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Abstract

Background: Colorectal cancer (CRC) is one of the leading causes of malignant death worldwide.
Because young age of onset is often considered a poor prognostic factor for CRC, it is important to
identify the poor outcomes of CRC in a younger population and to consider an aggressive approach by
implementing early treatment. Our aim was to specifically quantify the fecal cytokeratin 19 (CK19)
transcript from CRC patients and investigate its correlation with clinical stage, tumor malignancy, and age.

Methods: The quantitation of fecal CK 19 transcript was determined by a quantitative real-time reverse
transcription polymerase chain in 129 CRC patients (45 younger than 60 years at diagnosis) and 85 healthy
controls. The levels of CK19 protein were examined both in colonic cell lines and tissues.

Results: The analysis of 45 younger CRC patients (age < 60 years) revealed that patients at the M| stage
had significantly higher expression levels of fecal CK19 mRNA when compared with healthy controls (p <
0.001) and patients at the MO stage (p = 0.004). Additionally, the degree of consistency between the mean
level of fecal CK19 mRNA and the distant metastatic rate in each age interval was up to 89% (p = 0.042).

Conclusion: These results indicate that high levels of fecal CKI19 mRNA represent a potential marker for
colorectal malignancy and for aggressive treatment of younger CRC patients.
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Background

Colorectal cancer (CRC), which is a predominant gas-
trointestinal malignancy, is one of the most commonly
diagnosed tumors in both men and women, and is
becoming one of the major medical causes of economic
burden worldwide [1]. On average, the starting age of
CRC incidence begins at 40 years of age and rises sharply
at the age of 50-55 years [2]. Moreover, CRC is also the
second most common cause of cancer-related deaths
among men over 40 years of age [3].

Several clinicopathological features of CRC have been
studied to identify markers that could predict CRC out-
comes [4]. Numerous studies have shown that metastasis
through the blood or lymphatic vessels is a major compli-
cation of cancer, and affects the prognosis of patients with
primary carcinomas [5], therefore, methods developed to
detect disseminated tumor cells in the peripheral blood
and lymph nodes of patients have been evaluated. Many
genetic changes were found in metastatic tumors, and
some of them could be molecular markers for dissemi-
nated tumor cells [6]. CRC development and progression
were shown to be complex processes that are associated
with multiple genetic alterations [7]. One of these mutant
molecules, cytokeratin 19 (CK19), is differentially
expressed in the peripheral blood [8,9] and lymph nodes
[10] of patients with breast cancer, or in epithelial cells of
CRC patients with advanced Dukes' stage [11]. In addi-
tion, serum levels of the CK19 protein fragment CYFRA
21-1 were also evaluated in many cancers, and could rep-
resent a useful circulating tumor marker [12-14].

Because young age of onset is often considered a poor
prognostic factor for CRC [15,16], it is important to iden-

Table I: Characteristics of CRC patients and healthy controls
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tify the poor outcomes of CRC in a younger population
and to consider an aggressive approach by implementing
early treatment [17], therefore, a potential marker that
allows the evaluation of colorectal malignancy in young
patients is necessary. In the search for CRC biomarkers,
many studies have suggested that a molecular test using
fecal material may allow the elucidation of the molecular
pathogenesis of CRC [18,19]. We previously reported that
the upregulation of CK19 in feces predicted the presence
of metastasis [20].

In the present study, we used quantitative real-time
reverse transcription polymerase chain reaction (qRT-
PCR) [21] to specifically quantify the CK19 transcript,
which is considered to be relatively specific for epithelial
cells in the feces of CRC patients. We also investigated the
correlation between fecal CK19 mRNA transcript levels
and clinical stage, tumor malignancy, and age.

Methods

Patients

One hundred twenty-nine CRC patients from Taipei Vet-
erans General Hospital and Cathay General Hospital pro-
vided informed consent to participate in this study, which
complied with the guidelines approved by the institu-
tional review boards. The mean age of the patients was 65
years (age range, 32-90 years) and the cohort included 79
males and 50 females. Their initial tumor stage and other
clinical characteristics were listed in Table 1. Abdominal
computed tomography (CT) was routinely performed to
monitor for the presence of metastasis; however, chest CT
was only performed in cases with suspected lung lesions.

Factor Category CRC patients Healthy controls
Age (years) n 129 85
Mean (range) 65 (32-90) 57 (32-91)
Gender n 129 85
Male (%) 79 (61.2) 42 (49.4)
Female (%) 50 (38.8) 43 (50.6)
Tumor laction n 124
Right (%) 37 (29.8)
Left (%) 87 (70.2)
Tumor size (cm) n 123
Median (range) 4.2 (0.70-15.00)
Histologic differentiation n 121
Well/moderate (%) 108 (89.3)
Poor/undifferentiated (%) 13 (10.7)
Tumor depth n 128
TI+T2 (%) 33(25.8)
T3+T4 (%) 95(74.2)
Dukes' stage n 129
A+B+C (%) 103 (79.8)
D (%) 26 (20.2)
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Fecal samples and colonic tumor specimens

Solid fecal samples were collected from the 129 patients
prior to any surgical or chemical therapy, as described in
our previous report [20]. Briefly, approximately 0.5 g of
each fecal sample was preserved in 1 mL of guanidinium
thiocyanate buffer (10 mM Tris, pH 7.4; 200 mM NaCl; 1
mM EDTA, pH 8.0; 4 M guanidinium thiocyanate; 1% j-
mercaptoethanol) at -80°C until needed. In addition,
fecal samples were collected from 85 healthy controls (age
range, 32-91 years; mean age, 57 years; 42 males and 43
females) (Table 1) who were examined by colonoscopy
and had no inflammatory bowel conditions. Colonic
tumor specimens from six CRC patients (patients 01-06;
age < 60 years) were snap-frozen in liquid nitrogen imme-
diately after surgery. The tissues were then directly
homogenized for Western blot analysis, according to rou-
tine procedures.

Quantitation of fecal CKI9 expression

Fecal total RNA and cDNA were obtained as described in
our previous reports [20,22]. Briefly, 1 pg of fecal total
RNA was reverse transcribed using oligo(dT) primers
(One-Step RT-PCR kit;Bioman, Taiwan, ROC), according
to the manufacturer's instructions. The resulting cDNA
sample was used to perform quantitative PCR (qPCR).
Levels of fecal CK19 mRNA were measured using probes
from the Universal Probe Library and TagMan Master Mix
in a LightCycler thermal cycler system, according to the
manufacturer's instructions (Roche Diagnostics GmbH,
Mannheim, Germany). The primers used to amplify CK19
(AF202321) were 5'-TTGTCCTGCAGATCGACAAC-3'
(forward) and 5'-GCCTGTTCCGTCTCAAACTT-3'
(reverse), which were used in combination with Universal
Probe #71. The primers for 18s rRNA (X03205) were 5'-
CTCAACACGGGAAACCTCAC-3' (forward) and 5'-CGC
TCCACCAACTAAGAACG-3' (reverse), which were used in
combination with Universal Probe #77. The LightCycler
software (version 4.05, Roche Diagnostics) was used to
analyze the qPCR kinetics and to calculate quantitative
data. Each run included a diluted (512-fold) cDNA from
HT-29 cells, which was used as a positive control to stand-
ardize the run-to-run differences in RNA quantity.

Immunodetection of CKI9 protein in colonic cell lines and
tissues

Four different-staged CRC cell lines (SW480: ATCC
number CCL-228; LS 174T: ATCC number CL-188; LoVo:
ATCC number CCL-229; HT-29: ATCC number HTB-38)
were cultured to harvest cellular protein. All cultured cells
were maintained in Dulbecco's Modified Eagle's Medium
with 5 mM glutamine, according to routine cell culture
procedures. The cellular lysate of each cell line was har-
vested by scraping off the cells in radioimmunoprecipita-
tion assay (RIPA) buffer (50 mM Tris-HCl (pH 7.4), 1 mM
EDTA, 150 mM NaCl, 1% Nonidet P-40, 0.5% sodium
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deoxycholate, and proteinase inhibitors). Total protein
concentration was determined using the Bradford protein
assay kit (Bio-Rad Laboratories, Hercules, CA), according
to the manufacturer's instructions. For each sample, 5 pg
of protein was mixed with reducing NuPAGE SDS sample
buffer (Life Technologies, Carlsbad, CA), denatured for 10
min at 95°C, separated by 15% SDS-PAGE, blotted onto
a polyvinylidene difluoride membrane (Millipore, Biller-
ica, MA), and probed with mouse anti-human CK19
(1:500; sc-6278; Santa Cruz Biotechnology, Santa Cruz,
CA) or rabbit anti-human Actin (1:500; sc-1616-R; Santa
Cruz Biotechnology), following standard procedures.
Blots were then incubated with anti-mouse (for CK19) or
anti-rabbit (for Actin) secondary antibodies (0.2 pg/mL)
conjugated to horseradish peroxidase. All Western blots
were developed using the Western Blot Chemilumines-
cence Reagent (PerkinElmer Life and Analytical Sciences,
Waltham, MA), according to the manufacturer's instruc-
tions.

The two CRC cell lines LS 174T and LoVo were grown on
glass coverslips in a 24-well plate and were fixed with 4%
paraformaldehyde in PBS (1.37 mM NaCl, 2.7 mM KCl,
4.3 mM Na,HPO,, 1.4 mM KH,PO,, pH 8.3) and stained
for cellular CK19 using fluorescent immunocytochemis-
try. Fixed cells were blocked in PBS with 1.5% normal
horse serum (S-2000; Vector Laboratories, Burlingame,
CA) for 30 min at room temperature and were then
probed with mouse anti-human CK19 (1:100) antibody
for 16 h at 4°C:. Unbound primary antibody was
removed by two 5-min incubations with PBS, which were
followed by incubation with Cy3-conjugated goat anti-
mouse antibody (1:200; AP124C; Millipore) for 1 h at
room temperature. Cells were washed with PBS and DNA
was stained with 4',6' diamidino-2-phenylindole (DAPI).
The stained samples were then dehydrated, mounted, and
analyzed using a Nikon Eclipse 80i fluorescence micro-
scope (Nikon Instruments, Melville, NY).

To evaluate the expression of CK19 in colonic tissues,
Western blot analysis was performed using the protocol
described for the cell line experiment, with some modifi-
cations. Briefly, frozen CRC tissues were pulverized in
RIPA buffer using a tissue homogenizer and a sonicator.
The tissue lysates were then separated by SDS-PAGE and
immunoblotted as described above.

Statistical analysis

Data were statistically analyzed using the SPSS software
(SPSS, Chicago, IL). The Kruskal-Wallis test was applied to
assess the presence of significant differences in fecal CK19
expression across the groups of healthy controls and
patients without (MO stage) and with (M1 stage) distant
metastasis. Two groups were compared using the Mann-
Whitney U test. A post hoc analysis was performed using
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Correlations between the mean level of fecal CK19 mRNA and the distant metastatic rate for CRC patients.

Each mean level of fecal CK19 mRNA was calculated from patients (black square) or healthy controls (gray square) in the same
age interval as indicated. A metastatic rate (black triangle) was calculated by the following formula: number of patient with M|
stage/total number of patient in the same age interal X100. Ages ranges of these subjects were 32--90 years for CRC patients

and 32--91 years for healthy controls.

Dunn's multiple comparison for the significant Kruskal-
Wallis tests. The Pearson's correlation coefficient and a
percent matching statistic were assessed to correlate the
level of fecal CK19 expression with patient's clinicopatho-
logic features, or with the metastatic rates of patients in
different age intervals. Significance was set at p < 0.05.

Results

Age-related expression of fecal CKI9 mRNA in patients
with CRC

The median normalized level of fecal CK19 mRNA was
0.0073 (range, 0.0000-0.0665) in 85 healthy controls,
0.0146 (range, 0.0000-0.1528) in 129 CRC patients,
0.0142 (range, 0.0000-0.1183) in 103 patients without
distant metastasis (MO stage), and 0.0159 (range, 0.0000-
0.1528) in 26 patients with distant metastasis (M1 stage).
In analyses of clinicopathologic features, the fecal CK19
expression was netatively correlated with patient's age (p
= 0.025), but positively correlated with tumor depth (p =
0.023). Other features including gender (p = 0.578),
tumor location (p = 0.908), tumor size (p = 0.828), and
differentiation (p = 0.581) were not significantly corre-
lated with fecal CK19 expression. As shown in Figure 1,
mean values of fecal CK19 mRNA from patients and from

healthy controls, and the distant metastatic rate of
patients were depicted according to the age interval.
Among the 45 younger patients (age < 60 years), patients
aged between 45 and 50 years (45 < age < 50) had the
highest metastatic rate (27.3%, 3 of 11) in distant organs,
whereas no metastasis were found in the youngest patient
group (age < 40 years). Additionally, the degree of consist-
ency between the mean level of fecal CK19 mRNA and the
distant metastatic rate was up to 89% (p = 0.042) in

Table 2: Median levels of fecal CK19 mRNA from different age
groups of CRC patients

Relative quantitation

M stage < 60 years > 60 years p value
MO
n 36 67
Median 0.0173 0.0135 > 0.05
Range 0-0.1183 0-0.1134
MI
n 9 17
Median 0.0313 0.0117 0.002
Range 0.0128-0.1528 0-0.0994
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Figure 2

Relative expression of fecal CK19 from younger
patients and age-matched healthy controls. The levels
of fecal CK19 were quantified by quantitative real-time PCR
from who were under the age of 60, including 57 healthy
controls, 36 patients with MO stage, and 9 patients with Ml
stage. The relative expression of fecal CK19 mRNA was nor-
malized by dividing it by that for 18s rRNA for each fecal
sample. A significant difference (p < 0.05) determined by
Dunn's multiple comparison was directly indicated as p value.
The horizontal lines represent the median values.
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Figure 3

Western blot analysis of endogenous CK19 expres-
sion in colonic cell lines. All CRC cell lines presented with
heterotypic bands at 40 KDa (CK19) and ~37 KDa. Bands
from two early-staged cells (SWW480 and LS 174T) were
weaker than those from two late-staged cells (LoVo and HT-
29). The molecular weight of Actin was 43 KDa. Antibodies,
mouse anti-human CK19 antibody or rabbit anti-human
Actin antibody.
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younger age groups (age < 60 years) and was low in older
age groups (age > 60 years) (-71%, p = 0.292). The mean
value profiles of fecal CK19 mRNA from patients and
healthy controls didn't show any consistency either in the
younger or older age groups.

As listed in Table 2, the younger patients with M1 stage (n
= 9) had significantly higher fecal CK19 expression levels
when compared with the older metastatic patients (n =
17), as assessed by the Mann-Whitney U test (p = 0.002).
This significant difference of fecal CK19 mRNA correlated
to the patients' ages was not found in the patients with M0
stage (p > 0.05). However, a significant difference was also
seen across these younger groups by the Kruskal-Wallis
test. (p = 0.004) The subsequent post hoc test in these
younger subjects revealed that patients with M1 stage (n =
9) had significantly higher expression of fecal CK19
mRNA when compared with healthy controls (n = 57) (p
< 0.001) or with patients with MO stage (n = 36) (P =
0.004) (Figure 2). In contrast, no significantly different
levels of fecal CK19 expression were noted from groups of
older subjects (age > 60 years), such as patients with MO
(n = 67) and M1 stages, (n = 17) or healthy controls (n =
28) and patients with M1 stage.

Expression pattern of CKI9 in various colonic cell lines

Based on the correlation observed between the levels of
CK19 expression and the age of the patient, we chose four
regular CRC cell lines (SW480, from a 50-year-old male;
LS 174T, from a 58-year-old female; LoVo, from a 56-year-
old male; HT-29, from a 44-year-old female) from donors
who were all under the age of 60 and determined their
endogenous levels of CK19 expression (40 KDa) using an

A-.
B.-
Figure 4

Fluorescent immunocytochemistry of CK19 protein
in CRC cell lines. A: the early-staged cell line, LS 174T cells
(200 x). B: the late-staged cell line, LoVo cells (200 x). Both
the cells were stained for cellular CK19 (a and d) with
mouse anti-human CK 19 antibody. Secondary antibody, Cy3-
conjugated goat anti-mouse antibody. b and e, nuclear stain

(DAPI) of cells from a and d. ¢, merged image from a and b;
f, merged image from d and e.
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Figure 5

Western blot analysis of endogenous CKI19 expres-
sion in colonic tumor specimens. Six colonic tumor
specimens from one patient (01) at Dukes' stage B, three
(02-04) at stage C, and two (05 and 06) at sage D were all
under the age of 60 years. Two of patients (patients 02 and
03) presented with a monotypic band at 40 KDa (CK19) and
others produced heterotypic bands at 40 KDa and ~37 KDa.
The molecular weight of Actin was 43 KDa. Antibodies,
mouse anti-human CK19 antibody or rabbit anti-human
Actin antibody. P, HT-29 cells served as the positive control.

immunoblot analysis (Figure 3). The two late-staged
(LoVo and HT-29) CRC cell lines produced more CK19
protein when compared with the two early-staged (SW48
and LS 174T) cells, under similar levels of Actin protein.
Moreover, one differentially expressed fragment (~37
KDa), which was smaller than the full-size CK19 protein,
was detected in all CRC cell lines but with differential
expressions. As shown in Figure 3, the expression level of
this smaller fragment increased in accordance with the
donor's clinical stage with the exception of that detected
in SW480 cells. Immunofluorescent staining using a spe-
cific anti-human CK19 antibody showed a dramatic
increase of CK19 protein in the cytosol of LoVo cells,
which is in accordance with the immunoblot findings
from the colon cell lines (Figure 4).

Immunoblotting of CKI9 protein in clinical colonic tissues
The same CK19 antibody was used to determine if clinical
colonic tissues also exhibited altered levels of CK19 pro-
tein. As shown in Figure 5, colonic tumor specimens from
six younger patients expressed CK19 in a pattern that was
similar to that of the CRC cell lines (Figure 3) and was in
accordance with their clinical stages. Even though the lev-
els of CK19 protein (40 KDa) were not significantly differ-
ent among these tumor tissues, the smaller fragment (~37
KDa) was upregulated in the two patients with Dukes'
stage D (patient 05, a 52-year-old male; patient 06, a 49-
year-old female).

Discussion

Detection of CRC cells in feces using qRT-PCR may be
developed for clinical diagnosis [18]. Because of the
deregulation of apoptosis in CRC cells, cancer cells in
feces are thought to be more stable than other cells
sloughed from normal mucosa [23] and could even repre-
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sent a target for the molecular diagnosis of CRC [24];
therefore, fecal molecules from exfoliated colonic cells are
currently being developed as potential markers for colonic
neoplasia [20].

We reported several fecal molecules that are differentially
expressed in CRC patients [21,22], and demonstrated that
CK19 expression in feces is possibly correlated with CRC
metastasis [20]. Moreover, CK19 has been used exten-
sively as a marker of micrometastasis and for the detection
of circulating tumor cells in many cancers [25]. Recent
studies showed that cancer patients with increased CK19
expression have lower survival rates [26]. In CRC patients,
the levels of CK19 expression in the blood are associated
with the presence of micrometastases [27,28].

In the present study, we determined that both tumor
depth and distant metastasis of CRC patients were signif-
icantly correlated with higher fecal CK19 expression lev-
els. The similar results were also reported by Wang et al. in
blood [29]; however, our data are more specific in CRC
because we using the samples directly from colonic tract
[18]. In addition, this significant difference was only
found in CRC patients aged less than 60 years of age.
Among these younger patients, we also found that the lev-
els of fecal CK19 mRNA varied according to the distant
metastatic rate in each age interval. In particular, CRC
patients aged between 45 and 50 years had both the high-
est mean value of fecal CK19 expression and distant met-
astatic rate, whereas the age-matched healthy controls had
maximum fecal CK19 expression between 55 and 60 years
of age. This means that the expression of fecal CK19
mRNA can be detected by qRT-PCR, and is significantly
correlated with distant metastasis in CRC patients
younger than 60 years. To our knowledge, very few reports
have discussed the correlation between the expression lev-
els of CK19 mRNA and the patient's age, especially in
CRC. Li et al. reported that CK19 expressed in normal
colon epithelial tissues is an aging-upregulated protein
[30] and Kim et al. demonstrated a higher positive rate of
fecal CK19 by immunodetection is found in gastrointesti-
nal cancer and inflammation [31]. Recently, Pontiggi et al.
suggested that cells expressing CK19 represent a subpopu-
lation of basal keratinocytes in neonates and young chil-
dren [32]. However, this is the first report that
demonstrates that the expression levels of CK19 mRNA in
feces of patients younger than 60 years may represent an
underlying colorectal malignancy because of the prior
exclusion of inflammatory bowel coditions. As reported
by Karsten et al. and Dozois et al., who found that young
people diagnosed with CRC are more likely to be in the
later stage of the disease [17,33], we also found that the
patients diagnosed with distant metastasis (9 of 45; 20%)
were younger than 60 years. If we setting the cut-off value
of 0.0142 (median value of patients with MO stage), our
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data resulted in a high sensitivity 0.89 (95% CI, 0.79-
0.99) but a low specificity 0.47 (95% CI, 0.36-0.58) for
predicting young patients with M1 stage. This seems to
correspond to the purpose of molecular screening and
agree with Lemmon and Gardner who reported that a sig-
nature with high sensitivity but perhaps low specificity
may be preferred in the clinical laboratory [34]. Because of
the clinical significance of the association between fecal
CK19 expression and the age of the patients, we used four
CRC cell lines, and six colonic tumor tissues from young
donors for immunodetection of the CK19 protein. Our
immunoblot results revealed that the stage-related expres-
sion of CK19 was detected in certain young CRC cells.
Moreover, the expression difference in the two early-
staged cell lines, SW480 and LS 174T, was possibly caused
by a recurrence of the malignancy and metastasis in the
donor of SW480 cells later. These results suggest that
increased awareness should be promoted in young
patients who exhibit high expression levels of fecal CK19
mRNA, and that an aggressive CRC treatment should be
implemented for these patients. This upregulation of
CK19 was also observed LoVo cells when compared with
LS 174T cells, using immunofluorescent imaging.

Additionally, a smaller fragment was present in the CRC
cell lines and some colonic tissues, as assessed by immu-
noblot analysis. This result is in agreement with other
studies, which describe the presence of a similar two-frag-
ment pattern in immunoblots of CK19 [35]. We predicted
that the size of the smaller fragment was approximately 37
KDa. We suggest that this is possibly the CYFRA21-1 frag-
ment of CK19 because of the similar molecular weight
reported by Satoh et al. [36]. This fragment could be eval-
uated in blood to detect non-small cell lung cancer [37],
in saliva to detect oral squamous cell carcinoma [38], and
in urine to detect bladder cancer [39]. Although we can
not discriminate CYFRA 21-1 from CK19 via the qRT-PCR
in feces, the fecal CK19 can still partially reflect the
sloughed CRC cells because of a coincidence between the
data of feces and colonic tumor specimens (data not
shown). As reported for other types of cancer, the molec-
ular assessment of CK19 expression levels using mRNA
detection (qRT-PCR) was more sensitive, and was signifi-
cantly associated with poor disease prognosis [40]. Our
data are also consistent with the conclusions of Silva et al.
and Denis et al.,, who demonstrated that the analysis of
CK19 expression can be used to determine the presence of
micrometastatic cells, even if these authors performed
their assays in blood samples [27,28].

Conclusion

The identification of occult metastases by molecular
screening should improve the prediction of disease out-
comes for CRC patients [5,28]. In conclusion, our results,
together with those of others, indicate that high levels of
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fecal CK19 mRNA represent a potential marker for color-
ectal malignancy in younger patients (age < 60 years),
which implies that special awareness should be promoted
among younger patients with high levels of fecal CK19
mRNA, and that aggressive treatment should be imple-
mented for these patients. Additionally, the fecal CK19
molecule offers new insights into the study of the molec-
ular alterations of CRC through fecal analysis.
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chain reaction; CYFRA 21-1: CK19 protein fragment.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions

CCCha and SHY contributed the idea and did basic con-
ceptual work; CJH prepared the paper, did laboratory
work, and added conceptual ideas; CCChi supervised
manuscript preparation and added conceptual ideas; SHY
and SHC did patient recruitment; SP, CLL, and CML ana-
lyzed the data with the assistance of YYW (immunodetec-
tion); HLS and CCH did statistical analysis; CLL and RNY
offered clinical information of colorectal cancer. All
authors read and approved the final manuscript.

Acknowledgements

The authors wish to thank Dr. Yi-Shuian Huang (Institute of Biomedical Sci-
ences, Academia Sinica, Taipei, Taiwan) for critical reading of this manu-
script. Research grants from Cathay General Hospital (CGH-MR-94015) to
SHC; Cathay General Hospital and Taipei Medical University (96CGH-
TMU-10) and National Science Council of Taiwan (NSC95-2320-B-281-
001) to CJH.

References

1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun M): Cancer
statistics, 2008. CA Cancer J Clin 2008, 58(2):71-96.

2. Srivastava S, Verma M, Henson DE: Biomarkers for early detec-
tion of colon cancer. Clin Cancer Res 2001, 7(5):1118-1126.

3. Jemal A, Siegel R, Ward E, Murray T, Xu J, Thun MJ): Cancer statis-
tics, 2007. CA Cancer | Clin 2007, 57(1):43-66.

4. Giatromanolaki A, Sivridis E, Koukourakis Ml: Angiogenesis in
colorectal cancer: prognostic and therapeutic implications.
Am | Clin Oncol 2006, 29(4):408-417.

5. Gradilone A, Gazzaniga P, Silvestri |, Gandini O, Trasatti L, Lauro S,
Frati L, Agliano AM: Detection of CKI9, CK20 and EGFR
mRNAs in peripheral blood of carcinoma patients: correla-
tion with clinical stage of disease. Oncol Rep 2003,
10(1):217-222.

6.  Benoy IH, Elst H, Philips M, Wuyts H, Van Dam P, Scharpe S, Van
Marck E, Vermeulen PB, Dirix LY: Real-time RT-PCR detection
of disseminated tumour cells in bone marrow has superior
prognostic significance in comparison with circulating
tumour cells in patients with breast cancer. Br | Cancer 2006,
94(5):672-680.

7.  Vogelstein B, Fearon ER, Hamilton SR: Genetic alterations during
colorectal-tumor development. N Engl | Med 1988,
319:525-532.

8. Galan M, Vinolas N, Colomer D, Soler G, Munoz M, Longaron R, Ven-
tura PJ, Gascon P, Estape J: Detection of occult breast cancer
cells by amplification of CKI9 mRNA by reverse tran-

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18287387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18287387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11350874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11350874
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17237035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17237035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16891872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12469172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12469172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12469172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16495933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16495933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16495933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2841597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2841597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530011

BMC Cancer 2009, 9:376

20.

21.

22.

23.

24.

25.

26.

scriptase-polymerase chain reaction: role of surgical manip-
ulation. Anticancer Res 2002, 22(5):2877-2884.

Pinzani P, Salvadori B, Simi L, Bianchi S, Distante V, Cataliotti L, Paz-
zagli M, Orlando C: Isolation by size of epithelial tumor cells in
peripheral blood of patients with breast cancer: correlation
with real-time reverse transcriptase-polymerase chain reac-
tion results and feasibility of molecular analysis by laser
microdissection. Hum Pathol 2006, 37(6):711-718.

Rozhkova NI, Bozhenko VK, Ploshnitsa Al, Tashchyan AA, Kudinova
EA, Mazo ML: Cytokeratin 19 mRNA concentration in lymph
nodes as a diagnostic marker of metastases. Bull Exp Biol Med
2008, 145(1):90-92.

Wong IH, Yeo W, Chan AT, Johnson PJ: Quantitative relationship
of the circulating tumor burden assessed by reverse tran-
scription-polymerase chain reaction for cytokeratin 19
mRNA in peripheral blood of colorectal cancer patients with
Dukes' stage, serum carcinoembryonic antigen level and
tumor progression. Cancer Lett 2001, 162(1):65-73.

Mizuguchi S, Nishiyama N, Iwata T, Nishida T, Izumi N, Tsukioka T,
Inoue K, Kameyama M, Suehiro S: Clinical value of serum cytok-
eratin 19 fragment and sialyl-Lewis x in non-small cell lung
cancer. Ann Thorac Surg 2007, 83(1):216-221.

Wakatsuki M, Suzuki Y, Nakamoto S, Ohno T, Ishikawa H, Kiyohara
H, Kiyozuka M, Shirai K, Nakayama Y, Nakano T: Clinical useful-
ness of CYFRA 21-1 for esophageal squamous cell carcinoma
in radiation therapy. | Gastroenterol Hepatol 2007, 22(5):715-719.
Zhong LP, Zhu HG, Zhang CP, Chen WT, Zhang ZY: Detection of
serum Cyfra 21-1 in patients with primary oral squamous
cell carcinoma. Int | Oral Maxillofac Surg 2007, 36(3):230-234.

Leff DR, Chen A, Roberts D, Grant K, Western C, Windsor AC,
Cohen CR: Colorectal cancer in the young patient. Am Surg
2007, 73(1):42-47.

O'Connell JB, Maggard MA, Liu JH, Etzioni DA, Livingston EH, Ko CY:
Rates of colon and rectal cancers are increasing in young
adults. Am Surg 2003, 69(10):866-872.

Karsten B, Kim J, King J, Kumar RR: Characteristics of colorectal
cancer in young patients at an urban county hospital. Am Surg
2008, 74(10):973-976.

Koga Y, Yasunaga M, Moriya Y, Akasu T, Fujita S, Yamamoto S, Kozu
T, Baba H, Matsumura Y: Detection of colorectal cancer cells
from feces using quantitative real-time RT-PCR for colorec-
tal cancer diagnosis. Cancer Sci 2008, 99(10):1977-1983.

Shastri YM, Naumann M, Oremek GM, Hanisch E, Rosch W, Mossner
], Caspary WF, Stein JM: Prospective multicenter evaluation of
fecal tumor pyruvate kinase type M2 (M2-PK) as a screening
biomarker for colorectal neoplasia. Int | Cancer 2006,
119(11):2651-2656.

Yang SH, Chien CC, Chen CW, Li SY, Huang CJ: Potential of faecal
RNA in diagnosing colorectal cancer. Cancer Lett 2005,
226(1):55-63.

Huang CJ, Chien CC, Yang SH, Chang CC, Sun HL, Cheng YC, Liu
CC, Lin SC, Lin CM: Faecal ribosomal protein L19 is a genetic
prognostic factor for survival in colorectal cancer. | Cell Mol
Med 2008, 12(5B):1936-1943.

Chien CC, Chang CC, Yang SH, Chen SH, Huang CJ: A homologue
of the Drosophila headcase protein, HECA, is a novel tumor
marker for early-stage colorectal cancer. Oncol Rep 2006,
15:919-926.

Ahlquist DA, Harrington JJ, Burgart L, Roche PC: Morphometric
analysis of the "mucocellular layer" overlying colorectal can-
cer and normal mucosa: relevance to exfoliation and stool
screening. Hum Pathol 2000, 31(1):51-57.

Koga Y, Yasunaga M, Katayose S, Moriya Y, Akasu T, Fujita S,
Yamamoto S, Baba H, Matsumura Y: Improved recovery of exfo-
liated colonocytes from feces using newly developed immu-
nomagnetic beads. Gastroenterol Res Pract 2008, 2008:. 605273
Benoy IH, Elst H, Auwera | Van der, Van Laere S, van Dam P, Van
Marck E, Scharpe S, Vermeulen PB, Dirix LY: Real-time RT-PCR
correlates with immunocytochemistry for the detection of
disseminated epithelial cells in bone marrow aspirates of
patients with breast cancer. BrJ Cancer 2004, 91(10):1813-1820.
Zhong LP, Chen WT, Zhang CP, Zhang ZY: Increased CKI9
expression correlated with pathologic differentiation grade
and prognosis in oral squamous cell carcinoma patients. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2007, 104(3):377-384.

http://www.biomedcentral.com/1471-2407/9/376

27. Denis MG, Lipart C, Leborgne ], LeHur PA, Galmiche JP, Denis M,
Ruud E, Truchaud A, Lustenberger P: Detection of disseminated
tumor cells in peripheral blood of colorectal cancer patients.
Int | Cancer 1997, 74(5):540-544.

28. Silva JM, Rodriguez R, Garcia JM, Munoz C, Silva |, Dominguez G, Pro-
vencio M, Espana P, Bonilla F: Detection of epithelial tumour
RNA in the plasma of colon cancer patients is associated
with advanced stages and circulating tumour cells. Gut 2002,
50(4):530-534.

29. Wang JY, Wu CH, Lu CY, Hsieh JS, Wu DC, Huang SY, Lin SR:
Molecular detection of circulating tumor cells in the periph-
eral blood of patients with colorectal cancer using RT-PCR:
significance of the prediction of postoperative metastasis.
World | Surg 2006, 30(6):1007-1013.

30. Li M, Xiao ZQ, Chen ZC, Li JL, Li C, Zhang PF, Li MY: Proteomic
analysis of the aging-related proteins in human normal colon
epithelial tissue. | Biochem Mol Biol 2007, 40(1):72-81.

31. Kim H, KimY, Yoon S, Lim J, Kim M, Lee S, Kang S, Lee EJ, Kang CS,
Han K: Rapid fecal cytokeratin-19 test and fecal occult blood
test in screening for gastrointestinal diseases. Ann Clin Lab Sci
2006, 36(3):294-298.

32. Pontiggia L, Biedermann T, Meuli M, Widmer D, Bottcher-Haberzeth
S, Schiestl C, Schneider |, Braziulis E, Montario |, Meuli-Simmen C, et
al: Markers to evaluate the quality and self-renewing poten-
tial of engineered human skin substitutes in vitro and after
transplantation. J Invest Dermatol 2009, 129(2):480-490.

33. Dozois EJ, Boardman LA, Suwanthanma W, Limburg PJ, Cima RR,
Bakken JL, Vierkant RA, Aakre JA, Larson DW: Young-onset color-
ectal cancer in patients with no known genetic predisposi-
tion: can we increase early recognition and improve
outcome? Medicine (Baltimore) 2008, 87(5):259-263.

34. Lemmon GH, Gardner SN: Predicting the sensitivity and specif-
icity of published real-time PCR assays. Ann Clin Microbiol Anti-
microb 2008, 7:18.

35. Tsujimoto M, Nakabayashi K, Yoshidome K, Kaneko T, Iwase T, Aki-
yama F, Kato Y, Tsuda H, Ueda S, Sato K, et al.: One-step nucleic
acid amplification for intraoperative detection of lymph
node metastasis in breast cancer patients. Clin Cancer Res 2007,
13(16):4807-4816.

36. Satoh H, Ishikawa H, Fujiwara M, Yamashita YT, Ohtsuka M, Ogata T,
Hasegawa S, Kamma H: Production of cytokeratin 19 fragment
by human squamous lung cancer cell lines. Am | Respir Cell Mol
Biol 1997, 16(5):597-604.

37. Holdenrieder S, Stieber P, Von Pawel ], Raith H, Nagel D, Feldmann
K, Seidel D: Early and specific prediction of the therapeutic
efficacy in non-small cell lung cancer patients by nucleo-
somal DNA and cytokeratin-19 fragments. Ann N Y Acad Sci
2006, 1075:244-257.

38. Nagler R, Bahar G, Shpitzer T, Feinmesser R: Concomitant analy-
sis of salivary tumor markers--a new diagnostic tool for oral
cancer. Clin Cancer Res 2006, 12(13):3979-3984.

39. Morsi MI, Youssef Al, Hassouna ME, El-Sedafi AS, Ghazal AA, Zaher
ER: Telomerase activity, cytokeratin 20 and cytokeratin 19 in
urine cells of bladder cancer patients. | Egypt Natl Canc Inst
2006, 18(1):82-93.

40. Le Pimpec-Barthes F, Danel C, Lacave R, Ricci S, Bry X, Lancelin F,
Leber C, Milleron B, Fleury-Feith |, Riquet M, et al.: Association of
CKI19 mRNA detection of occult cancer cells in mediastinal
lymph nodes in non-small cell lung carcinoma and high risk
of early recurrence. Eur | Cancer 2005, 41(2):306-312.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2407/9/376/pre
pub

Page 8 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16733212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19024012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19024012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11121864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11121864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11121864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17184666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17184666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17184666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17444861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17444861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17444861
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16965897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16965897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16965897
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17249455
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14570365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14570365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14570365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18942625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18942625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19016757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19016757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19016757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16929517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16929517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16929517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16004932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16004932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18266979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18266979
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16525680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16525680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16525680
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10665913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10665913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10665913
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19125182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19125182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19125182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15505629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15505629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15505629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17095259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17095259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17095259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9355978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9355978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11889075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11889075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11889075
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16736329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16736329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17244485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17244485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17244485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16951270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16951270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18719609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18719609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18719609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18794708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18794708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18794708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18817537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18817537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17699859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17699859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17699859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9160842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9160842
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17108218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16818695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16818695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16818695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17237854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17237854
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15661557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15661557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15661557
http://www.biomedcentral.com/1471-2407/9/376/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Fecal samples and colonic tumor specimens
	Quantitation of fecal CK19 expression
	Immunodetection of CK19 protein in colonic cell lines and tissues
	Statistical analysis

	Results
	Age-related expression of fecal CK19 mRNA in patients with CRC
	Expression pattern of CK19 in various colonic cell lines
	Immunoblotting of CK19 protein in clinical colonic tissues

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

