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ABSTRACT

Activation of telomerase and stabilization of telomeres are considered

to be necessary for immortalization of human tumor cells. In the present
study, telomerase activity was detected in 41 (95%) of 43 pancreatic
cancer specimens but was detectable in none of 11 benign pancreatic
tumors and only one of 3 pancreatitis samples. Low levels of telomerase
activity were detected in 5 (14%) of 36 adjacent â€œnormalâ€•pancreatic
tissues. These five telomerase-positive â€œnormalâ€•specimens were obtained
from patients that also had pancreatic cancer and may reflect occult
microinvasion. Telomerase activity was examined in 12 cx vivo brushing
samples of the pancreatic duct, and S of 8 with pancreatic cancer had
detectable telomerase activity, whereas 0 of 4 of benign lesions (cystade

nomaand pancreatitis)did. Thesefindingssuggestthattelomeraseactiv
ity in cells derived from pancreatic ducts may be useful in the diagnosis of
cancer and that telomerase activity may be a critical or rate-limiting step
in pancreatic carcinogenesis.

INTRODUCTION

Pancreatic cancer is one of the major causesof death from cancer,
exceeded only by cancers of the lung, colon, breast, stomach, and
prostate (1â€”3).Moreover, the 5-year survival rate of pancreatic cancer
is one of the lowest of all types of cancer (1). As a result of its late
diagnosis and its highly metastatic and/or invasive capacity regardless
of tumor sizes, patients with pancreatic cancer are considered to have
a very poor prognosis. Little is known of the etiology and pathogen
esis of pancreatic cancers, but it is believed that an enhanced under
standing of the molecular events in pancreatic cancer progression may
lead to an earlier diagnosis and hopefully an improved survival rate.
Mutation in codon 12 of the K-ras gene (4) and deletion or mutation
in the p53 gene (5, 6) are common molecular abnormalities in pan
creatic adenocarcinoma. Clinically, the early diagnosis of pancreatic
cancer by radiology and ultrasonography is ambiguous (I), making a
differential diagnosis between pancreatic cancer and chronic pancre
atitis or benign adenoma often difficult. Endoscopic retrograde pan
creatography facilitates the diagnosis of pancreatic cancer. In addi
tion, the cytology of pancreatic juice collected from transduodenal
cannulation has been reported to increase the sensitivity of accurate
diagnosis, but sensitivities have ranged between 30 and 80% (7â€”9).In
addition, detection of K-ras or p53 alterations may be useful diag
nostic markers for increasing the accurate diagnosis of pancreatic
cancer ( 10 â€”13). However, K-ras gene mutations are also detected in

some pancreatic benign adenoma and pancreatitis samples (14, 15),
and the incidence of mutations in the p53 gene is reportedly low in the
primary pancreatic cancers ( 16). Because K-ras and p53 alterations
are not considered specific and sensitive diagnostic markers for pan
creatic cancer, the rationale for the present study was to determine if
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telomerase activity was detected in pancreatic cancer but not benign
adenomas or pancreatitis.

Telomerase is an enzyme that contains an RNA template comple
mentary to (GGTTAG) repeats and is believed to be involved in the
de novo synthesis of GGTFAG telomeric DNA onto chromosomal
ends (17â€”19).Although the reactivation or up-regulation of telomer
ase alone may be insufficient for cells to proliferate indefinitely, its

expression and the stabilization of telomeres appear to be concomitant
with the attainment of immortality in cancer cells (20, 21). Recently,
a highly sensitive PCR-based telomerase assay called the TRAP3

assay was developed for the detection of telomerase activity (21, 22).
With the use of this method, telomerase activity has been found in
most tumor tissues examined covering a large variety of tumor types.
Among them, telomerase activity was detected in 94% of neuroblas
tomas (23), 80% of lung cancers (24), 93% of colorectal cancers (25),
85% of hepatocellular carcinomas (26), 85% of gastric cancers (27),
and 93% of breast cancers (28). Telomerase activity appears to be
repressed in almost all somatic cells and tissues but is reactivated or
up-regulated in most human cancers. The results of these studies
suggest that telomerase activation occurs in the development of var
ious malignant cancers and that telomerase activity in almost all
instances may ultimately be required to maintain tumor growth. Al
though most precancerous lesions and some early stage cancers do not
have detectable telomerase activity, some early-stage breast cancers
do (29). The present study was designed to determine whether the
detection of telomerase activity may also be a useful diagnostic tool
for the early detection of pancreatic cancer.

MATERIALS AND METHODS

Tissue Samples. A total of 43 pancreatic cancer tissues and I I benign
pancreatic tumors (7 cystadenoma, 2 adenoma, 1 hyperplasia, and I solid and

cystic tumor tissues), and 3 chronic pancreatitis tissues were obtained at the
time of surgery. Histologically, the 43 pancreatic cancer tissues consisted of 33

duct cell carcinomas, 5 cystadenocarcinomas (including mucinous and papil
lary carcinomas), 3 islet cell carcinomas, I adenosquamous carcinoma, and 1
carcinosarcoma.In addition,36 adjacentâ€œnormalâ€•(macroscopicallyhealthy)
pancreatic tissue samples were obtained at distant sites from pancreatic tumor
lesions in these patients. We also examined six metastatic lesions obtained
from five patients with pancreatic cancer including three liver metastases, two

lymph node metastases, and one peritoneal dissemination. Tumor sizes were

determined after surgery and samples were stored at â€”80Â°Cuntil use. Insti
tutionalguidelinesfortheuseofpatientmaterialswerefollowed.Patientswith
pancreaticcancer were staged accordingto the InternationalUnion Against
Cancer Tumor-Node-Metastasis (UICC-TNM) classification.

After pancreatectomy, brushing samples of the pancreatic duct were ob

tamedex vivo from 12 patients.These sampleswere obtainedby brushingof
the pancreatic duct of removed tissues immediately after surgery at an oper
atingroom.These sampleswereplacedin a PBS solutionandwashedone time
with PBS. The numberof cells was counted using a hemocytometerand
examined cytologically. The remainder of the sample was centrifuged at

1500 X g for 5 mm, and the pellet was stored at â€”80Â°Cuntil use.

@ The abbreviations used are: TRAP, telomeric repeat amplification protocol; ITAS,
intemal telomerase assay standard; TRF, terminal restriction fragment.
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Table 1 Telomerase activity in pancreatic cancers and benignlesionsPancreatic

diseasesTelomerase

activitynNegative

PositiveMeanratioÂ°Pancreatic

cancers
Duct cell carcinoma43 332

(5%) 41 (95%)
l@ 329.6612.34Cystadenocarcinomac50

52.24Islet
cellcarcinoma3121.78Adenosquamous

carcinoma1012.37Carcinosarcoma10
12.28Pancreatic

benigntumors1111 (100%)0(0%)Cystadenoma77
0Adenoma22
0Hyperplasia@'11
0Solid

andcystictumor110Chronic
pancreatitis32 (67%) 1 (33%)0.86

TELOMERASE ACI'IVITY IN PANCREATIC CANCER

Telomerase Assay. Telomerase extracts and assays of its activity were
done as described earlier (21, 22). Briefly, frozen pancreatic tissue samples of
approximately100mg werehomogenizedin 200 pi of 3-[(3-cholamidopropyl
dimethylammonioj-l-propanesulfonatelysisbuffer.Thecellsobtainedby pan
creatic duct brushing were also treated with 3-[(3-cholamidopmpyl-dimethyl
aminonio]-l-propanesulfonate lysis buffer. After 30 mm of incubation on ice,
the lysates were centrifuged at 16,000 X g for 20 mm at 4Â°C,and the
supematant was rapidly frozen in liquid nitrogen and stored at â€”80Â°C.In the
extracts from frozen tissues, the concentration of protein was measured using
the BCA proteinassaykit (PierceChemicalCo., Rockford,IL),andan aliquot
of extract containing 6 @gof protein was used for each TRAP assay unless
otherwise indicated. Extracts of a human papillomavirus 16 E61E7immortal
ized human mammary epithelial (HME) cell line with telomerase activity were
used as the standard. For pancreatic duct brushing samples, aliquots corre
spending to extract derived from approximately l0@cells were used for TRAP
assay. For RNase treatment, 5 ,.d of extract were incubated with 1 @gRNase

(Boehringer Mannheim, Indianapolis, IN) for 20 mm at 37Â°C.Assay tubes
were prepared by sequestering 0.1 @gof CX-primer (5'-CCCflACCCTFAC
CCTTACCCTAA-3') under a wax barrier (HotStart 50 PCR tube; Molecular
Bio-Products, San Diego, CA). Each extract was assayed in 50 @.dof reaction
mixture containing 20 mM Tris-HC1 (pH 8.3), 1.5 mM MgC12, 68 mM KC1,

0.05% Tween 20, 1 mr@iEGTA, 50 @.tMdeoxynucleotidetriphosphates,150
kBq [32P]dCTP, 0.1 @sgof TS oligonucleotide (5'-AATCCGTCGAGCA
GAG'VF-3'), 0.5 @MT4 gene 32 protein (USB, Cleveland, OH), and 2 units
of Taq DNA polymerase(Wako, Osaka,Japan).Each reactionmixturecon
tamed 5 X@ g (5 attograms) of an ITAS for quantitative estimation of the
levels of telomerase activity and the identification of false-negative tumor
samples that contain Taq polymerase inhibitors (30). ITAS is a 150-bp DNA
standard, which is coamplified with telomerase activity products and is suffi
ciently long so that it does not interfere with the visualization of the telomerase
ladder. After 30 mm incubation at room temperature for telomerase-mediated
extension of the TS primer, the reaction mixture was heated at 90Â°C for 90 s

and then subjected to 31 PCR cycles of 94Â°Cfor 40 s, 50Â°Cfor 40 s, and 72Â°C
for 50 s. The PCRproductwas electrophoresedon a 10%polyacrylamidegel
and exposed to film. For estimation of the levels of telomerase activity, the
telomerase-positive samples were reexamined by serial dilution, and we de
fined as high telomerase activity if the lOOXdiluted samples had detectable
telomerase activity. Moreover, to evaluate the relative level of telomerase
activity in each sample, the polyacrylamide gels were also exposed to a
PhosphorImagingPlate (Fuji,Tokyo, Japan),and the intensityof the TRAP
ladder was compared to that of the ITAS signal as described previously (31,
32) usinga Bio-ImagingAnalyzer(BAS2000;Fuji)andMacBASsoftware
(Fuji). Relative telomerase activities were quantified by taking the ratio of the
entire TRAP ladder to the signal of amplified ITAS. The ratios in all samples
with high telomerase activity (telomerase positive by 100 times dilution) were
more than 10, as reported previously (32). Thus, the ratio of TRAP ladder to
ITASsignal was consideredto be an approximateindicatorof relativelevel of
telomerase activity.

Southern Blot Analysis. Genomic DNA was isolated from 35 adjacent
â€œnormalâ€•pancreatic tissues, 43 pancreatic cancer tissues, and 11 benign
pancreatic lesions including 6 cystadenomas, 2 adenomas, 1 hyperplasia, and

2 pancreatitis tissues, as described previously (16, 33â€”35).For the analysis of
TRF length, 2 i@gof DNA was digested to completion with 10 units of Hinfl,
electrophoresedon 0.8% agarose gels, and then blotted onto nitrocellulose
filters. The filters were hybridized to a 32P-labeled (TTAGGCI)4 probe,
washed, and then autoradiographed, as reported previously (33â€”35).We esti
mated the mean length ofTRFs at the peak position ofthe hybridization signal.
To confirm completeHinfl digestion,thesamefilters wererehybridizedwith
a @-g1obinor a K-ras probe. To exclude the possible effect of DNA degrada
tion, the integrity of undigested DNA was analyzed by gel electrophoresis. We
have defined as reduced or elongated TRF length if the mean length of TRFs
in tumor tissue was shorterthan 80% or longer than 120% of that in the
â€œnormalâ€•adjacent tissue, respectively. In tumor samples whose matched
adjacent â€œnormalâ€•tissue was not available, we defined the reduced or don
gated TRF length as less than 8 kb or longer than 15 kb, respectively, based on
previous reports (33, 35).

Statistical Analysis. The clinical data were analyzed for statistical signif
icance by univariate analysis. All Ps refer to either a@ test with Yates
correction or the Fisher's exact test for tables and the Mann-Whitney test for

nonparametric data, where appropriate. These analyses were performed by the
CARE Software system (Hiroshima University, Hiroshima, Japan).

RESULTS

Telomerase Activity in Pancreatic Cancers and Noncancerous
Adjacent Tissues. Telomerase activity was detected in 41 (95%) of
43 pancreatic cancer tissues analyzed (Table 1). In the two tumors
without detectable telomerase activity, one case was a biopsy sample
containing mostly fibrotic and fatty tissues becausethe primary duct
cell carcinoma invaded into the omentum. The other telomerase
negative tumor was a small islet cell carcinoma with a 10-mm max
imum diameter. The semiquantitative telomerase activity levels of
duct cell carcinoma samples were significantly higher than those of
other malignant tumors (the ratios of entire TRAP ladder to amplified
ITAS signal 12.34 Â±8.47 versus 2.01 Â±1.73; P < 0.05; Fig. la).
Low levels of telomerase activity were detectable in only 5 (14%) of
36 adjacent â€œnormalâ€•pancreas tissues. All of these five telomerase
positive specimens were obtained from the cases with pancreatic
cancer,andnone of nine adjacentpancreatictissues obtainedfromthe
cases with benign pancreatic diseases had detectable telomerase ac
tivity. Although these â€œnormalâ€•tissues were taken from a macroscop
ically noncancerous region distant from the primary cancer, micro
scopical examination revealed that two of these five tissues with
detectable telomerase activity contained invasion of cancer cells, and
none contained massive infiltrated lymphocytes.

The presence of telomerase activity was also examined in six
metastatic lesions obtained from five patients with pancreatic cancer:
three liver metastases, two lymph node metastases, and one peritoneal
dissemination. All metastatic lesions (100%) showed high telomerase
activity (ratios of 26.3 Â±10.2). Although statistically not significant,
metastatic lesions tended to have higher levels of activity than their
primary tumors (ratios of 19.0 Â±8.2). Furthermore, the levels of
activity in these five primary tumors were significantly higher than
those in the primary pancreatic cancers without metastasis at surgery
(the ratios were 7.77 Â±6.38; P < 0.05).

Telomerase Activity In Benign Pancreatic Lesions. We exam
med seven cystadenomas, two papillary adenomas, one hyperplasia
with small part of adenoma, one solid and cystic tumor, and three
specimens diagnosed as chronic pancreatitis, postoperatively (Fig.
lb). Telomerase activity was undetectable in all of these 11 benign

tumor samples. These findings suggest that telomerase activity is
undetectable in benign (precancerous) tumors of the pancreas. How
ever, one of the three chronic pancreatitis samples showed weak

telomerase activity (ratio ofO.86). Massive infiltration of lymphocytes

aThemeanratioof TRAPladderto amplifiedITASsignalin thesampleswith
detectable telomerase activity.

b The specimen mostly consisted of fibrotic and fatty tissues.

C Includes mucinous carcinoma and papillary carcinoma.

d Hyperplasia with a small part of adenoma.
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was observed in this tissue but not in the other two pancreatitis
samples.

Telomere Length in Pancreatic Lesions and Adjacent Pancre
atic Tissues. TRF lengths, indicators of telomere lengths, were cx
amined in 35 adjacent â€œnormalâ€•pancreatic tissues, 43 primary pan

TELOMERASE ACTIVITY IN PANCREATIC CANCER

creatic cancer tissues, and 11 specimens of benign pancreatic diseases
(Fig. 2). The TRF lengths of all adjacent tissues ranged between 8 and
14 kb, whereas those of pancreatic cancer tissues varied between 4.2
and 13.4 kb. Among these 43 primary cancers, reduced TRF length
(shorter than 80% of TRF in â€œnormalâ€•adjacent tissue, or <8 kb) was
detected in 11 (26%) specimens. No specimens had elongated TRF
length (longer than 120% of TRF in â€œnormalâ€•adjacent tissue, or >15
kb). There was no significant relationship between reduced TRF
length and stage, tumor size, or node status. In benign pancreatic
diseases, one pancreatitis and one cystadenoma specimen showed
reduced TRF lengths (6.8 and 7.2 kb, respectively). Thus, the range of
TRF lengths and the frequency of tumor samples with reduced TRF
lengthwere similar in benigndiseasesand primary cancers.

Telomerase Activity in Pancreatic Duct Brushing Samples. In
I2 pancreatic lesions, ex vivo pancreatic duct brushing samples were
obtained before sampling of tissue specimens. In these brushing
samples, telomerase assay was examined using each extract derived
from l0@cells (Table 2; Fig. 3). Among these samples, 8 of 12 had
telomerase activity, and all 8 positive samples were diagnosed as class
IV or V (suspected to be malignant) by cytology and were subse
quently determined to be adenocarcinoma (7 duct cell carcinomas and
1 islet cell carcinoma). The remaining four samples without detectable
telomerase activity were cytologically and histologically diagnosed as
benign diseases (three cystadenomas and one chronic pancreatitis). In
this pancreatitis case, the tissue extract containing 6 @gof protein
showed weak telomerase activity, which was considered to be derived
from infiltrated lymphocytes, whereas l0@cells of the ex vivo brush
ing sample did not have detectable telomerase activity.

DISCUSSION

Approximately 85â€”90%of human primary cancers have detectable

telomerase activity (36), whereas almost all normal somatic cells do
not, except for proliferative cells of self-renewal tissues such as
hematopoietic progenitor cells, lymphocytes (37), skin basal cells
(31), and intestinal stem cells (38). In the present study, almost all
pancreatic cancers showed detectable telomerase activity, whereas
telomerase activity could not be detected in benign pancreatic tumors.
These results suggest not only that telomerase reactivation may play
an important role in pancreatic carcinogenesis but also that the detec
tion of telomerase activity may have utility in its diagnosis.

The levels of telomerase activity in duct cell carcinoma were
significantly higher in comparison to those in other types of pancreatic
cancer, except for one case without detectable telomerase activity
(P < 0.05). The different levels of telomerase activity could have
resulted from assaying admixtures of normal stromal cells and cancer
cells, a mixture of immortal and mortal cancer cells, and/or variations
in telomerase expression levels in individual cancer cells. In fact, the
duct cell carcinoma specimen without detectable activity contained
mostly normal stromal tissues. Although the reason for the high levels
of telomerase activity of duct cell carcinoma is unknown, most duct

cell carcinomas may predominantly consist of telomerase-positive

immortal cancer cells.
In the present study, S of 36 adjacent â€œnormalâ€•pancreatic tissues

had detectable telomerase activity. All of these five samples were
obtained from cases with pancreatic duct cell carcinomas, and two of
these five tissues contained an invasion of cancer cells. Histological
examination suggested that the telomerase activity in these tissues was
likely to be derived from microinvasion of pancreatic cancer cells.
Telomerase activity may become a useful marker to detect the exist
ence of immortal cancer cells in the tissues without massive lympho
cyte infiltration.

Telomere length has been examined in many kinds of tumors
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Fig. 1. Telomerase activity in pancreatic cancers and benign lesions. a, telomerase
activity in adjacent â€œnormalâ€•pancreatic tissue and primary and metastatic cancer tissues.
For each tissue sample, an aliquot of the extract containing 6 or 0.06 @gof protein with
(+) or without (â€”)RNasepretreatmentwas usedin eachTRAP assay.Extractsof a
human mammary epithelial (HME) cell line having telomerase activity were used as a
positive control. Telomerase activity was detected as a 6-nucleotide processive ladder. An
ITAS was used to identify noninformative specimens due to inhibitors of Taq polymerase
affecting the TRAP assay. Duct cell carcinoma, islet cell carcinoma, and cystadenocar
cinoma showed telomerase activity, whereas adjacent â€œnormalâ€•pancreas tissue did not
have detectable telomerase activity. The lymph node metastasis (LN meta) and liver
metastasis (Liver meta) showed strong telomerase-mediated ladder signals. b, telomerase
activity in chronic pancreatitisand benign pancreatictumors. Benign cystadenoma,
adenoma, and solid and cystic tumor did not have detectable telomerase activity, whereas
one pancreatitis specimen showed weak telomerase activity.
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TELOMERASE ACTIVITY IN PANCREATIC CANCER

Fig.2.Telomerelengthsin 11benignpancreatic
lesions and 43 pancreatic cancers. @,adjacent non
cancerous tissues; D, tumors without telomerase
activity; @,tumors with telomerase activity. Thir
teen of these cancer samples have been reported
previously (35). Mean TRF lengths in adjacent
normal tissues ranged between 8 and 14 kb. In 9
specimens of 11 benign pancreatic diseases includ
ing 6 cystadenomas, 2 adenomas, 1 hyperplasia,
and 2 pancreatitis tissues, mean TRY lengths were
between 8 and 15 kb, while 2 (1 pancreatitis and I
cystadenoma) showed reduced TRF lengths (6.8
and 7.2 kb, respectively). Mean TRF lengths in
pancreatic cancers (n = 43) ranged between 4.2
and 13.4 kb. Among these 43 pancreatic cancer
samples,11 (26%)showedreducedTRFlengths
(shorter than 80% of TRF in the â€œnormalâ€•adjacent
tissue, or <8 kb), and 41 (95%) had detectable
telomerase activity. The two cancers without de
tectable telomerase activity had mean TRFs of 8.2
and 10 kb, respectively.
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TRF

(kb)

V/////A : adjacent â€˜normal' pancreas

I I : telomerase undetectable

: telomerase detectable

Pancreaticcancers (n =43)

10

TRF

(33â€”35,39)andin someinstancesmayprovideusefuldiagnosticand
prognostic information (24, 27, 28, 33). Telomere lengths are likely to
be stabilized at any lengths in the tumors with sufficient telomerase
activity to compensate for telomere shortening due to the end-repli
cation problem. In the present study, although almost all pancreatic
cancers (41 of 43) had telomerase activity, only 11 (26%) cases
showed reduced telomere lengths, and no case showed elongated
telomeres in these primary pancreatic cancers. Although the shortened
TRF lengths (<8 kb) in the benign diseases were likely the result of
multiple cell divisions without telomerase activity, the frequency of
tumor samples with reduced telomere length was similar in benign
diseases and primary cancers. Thus, telomere length in pancreatic
cancers is unlikely to provide utility as a diagnostic tool or a prog

. nostic indicator of outcome.

Clinically, the early diagnosis of pancreatic cancer by radiography
and ultrasonography is extremely difficult (1â€”3).In addition, differ
ential diagnosis between pancreatic cancer and benign pancreatic
diseases such as adenoma, hyperplasia, and pancreatitis remains a
major problem for clinicians. Endoscopic retrograde pancreatography
has facilitated the diagnosis of pancreatic diseases and made possible
transduodenal cannulation and collection of pancreatic juice. How
ever, the reports of cytodiagnosis using pancreatic juice have re
mained controversial. Tumor markers in pancreatic juice, such as
carcinoembryonic antigen (40), CA19-9 (41), and pancreatic oncofe

tal antigen (42), have been reported to be useful for differential
diagnosis of pancreatic cancer from benign diseases, but there is
considerable overlap of their levels in the patients with cancer and
without cancer. Recent studies have also revealed that mutations of
the K-ras oncogene and the p53 gene are often detected in pancreatic
cancer (4â€”6).Detection of K-ras or p53 abnormalities was expected
to be useful in the diagnosis of pancreatic cancer (10â€”13);however,
alterations in these genes do not always differentiate between cancer
and benign diseases (15, 16). Among the ex vivo brushing samples of
pancreatic duct in the present study, all telomerase-positive samples
were subsequently shown to be pancreatic cancer. In this study,
telomerase assay in these brushing samples was performed using an
extract estimated to have been made from i0@ cells, similar to a

previous report analyzing telomerase activity in fine-needle aspirated

breast samples (28). When extracts derived from iO@cells are used,

telomerase activity in infiltrated lymphocytes or contaminated blood
cells in tissues may not be detectable because peripheral mononuclear
cells are reported to exhibit low levels of telomerase activity only
when iO@or more cells are used for an assay in most adults (37).
Although the cell numbers in the extracts containing 6 @gof protein
may vary according to the kind of tissues or cells, it should be much
more 1000 cells, since the amount of protein in the extract of i04 cells
are under the limit of measurement by BCA protein determination
assay (data not shown). The chronic pancreatitis tissue with weak
telomerase activity histologically showed an increased number of
infiltrating lymphocytes compared to the other two pancreatitis tissues

without detectable telomerase activity. Thus, the weak telomerase
activity in the chronic pancreatitis tissue was likely to be derived from
infiltrating lymphocytes, whereas the ex vivo duct brushing sample in
this same chronic pancreatitis case did not show telomerase activity

using an extract of 1000 cells. Although the number of benign
pancreatic diseases analyzed for telomerase activity was small in the
presentstudy,telomeraseactivity wasnotdetectedin anycasesexcept
for this pancreatitis case with massive lymphocyte infiltration. Thus,
telomerase is likely to be repressed in normal and benign pancreatic
diseases and to be up-regulated or reactivated in pancreatic cancer.

Table 2 Telomerase activity in ex vivo brushing samples ofpancreatic duct

b The main portion of the tumor was classified into three portions (H, head; B, body;

and T, tail) according to UICC classification.
C The size of this tumor could not be accurately measured because of partial resection.

d In the TRAP assay of tissue extracts, weak telomerase activity was detectable in this

case.
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ITASâ€”P@

Fig. 3. Telomerase activity in ex vivo pancreatic duct brushing samples. For cx vivo
pancreatic duct brushing samples, extracts derived from 10@cell equivalents were used for
the TRAP assay. The brushing samples of islet cell carcinoma and duct cell carcinoma had
detectable telomerase activity, whereas those ofpancreatitis and cystadenoma did not have
detectable telomerase activity. In the 1'RAP assay using tissue extracts, this pancreatitis
caseshowedweaktelomeraseactivity, which wasconsideredto be derivedfrom infil
tearing lymphocytes.

The present results of measuring telomerase activity in cells obtained
from ex vivo brushings suggest that detection of telomerase activity in
pancreatic duct cells obtained by endoscopy in vivo may be helpful for

the differential diagnosis of pancreatic cancer from pancreatic benign
diseases. Our ex vivo brushing samples involved approximately l0@
cells. Because more than l0@ cells are usually obtained by in vivo
endoscopic pancreatic duct brushing, these cells are more than suffi
cient to carry out telomerase activity assayand still provide adequate
cells for cytological determinations. Further study using cells con
mined in pancreatic juice or brushing samples obtained by endoscopy
in vivo will be necessary to clarify the usefulness of telomerase
detection in the preoperative differential diagnosis of pancreatic

cancer.
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