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1. Introduction
The gastrointestinal tract is the most common site of 
malignancies of any anatomic system in the body (Seregni 
et al., 2001); every year an estimated 2.5 million people 
are newly diagnosed (Boyle and Levin, 2008; Jemal et al., 
2011). Gastrointestinal tumors are often diagnosed at late 
stages since patients with gastrointestinal tumors have a 
very broad range of dyspeptic symptoms. Therefore, the 
determining of sensitive and specific molecular markers 
can be a useful clinical tool for the early detection and 
management of diseases (Plaks et al., 2013). Because 
of the heterogeneity of gastrointestinal tumors, a panel 
of biomarkers for screening and diagnosis would be the 
most appropriate (Lurje et al., 2010). Recently published 
studies showed that detection of elevated circulating 
tumor cells (CTCs) was a prognostic factor for metastatic 
gastrointestinal cancers as well as an accurate indication 
of rapid progression and mortality (Rahbari et al., 2010; 
Rhim et al., 2012).   

Detection of tumor cells in the blood could lead to a 
search for epithelial-specific mRNAs, which might be 
revealed in patients’ blood samples via amplification 
by reverse transcription-polymerase chain reaction 
(RT-PCR). The use of RT-PCR allows sensitive and 

reliable detection of a very small number of circulating 
tumor cells in blood or bone marrow. RT-PCR assays 
using epithelial markers are based on the principle that 
carcinoma cells detach from the site of the primary tumor 
and are distributed to hematopoietic or lymphatic tissue 
(Alix-Panabières and Pantel, 2013). This can lead to the 
appearance of gene transcripts that are not normally 
expressed in these host tissues (Wang et al., 2006; Tsouma 
et al., 2008).

Cytokeratins (CKs) such as CK19 and CK20 are 
generally used for the detection of most epithelial tumors and 
they belong to the epithelial subgroup of the intermediate 
filament protein family that is involved in cell structure 
and differentiation. Expression studies showed that CK19 
expressed in all epithelial cells; however, CK20 is restricted 
to gastrointestinal epithelium, urothelium, and Merkel cells 
and this profile is maintained in malignant tumors of these 
cells. The malignant nature of CK-positive cells in the bone 
marrow has been confirmed through genomic analysis 
using fluorescence in situ hybridization (Muller et al., 1996; 
Stathopoulou et al., 2002). The relatively specific expression 
of CKs by epithelial tissues and conservation of this cell 
specificity following malignant transformation has led to their 
widespread use as reliable markers for diagnostic pathology. 
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Understandably, CKs have served as the most widely used 
target for detection of metastasis from epithelial-derived 
tumors in a variety of sites (Wlyd, 1998). 

Tumor-associated protein mucin 1 (MUC1) is 
also very often used to trace metastatic cancer cells in 
gastrointestinal cancer (Uen et al., 2006; Lagoudianakis et 
al., 2009). Mucins are involved in a variety of physiologic 
functions including protection against mechanical and 
infectious insults, lubrication, and acid resistance. An 
increased expression of MUC1 in human and colorectal 
cancer as a marker of progression and metastasis was 
demonstrated previously (Nakamori et al., 1994; Baldus 
et al., 2004). Telomerase, an enzyme responsible for 
continuous cell growth, is repressed in most somatic cells 
but activated in approximately 85% of human cancer 
tissues (Hiyama and Hiyama, 2003). There were several 
reports that human telomerase reverse transcriptase 
(hTERT) mRNA is present in the peripheral blood of 
patients with some cancer types (Chen et al., 2000; Shin et 
al., 2002; Wang et al., 2006).

The current study aimed to evaluate the feasibility of 
detection of MUC1, CK20, and hTERT mRNAs in the 
peripheral blood of gastrointestinal cancer patients based 
on RT-PCR amplification. 

2. Materials and methods 
2.1. Subjects 
A total of 61 peripheral blood samples from 31 
pathologically confirmed gastrointestinal cancer 
patients and 30 healthy subjects were collected from the 
Department of Gastroenterology of the Gülhane Military 
Medical Academy Hospital. The study was conducted 
in compliance with the Helsinki Declaration and it was 
approved by the institutional ethics committee; all patients 
and healthy subjects involved gave their written informed 
consent. 

Clinicopathologic characteristics of the study 
population are summarized in Table 1. All patients suffered 
from adenocarcinomas. Clinical stages and pathologic 
features of primary tumors were defined according to 
the criteria of the American Joint Commission of Cancer 
(Greene et al., 2001). All patients with gastrointestinal 
cancer were found to have no evidence of other disease. 
Ten milliliters of peripheral blood was drawn into an 
EDTA tube and stored at 4 °C. As a positive control, RNA 
samples were also prepared from the human colon cancer 
cell line HT-29 (a gift from Dr G Selmanoğlu, Hacettepe 
University, Ankara, Turkey). 
2.2. Total RNA isolation and cDNA synthesis
Blood tubes were centrifuged at 1000 × g for 5 min; the buffy 
coat was collected and transferred into 1.5-mL Eppendorf 
tubes. Total RNA extraction was performed using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) according to the 

manufacturer’s instructions and the product was stored 
at –80 °C until use. To avoid contamination of DNA 
within RNA preparation, 1 µg of RNA was treated with 
RNase-free DNase I, as recommended by the supplier 
(New England BioLabs, Hitchin, UK). The first-strand 
cDNA was synthesized from total RNA by using MuLV 
reverse transcriptase (New England BioLabs). Total RNA 
(1 µg) was reverse-transcribed in a final volume of 50 µL 
containing 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3 mM 
MgCl2, 10 mM DTT, 0.2 mM oligo(dT)15, 0.2 mM dNTPs, 
and 100 U of MuLV reverse transcriptase according to the 
manufacturer’s guidelines. 

The reaction mixtures with RNA were incubated at 42 
°C for 1 h, heated to 95 °C for 5 min, and then stored at –20 
°C until analysis. 
2.3. PCR amplification
The quantity of isolated RNA was confirmed by 
amplification of cDNA for house-keeping gene GAPDH. 
Each PCR reaction mixture contained 1X PCR buffer 
[67 mM Tris-HCl (pH 8.3), 16 mM (NH4)2SO4, 0.1% 
Tween-20, 2.5 mM MgCl2], 0.1 mM dNTP, 0.1 µM sense 
and antisense primers for target genes, and 1 U Taq DNA 
polymerase (Bioron, Ludwigshafen am Rhein, Germany) 
in a total volume of 25 µL. PCR products were analyzed 
in 2.5% agarose gel. The signals on UV transilluminator 
for each target gene and GAPDH expression levels were 
analyzed with a computing densitometer (Syngene 
GeneTools software) to calculate the relative mRNA 
density ratio. The primer sequences, PCR conditions, and 
predicted product size are given in Table 2. 
2.4. Sequencing of PCR products
The amplified PCR products were sequenced using a Big 
Dye sequencing system (Applied Biosystems, Carlsbad, 
CA, USA) and determined to be identical to those 
expected. 

Table 1. Patients’ characteristics.  

Characteristic   n    

Sex
Male 28
Female 3
Age
Median 63.3
Range 20–80
Tumor location Stage I Stage II Stage III Stage IV
Esophagus 1 2 1
Gastric 1 6 4
Colorectal 1 3 8 4
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2.5. Statistical analysis
All analyses were conducted with SPSS 19. Potential 
association between the expression of molecular markers 
used in combination and the clinicopathologic features 
of the study subjects were evaluated using 2 × 2 or 2 
× k contingency tables and the significance of these 
comparisons was assessed using 2-tailed Fisher’s exact 
tests. 

To evaluate the usefulness of gene expression levels 
and presence/absence data of the 3 mRNA markers for 
predicting overall tumor presence, metastasis status, 
and colorectal tumor presence, we conducted separate 
logistic regression analysis. Tumor presence, metastasis 
status, and colorectal tumor presence were taken as binary 
dependent variables and coded using 0 (absence of tumor 
or metastasis) and 1 (presence of tumor or metastasis) as 
dummy variables Significant fit of the regression equation 
to the data was assessed using Wald statistics; however, the 
cut-off for statistical significance was taken as P < 0.008 
after Bonferroni correction for multiple comparisons. We 
also calculated odds ratios (ORs) determining the strength 
of association between predictive markers and tumor 
presence. 

Receiver operating characteristic (ROC) curve 
analyses were done to analyze the RT-PCR data of MUC1, 
CK20, and hTERT gene expression in the peripheral blood 
of the subjects. The area under the ROC curve and the 
corresponding 95% confidence intervals (95% CI) were 
calculated for each marker. The cut-off value at the highest 
accuracy level (minimal false-negative and false-positive 
results) was determined. 

3. Results
3.1. Expression of MUC1, CK20, and hTERT mRNAs in 
peripheral blood samples from gastrointestinal cancer 
patients
In analysis of the peripheral blood, 77.4% (24/31), 
61.29% (19/31), and 45.16% (14/31) of cancer patients 
were positive for MUC1, CK20, and hTERT mRNAs, 
respectively. Seven (22.58%) of 31 patients were positive 

for all 3 mRNAs. The sensitivity and specificity for any one 
of the mRNAs detected in peripheral blood is 90.32% and 
53.3%, respectively, with an accuracy of 68.85% (Table 3). 

We used 2-tailed Fisher’s exact tests to analyze the 
potential association between the expression of molecular 
markers used in combination and the clinicopathologic 
features of the study subjects. No association was 
found between the presence of mRNA markers and 
clinicopathologic characteristics of patients (Table 4). 

For the 3 mRNA markers that we detected, there were 
no differences between patients with different stages (P 
> 0.05). Our results showed that combined analysis of 
MUC1 and CK20 helps to decrease the false-positive rate 
of detection (Table 3).  

The predictive values of the 3 mRNA markers for tumor 
presence were analyzed using univariate logistic regression 
analysis (Tables 5 and 6). According to our results, any one 
of these mRNA markers is a predictor of the presence of 
gastrointestinal tumors (P < 0.001) and colorectal tumors 
(P < 0.05). These markers do not have predictive value for 
presence of metastasis in gastrointestinal tumors (Table 7). 

ROC curve analyses of the RT-PCR data of the 61 
subjects (31 cancer patients and 30 healthy individuals) 

Table 2. Primers and PCR conditions.

Primer 5’-3’ sequence PCR conditions Size of PCR
product (bp)

MUC1 (sense) ACCTACCATCCTATGAGCGAG   (94 °C/30 s, 60 °C/30 s, 72 °C/30 s) × 35 cycles 228

MUC1 (antisense) TGAAGAACCTGAGTGGAGTGGAAT

CK19 (sense) TACCTGAAGAAGAACCATGAGGAG (94 °C/30 s, 60 °C/30 s, 72 °C/30 s) × 35 cycles 446

CK19 (antisense) TGATTCTGCCGCTCACTATCAG

CK20 (sense) CTGAATAAGGTCTTTGATGACC  (94 °C/30 s, 60 °C/30 s, 72 °C/30 s) × 35 cycles 295

CK20 (antisense) CTGTGACCTGTTGCTGCAGAACT      

hTERT (sense) AAGTTCCTGCACTGGCTGAT (94 °C/30 s, 60 °C/30 s, 72 °C/30 s) × 35 cycles 265

hTERT (antisense) CACGACGTAGTCCATGTTCA

GAPDH (sense) CCTCAAGATCATCAGCAATGC (94 °C/30 s, 60 °C/30 s, 72 °C/30 s) × 35 cycles 165

GAPDH (antisense) GGAAACTGTGGCGTGATGG
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were done. The ROC curves for each mRNA marker are 
shown in the Figure. Accordingly, the optimal cut-off value 
and area under the ROC curve for each mRNA marker 
was as follows: 2.00 and 0.795 (95% CI: 0.679–0.911) for 
MUC1, 1.50 and 0.748 (95% CI: 0.625–0.871) for CK20, 
and 3.00 and 0.673 (95% CI: 0.537–0.809) for hTERT. 
3.2. Expression of MUC1, CK20, and hTERT mRNAs in 
peripheral blood samples from healthy volunteers
MUC1, CK20, and hTERT markers were detected in 
30 healthy volunteers. MUC1 expression was observed 
in 8 (26.6%), CK20 expression in 6 (20%), and hTERT 
expression in 4 (13.3%) samples. 

The positive ratios of MUC1, CK20, and hTERT 
mRNAs in gastrointestinal cancer patients are significantly 
higher than in healthy subjects (Table 3). 

4. Discussion
Developments in biotechnology have made it possible 
to detect small numbers of tumor cells in peripheral 
blood, and these cells would provide a useful monitoring, 
diagnostic, and prognostic tool (Bednarz-Knoll et al., 
2011; Wicha and Hayes, 2011). In recent years, there have 
been many reports on the RT-PCR detection of CTCs in 
the peripheral blood, bone marrow, and/or peritoneal 
lavage of patients with gastrointestinal cancer (Pantel et 
al., 1999; Yamaguchi et al., 2000; Stathopoulou et al., 2002; 
Gradilone et al., 2003; Dandachi et al., 2005; Uen et al., 
2006). Compared with bone marrow and lymph nodes, 
blood collection is a minimally invasive procedure and 
blood can be sampled throughout the course of the disease 
(Böckmann et al., 2001; Huang et al., 2003; Pantel and 
Alix-Panabières, 2010; Bednarz- Knoll et al., 2011). 

Because of the heterogeneity of gastrointestinal tumors, 
a panel of biomarkers could enhance the sensitivity of 
CTC detection compared with the single markers in use 
(Conzelmann et al., 2005; Lurje et al., 2010). The aim of 
this work was to evaluate the feasibility of detection of 
CTCs in the peripheral blood of gastrointestinal cancer 

patients based on the RT-PCR amplification of MUC1, 
CK20, and hTERT mRNAs, aiming to use a standardized 
PCR method according to the World Health Organization 
criteria for a screening test: acceptability, practicability, 
high specificity, and high sensitivity (Kramer at al., 1999). 

To evaluate the presence and predictive value of 
MUC1, CK20, and hTERT in the peripheral blood of 
gastrointestinal cancer patients, we analyzed 3 markers 
in 31 cancer patients and 30 healthy individuals, and 
we explored the correlation between expression of these 
markers and tumor presence.

Because of its high sensitivity, RT-PCR based on the 
amplification of the cell type-specific mRNA is increasingly 
used to detect CTCs. In previous studies, many target 
genes have been used to detect CTCs in gastrointestinal 
carcinoma, such as CEA, MUC1, hTERT, cMet, CK18, 
CK19, and CK20 (Soeth et al., 1997; Yamaguchi et al., 
2000; Katsumata et al., 2006; Uen et al., 2006; Wu et al., 
2006; Xi et al., 2007; Tsouma et al., 2008; Lagoudianakis 
et al., 2009). Cytokeratins are frequently used to detect the 
CTCs in peripheral blood (Weitz et al., 1999; Gradilone 
et al., 2003; Wang et al., 2006; Wang et al., 2007). The 
mRNAs of CK19 and CK20 have been successfully used to 
detect CTCs in the peripheral blood of patients with breast 
cancer, lung cancer, and gastrointestinal carcinoma (Mori 
et al., 1996; Denis et al., 1997; Peck et al., 1998). Wlyd 
et al. (1998) suggested that CK20 may be a useful target 
for RT-PCR detection of epithelial-derived cancers than 
previously described in cytokeratins. 

In our study, in RT-PCR analysis of the peripheral 
blood, 77.4% (24/31), 61.29% (19/31), and 45.16% (14/31) 
of cancer patients were positive for MUC1, CK20, and 
hTERT mRNAs, respectively. When combining MUC1, 
CK20, and hTERT mRNA markers for the detection of 
CTCs in gastrointestinal cancer patients, the sensitivity of 
the detection rate increased up to 90.32% (28/31) and the 
rate of false positives was 3.33% (1/30). No correlation was 
found between the presence of MUC1, CK20, and hTERT 

Table 3. Sensitivity, specificity, and accuracy of MUC1, hTERT, and CK20 mRNA 
markers and their combination.

  Sensitivity Specificity Accuracy

MUC1 24/31 (77.4%) 8/30 (73.3%) 32/61 (52.4%)
CK20 19/31 (61.29%) 6/30 (80%) 25/61 (40.98%)
hTERT 14/31 (45.16%) 4/30 (86.6%) 18/61 (29.5%)
Any one mRNA 29/31 (93.54%) 14/30 (53.3%) 43/61(70.49%)
CK20+MUC1 17/31 (54.84%) 2/30 (93.3%) 19/61 (31.14%)
MUC1+hTERT 8/31 (25.80%) 2/30 (93.3%) 10/61 (16.39%)
CK20+hTERT 8/31 (25.80%) 1/30 (96.6%) 9/61 (14.75%)
MUC1+CK20+hTERT 7/31 (22.58%) 1/30 (96.6%) 8/61 (13.1%)
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markers and clinicopathologic characteristics of patients 
(Table 4).

In this study, in RT-PCR analysis of the peripheral blood 
of cancer patients and healthy individuals, 100% (61/61) 
were positive for CK19. Due to the high false-positive rate, 
CK19 is not useful for CTC detection. Similarly to our results, 
other investigators have also detected CK19 transcripts in 
the peripheral blood of healthy individuals (Krismann et al., 

1995; Stathopoulou et al., 2002; Wu et al., 2006). The false 
positive in healthy individuals might be attributed to the 
design of primers, pseudogenes, contamination of epithelial 
cells, or the handling of samples (Ruud et al., 1999; Wang 
et al., 2006; Tsouma et al., 2008). These may involve the 
ectopic expression of the CK19 gene in hematopoietic cells 
or the expression of any gene in any cell type (Chelly et al., 
1989; Novaes et al., 1997; Stathopoulou et al., 2002).  

Table 5. Results of logistic regression analysis for predicting tumor presence based on gene expression and presence/
absence data of mRNA markers.

Markers B SE Wald df Sig. Odds ratio
exp(B)

Odds ratio (95% CI)

Lower Upper

MUC1/GAPDH 2.454 0.827 8.809 1 0.003 11.631 2.301 58.792
CK20/GAPDH 3.004 1.002 8.987 1 0.003 20.165 2.829 143.721
hTERT/GAPDH 0.002 0.003 0.381 1 0.537 1.002 0.996 1.008
Any 1 –2.808 0.818 11.794 1 0.001 0.060 0.012 0.300
Any 2 –2.939 0.720 16.677 1 0.000 0.053 0.013 0.217
All 3 –2.135 1.104 3.740 1 0.053 0.118 0.014 1.029

Table 6. Results of logistic regression analysis for predicting colorectal tumor presence based on gene expression and 
presence/absence data of mRNA markers.

Markers B SE Wald df Sig. Odds ratio
exp(B)

Odds ratio (95% CI)

Lower Upper

MUC1/GAPDH 0.552 0.563 0.961 1 0.327 1.737 0.576 5.243
CK20/GAPDH 1.930 0.933 4.283 1 0.038 6.892 1.108 42.878
hTERT/GAPDH –0.002 0.003 0.387 1 0.534 0.998 0.992 1.004
Any 1 21.411 2.85E+04 0.000 1 0.999 1.9E+09 0.000 Inf.
Any 2 –0.875 0.827 1.122 1 0.290 0.417 0.082 2.106
All 3 –1.253 0.934 1.801 1 0.180 0.286 0.046 1.780

Table 7. Results of logistic regression analysis for predicting the presence of metastasis based on gene expression and 
presence/absence data of mRNA markers.

Markers B SE Wald df Sig. Odds ratio
exp(B)

Odds ratio (95% CI)

Lower Upper

MUC1/GAPDH –1.102 0.779 2.002 1 0.157 0.332 0.072 1.529

CK20/GAPDH –0.485 0.867 0.313 1 0.576 0.616 0.112 3.370

hTERT/GAPDH –0.002 0.005 0.173 1 0.677 0.998 0.989 1.007

Any 1 0.965 1.474 0.429 1 0.513 2.625 0.146 47.183

Any 2 1.001 0.842 1.413 1 0.235 2.720 0.522 14.165

All 3 1.099 1.164 0.891 1 0.345 3.000 0.307 29.353
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In the literature, different frequencies for MUC1, CK20, 
and hTERT in patients have been described (Noguchi et 
al., 1996; de Cremoux et al., 2000; Katsumata et al., 2006; 
Uen et al., 2006). The differences could be explained by 
the heterogeneous designs of these studies (number of 
samples, sampling methods, tumor sites, tumor stages, 
RNA extraction, and PCR protocols). Improved sensitivity 
in patients may be achieved by analysis of larger blood 
volumes and analysis of multiple samples from one 
individual. This method may reduce false-negative 
results (Wlyd et al., 1998). Jonas et al. (1997) reported an 
increased rate of CEA detection by RT-PCR in peripheral 
blood samples from patients with colorectal cancer 
when 3 separate samples were analyzed. CTC detection 
methods also need to be taken into account, as sensitivity 
and specificity are of major importance and may differ 
significantly. Thus, it will be important to define the 
critical variables in the methods and to introduce at least 
some level of standardization to allow for more reliable 
and reproducible results (Pantel et al., 1999; Vlems et al., 
2002; Uen et al., 2006; Khair et al., 2007). 

In our study, we found that MUC1, CK20, and hTERT 
mRNAs are significantly more frequently detected in 
gastrointestinal cancer patients than in healthy controls 

and could serve as markers. Funaki et al. (1998) detected 
CK20 mRNA in the peripheral blood of advanced colorectal 
carcinoma patients, which seems to present an indicator 
of possible recurrence in individual patients. It has been 
suggested that CK20 mRNA detection by RT-PCR in the 
peripheral blood and bone marrow is a promising marker 
for circulating tumor cells of epithelial origin (Burchill et 
al., 1995; Johnson et al., 1995; Soeth et al., 1997; Katsumata 
et al., 2006). 

In the univariate analysis, there was statistically 
significant association between the detection of any one 
mRNA and tumor presence (P < 0.001). These results 
clearly demonstrate the significant and prognostic/
predictive value of MUC1, CK20, and hTERT mRNA 
detection by RT-PCR in the peripheral blood of patients 
with gastrointestinal cancers. Similar to our results, 
Msaouel and Koutsilieris (2011) reported that CTC 
evaluation can confirm tumor diagnosis.

Other studies showed MUC1, CK20, and hTERT 
expressions in peripheral blood of healthy individuals 
(de Cremoux et al., 2000; Gradilone et al., 2003; Uen et 
al., 2006; Wu et al., 2006; Wang et al., 2007). Illegitimate 
transcription of tissue-specific genes in blood from 
healthy individuals has been previously described by the 

Figure. ROC curves for MUC1, CK20, and hTERT mRNAs from analysis of RT-
PCR data of 61 subjects. Sensitivity (Y axis) was plotted against the false-positive 
fraction (1-specificity; X axis) for various cut-off values.
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mononuclear fraction. Sources of illegitimate expression 
of MUC1, CK20, and hTERT mRNAs are macrophages, 
lymphocytes, and hematopoietic cells. Illegitimate 
transcription in blood cells is a well-known limitation and 
lowers the specificity of the RT-PCR analysis. While using 
RT-PCR in CTC detection could overcome the problems 
of lack of sensitivity associated with other methods, the 
selection of epithelial-specific mRNA is difficult (Solmi et 
al., 2006).

Our study demonstrated that MUC1, CK20, and 
hTERT gene expressions differ between individuals even 
if they have the same tumor type. Therefore, marker 
combinations maximize differences in expression in 
tumors compared with cells isolated from normal blood. 
Due to the heterogeneity of the expression of tumor-related 
genes, a multimarker assay is regarded as more reliable and 
sensitive than a single marker assay (Conzelmann et al., 
2005; Lurje et al., 2010).

In this study, we found that the detection of MUC1, 
CK20, and hTERT mRNAs in the peripheral blood of 
patients with gastrointestinal cancers is a significant 
predictive/prognostic factor for determining tumor 
presence. This method could offer a simple, noninvasive, 
and promising tool for the detection of CTCs. However, 
a further study in larger patient and healthy populations 
is required to confirm the clinical usefulness of these 
molecular markers. Moreover, in order to arrive at a highly 
significant conclusion, a further study is to be performed 
with a particular tumor type, such as focusing on the 
stomach.

Acknowledgments
This work was funded by the Hacettepe University 
Scientific Research Unit (Project number: 0901-601010). 
This study is part of an MSc thesis submitted to Hacettepe 
University. We deeply thank Dr İsmail Kudret Sağlam for 
helping us during the statistical analysis.

References

Alix-Panabières C, Pantel K (2013). Circulating tumor cells: liquid 
biopsy of cancer. Clin Chem 59: 110–118.

Anker P, Mulcahy H, Chen XQ, Stroun M (1999). Detection of 
circulating tumour DNA in the blood (plasma/serum) of cancer 
patients. Cancer Metast Rev 18: 65–73. 

Baldus SE, Mönig SP, Huxel S, Landsberg S, Hanisch FG, Engelmann 
K, Schneider PM, Thiele J, Hölscher AH, Dienes HP (2004). 
MUC1 and nuclear β-catenin are coexpressed at the invasion 
front of colorectal carcinomas and are both correlated with tumor 
prognosis. Clin Cancer Res 10: 2790–2796. 

Bednarz-Knoll N, Alix-Panabières C, Pantel K (2011). Clinical relevance 
and biology of circulating tumor cells. Breast Cancer Res 13: 228.

Böckmann B, Grill HJ, Giesing M (2001). Molecular characterization 
of minimal residual cancer cells in patients with solid tumors. 
Biomol Eng 17: 95–111. 

Boyle P, Levin B (2008). World Cancer Report. Lyon, France: WHO 
Press.

Burchill SA, Bradbury MF, Pittman K, Southgate J, Smith B, Selby P 
(1995). Detection of epithelial cancer cells in peripheral blood by 
reverse transcriptase-polymerase chain reaction. Brit J Cancer 71: 
278–281.

Chelly J, Concordet JP, Kaplan JC, Kahn A (1989). Illegitimate 
transcription: transcription of any gene in any cell type. P Natl 
Acad Sci USA 86: 2617-2621. 

Chen XQ, Bonnefoi H, Pelte MF, Lyautey J, Lederrey C, Movarekhi 
S, Schaffer P, Mulcahy HE, Meyer P, Stroun M et al. (2000). 
Telomerase RNA as a detection marker in the serum of breast 
cancer patients. Clin Cancer Res 6: 3823–3826. 

Conzelmann M, Linnemann U, Berger MR (2005). Molecular detection 
of clinical colorectal cancer metastasis: how should multiple 
markers be put to use. Int J Colorectal Dis 20: 137–146.

Dandachi N, Balic M, Stanzer S, Halm M, Resel M, Hinterleitner TA, 
Samonigg H, Bauernhofer T (2005). Critical evaluation of real-
time reverse transcriptase-polymerase chain reaction for the 
quantitative detection of cytokeratin 20 mRNA in colorectal 
cancer patients. J Mol Diagn 7: 631–637.

de Cremoux P, Extra JM, Denis MG, Pierga JY, Bourstyn E, Nos 
C, Clough KB, Boudou E, Martin EC, Müller A et al. (2000). 
Detection of MUC1-expressing mammary carcinoma cells 
in the peripheral blood of breast cancer patients by real-time 
polymerase chain reaction. Clin Cancer Res 6: 3117–3122.

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

Funaki NO, Tanaka J, Ohshio G, Onodera H, Maetani S, Imamura 
M (1998). Cytokeratin 20 mRNA in peripheral venous blood 
of colorectal carcinoma patients. Brit J Cancer 77: 1327–1332.

Gradilone A, Gazzaniga P, Silvestri I, Gandini O, Trasatti L, Lauro 
S, Frati L, Agliano AM (2003). Detection of CK19, CK20 and 
EGFR mRNAs in peripheral blood of carcinoma patients: 
correlation with clinical stage of disease. Oncol Rep 10: 217–
222.

Greene FL, Page DL, Fleming ID, Fritz A, Balch CM, Haller DG, 
Morrow M (2001). AJCC Cancer Staging Handbook. 6th ed. 
New York, NY, USA: Springer-Verlag.

Hiyama E, Hiyama K (2003). Telomerase as tumor marker. Cancer 
Lett 194: 221–233.

Huang P, Wang J, Guo Y, Xie W (2003). Molecular detection of 
disseminated tumor cells in the peripheral blood in patients 
with gastrointestinal cancer. J Cancer Res Clin Oncol 129: 
192–198.

http://dx.doi.org/10.1373/clinchem.2012.194258
http://dx.doi.org/10.1373/clinchem.2012.194258
http://dx.doi.org/10.1023/A:1006260319913
http://dx.doi.org/10.1023/A:1006260319913
http://dx.doi.org/10.1023/A:1006260319913
http://dx.doi.org/10.1158/1078-0432.CCR-03-0163
http://dx.doi.org/10.1158/1078-0432.CCR-03-0163
http://dx.doi.org/10.1158/1078-0432.CCR-03-0163
http://dx.doi.org/10.1158/1078-0432.CCR-03-0163
http://dx.doi.org/10.1158/1078-0432.CCR-03-0163
http://dx.doi.org/10.1186/bcr2940
http://dx.doi.org/10.1186/bcr2940
http://dx.doi.org/10.1016/S1389-0344(00)00073-3
http://dx.doi.org/10.1016/S1389-0344(00)00073-3
http://dx.doi.org/10.1016/S1389-0344(00)00073-3
http://dx.doi.org/10.1038/bjc.1995.56
http://dx.doi.org/10.1038/bjc.1995.56
http://dx.doi.org/10.1038/bjc.1995.56
http://dx.doi.org/10.1038/bjc.1995.56
http://dx.doi.org/10.1073/pnas.86.8.2617
http://dx.doi.org/10.1073/pnas.86.8.2617
http://dx.doi.org/10.1073/pnas.86.8.2617
http://dx.doi.org/10.1007/s00384-004-0640-2
http://dx.doi.org/10.1007/s00384-004-0640-2
http://dx.doi.org/10.1007/s00384-004-0640-2
http://dx.doi.org/10.1016/S1525-1578(10)60597-1
http://dx.doi.org/10.1016/S1525-1578(10)60597-1
http://dx.doi.org/10.1016/S1525-1578(10)60597-1
http://dx.doi.org/10.1016/S1525-1578(10)60597-1
http://dx.doi.org/10.1016/S1525-1578(10)60597-1
http://dx.doi.org/10.1002/(SICI)1097-0215(19971021)74:5&lt;540::AID-IJC11&gt;3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1097-0215(19971021)74:5&lt;540::AID-IJC11&gt;3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1097-0215(19971021)74:5&lt;540::AID-IJC11&gt;3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1097-0215(19971021)74:5&lt;540::AID-IJC11&gt;3.0.CO;2-A
http://dx.doi.org/10.1038/bjc.1998.221
http://dx.doi.org/10.1038/bjc.1998.221
http://dx.doi.org/10.1038/bjc.1998.221
http://dx.doi.org/10.1016/S0304-3835(02)00709-7
http://dx.doi.org/10.1016/S0304-3835(02)00709-7


KÜÇÜKYILDIRIM et al. / Turk J Biol

856

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D (2011). 
Global Cancer Statistics. CA Cancer J Clin 61: 69–90. 

Johnson PWM, Burchill SA, Selby PJ (1995). The molecular detection 
of circulating tumor cells. Brit J Cancer 72: 268–276.

Jonas SK, Wharton RQ, Klokouzas A, Allen-Mersh TG (1997). 
Multiple blood sampling increases the probability of identifying 
circulating tumor cells. Gut 40: 196.

Katsumata K, Sumi T, Mori Y, Hisada M, Tsuchida A, Aoki T (2006). 
Detection and evaluation of epithelial cells in the blood of colon 
cancer patients using RT-PCR. Int J Clin Oncol 11: 385–389.

Khair G, Monson JRT, Greenman J (2007). Epithelial molecular 
markers in the peripheral blood of patients with colorectal 
cancer. Dis Colon Rectum 50: 1188–1203.

Kramer BS, Gohagan JK, Prorok PC (1999). Cancer Screening: 
Theory and Practice. New York, NY, USA: Marcel Dekker.

Krismann M, Todt B, Schroder J, Gareis D, Muller KM, Seeber S, 
Schütte J (1995). Low specificity of cytokeratin 19 reverse 
transcriptase-polymerase chain reaction analyses for detection 
of hematogenous lung cancer dissemination. J Clin Oncol 13: 
2769–2775.

Lagoudianakis EE, Kataki A, Manouras A, Memos N, Papadima A, 
Derventzi A, Zografos G, Papadopoulos S, Katergiannakis V, 
Konstadoulakis MM (2009). Detection of epithelial cells by RT-
PCR targeting CEA, CK20 and TEM-8 in colorectal carcinoma 
patients using OncoQuick density gradient centrifugation 
system. J Surg Res 155: 183–190.

Lurje G, Schiesser M, Claudius A, Schneider PM (2010). Circulating 
tumor cells in gastrointestinal malignancies: current techniques 
and clinical implications. J Oncol 2010: 392652.

Mori M, Mimori K, Ueo H, Karimine N, Barnard GF, Sugimachi K, 
Akiyoshi T (1996). Molecular detection of circulating solid 
carcinoma cells in the peripheral blood: the concept of early 
systemic disease. Int J Cancer 68: 739–743.

Msaouel P, Koutsilieris M (2011). Diagnostic value of circulating 
tumor cell detection in bladder and urothelial cancer: systematic 
review and meta-analysis. BMC Cancer 11: 336–350.

Muller P, Weckermann D, Rietmuller G, Schlimok G (1996). 
Detection of genetic alterations in micrometastatic cells in bone 
marrow of cancer patients by fluorescence in situ hybridization 
Cancer Genet Cytogenet 88: 8–16.

Nakamori S, Ota DM, Cleary KR, Shirotani K, Irimura T (1994). 
MUC1 mucin expression as a marker of progression and 
metastasis of human colorectal carcinoma. Gastroenterology 
106: 353–361.

Noguchi S, Aihara T, Motomura K, Inaji H, Imaoka S, Koyama H 
(1996). Detection of breast cancer micrometastases in axillary 
lymph nodes by means of reverse transcriptase-polymerase 
chain reaction. Comparison between MUC1 mRNA and keratin 
19 mRNA amplification. Am J Pathol 148: 649–656. 

Novaes M, Bendit I, Garicochea B, del Giglio A (1997). Reverse 
transcriptase-polymerase chain reaction analyses of cytokeratin 
19 expression in the peripheral blood mononuclear cells of 
normal female blood donors. Mol Pathol 50: 209–211. 

Pantel K, Alix-Panabières C (2010). Circulating tumour cells in 
cancer patients: challenges and perspectives. Trends Mol Med 
16: 398–406. 

Pantel K, Cote RJ, Fodstad O (1999). Detection and clinical 
importance of micrometastatic disease. J Natl Cancer Inst 91: 
1113–1124.

Peck K, Sher YP, Shih JY, Roffler SR, Wu CW, Yang PC (1998). 
Detection and quantification of circulating cancer cells in 
the peripheral blood of lung cancer patients. Cancer Res 58: 
2761–2765. 

Plaks V, Koopman CD, Werb Z (2013). Circulating tumor cells. 
Science 341: 1186–1188.

Rahbari NN, Aigner M, Thorlund K, Mollberg N, Motschall E, 
Jensen K, Diener MK, Büchler MW, Koch M, Weitz J (2010). 
Meta-analysis shows that detection of circulating tumor cells 
indicates poor prognosis in patients with colorectal cancer. 
Gastroenterology 138: 1714–1726.

Rhim AD, Mirek ET, Aiello NM, Maitra A, Bailey JM, McCallister 
F, Reichert M, Beatty GL, Rustgi AK, Vonderheide RH et al. 
(2012). EMT and dissemination precede pancreatic tumor 
formation. Cell 148: 349–361. 

Ruud P, Fodstad O, Hovig E (1999). Identification of a novel 
cytokeratin 19 pseudogene that may interfere with reverse 
transcriptase-polymerase chain reaction assays used to detect 
micrometastatic tumor cells. Int J Cancer 80: 119–125.

Seregni E, Ferrari L, Martinetti A, Bombardieri E (2001). Diagnostic 
and prognostic tumor markers in the gastrointestinal tract. 
Semin Surg Oncol 20: 147–166.

Shin JH, Chung J, Kim HO, Kim YH, Hur YM, Rhim JH, Chung HK, 
Park SC, Park JG, Yang HK (2002). Detection of cancer cells 
in peripheral blood of stomach cancer patients using RT-PCR 
amplification of tumour-specific mRNAs. Aliment Pharmacol 
Ther 16: 137–144.

Soeth E, Vogel I, Röder C, Juhl H, Marxsen J, Krüger U, Henne-
Bruns D, Kremer B, Kalthoff H (1997). Comparative analysis of 
bone marrow and venous blood isolates from gastrointestinal 
cancer patients for the detection of disseminated tumor cells 
using reverse transcription PCR. Cancer Res 57: 3106–3110.

Solmi R, Ugolini G, Rosati G, Zanotti S, Lauriola M, Montroni I, del 
Governatore M, Caira A, Taffurelli M, Santini D et al. (2006). 
Microarray-based identification and RT-PCR test screening for 
epithelial-specific mRNAs in peripheral blood of patients with 
colon cancer. BMC Cancer 6: 250.

Stathopoulou A, Vlachonikolis I, Mavroudis D, Peraki M, Kouroussis 
C, Apostolaki S, Malamos N, Kakolyris S, Kotsakis A, Xenidis 
N et al. (2002). Molecular detection of cytokeratin-19-positive 
cells in the peripheral blood of patients with operable breast 
cancer: evaluation of their prognostic significance. J Clin 
Oncol 20: 3404–3412. 

Togo S, Shimada H, Kubota T, Mossa AR, Hoffmann RM (1995). 
“Seed” to “soil” is a return trip in metastasis. Anticancer Res 
15: 791–794.

http://dx.doi.org/10.3322/caac.20107
http://dx.doi.org/10.3322/caac.20107
http://dx.doi.org/10.1038/bjc.1995.324
http://dx.doi.org/10.1038/bjc.1995.324
http://dx.doi.org/10.1007/s10147-006-0590-5
http://dx.doi.org/10.1007/s10147-006-0590-5
http://dx.doi.org/10.1007/s10147-006-0590-5
http://dx.doi.org/10.1007/s10350-006-0875-9
http://dx.doi.org/10.1007/s10350-006-0875-9
http://dx.doi.org/10.1007/s10350-006-0875-9
http://dx.doi.org/10.1016/j.jss.2007.10.013
http://dx.doi.org/10.1016/j.jss.2007.10.013
http://dx.doi.org/10.1016/j.jss.2007.10.013
http://dx.doi.org/10.1016/j.jss.2007.10.013
http://dx.doi.org/10.1016/j.jss.2007.10.013
http://dx.doi.org/10.1016/j.jss.2007.10.013
http://dx.doi.org/10.1186/1471-2407-11-336
http://dx.doi.org/10.1186/1471-2407-11-336
http://dx.doi.org/10.1186/1471-2407-11-336
http://dx.doi.org/10.1016/0165-4608(95)00189-1
http://dx.doi.org/10.1016/0165-4608(95)00189-1
http://dx.doi.org/10.1016/0165-4608(95)00189-1
http://dx.doi.org/10.1016/0165-4608(95)00189-1
http://dx.doi.org/10.1136/mp.50.4.209
http://dx.doi.org/10.1136/mp.50.4.209
http://dx.doi.org/10.1136/mp.50.4.209
http://dx.doi.org/10.1136/mp.50.4.209
http://dx.doi.org/10.1016/j.molmed.2010.07.001
http://dx.doi.org/10.1016/j.molmed.2010.07.001
http://dx.doi.org/10.1016/j.molmed.2010.07.001
http://dx.doi.org/10.1093/jnci/91.13.1113
http://dx.doi.org/10.1093/jnci/91.13.1113
http://dx.doi.org/10.1093/jnci/91.13.1113
http://dx.doi.org/10.1126/science.1235226
http://dx.doi.org/10.1126/science.1235226
http://dx.doi.org/10.1053/j.gastro.2010.01.008
http://dx.doi.org/10.1053/j.gastro.2010.01.008
http://dx.doi.org/10.1053/j.gastro.2010.01.008
http://dx.doi.org/10.1053/j.gastro.2010.01.008
http://dx.doi.org/10.1053/j.gastro.2010.01.008
http://dx.doi.org/10.1016/j.cell.2011.11.025
http://dx.doi.org/10.1016/j.cell.2011.11.025
http://dx.doi.org/10.1016/j.cell.2011.11.025
http://dx.doi.org/10.1016/j.cell.2011.11.025
http://dx.doi.org/10.1002/(SICI)1097-0215(19990105)80:1&lt;119::AID-IJC22&gt;3.0.CO;2-X
http://dx.doi.org/10.1002/(SICI)1097-0215(19990105)80:1&lt;119::AID-IJC22&gt;3.0.CO;2-X
http://dx.doi.org/10.1002/(SICI)1097-0215(19990105)80:1&lt;119::AID-IJC22&gt;3.0.CO;2-X
http://dx.doi.org/10.1002/(SICI)1097-0215(19990105)80:1&lt;119::AID-IJC22&gt;3.0.CO;2-X
http://dx.doi.org/10.1002/ssu.1028
http://dx.doi.org/10.1002/ssu.1028
http://dx.doi.org/10.1002/ssu.1028
http://dx.doi.org/10.1046/j.1365-2036.16.s2.33.x
http://dx.doi.org/10.1046/j.1365-2036.16.s2.33.x
http://dx.doi.org/10.1046/j.1365-2036.16.s2.33.x
http://dx.doi.org/10.1046/j.1365-2036.16.s2.33.x
http://dx.doi.org/10.1046/j.1365-2036.16.s2.33.x
http://dx.doi.org/10.1186/1471-2407-6-250
http://dx.doi.org/10.1186/1471-2407-6-250
http://dx.doi.org/10.1186/1471-2407-6-250
http://dx.doi.org/10.1186/1471-2407-6-250
http://dx.doi.org/10.1186/1471-2407-6-250
http://dx.doi.org/10.1200/JCO.2002.08.135
http://dx.doi.org/10.1200/JCO.2002.08.135
http://dx.doi.org/10.1200/JCO.2002.08.135
http://dx.doi.org/10.1200/JCO.2002.08.135
http://dx.doi.org/10.1200/JCO.2002.08.135
http://dx.doi.org/10.1200/JCO.2002.08.135


KÜÇÜKYILDIRIM et al. / Turk J Biol

857

Tsouma A, Aggeli C, Pissimissis N, Lembessis P, Zografos GN, 
Koutsilieris M (2008). Circulating tumor cells in colorectal 
cancer: detection methods and clinical significance. Anticancer 
Res 28: 3945–3960. 

Uen YH, Lin SR, Wu CH, Hsieh JS, Lu CY, Yu FJ, Huang TJ, Wang 
JY (2006). Clinical significance of MUC1 and c-Met RT-PCR 
detection of circulating tumor cells in patients with gastric 
carcinoma. Clin Chim Acta 367: 55–61. 

Vlems FA, Diepstra JHS, Cornelissen IMHA, Ruers TJM, Ligtenberg 
MJL, Punt CJA, van Krieken JHJM, Wobbes T, van Muijen 
GNP (2002). Limitations of cytokeratin 20 RT-PCR to detect 
disseminated tumour cells in blood and bone marrow of 
patients with colorectal cancer: expression in controls and 
downregulation in tumour tissue. Mol Pathol 55: 156–163.   

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

Wang JW, Lin SR, Wu DC, Lu CY, Yu FJ, Hsieh JS, Cheng TL, Koay 
LB, Uen YH (2007). Multiple molecular markers as predictors 
of colorectal cancer in patients with normal perioperative 
serum carcinoembryonic antigen levels. Clin Cancer Res 13: 
2406–2413. 

Weitz J, Kienle P, Magener A, Koch M, Schrödel A, Willeke F, 
Autschbach F, Lacroix J, Lehnert T, Herfarth C et al. (1999). 
Detection of disseminated colorectal cancer cells in lymph 
nodes, blood and bone marrow. Clin Cancer Res 5: 1830–1836. 

Wicha MS, Hayes DF (2011). Circulating tumor cells: not all detected 
cells are bad and not all bad cells are detected. J Clin Oncol 34: 
1508–1511.

Wlyd DK, Selby P, Perren TJ, Jonas SK, Allen-Mersh TG, Wheeldon 
J, Burchill SA (1998). Detection of colorectal cancer cells in 
peripheral blood by reverse transcriptase polymerase chain 
reaction for cytokeratin 20. Int J Cancer 79: 288–293.

Wu CH, Lin SR, Hsieh JS, Chen FM, Lu CY, Yu FJ, Cheng TL, 
Huang TJ, Huang SY, Wang JY (2006). Molecular detection of 
disseminated tumor cells in the peripheral blood of patients 
with gastric cancer: evaluation of their prognostic significance. 
Dis Markers 22: 103–109.

Xi L, Nicastri DG, El-Hefnawy T, Hughes SJ, Luketich JD, Godfrey 
TE (2007). Optimal markers for real-time quantitative reverse 
transcription PCR detection of circulating tumor cells from 
melanoma, breast, colon, esophageal, head and neck and lung 
cancers. Clin Chem 53: 1206–1215. 

Yamaguchi K, Takagi Y, Aoki S, Futamura M, Saji S (2000). Significant 
detection of circulating cancer cells in the blood by reverse 
transcriptase-polymerase chain reaction during colorectal 
cancer resection. Ann Surg 232: 58–65.

http://dx.doi.org/10.1016/j.cca.2005.11.013
http://dx.doi.org/10.1016/j.cca.2005.11.013
http://dx.doi.org/10.1016/j.cca.2005.11.013
http://dx.doi.org/10.1016/j.cca.2005.11.013
http://dx.doi.org/10.1136/mp.55.3.156
http://dx.doi.org/10.1136/mp.55.3.156
http://dx.doi.org/10.1136/mp.55.3.156
http://dx.doi.org/10.1136/mp.55.3.156
http://dx.doi.org/10.1136/mp.55.3.156
http://dx.doi.org/10.1136/mp.55.3.156
http://dx.doi.org/10.1007/s00268-005-0485-z
http://dx.doi.org/10.1007/s00268-005-0485-z
http://dx.doi.org/10.1007/s00268-005-0485-z
http://dx.doi.org/10.1007/s00268-005-0485-z
http://dx.doi.org/10.1007/s00268-005-0485-z
http://dx.doi.org/10.1158/1078-0432.CCR-06-2054
http://dx.doi.org/10.1158/1078-0432.CCR-06-2054
http://dx.doi.org/10.1158/1078-0432.CCR-06-2054
http://dx.doi.org/10.1158/1078-0432.CCR-06-2054
http://dx.doi.org/10.1158/1078-0432.CCR-06-2054
http://dx.doi.org/10.1155/2006/281315
http://dx.doi.org/10.1155/2006/281315
http://dx.doi.org/10.1155/2006/281315
http://dx.doi.org/10.1155/2006/281315
http://dx.doi.org/10.1155/2006/281315
http://dx.doi.org/10.1373/clinchem.2006.081828
http://dx.doi.org/10.1373/clinchem.2006.081828
http://dx.doi.org/10.1373/clinchem.2006.081828
http://dx.doi.org/10.1373/clinchem.2006.081828
http://dx.doi.org/10.1373/clinchem.2006.081828
http://dx.doi.org/10.1097/00000658-200007000-00009
http://dx.doi.org/10.1097/00000658-200007000-00009
http://dx.doi.org/10.1097/00000658-200007000-00009
http://dx.doi.org/10.1097/00000658-200007000-00009

	OLE_LINK1
	OLE_LINK2

