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Abstract:    This study is aimed at establishing a sensitive approach to detect disseminated tumor cells in peripheral blood and 
evaluate its clinical significance. A total of 198 blood samples including 168 from colorectal carcinoma (CRC) patients and 30 
from healthy volunteers were examined by quantitative real-time reverse transcription-polymerase chain reaction (RT-PCR) to 
evaluate the expression of carcinoembryonic antigen (CEA), cytokeratin 20 (CK20) and cytokeratin 19 (CK19) mRNA. CEA 
mRNA was detected in 35.8% of patients and 3.3% of controls, CK20 mRNA in 28.3% of patients and 6.7% of controls, and CK19 
mRNA in 41.9% of patients and 3.3% of controls. CEA and CK20 mRNA positive ratio increased with the advancing Dukes stages, 
but there was no significant difference in positive ratio between any two stages (P>0.05). Also, relatively high positive ratio of 
CEA, CK20 and CK19 mRNA expression was observed in some CRC patients with earlier Dukes stages. A higher positive ratio 
was obtained when two or three detection markers were combined compared to a single marker. Our study indicates that quanti-
tative real-time RT-PCR detection for CEA, CK20 and CK19 mRNA in peripheral blood is a valuable tool for monitoring early 
stage dissemination of CRC cells in blood circulation. 
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INTRODUCTION 
 

Despite advances in novel therapeutic ap-
proaches for colorectal cancer (CRC) patients, tumor 
dissemination via the bloodstream or lymphatic cir-
culation to distant organ is still the major cause of 
death. Therefore, there is urgent need to establish 
sensitive methods for early detection of disseminated 
tumor cells or micrometastasis in peripheral blood or 
lymphatic circulation of CRC patients. 

Detection of disseminated tumor cells in blood 
circulation of CRC patients has been achieved pri-
marily using immunocytological (Leather et al., 1993) 
or flow cytometry (FCM) (Chen et al., 1999) based 
techniques. A major limitation of these assays is their 

limited sensitivity. To establish alternative ap-
proaches with higher sensitivity, polymerase chain 
reaction (PCR)-based assays that have been used as 
PCR technique are highly sensitive and clinically 
useful for detecting cancer markers in circulating 
tumor cells (Rosenberg et al., 2000; Schuster et al., 
2004; Giribaldi et al., 2006). The markers employed 
for PCR detection of tumor cells are based on specific 
traits of the tissue from which the tumor originates, 
such as the cytokeratins (CKs)—CK18, CK19 and 
CK20 (Funaki et al., 1997; Ikeguchi et al., 2003; 
Ikeda et al., 2006) generally used for detection of 
most epithelial cell-type tumors. In gastrointestinal 
carcinomas, the tumor-associated antigens such as 
CEA and carbohydrateantigen are usually employed. 
Among the above mentioned markers, CEA, CK20 
and CK19 mRNA are satisfactory for PCR detection 
for CRC (Funaki et al., 1997; Miura et al., 2003; 
Kijima et al., 2005; Holdenrieder et al., 2005). 
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In the present study, we used quantitative real- 
time RT-PCR (Schuster et al., 2004; Dandachi et al., 
2005) method to detect CEA, CK20 and CK19 
mRNA expression in peripheral blood of CRC pa-
tients. The mRNA expression level was correlated 
with Dukes stage to investigate the clinicopa-
thological significance of quantitative RT-PCR data, 
and then we assessed the early-stage diagnostic 
value of quantitative RT-PCR for the above three 
markers taken in combination to increase the assay 
positivity. 
 
 
MATERIALS AND METHODS 
 
Patients 

A total of 168 CRC patients (female to male ratio 
69:99; median age 59.8 years, SD: 13.6 years, range: 
30~86 years) admitted to the Department of Oncology, 
at the Second Affiliated Hospital of Zhejiang Uni-
versity from January 2001 to May 2003, were in-
cluded in this study. All patients were informed about 
the study and gave written consent for the investiga-
tion in accordance with the ethical guidelines at 
Zhejiang University. Tumor samples were examined 
microscopically by certified pathologists after surgi-
cal resection and were classified according to Dukes 
staging. Thirty healthy volunteers (female to male 
ratio 11:19; median age 60.1 years, SD: 9.9 years, 
range: 34~77 years) were included as controls. 
 
Isolation of mononuclear cells from peripheral 
blood 

Mononuclear cells were isolated from 5 ml 
heparinized whole blood by density centrifugation 
using a lymphocyte-separating medium (Huajing 
Corp., Shanghai, China). Cells were washed three 
times with phosphate buffered saline (PBS), centri-
fuged at 2000 r/min for 5 min, and cell pellet was 
collected for RNA extraction. 
 
RNA extraction and reverse transcription (RT) 

Total RNA was extracted using TRIzol reagent 
(Life Technologies, Gaithersburg, MD) following the 
manufacturer’s instructions. One to two micrograms 
of total RNA was reverse-transcribed by moloney 
murine leukemia virus (M-MLV) reverse transcrip-
tase (Promega Corp., Madison, WI) according to the 

manufacturer’s protocol using oligo(dT)15 as reverse 
transcription primer. The RT reaction mixture was 
incubated for 60 min at 42 °C. 
 
Primers and probes 

Real-time PCR primers and fluorogenic probes 
were included in the CEA/CK20/CK19 real-time 
detection kit (Jiusheng Corp., Shanghai, China). The 
fluorogenic probes contained a reporter dye (FAM) 
covalently attached at the 5′ end and a quencher dye 
(TAMRA) covalently attached at the 3′ end. 
 
Standards for quantitative real-time PCR 

Total RNA was extracted from healthy human 
volunteers, and CEA, CK20 and CK19 cDNA frag-
ments were generated by reverse transcription. The 
amplified products were cloned into pGEM Teasy 
T-vector (Promega Corp., Madison, WI). Ligated 
fragments were transformed into DH5a competent 
cells. The exact sequence of the inserted plasmids 
were analysed by sequencing with M13 universal 
primers. Serial dilutions from the resulting plasmids 
were used as standard curves, each containing a 
known amount of input copy number. 
 
Quantitative real-time PCR (TaqMan) 

PCR reactions were performed in the ABI Prism 
7700 sequence detector (Perkin Elmer/Applied Bio-
systems, Foster City, CA). PCR amplifications were 
performed in a total volume of 50 µl consisting of 5 µl 
template cDNA and 45 µl PCR master mixture 
(CEA/CK20/CK19 real-time detection kit, Jiusheng 
Corp., Shanghai, China) containing Tag DNA poly-
merase, dNTP mixture, reaction buffer, forward and 
reverse primers and probes.  

Cycling conditions were 10 min at 95 °C initial 
denaturation, followed by 40 cycles of 30 s 95 °C 
denaturation, 15 s 60 °C combined annealing and 15 s 
72 °C primer extension.  
 
Statistical analysis 

The statistical differences of CEA, CK20 and 
CK19 mRNA positive ratios in peripheral blood be-
tween CRC patients and healthy volunteers, between 
different Dukes stages, and between single marker 
detection and combined detection were calculated 
with the chi-square test. A P value <0.05 was con-
sidered significant. 
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RESULTS 
 
Real-time PCR standard curves of CEA, CK20 
and CK19 mRNA 

Quantitative real-time PCR monitoring the 
fluorescent signal of each cycle allowed sensitive and 
specific detection of CEA, CK20 and CK19 mRNA in 
the peripheral blood samples of patients. The calcu-
lated threshold cycle (Ct) reflects quantity of the 
starting targets (Fig.1) with lower Ct values reflecting 
a greater amount of starting target molecules (Oki et 
al., 2002). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 presents the Ct value plotted versus the 
input cDNA concentration (serial dilutions of pGEM 
Teasy T-vector) of each sample. The Ct value de-
creased linearly with increasing target quantity from 2 
copies/tube to 0.2 million copies/tube. Thus, in this 
system, target molecules could be detected at a sen-
sitivity of at least 2 copies/tube. The CEA, CK20 and 
CK19 mRNA values for patient samples were calcu-
lated with reference to standard curve (Fig.1). 
 
Expression of CEA, CK20 and CK19 mRNA in 
peripheral blood of CRC patients and healthy 
volunteers 

We detected CEA mRNA in 95 CRC patients, 
CK20 mRNA in 46 patients, and CK19 mRNA in 148 
patients. These three markers were detected simulta-
neously in 30 healthy volunteers. The positive ratio of 
CEA, CK20 and CK19 mRNA in CRC patients are 
significantly higher than that in healthy volunteers 
(Table 1). However, the positive ratio of the three 
markers did not differ significantly from each other. 

 
Expression of CEA, CK20 and CK19 mRNA in 
peripheral blood of CRC patients at different 
Dukes stages  

Among the three mRNA markers we detected, 
CEA and CK20 mRNA positive ratio increased with 
the advancing Dukes stages (Table 2), but there was 
no significant difference between any two stages 
(P>0.05). CK19 mRNA positive ratio showed no 
obvious correlation with the advancing Dukes stages. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Expression of CEA, CK20 and CK19 mRNA in peripheral blood of healthy volunteers and CRC patients 
Healthy volunteers CRC patients                      

        n Positive ratio (%) n Positive ratio (%) 
P value 

CEA 30 1 (3.3%) 95 34 (35.8%) 0.001 
CK20 30 2 (6.7%) 46 13 (28.3%) 0.021 
CK19 30 1 (3.3%) 148 62 (41.9%) 0.000 

 

Table 2  Positive ratio of CEA, CK20 and CK19 mRNA expression in peripheral blood of CRC patients at different 
Dukes stages 

Expression positive ratio (%) (n)  
n Dukes A Dukes B Dukes C Dukes D 

CEA 95 16.7 (1/6) 29.2 (7/24)   38.5 (15/39)   42.3 (11/26) 
CK20 46 00.0 (0/4) 16.7 (2/12) 33.3 (5/15) 40.0 (6/15) 
CK19 148 33.3 (2/6)   42.2 (19/45)   40.7 (22/54)   44.2 (19/43) 
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Fig.1  Standard curves for CEA, CK20 and CK19
estimation. Each curve was constructed using data
from five external standards by plotting the Ct
(threshold cycle) value against the input cDNA con-
centration (serial dilutions of pGEM Teasy T-vector)
of samples 
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Markers combined analysis helps to increase the 
positive ratio of our detection 

Quantitative RT-PCR based assay has greater 
sensitivity and specificity than the conventional 
semi-quantitative RT-PCR methods. We analyzed the 
positive ratio of the combined markers among 42 
CRC patients where the three mRNA were detected 
simultaneously. As indicated in Table 3, positive ratio 
of two combined markers showed a significant in-
crease compared to positive ratio of CEA, CK20 or 
CK19 single marker detection (35.7%, 28.6% and 
40.5% of the 42 CRC patients, respectively) (P<0.05, 
Table 3). However, no significant difference of ratio 
positivity was seen between any group of two or three 
markers combined detection (P>0.05). 

 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 

Real-time RT-PCR is a quantitative nucleotide 
detection technique, which combines the high-effi-
ciency of PCR, the specificity of DNA probe, and the 
high sensitivity and accurate quantification of spectral 
analysis. Using a standard curve for the target of 
interest, relative copy number value can be deter-
mined for any unknown sample. Amplification and 
subsequent data analysis without post-amplification 
procedures such as gel electrophoresis can be 
achieved using a sequence detector (ABI Prism). This 
will theoretically reduce the possibility of laboratory 
contamination and false positivity. 

In the present study, we applied real-time PCR to 
determine the absolute CEA, CK20 and CK19 mRNA 
molecules in peripheral blood of CRC patients. The 
assay sensitivity demonstrated that target molecules 
can be detected at a sensitivity of at least 2 copies/tube. 
This sensitivity is sufficiently high to determine very 
low levels of CEA, CK20 and CK19 mRNA in pe-
ripheral blood. 

A significant finding in this study is the rela-
tively high positive ratio of CEA, CK20 and CK19 
mRNA expression in the peripheral blood of CRC 
patients at earlier Dukes stages (Table 2). CEA, CK20 
and CK19 mRNA were expressed specifically in the 
normal epithelial cells and malignant tumor cells of 
epithelial origin and normally are absent in peripheral 
blood (Funaki et al., 1997; Schuster et al., 2004). 
Therefore, as for the CRC patients at Dukes A or B 
stage, the presence of CEA, CK20 or CK19 mRNA 
indicates the existence of heterotypic malignant tu-
mor cells in the peripheral blood. Theoretically, these 
patients are at a greater risk of developing metastasis 
and should be monitored closely. This finding sup-
ports the hypothesis that early tumor-cell dissemina-
tion occurs in CRC as a systemic disease. However, 
the presence of protein products of the three markers 
cannot reveal the occurrence of tumor cell dissemi-
nation in peripheral blood because they are expressed 
at very low levels, including in normal peripheral 
blood. Our studies demonstrate that CEA, CK20 and 
CK19 mRNA are superior molecular markers for 
detection of disseminated CRC cells compared to 
their protein products. This accords with a 5-year 
follow-up study reporting that high preoperative CEA, 
CK20 and CK19 mRNA levels in CRC patients were 
associated with poor 5-years survival, while low 
preoperative levels were associated with good sur-
vival (Rosenberg et al., 2000; Ishida et al., 2004; 
Iinuma et al., 2006). 

Another interesting finding is that positive ratio 
of CEA and CK20 mRNA expression in peripheral 
blood, which increased with advancing Dukes stages. 
The lack of a significant difference between any of 
the two stages may be explained by the low number of 
patients included in this study. The above results 
indicate a correlation between CEA, CK20 mRNA 
expression levels and Dukes stages. Our results sup-
port that CEA and CK20 mRNA are promising com-
plementary markers for CRC staging and prediction 
of cancer progression and metastasis. Our ongoing 
research is investigating this correlation further. 

In a previous study, Zippelius et al.(1997) re-
ported that inappropriate transcription of epithelial- 
specific genes in hematopoietic cells or the presence 
of pseudogenes could be limiting factors for the 
specificity of RT-PCR assays. In the present study we 
have used the quantitative RT-PCR based assay with 

Table 3  Positive ratio of markers combined detection 

 n PR* of markers  
combined detection 

CEA+CK19 42 22 (52.4%) a 
CEA+CK20 42  21 (50.0%) b 
CK19+CK20 42 23 (54.8%) b 
CEA+CK19+CK20 42      25 (59.5%) a, b, c 

* PR: Positive ratio; aP<0.05, vs PR of CEA; bP<0.05, vs PR of 
CK20; cP>0.05, vs PR of two markers combined detection 
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the detection specificity of CEA, CK20 and CK19 
mRNA increasing significantly compared with the 
specificity of conventional RT-PCR (Table 4). This 
result accords with previous reports of real-time 
RT-PCR detection for these same markers (Table 4). 
However with increase of real-time PCR specificity, 
the positive ratio of detection decreased when com-
pared with conventional RT-PCR (Table 4). Thus, 
combined markers detection we report here can pos-
sibly improve the problem of decreased positive ratio. 
The highest positive ratio was obtained using com-
bined detection of two or three markers compared to 
single marker (Table 3).  

From a clinical point of view, more attention 
should be given to the significance of quantitative 
detection of CEA, CK20 and CK19 mRNA: (1) The 
detection helps monitoring the occurrence of metas-
tasis, recurrence, and therapeutic outcome. The 
change in CEA, CK20 and CK19 mRNA level could 
reflect the presence of metastasis or recurrence 
(Molnar et al., 2003; Iinuma et al., 2006). Real-time 
RT-PCR based detection facilitates quantifying 
therapy  response  and  choosing  the  best  treatment 
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