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Abstract
AIM: To study the value of monitoring K-ras point mutation
at codon 12 and telomerase activity in exfoliated cells
obtained from pancreatic duct brushings during endoscopic
retrograde cholangiopancreatography (ERCP) in the
diagnosis of pancreatic cancer.

METHODS: Exfoliated cells obtained from pancreatic duct
brushings during ERCP were examined in 27 patients: 23
with pancreatic cancers, 4 with chronic pancreatitis. K-ras
point mutation was detected with the polymerase chain
reaction and restriction fragment-length polymorphism
(PCR-RFLP). Telomerase activity was detected by PCR and
telomeric repeat amplification protocol assay (PCR-TRAP-
ELISA).

RESULTS: The telomerase activities in 27 patients were
measured in 21 exfoliated cell samples obtained from
pancreatic duct brushings. D450 value of telomerase activities in
pancreatic cancer and chronic pancreatitis were 0.446±0.27
and 0.041±0.0111, respectively. Seventy-seven point eight
percent (14/18) of patients with pancreatic cancer and
none of the patients with chronic pancreatitis showed
telomerase activity in cells collected from pancreatic duct
brushings when cutoff value of telomerase activity was set
at 2.0. The K-ras gene mutation rate (72.2%) in pancreatic
cancer was higher than that in chronic pancreatitis (33.3%)
(P<0.05). In considering of both telomerase activities and
K-ras point mutation, the total positive rate was 83.3%
(15/18), and the specificity was 100%.

CONCLUSION: Changes of telomerase activities and K-ras
point mutation at codon 12 may be an early event of
malignant progression in pancreatic cancer. Detection of
telomerase activity and K-ras point mutation at codon 12
may be complementary to each other, and is useful in
diagnosis of pancreatic cancer.
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INTRODUCTION
Pancreatic cancer has a poor prognosis, its early diagnosis
remains unsatisfactory. Even serum tumor markers, such as
CA19-9, are associated with pancreatic cancer, but lack
sensitivity and tumor specificity. Recent studies have shown
that K-ras oncogene is often activated by specific point
mutations restricted to codon 12 in human pancreatic ductal
adenocarcinoma. In pancreatic adenocarcinoma, K-ras
mutations were found in 75% to 100% of the cases[1-8]. We and
others previously showed that k-ras analysis from specimens
obtained during ERCP was a sensitive (around 80% to 85%)
and specific (close to 100%) method in differentiating benign
from malignant pancreatic diseases. Therefore, k-ras mutation
identification has been claimed as an useful and early marker in
diagnosis of pancreatic cancer[9-12]. Telomerase is a key enzyme
with regard to immortalization of cancer cells and increased
activity has been demonstrated in various human malignant
neoplasms[13-16]. We previously detected telomerase activity in
87% of surgically resected human pancreatic cancers. While in
adjacent tissues, the positive rate of telomerase activity was
only 10%. Detection of telomerase activity was useful in
diagnosis of pancreatic cancer[17].
      In the present study, we evaluated the diagnostic role of K-
ras mutation and telomerase activity in exfoliated cells obtained
from pancreatic duct brushings alone and in combination, in
differentiating chronic pancreatitis from pancreatic cancer.

MATERIALS AND METHODS

Patients
From April 1999 to December 2000, 27 patients undergoing
ERCP were prospectively investigated at Changhai Hospital,
23 of them were patients with pancreatic cancer, 4 were patients
with chronic pancreatitis. There were 17 men, 10 women with a
mean age of 58.5 years (range: 22 to 75). The diagnosis of
pancreatic cancer was confirmed histologically. The locations
of the cancer were pancreatic head (n=13), body (n=5) and tail
(n=1), and diffusion over the pancreas (n=4). Chronic
pancreatitis was diagnosed by clinical history, ERCP and CT
findings. All patients with chronic pancreatitis were followed
up clinically and radiologically for at least six months.

Sampling technique
ERCP was performed using Olympus JF-240, 230 and TJF200
duodenoscope (Olympus, Japan). Lesions were identified after
injection of iodinated contrast agent, a wire (0.035 inch in length)
was introduced carefully into the main pancreatic duct and
advanced to the suspected abnormal areas   under guidance of
fluoroscopic monitoring. Then a pancreatic duct brush (BC-
24Q, Olympus) was introduced through the guide wire to the
suspicious lesion, and the guide wire was withdrawn. The brush
was moved rigorously back and forth across the suspicious
lesion, brushes were retracted into the guiding catheter tip and
removed together with the catheter to avoid losing a portion of
the specimen inside the catheter. Specimens were immediately
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collected in 5 mL of sterile saline solution at 4  for analysis of
telomerase activity and DNA or smeared on glass slides, fixed
in 95% alcohol and stained by HE for cytological examination,
the order of brushing samples studied was always kept
consistent.

Detection of K-ras point mutations at codon 12
Samples were centrifuged at 2000 r/mim for 15 min and the
pellet was collected. Genomic DNA was isolated using DNA
lysis buffer and proteinase K digestion, followed by extraction
with phenol and chloroform. K-ras point mutations were
detected using PCR and restriction fragment-length
polymorphism (PCR-RFLP). Primers were synthesized and
supplied by Shanghai Bio-Engineering Research Center. The
sequences of primers were: P1=5’-CTTGTGGTAGTTGGACCT-
3’ containing a mismatched base indicated by the underline,
P2=5’-GTCAGAGAAACCTTTATCTG-3’,  P3=5’-
TGCACCAGTAATATG-CATAT-3’. The reaction volume was
50 µL containing 5 µL of 10×Ex Taq buffer, 4 µL of dNTP mixture,
0.5 µL of each primer, 0.25 µL (5 U/µL) of Taq DNA polymerase.
The primers for the first  PCR were P1 (sense) and P2 (antisense)
that flanked codon 12 of the K-ras gene. The first PCR
amplification was performed for 30 cycles using a DNA thermal
cycler, and each cycle consisted of denaturation at 94  for
30 s, annealing at 52  for 30 s, and extension at 72  for 45 s.
A 5 µL sample of the first PCR product was digested with 1 µL
(10 U/µL) of Mva I at 37  for 1 h under the conditions
recommended by the supplier of mismatched sense primer
described above. Subsequently, 5 µL of the reaction mixture
was subjected to a second round of PCR and amplified for 30
cycles under the same conditions using the following primers:
sense: P1; antisense: P3. The second PCR products were also
digested with 1 µL (10 U/µL) of Mva I for 1 h. Mutations were
confirmed by electrophoresis of 10 µL of the second digested
sample on a 20 g/L agarose gel.

Detection of telomerase activity
Telomerase activity was detected with telomerase PCR-ELISA
(Boehringer Mannheim, Germany). Exfoliated cells obtained from
pancreatic duct brushings were collected and washed with PBS,
and centrifuged at 10 000 g for 10 min. Then the cells in PBS
containing 200 µL Lysis reagent were incubated on ice for
30 min, and centrifuged at 16 000 g for 20 min at 4 . Next, the
supernatants (175 µL) were transferred to a Eppendorf tube, and
tested for telomerase activity assay. Protein concentration was
determined by Coomassie protein assay. Each of TRAP reactions
contained 2 µL of cell extract (5-6 µg total protein) and sterile
water with a final volume of 50 µL. The reaction mixture was
incubated at 25  for 30 min, heated at 94  for 5 min. Then
PCR amplification was performed for 33 cycles using a DNA
thermal cycler, and each cycle consisted of denaturation at
94  for 30 s, annealing at 50  for 30 s, and extension at 72 
for 90 s followed by 72  for 10 min. After PCR, 5 µL of the PCR
products was dispensed into a reaction tube and incubated
with 20 µL of denaturation reagent at room temperature for
10 min, and then mixed thoroughly by overtaxing briefly with
225 µL hybridization buffer per tube. By transferring 100 µL of
the mixture per well of percolated MTP modules, MTP modules
were incubated at 37  on a shaker (300 r/min) for 2 h and
washed 3 times with PBS, and enzyme reactions were incubated
at room temperature on a shaker (300 r/min) for 30 min by addition
of 100 µL anti-Dig-POD per well. After washed 5 times with
PBS, 100 µL TMB substrate solution was added to each well
and incubated for color development at room temperature for
20 min while shaking at 300 r/min. Using a ELISA reader, the
absorbance value of samples was measured at 450 nm within
30 min after termination of reaction.

Statistical analysis
Statistical analysis was performed using the unpaired t test
and χ2 test or Fisher’s exact test. P<0.05 was considered
statistically significant. Data were expressed as mean±SD.

RESULTS

Detection of K-ras point mutations at codon 12
K-ras point mutations at codon 12 were detected in 21 exfoliated
cell samples obtained from pancreatic duct brushings by PCR-
RFLP. Normal DNA had a 114 base pair (bp) band and k-ras
DNA mutation remained as a 131 bp band since it was not
digested by MvaI (Figures 1,2). K-ras gene mutation rate in
pancreatic cancer was 72.2%, which was higher than that of
chronic pancreatitis (33.3%, P<0.05).

Figure 1  PCR products after restriction enzyme digestion, M:
Marker; 1: Positive control; 2-7:Pancreatic cancer.

Detection of telomerase activity
Telomerase activities in 27 patients were measured in 21
exfoliated cell samples obtained from pancreatic duct brushings.
D450 values of telomerase activity in carcinoma and chronic
pancreatitis were 0.446±0.27 and 0.041±0.0111, respectively.
Seventy-seven point eight percent (14/18) of the patients with
pancreatic cancer and none of patients with chronic pancreatitis
showed telomerase activity in cells from pancreatic duct
brushings when cutoff value of telomerase activity was set at
2.0. Both telomerase activity and cytological examination were
detected in 66.7% (12/18) of patients.

Table 1  Location of pancreatic cancer and K-ras mutation or
telomerase activity

            K-ras mutation              Telomerase activity
Location          n
                                      (+)                 %              (+)                      %

Head              11             8               72.7                9                    81.8
Body                3             2               66.7                2                   66.7
Tail                  1             1             100                   1                  100
Diffuse            3             2               66.7                2                    66.7
Totol              18           13               72.2               14                   77.8

Table 2  Comparison of K-ras point mutations and telomerase
activity

      K-ras mutation       Telomerase            Both

Pancreatic cancer (n=18)             13                 14                       12
Chronic pancreatitis (n=3)            1                   0                         0
Sensitivity (%)                             72.2              77.8                    66.7
Specificity (%)                             66.7            100                      100

Relationship between K-ras gene or telomerase activity and
location of tumors
No significant correlation of positivity of K-ras gene or telomerase
activity with tumor location was observed (Table 1).
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Comparison of K-ras point mutations with telomerase activity
The total rate of positive telomerase activity and K-ras mutation
was 83.3% (15/18). The sensitivity and specificity of K-ras
mutation and telomerase in differential diagnosis of pancreatic
cancer and chronic pancreatitis was compared (Table 2).

Figure 2  Agarose gel of PCR products, P1, P2, P3 : after restric-
tion enzyme digestion; P1a, P2a, P3a: before restriction enzyme
digestion, P1 and P1a, P2 and P2a, P3 and P3a reprent same
samples, respectively.

DISCUSSION
Recent application of molecular biologic techniques, such as
detection of K-ras mutation, has been proposed for the
diagnosis of pancreatic cancer[18-22]. K-ras gene mutation was
found in greater than 90% of pancreatic cancers, and detection
of K-ras gene mutation-positive cells in pure pancreatic juice
or duodenal juice were reported to be useful in the diagnosis of
pancreatic cancer[23-26]. K-ras mutation was detected in ERCP
brush samples. We used the sensitive RFLP method and found
72.2% of patients with pancreatic cancer had K-ras mutation,
which was relatively higher than that in other reports. K-ras
mutation was also detected in 1 patient with chronic pancreatitis.
Although K-ras mutation has been detected mainly in
malignancy, it could be detected in nonmalignant pancreatic
lesions[27-29]. However, a recent long-term follow-up report
suggested that K-ras mutation in chronic pancreatitis might
represent false-positive results[30]. Studies including ours
showed that this mutation could also occur in benign condition.
Queneau et al.[31] found 27.8% (10/36) chronic pancreatitis
patients had k-ras mutations. Recently, several investigators
failed to detect K-ras mutations in chronic pancreatitis even
though they used highly sensitive methods[32,33] and suggested
that K-ras mutation was an extremely specific event in pancreatic
cancer. Unfortunately, the reason for this discrepancy is not
clear.
      Telomerase is an enzyme that was found containing an RNA
template complementary to the short DNA sequence repeats at
chromosomal ends[34]. Telomerase activity has been found in
the majority of malignant tissues, such as pancreatic cancers,
but not in somatic tissues except for reproductive and
hematopoietic cells. Moreover, telomerase activity was detected
in an extremely early stage of pancreatic cancer when the tumor
could not be detected by other diagnostic methods[35]. Hiyama
et al.[36] reported that 95% of pancreatic carcinomas but none
of 11 benign pancreatic tumors showed telomerase activity.
Suehara et al.[37] reported that 100% of pancreatic carcinomas
had high levels of telomerase activity. None of pancreatitis or
normal pancreas extracts had detectable telomerase activity.
However, some pancreatic adenomas demonstrated weak
telomerase activity. Telomerase activity in pancreatic juice
reflected the activity of the enzyme in tissue specimens[38,39].
The telomerase activity in pancreatic juice from patients with
pancreatic ductal carcinomas was lower than that in resected
tissues. It is possible that various digestive enzymes in
pancreatic juice might disturb telomerase assay by inhibiting
Taq polymerase[40]. Myung et al.[41] and Uehara et al.[42]. Have
reported their study results in the diagnosis of pancreatic cancer
by detecting K-ras mutations and telomerase activity alone

and in combination in pancreatic juice. We compared these two
methods and evaluated their usefulness alone and in
combination for the differentiation of pancreatic cancer from
chronic pancreatitis. Using PCR-TRAP-ELISA method, we
could give a more accurate diagnosis of pancreatic cancer by
evaluating both K-ras mutations and telomerase activity in cells
obtained from pancreatic duct brushings, and found that K-ras
mutations in cells obtained from pancreatic duct brushings
were useful for detecting neoplastic lesions and that telomerase
activity was useful for differentiating malignancy from benign
lesions of the pancreas, when telomerase activity cutoff was
set at 2.0. The sensitivity and specificity of K-ras mutations for
the diagnosis of pancreatic cancer were 72.2% and 66.7%,
respectively, whereas those of telomerase activity were 77.8%
and 100%, respectively. By combining these two methods, the
sensitivity was 66.7% and the specificity was 100%.
       In conclusion, detection of K-ras mutation and telomerase
activity in cells obtained from pancreatic duct brushings may
be complementary to each other, and may prove to be a potent
tool for the diagnosis of pancreatic cancer.
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