsinchu, Taiwan). All
cultured cells were maintained in Dulbecco's modified
Eagle's medium with 5 mM glutamine, 1:500 antibiotics/

antimitotics, and 10% fetal calf serum, according to routine
culture procedures. The human multiple tissue cDNA panel
(spleen, thymus, prostate, testis, ovary, small intestine, colon,
and peripheral blood leukocytes), Human MTC Panel II (BD
Biosciences Clontech, Mountain View, CA), was used as a
PCR template according to the manufacturer's protocol.

Total RNA extraction. Total RNA from tissues and cultured
cells were extracted using Trizol reagent, according to the
manufacturer's procedures (Invitrogen, Carlsbad, CA). Blood
samples were prepared using the QIAamp RNA Blood Mini
kit according to the manufacturer's instructions (Qiagen,
Valencia, CA). Fecal total RNA was purified according to
our previous report (17).

Fecal mRNA preparation and linear amplification for
labeling. For oligonucleotide array hybridization, approx-
imately 0.1 mg of fecal total RNA was further purified using
the Oligotex mRNA kit (Qiagen) according to the manu-
facturer's protocol. A normal pool was made from equal
amounts of total fecal RNA from two healthy adult males.
Approximately 5 ng of each fecal mRNA was first amplified
with a RiboAmp OA RNA Amplification kit (Arcturus,
Mountain View, CA) to yield 0.2 to 1.5 μg of amplified
RNA. Fluorescently labeled cRNA was then synthesized
by in vitro transcription of fecal amplified RNA (0.2-1.5 μg)
using the Agilent Fluorescent Linear Amplification kit
(Agilent Technologies, Palo Alto, CA) in the presence of
Cy5-CTP (Perking-Elmer, Wellesley, MA) according to the
manufacturer's procedures. An appropriate universal human
reference RNA (272 ng) (Stratagene, La Jolla, CA) was also
amplified and labeled as described above except that the
fluorescent dye was changed to Cy3-CTP (Perking-Elmer).

Oligonucleotide arrays and data extraction. For each
hybridization experiment, 4 μg of Cy-labeled cRNA (2 μg
Cy5-labeled fecal target and 2 μg Cy3-labeled reference
target) was fragmented to an average size of approximately
50-100 nucleotides by incubation with fragmentation buffer
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Table I. Sequence, expected fragment size and annealing temperature of primers used in the RT-PCR analysis of the
upregulated candidate in patients with colorectal cancer.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Sequences Expected fragment Annealing
Gene (5' to 3') size (bp) temperature (˚C)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
HECAa

Outerb

Forwardc TTTCATTGGAGGTTGGGAAG 323 58
Reverse CATTTCACAAACAGAAACCCTCT

Inner
Forward TGGATGGGCTCCATTAAAAC 157 66d

Reverseb CCACACACAATTCCACAACC
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aHECA, NM_016217 (accession number) and Hs. 197644 (UniGene number). bIn fecal gene amplifications, the first round was performed
with 0.1 μM outer primers and subsequent amplification with 0.4 μM inner primers. cForward, forward primer; Reverse, reverse primer.
dAmplifications from cell lines, multiple tissue panel, tissue, and blood samples were carried out with only inner primers (0.1 μM), and the
annealing temperature was set at 60˚C.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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at 60˚C for 30 min. Fragmented labeled cRNA was then
hybridized to the Agilent Human 1A oligo microarray
(version 2) (Agilent Technologies) at 60˚C for 17 h (20,21).
After washing and drying under nitrogen, microarrays were
scanned with an Agilent microarray scanner (Agilent Tech-
nologies) at 535 nm for Cy3 and 625 nm for Cy5. Scanned
images were analyzed by Agilent feature extraction software
(version 7.5) (Agilent Technologies), and the quantified
signal and background intensities for each feature were
substantially normalized by the rank consistency filtering
Lowess method (22). Signal information from patients with
colorectal cancer was compared with the normal pool.

Reverse transcription-polymerase chain reaction (RT-PCR).
We performed RT-PCR to evaluate candidates from the
microarray. Clinical samples (tissue, blood and feces) and
colorectal cancer cell lines were subjected to RT-PCR analyses.
Total RNA (1 μg) was reverse transcribed for single-stranded
cDNAs using an oligo(dT)12 primer with the PowerScript®

Reverse Transcriptase kit (BD Biosciences Clontech)
according to the manufacturer's protocol. Synthesized cDNA
could be used directly in the PCR. A housekeeping gene,
glyceraldehydes-3-phosphate dehydrogenase (G3PDH; for
tissue and blood samples) or cytokeratin-18 (CK18; for fecal

samples), was used as an internal control. Primer sequences
and PCR programs for these two housekeeping genes were as
previously described (17,23). Primer sequences and optimal
PCR annealing temperatures for target genes are listed in
Table I. Except for the amplifications from fecal total RNA,
each PCR was carried out in one round in a 20 μl reaction
volume. In fecal gene amplifications, subsequent amplifications
with nested primers used 2 μl of a 50-fold dilution of the first
round product as the template with a final reaction volume of
20 μl. All final PCR products were separated on 2% agarose
gel, stained with ethidium bromide, and visualized under UV
illumination. PCR bands of the predicted size were isolated
and subjected to sequencing (ABI 3100; Applied Biosystems,
Foster City, CA) to confirm gene identities. Expression
levels of the target gene were quantified using ImageQuant
software (Amersham Biosciences, Piscataway, NJ) and
normalized to G3PDH levels (24).

Statistical analysis. The Student's t-test was used, with
statistical significance set at p<0.01 to extract data from the
hybridization of oligonucleotide array, and p<0.05 to
compare differences between low and high expression of
target genes. Statistical comparisons were performed with the
highest mean intensity.
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Table II. Novel candidates demonstrating a significant upregulated change in the feces of patients with early-stage colorectal
cancer (>3-fold difference, p<0.01).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Accession number Description Fold change p-value
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
NM_021199 Moderate similarity to sulfide: quinone oxidoreductase (SQRDL) 9.71 0.0038

NM_017721 Putative NF-κB activating (CC2D1A) 8.84 <0.0001

NM_032671 Hypothetical protein MGC10814 8.61 0.0079

NM_016217 Protein of unknown function (HECA) 7.75 0.0038

NM_024829 Hypothetical protein FLJ22662 6.45 <0.0001

NM_030627 Containing two RNA recognition motifs (CPEB4) 5.74 <0.0001

XM_209073 Protein of unknown function (METRNL) 5.69 0.0057

NM_018169 Hypothetical protein FLJ10652 5.52 0.0090

XM_496802 Hypothetical protein FLJ45422 5.12 0.0002

NM_016470 Chromosome 20 open reading frame 111 (C20orfl11) 4.65 0.0012

NM_01818 Hypothetical protein FLJ10700 4.63 0.0035

NMJ45293 Hypothetical protein FLJ20897 (LOC196549) 4.47 0.0053

NM_005410 Strong similarity to human SEPP1 4.18 0.0021

AB040934 mRNA for KIAA1501 protein 4.08 0.0003

NM_033180 Olfactory receptor, family 51, subfamily B, member 2 (OR51B2) 4.03 <0.0001

NM_030759 Strong similarity to nuclear receptor binding factor 2 (NRBF2) 4.00 0.0033

NM_018022 Transmembrane protein 51 (TMEM51) 3.61 0.0004

NM_152834 Transmembrane protein 18 (TMEM 18) 3.46 0.0028

NM_024069 Hypothetical protein MGC2749 3.29 0.0030

NM_016053 Homo sapiens CGI-116 protein 3.22 0.0009

NM 032342 Chromosome 9 open reading frame 125 (CC9orfl25) 3.04 0.0005
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Results

Novel candidates significantly changed in the feces of
patients with early-stage colorectal cancer. In this study, we
identified 21 upregulated (>3-fold difference, p<0.01) and 22
downregulated (<1/3-fold difference, p<0.01) novel
candidates from the Agilent oligonucleotide microarray
system based on intensity and p-value (Tables II and III).
These selected candidates showed homology to other well-
known proteins, hypothetical proteins, open reading frames,
or proteins with unknown function.

A homologue of the Drosophila headcase protein is
upregulated and related to early-stage colorectal cancer. To
examine the reliability of our microarray data and identify
upregulated molecules in patients with colorectal cancer, a
gene encoding a homologue of the Drosophila headcase
protein (HECA; NM_016217) was chosen from the list of

upregulated genes for additional validation (Table II). HECA
was chosen based on its top 4 ranking in the list of upregulated
novel candidates and its possible importance in some human
cancers (25).

Expression of HECA in colorectal cancer cell lines and the
multiple tissue panel. The expression of HECA was assessed
for its suitability as a specific tumor marker for colorectal
cancer. Total RNA was extracted from seven colorectal
cancer cell lines, reverse-transcribed into cDNA and then
PCR amplified with HECA-specific primers. Although other
researchers have shown only low-level expression of HECA
in pancreatic and renal cancer cell lines (25), all of the
colorectal cancer cell lines in this study expressed HECA
(Fig. 1A). Compared with the expression of HECA in LoVo
cells (1.2-fold to G3PDH, Dukes' stage C), the relative
expression of HECA in two cell lines, SW480 and LS174T
(both at Dukes' stage B), was increased 12.0-fold and
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Table III. Novel candidates demonstrating a significant downregulated change in the feces of patients with early-stage
colorectal cancer (<1/3-fold difference, p<0.01).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Accession number Description Fold change p-value
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
NM_032259 WD repeat domain 24 (WDR24) 0.02 0.0089

NM_023071 Spermatogenesis associated, serine-rich 2 (SPATS2) 0.07 0.0002

NM_018390 Phosphatidylinositol-specific phospholipase C, X 0.07 0.0005
domain containing 1 (PLCXD1)

NM_024899 Chromosome 18 open reading frame 9 (C18orf9) 0.14 0.0070

AK095284 Homo sapiens cDNA FLJ37965 fis 0.14 <0.0001

NM_024633 Chromosome 14 open reading frame 139 (C14orfl39) 0.14 0.0053

NMJ52753 Signal peptide, CUB domain, EGF-like 3 (SCUBE30) 0.14 <0.0001

AF000560 TTF-I interacting peptide 20 mRNA 0.16 0.0039

NMJ73831 Zinc finger protein 707 (ZNF707) 0.17 0.0005

NM_032334 Chromosome 8 open reading frame 53 (C8orf53) 0.21 0.0017

BC032249 Hypothetical protein MGC27165 0.21 0.0077

NMJ52358 SCRL protein (SCRL) 0.24 <0.0001

NM_152511 Dual specificity phosphatase 18 (DUSP18) 0.26 0.0065

NM_022451 Nucleolar complex associated 3 homologus (NOC3L) 0.26 0.0098

NM_014679 Translokin (PIG8) 0.27 0.0040

NM_014661 Family with sequence similarity 53, member B (FAM53B) 0.28 0.0038

NMJ38704 Necdin-like 2 (NDNL2) 0.29 0.0034

AB065662 Gene for seven transmembrane helix receptor 0.29 <0.0001

NM_020247 Chaperone, ABC 1 activity of bc 1 complex like (CABC1) 0.29 0.0034

NM_018118 MCM3 minichromosome maintenance deficient 3 0.29 0.0017
associated protein, antisense (MCM3APAS)

AK057531 Homo sapiens cDNA FLJ32969 fis 0.30 0.0079

NM_020685 Chromosome 3 open reading frame 14 (C3orfl4) 0.31 0.0037
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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10.0-fold, respectively. In addition, HCT116 (Dukes' stage
unknown) showed a moderate increase in the expression of
HECA to 4.8-fold, and DLD-1 (Dukes' stage C) showed a
8.1-fold upregulated expression. However, the levels of
HECA expression in HT29 (1.8-fold) and Caco-2 (1.7-fold)
were closer to LoVo that possessed the lowest expression of
HECA in this study (Fig. 1B). Moreover, we also employed
PCR to analyze the tissue distribution of HECA from multiple
human tissue cDNA samples. Likewise PCR products of
HECA were readily visible in the spleen, thymus, prostate,
testis, small intestine, colon, and peripheral blood leukocytes,
but less so in the ovary (Fig. 2A). When comparing the
HECA expression levels of colon tissue (1.5-fold to G3PDH)
with other tissues, except that of the ovary (0.8-fold), the

spleen (7.9-fold), prostate (6.0-fold), peripheral blood
leukocytes (4.7-fold), testis (3.8-fold), and small intestine
(1.7-fold) expressed higher levels of HECA (Fig. 2B).

Alteration in the gene expression of HECA in colonic
cancerous tissue. To further validate the change in HECA
expression detected by the microarray, total RNA was
extracted from eight cancers and their matched noncancerous
colonic tissue of patients with various Dukes' stages (one in
Dukes' stage A, two in Dukes' stage B, three in stage C, and
two in stage D). cDNA from these paired tissues was amplified
by PCR with HECA-specific primers after establishing the
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Figure 1. Comparison and relative quantitation of HECA expression in
seven colorectal cancer cell lines with variant Dukes' stage using RT-PCR.
(A) Expression of HECA and G3PDH in colorectal cancer cell lines, DLD-1,
SW480, LS174T, HT29, LoVo, Caco-2, and HCT116. For each cell line,
total RNA (1 μg) was reverse transcribed using an oligo(dT)12 primer, and
aliquots of cDNA were amplified with primers specific to G3PDH (25
cycles) and HECA (32 cycles) after establishing the dilution at which
amplification remained within the linear range. Sizes of the amplified
products are shown on the right (bp). NTC (non-template control) was
performed as negative controls for PCR amplification. (B) Relative quantitation
of HECA expression normalized to G3PDH. Triplicate amplifications of
HECA and G3PDH for each cell line were analyzed to determine the
relative levels of HECA expression. Values are shown as mean ± SD.

Figure 2. Comparison and relative quantitation of the tissue expression
pattern of HECA in multiple human tissues. (A) Expression of HECA and
G3PDH in Human MTC Panel II: spleen, thymus, prostate, testis, ovary,
small intestine, colon, and peripheral blood leukocytes. Aliquots of cDNA
from the listed human tissue sources were used as templates for PCR with
primers specific to G3PDH (25 cycles) and HECA (29 cycles) to screen for
the expression of transcripts. The size of the amplified products is shown on
the right (bp). (B) Relative quantitation of HECA expression normalized to
G3PDH. Triplicate amplifications of HECA and G3PDH for each tissue
were analyzed to determine the relative levels of HECA expression. Values
are shown as mean ± SD.

Figure 3. Alteration in the gene expression of HECA in colonic cancerous tissue. (A) Expression of HECA and G3PDH in eight paired colonic tissues from
patients with various Dukes' stages. For each pair of tissue (T, cancerous tissue; N, corresponding noncancerous tissue), total RNA (1 μg) was reverse
transcribed using an oligo(dT)12 primer, and aliquots of cDNA were amplified with primers specific to G3PDH (25 cycles) and HECA (25 cycles) after
establishing the dilution at which amplification remained within the linear range. Patient 1 was in Dukes' stage A, patients 2 and 3 in Dukes' stage B,
patients 4-6 in stage C, and patients 7 and 8 in stage D. The size of the amplified products is shown on the right (bp). (B) Relative quantitation of HECA
expression normalized to G3PDH. Triplicate amplifications of HECA and G3PDH for each cell line were analyzed to determine the relative levels of HECA
expression. Each patient's HECA:G3PDH ratio of cancerous tissue (T) was relative to data from corresponding noncancerous tissue (N).
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dilution at which amplification remained within the linear
range (Fig. 3). To establish an internal standard for each
sample, G3PDH-specific amplifications were also performed
with HECA. Relative quantitation of cancerous HECA
expression is displayed in Fig. 3. Evaluation of RT-PCR
results revealed that the altered expression of HECA could be
detected in colorectal cancer tissue from four early-stage
patients. They showed a 1.7- to 6.1-fold change in the
relative expression of HECA. At Dukes' stages C and D,
colonic cancerous tissue had a tendency to decrease the
expression of HECA and showed a cancerous:noncancerous
ratio of 0.3- to 0.6-fold.

Expression of HECA in blood samples. To validate the
upregulated HECA in patients with early-stage colorectal
cancer, blood samples from healthy individuals, and Dukes'
stage A or B (n=21) and Dukes' stage C or D (n=12) patients
were studied by RT-PCR analysis. For evaluation of variation
and central tendency of data, this processed data was
presented as a box plot (Fig. 4). The boxes are defined by the
25th and 75th percentiles and divided by the median values.
The whiskers indicate the 10th and 90th percentiles. HECA
was significantly upregulated (p=0.0019) in blood samples
from all patients (n=34). Patients with Dukes' stage A or B
(p=0.0007) and Dukes' stage C or D (p=0.0066) showed a
significant increase in the expression of HECA when compared
with those of the healthy individuals. A comparison between
the various stages showed that patients with Dukes' stage A
or B expressed significantly more HECA in blood than
Dukes' stage C or D patients (p=0.0345). These findings
were in partial agreement with the data from cancer cell lines
in which cells at an earlier stage expressed more HECA than
cells at a later stage (Fig. 1).

Expression of HECA in feces. Upregulated HECA was also
confirmed in feces from patients with colorectal cancer.
Fecal total RNA was purified from healthy individuals
(n=17), Dukes' stage A or B (n=25) and Dukes' stage C or D
(n=19) patients and then analyzed by nested RT-PCR. As

with the data from the blood samples, this processed data was
also presented as a box plot (Fig. 5). A significant increase
(p=0.0089) was shown by comparing healthy individuals
(n=17) and patients (n=44). Patients with Dukes' stage A or
B (p=0.0040) and Dukes' stage C or D (p=0.0385) also
significantly expressed more HECA in their feces when
compared to healthy individuals.

Discussion

Colorectal cancer is a leading cause of malignant death, and
better preventive strategies are needed. Research into the
possible pathways leading to colorectal cancer has revealed a
range of biological intermediates, which could be used to
identify high-risk populations and aid the early diagnosis of
cancer (26). Further, the evaluation of molecules with
significant expression patterns in early- and late-stage tumors
should provide useful clinicopathological tools for the
management of colorectal cancer (27).

Human feces are a heterogeneous mixture of materials,
including luxuriant populations of viable colonocytes (16,28).
Because of the clinical availability of feces, we had previously
optimized a method to extract fecal total RNA (17). With this
study, we were the first to use purified fecal mRNA as the
subject for oligonucleotide microarray hybridization. The
aim of this study was the high-throughput monitoring of gene
expression in exfoliated colonocytes (9,29), quite different to
that used previously by Shih et al (30).

Microarrays are an emerging technology in the study of
colorectal cancer (30). We previously identified 2248
candidates, including 316 novel proteins, in terms of their
significant differential expression between the feces of
patients and control subjects (fold change ≥ 2; p<0.01) (data
not shown). Thus, great strides have been made in analyzing
fecal expressed genes in our laboratory and will logically
progress into a noninvasive screening tool for colorectal
cancer (29).

To stratify results and study uncharacterized candidates, we
listed the 45 candidates (21 up- and 22 downregulated) with
a 3-fold change. In this study, a gene encoding a homologue
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Figure 4. Box plot presentation of HECA expression in blood samples.
Expression of HECA in blood samples was determined by RT-PCR analysis
from healthy individuals (n=6), Dukes' stage A or B (n=19) and Dukes'
stage C or D (n=12) patients, then summarized by box plot. The limits of the
box are the 25th and 75th percentiles of the data sets, and the whiskers
indicate the 10th and 90th percentiles. The black horizontal line inside the
box marks the median value. A significant difference (p<0.05) as determined
by the Student's t-test is directly indicated as a p-value.

Figure 5. Box plot presentation of HECA expression in fecal samples.
Expression of HECA in fecal samples was determined by RT-PCR analysis
from healthy individuals (n=17), Dukes' stage A or B (n=25) and Dukes'
stage C or D (n=19) patients, then summarized by this box plot. A significant
difference (p<0.05) as determined by the Student's t-test is directly indicated
as a p-value. Specifics of the box plot are described in Fig. 4. *No statistical
significance.
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of the Drosophila headcase protein (HECA; NM_016217)
was chosen from the list of upregulated genes for additional
validation. HECA was first isolated and characterized as a
human gene homologous to the Drosophila headcase gene
(25). Headcase protein was found to regulate the re-entry of
imaginal cells into the mitotic cycle during adult morpho-
genesis (31). The gene for HECA encodes a 543 amino acid
protein located on the long arm of chromosome 6 (6q23-24).
HECA has been suggested to be a tumor suppressor because
of its low expression and chromosomal location, being a
region of common deletion in human pancreatic cancer (25).

Of the tissue tested, our results suggest that HECA
appeared to be normally expressed in many tissues (including
colon tissue) but not in that of the ovary. Moreover, we found
that the expression of HECA in a healthy colon was not high
when compared with other tissues. For this reason, we
hypothesized that increased expression may relate to the
alteration of HECA in colorectal cancer. 

To study the expression levels of HECA in late- and early-
stage colorectal cancer, different cell lines were assayed.
From the results of relative quantitation of electrophoretic
gels, we found that Dukes' stage C LoVo cells expressed less
HECA than other late-stage cells including DLD-1 (Dukes'
stage C) and two assessed late-stage colorectal cancer cells,
Caco-2 and HT29 (32,33). HECA was detectable in our
selected colorectal cancer cell lines but with differential
expression levels. Two early-stage (Dukes' stage B) cell lines,
SW480 and LS174T, and the HCT116 cell line close to
Dukes' stage B (33) were shown to have high HECA levels.
In this study, we found that only one late-stage cell line,
DLD-1, expressed more HECA but the other three late-stage
cells (LoVo, Caco-2, and HT29) did not. These findings
suggest that HECA may be an early-stage classifier for
colorectal cancer and is able to discriminate between late and
early stages. 

To explore this possibility, we compared the expression
patterns of HECA in paired samples of cancerous and
corresponding noncancerous colonic tissue from eight
patients with a pathological diagnosis of colorectal cancer.
The studies on paired tissue from four early-stage patients
(Dukes' stage A or B) showed higher levels of HECA
expression in cancerous tissue. Such an increase in HECA
expression was not found in cancerous tissue from late-stage
patients (Dukes' stage C or D). These findings coincided with
the results from cell lines that were defined as late stage and
relatively expressed less HECA. 

To assess the expression of HECA in healthy individuals,
we collected 9 blood and 17 feces samples from healthy
donors. These samples expressed less HECA. When the
patients were subdivided into early- (Dukes' stage A or B)
and late-stage (Dukes' stage C or D) groups, both samples
from each patient group showed higher expression of HECA
than the healthy controls. Moreover, the difference in the
HECA expression found in blood samples between early- and
late-stage patients was significant. It should be noted that the
same trend towards reduced HECA levels from early-to-late
stage existed in feces samples, although statistical significance
was not achieved (p=0.0682). 

Results from the analyses of tissue and blood samples
suggest that HECA is expressed more often in patients with

colorectal cancer, their clinicopathological stages can be
determined by the expression levels of HECA, and the highest
expression of HECA is observed in early-stage patients.
However, the significance of the altered HECA levels is not
clearly understood, nor is it clear whether these increases are
a cause or consequence of colorectal cancer. In addition,
other than HECA, genes for sulfide dehydrogenase-like (34),
coiled-coil and C2 domain containing 1A (CC2D1A) that can
activate the NF-κB and MAPK signaling pathway (35) and
the hypothetical proteins, MGC10814 (36) and FLJ22662
(36), were also upregulated and detected in feces. For the
purpose of molecular staging and screening in a noninvasive
manner, the data for HECA support further evaluation of
other novel candidates. The clinical assessment for these
differentially expressed genes remains to be undertaken.

In conclusion, the molecular biomarker, HECA, a
homologue of the Drosophila headcase protein, was detected
in feces and blood samples and upregulated in patients with
colorectal cancer, and its expression level showed significant
correlation with disease status. These results suggest that
HECA from feces may be an effective molecular marker for
colorectal cancer and disease progression.
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