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Abstract

AIM: To detect the expression of CK20mRNA in peripheral
blood of pancreatic cancer and evaluate its clinical
significance.

METHODS: Expression of CK20mRNA in peripheral blood
was detected by fluorogenic qualitative reverse
transcription-polymerase chain reaction (RT-PCR) in 40
cases of pancreatic cancer at the night before operation,
in 5 cases of benign pancreatic diseases, in 5 cases of
healthy individuals. The relationships were investigated
between CK20mRNA expression and the clinicopathological
variables, and clinical follow-up outcome in those patients
with pancreatic cancer having undergone radical resection.

RESULTS: Of the 40 patients with pancreatic cancer, 23
(57.5%) cases were positive for CK20mRNA expression.
CK20mRNA expression was significantly correlated with
lymphatic metastasis (P = 0.008), histopathological
grading (P = 0.009), and pathological stage (P = 0.021);
there was no significant correlation between CK20mRNA
expression and age, gender, tumor diameter, and depth
of invasion. The cumulative metastasis rates of patients
with CK20mRNA expression were higher than those of
patients with no CK20mRNA expression within 6 mo (34.7%
vs 5.9%, P = 0.043) or 12 mo (73.9% vs 35.3%, P = 0.02)
after operation. CK20mRNA expression in peripheral blood
of pancreatic cancer indicated poorer prognosis. The
survival rate of patients with CK20mRNA expression was
lower than that of patients with negative CK20mRNA
expression (Log-Rank = 13.31, P = 0.0003).

CONCLUSION: CK20mRNA is a sensitive and specific
molecular marker for the detection of micrometastasis in
peripheral blood of patients with pancreatic cancer. The
CK20mRNA expression in peripheral blood is correlated
with biological characteristic of pancreatic cancer. It can
help to predict the prognosis of pancreatic cancer after
operation, and to determine which patient will benefit

from aggressive adjuvant therapies.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Pancreatic cancer is one of the most lethal malignancies
with less than 3-5% of  the overall five-year survival rate,
and the patients normally die within six months after
diagnosis. In United States, more than 30 000 people were
diagnosed and reported dead of pancreatic cancer in 2003,
representing the fourth leading cause of cancer death[1]. In
China, the incidence and mortality rates of pancreatic cancer
have taken an upward trend countrywide. Based on the
date of demography and death collected through Chinese
Disease Surveillance Point System (DSPS) over the period
of 1991-2000, the age-standardized mortality rate due to
pancreatic cancer increased from 2.18 in 1991 to 3.26 in
2 000 per 1 000 000 populations and the peak mortality of
pancreatic cancer might reach China in the next few
decades[2]. The disease is often advanced at first presentation,
and only 10-20% patients undergoing surgery have a curative
resection[3,4]. Metastasis and relapse are the common factors
leading to death of patients[5]. During the development of
pancreatic cancer, a few of tumor cells escape from the
original focus and disseminate into the lymph system, blood
circulation, bone marrow, liver, kidney and other organs,
which is called micro-metastasis[6,7]. It cannot be detected
by any routine biochemical and histopathological assays or
any graphical methods such as X-ray, CT, MRI. At the
same time, the patients may not have any obvious symptoms.
Minute focus would grow rapidly and develop to metastasize
and relapse. So, to develop an efficient diagnostic method
for the detection of micrometastasis is of great clinical
significance.

Cytokeratin (CK) is observed mainly in epithelial cells,
and CK20mRNA was used to detect carcinoma cells in the
blood samples in various tumors[8]. In this study, we used
fluorogenic qualitative reverse transcriptase polymerase
chain reaction (RT-PCR) technique to detect CK20mRNA
expression in peripheral blood of patients with pancreatic
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cancer, and investigated the relationship between
CK20mRNA expression and the patient’s clinicopathological
variables and prognosis.

MATERIALS AND METHODS

Patients and specimens
Fifty specimens of peripheral blood were collected from
forty patients with pancreatic cancer and five patients with
benign pancreatic diseases or five normal volunteers in
the Department of Surgery of Zhejiang Cancer Hospital
from January 2001 to December 2003. Among the 40
patients with pancreatic cancer, 35 cases underwent
pancreaticoduodenectomy (Whipple’s operation), 5 cases
underwent distal pancreatectomy. None of these patients
had distant site metastases, and received either radiation or
chemotherapy perioperatively. The final diagnoses of these
patients were determined pathologically. All patients were
diagnosed with pancreatic ductal adenocarcinoma. The blood
specimens were collected on the night before operation,
and anti-coagulated with heparin (5 u/mL).

Forty patients with pancreatic cancer consisted of  29
males and 11 females with the mean age of 56.5 years
(range from 35-75 years). Histological classification of
tumors was based on the World Health Organization (WHO)
criteria. All tumors were staged according to the pTNM
pathological classification of the UICC (International Union
Against Cancer)[9]. Eleven cases were classified as stage II,
29 cases as stage III.

Fluorogenic qualitative RT-PCR
CR20mRNA fluorogenic qualitative RT-PCR Detection kit
were purchased from Shanghai Jaochen Biotechnology CO.
Total RNA was extracted from the peripheral cells with
TRIzol reagent (Gibco, USA) and dissolved in non-sterile
DEPC water, stored in ethanol at -20 ℃ according to
manufacturer’s instructions. RT-PCR analysis was performed
as follows: The extracted RNA was incubated at 70 ℃ for
5 min and chilled to 4 ℃ immediately before reverse
transcribing. The RT mixture (5 L) was incubated for
30 min at 37 ℃ with 18 L reverse transcriptase buffer,
1 g MMLV reverse transcriptase, 1  RNasin. For
polymerase chain reaction (PCR), 43 g of PCR buffer,
2 L TaqMan polymerase, and 5 L RNA mixture in a
total volume of 50 L were added. The primers of
CK20mRNA and TaqMan were synthesized by Life
Technology, Shanghai. CK20mRNA upstream primer:
5’GAG GCA CAC GGT GAA CTA TGG 3’, downstream
primer: 5’CAT CAG CTT CCA CTG TTA GCG 3’;
TaqMan fluorogenic probe: 5’CAG ATG GGA ACT TCT
AGT A 3’. The amplification reaction mixture was amplified
through 40 cycles. For each cycle, the amplification reaction
mixture was first heated at 95 ℃ for 5 min to terminate
the reverse transcription reaction, and carried out at 95 ℃
for 30 s, at 62 ℃ for 30 s, at 72 ℃ for 30 s, followed by an
incubation at 72 ℃ for 10 min, and then slowly cooled to
4 ℃. The same procedure was performed with standard
agent, positive control, negative control replaced of the RT
mixture in each cycle. According to manufacturer’s instructions,
the standard agent must be diluted as 4×108 copy/mL,

4×107 copy/mL, 4×106 copy/mL, and 4×105 copy/mL for
each cycle. In each cycle, the amplified products were
analyzed by PE7700 (Applied Biosystem, USA). The standard
curve of  CK20mRNA can be constructed, and the software
of Sequence Detector V1.6.3 calculated the copy numbers
of samples.

Follow-up
All patients had systematic follow-up examinations. The
follow-up ended on Jun 2004. The median duration of
follow-up was 17.5 mo (range 6-30 mo). Routine follow-up
examinations included clinical examination, CA199,
ultrasonography (BUS et al), CT (computed tomography),
or SCT (spiral CT), X-ray and so on. The internal (exam?)
between each clinical visit was set at 2 mo, but the internal
was shortened according to clinical changes, such as CA199,
BUS et al. In most patients, tumor metastases were diagnosed
by abdominal SCT and CA199. Survival was considered
from the day of surgery to the day of death or the most
recent follow-up visit, the metastasis rate was computed
from the day of surgery to the first follow-up visit that
revealed tumor metastasis. Disease-free survival was defined
as the combination of the two variables mentioned,
considering the date of death or the date of the tumor
metastasis as the time of  terminal events.

Statistical analysis
Statistical analysis was performed by the SPSS10.0 software
package. Associations between CK20mRNA expression and
various clinicopathological variables were examined with
Fisher’s exact test. Overall survival and disease-free survival
were calculated by the Kaplan-Meier Estimate. The Log-Rank
test was performed to compare survival time distributions
between curves. P<0.05 was considered statistically significant.

RESULTS

Fluorogenic qualitative analysis of RT-PCR
According to the manufacturer’s instructions of the
CK20mRNA kit, the PE7700 sequence detector allowed
measurement of the fluorescent spectra of all 96 wells of
the thermal cycle in realtime. Using the fluorescent emission
data collected during the PCR amplification, the software
constructed amplification plots. The measurements from 3
until 15 cycles were considered the baseline and its standard
deviation was calculated. Ct (threshold cycle) values were
calculated by determining the point at which the fluorescence
exceeded a threshold limit. With the standard curve (Figure 1),
the copy numbers of the samples were calculated. Among
40 patients with pancreatic cancer, 23 (57.5%) cases were positive
for CK20mRNA expression in peripheral blood. The
quantitative of CK20mRNA were 6017.58±4993.34 copy/mL.
There was no CK20mRNA expression in benign pancreatic
disease or healthy individuals.

Correlations between CK20mRNA expression and

clinicopathological variables
Correlations between RT-PCR CK20mRNA in peripheral
blood and various clinicopathological features were
summarized in Table 1. There were significant correlations
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between CK20mRNA expression and histopathological
grading (P = 0.009), lymph node metastasis (P = 0.008),
post-operative pathological stage (P = 0.021). No significant
correlation was found between CK20mRNA expression and
age, gender, tumor diameter and depth of invasion.

Table 1  Associations between CK20mRNA and clinicopathologic
variables in pancreatic cancer (Fisher’s exact test)

Variable n         CK20 (+)  CK20 ()        Pvalue

Sex

    Male 28                          16                          12         0.612

    Female 12                            7                            5

Age (yr)

    ≥65 19                            9                          10         0.218

    <60 21                          14                            7

Tumor size

    ≥3 cm 30                          17                          13         0.577

    <3 cm 10                            6                             4

Tumor differentiation

    High differentiation 14                            4                          10         0.009

    Moderate+poor 26                          19                            7

Lymph node metastasis

    Negative 10                            2                            8         0.008

    Positive 30                          21                            9

Tumor stage (TNM)

    II 11                            3                            8         0.021

    III 29                          20                            9

Depth of tumor invasion

    T1T2 12                            5                            7         0.164

    T3T4 28                          18                          10

Correlations between CK20mRNA expression and tumor
metastases after operation
At the end of follow-up, 8 (34.7%) of 23 patients with
positive CK20mRNA expression developed distant metastases
(mainly liver metastasis and retroperitoneal lymph node
metastasis) within 6 mo after operation; 1 (5.9%) of 17
patients with negative CK20mRNA expression developed
liver metastasis within 6 mo after operation. There was a
significant difference between the two groups (P = 0.043).
Within 12 mo after operation, the cumulative metastasis
rates of positive and negative CK20mRNA expression were
73.9%, 35.3% respectively (P = 0.02). Within 24 mo after

operation, the cumulative metastasis rates of the two groups
were 82.6% and 76.4% respectively (P = 0.63). There was
no significant difference (Table 2).

Table 2  CK20mRNA expression and cumulative tumor metastasis
after operation (Fisher’s exact test)

CK20mRNA n            Within 6 mo               Within 12 mo          Within 24 mo
expression

Positive 23 8 (34.7%) 17 (73.9%) 19 (82.6%)

Negative 17 1 (5.9%)   6 (35.3%) 13 (76.5%)

Pvalue    0.043        0.02       0.631

CK20mRNA expression and survival
At the end of  follow-up, the median disease-free survival
time for the patients with positive CK20mRNA expression
was 10 mo after operation, 16 mo for negative CK20mRNA
expression; the median overall survival time of  positive
CK20mRNA expression was 15 mo after operation, 23 mo
for negative CK20mRNA expression (Table 3). The
overall survival curve was shown in Figure 2. The overall
survival rate was significantly correlated with CK20mRNA
expression in the peripheral blood of pancreatic cancer (Log-
Rank = 13.31, P = 0.0003).

Table 3  CK20mRNA expression and survival time after operation

CK20mRNA           Diseasefree survival time             Overall survival time
expression

               Median (mo)             95%CI       Median (mo)          95%CI

Positive      10                       5.9714.21                   15   13.9316.07

Negative      16             11.3620.64                   23   17.1528.85

KaplanMeier method, 95%CI  (95% confidence interval).

Figure 2  Kaplan-Meier analysis for overall survival according to
CK20mRNA expression in patients with pancreatic cancer (log-rank
= 13.31, P = 0.0003).

DISCUSSION

CK is a component of cell skeleton, which distributes in
cells deriving from ectoderm. CK20, a member of  this
family, has been found to have a stricter selectivity to
epithelial tissue. CK20mRNA could not be detected from
the peripheral blood circulation of healthy people. If
CK20mRNA was detected from the peripheral blood

Figure 1  CK20mRNA Standard Curve: 3 until 15 cycles were the
baseline and its standard deviation was calculated. Ct (threshold
cycle) values were calculated by determining the point at which the
fluorescence exceeded a threshold limit.

50
45
40
35
30
25
20
15
10
5
0

-5
10A1 10A2 10A3 10A4 10A5 10A6 10A7 10A8 10A9
                         Starting quantity

Standard curve-20021206CK20

Unknowns

Standards

T
h
re

sh
o
ld

 c
yo

le
 (

ct
)

Slope:             -3.115
Y-Intercept:   46.634
Correlation       0.999
Coeff:

1.2

1.0

0.8

0.6

0.4

0.2

0.0

0                10               20                30

             After operation (mo)

Survival functions

C
u
m

 o
v
e
r 

a
ll
 s

u
rv

iv
a
l

CK20mRNA (-)

CK20mRNA (+)



circulation of patients, there were live cells expression of
CK20mRNA existing in blood specimens, hemocytes came
from mesoderm and there were no epithelial cells in blood
circulation. So, when CK20mRNA was amplified from
blood circulation, there must be tumor cells in the specimens.
If the specimens were extracted from pancreatic cancer
patients, the tumor cells must be pancreatic cancer cells. It
has been reported that CK20mRNA was extensively used
as a probe to detect the presence of circulating tumor cells
in the blood samples of various epithelial tumors such as
gastrointestinal cancer[10,11], colorectal cancer[12], breast
carcinoma[13], oral cavity, pharynx and larynx cancer[14], renal
neoplasm[15], hepatocellular carcinoma[16], thyroid tumor[17].
Meanwhile, it has been confirmed that CK20mRNA
showed relatively high sensitivity, specificity and positive
predictive value to detect tumor micrometastasis.

Traditional methods to detect micrometastasis in the
pancreatic cancer such as cell morphology, flow cytometer
and cytogenetics were not so sensitive. In recent years,
fluorogenic quantitative RT-PCR was invented and it has a
high efficiency in detecting the micrometastasis of peripheral
blood circulation, bone morrow, lymph tract and peritoneal
cavity. The method has a high sensitivity, precision,
reproducibility and without being false positive or false
negative. It has been presently regarded as the most effective
method to detect tumor micrometastasis[18-21]. In this study,
we used fluorogenic qualitative RT-PCR method to detect
CK20mRNA expression in circulating blood of 40 patients
with pancreatic cancer.  We found the CK20mRNA
expression very frequently, in 57.5% (23/40) of pancreatic
cancer, and no CK20mRNA expression in normal or benign
pancreatic diseases. In the present study, we evaluated the
relationships between CK20mRNA expression in peripheral
blood and the clinicopathological variables of pancreatic
cancer, and found CK20mRNA expression was a significant
correlation with tumor staging, tumor differentiation, and
lymph node metastasis. It seems likely that CK20mRNA
expression might be relevant to neoplastic progression. A
similar correlation was reported in gastric carcinoma[11],
colorectal cancer[11], and breast cancer[13].

Great progress has been made in the early diagnosis
and treatment of pancreatic cancer in recent years, but the
survival of  patients with pancreatic cancer even after a
potentially curative resection remains poor, and patients
generally succumb to metastatic diseases. Pancreatic cancer
has a high potential for liver metastasis or other distant
metastases. Michael reported that 16 (73%) of 22 patients
with pathologic Stage I pancreatic adenocarcinoma, which
suggested metastases not detected by routine histopathology,
had occult metastases[22]. In our study, we found high
incidence of CK20mRNA expression in peripheral blood
of Stage II or stage III pancreatic cancer. The high incidence
of CK20mRNA expression in peripheral blood might be
one of the mechanisms contributing to the dismal outcome
of patients with completely resected pancreatic cancer.
Consistent with this hypothesis, we found that the cumulative
metastasis rates of the patients with positive CK20mRNA
expression were significantly higher than those of negative
CK20mRNA expression within 6 or 12 mo after operation.
Moreover, the overall survival rate of  patients with positive

CK20mRNA expression was significantly lower than that
of patients with negative CK20mRNA expression. Our
ability to detect gross metastatic diseases at the time of
operation was good, but the detection of micrometastases
and circulating cancer cells is not part of clinical practice.
Detection of CK20mRNA expression in peripheral blood
seems to be somewhat useful to predict the occurrence of
micrometastases in pancreatic cancer, and to determine
which patients would benefit from aggressive adjuvant
therapies[23].

In conclusion, CK20mRNA is a sensitive and specific
molecular marker for the detection of micrometastasis in
peripheral blood of patients with pancreatic cancer.
Fluorogenic Quantitative RT-PCR has a high sensitivity,
precision, and reproducibility. The CK20mRNA expression
in peripheral blood is correlated with biological characteristics
of pancreatic cancer. CK20mRNA expression in peripheral
blood may help to predict the prognosis of pancreatic cancer
after operation, and to determine aggressive adjuvant
therapies.
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