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Biliary tract carcinoma, including carcinoma of the gallbladder, intrahepatic bile ducts (cholangiocarcinoma),
and extrahepatic bile ducts, affects 7500 people in the United States annually, and has an overall 32% 5-year
survival rate for disease limited to the mucosa, and a dismal 10% 5-year survival for more advanced disease.
The identification of factors involved in the pathogenesis and progression of biliary tract carcinoma is critical
for devising effective methods of screening and treatment. Recent evidence suggests that reduction of the
length of telomeres, which normally help maintain chromosomal stability, may promote the development and
progression of a variety of carcinomas. Using a novel, recently validated telomere fluorescence in situ
hybridization method, we examined telomere length in normal and inflamed gallbladder epithelium, metaplasia
and dysplasia of the gallbladder, and biliary tract carcinoma to determine whether telomere shortening is
associated with neoplastic progression in the biliary tract. Although normal and inflamed gallbladder
epithelium demonstrated uniform normal telomere lengths, over half of all metaplastic lesions demonstrated
shortened telomeres, supporting prior evidence that metaplastic lesions of the gallbladder are pre-neoplastic.
Dysplastic epithelium and invasive carcinomas demonstrated almost universally abnormally short telomeres,
indicating that telomere shortening occurs at an early, preinvasive stage of cancer development. In addition,
invasive adenocarcinoma of the biliary tract frequently demonstrated intratumoral heterogeneity of telomere
lengths. We conclude that telomere shortening is a consistent and early finding in the development of biliary
tract carcinoma.
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Biliary tract carcinoma arises within the biliary
epithelium of the gallbladder, extrahepatic bile
ducts, and smaller intrahepatic bile ducts.1–3 Dys-
plastic changes of this epithelium, including flat
in situ carcinoma, are recognized as precursor
lesions for invasive biliary tract carcinoma. Addi-
tionally, metaplastic changes have been implicated
as an even earlier potential precursor in gallbladder
carcinoma.4,5 Risk factors for the development of
biliary tract carcinoma include race (increased risk
in native and Hispanic Americans), cholelithiasis,
abnormal junction of the pancreatic and biliary duct
for gallbladder carcinoma, and primary sclerosing

cholangitis and choledochal cyst for carcinoma of
the extrahepatic bile ducts. The frequent advanced
nature of disease on presentation, as well as limited
knowledge of causative molecular factors under-
lying biliary tract carcinoma, has limited the
therapeutic options for patients with this cancer.
Identification of early molecular changes in biliary
cancer could provide insight into key genetic events
that could aid in the development of screening
and targeted treatment strategies for biliary tract
carcinoma.

Previous work on biliary tract carcinoma has
identified a number of molecular abnormalities,
including mutations in KRAS,6 CDKN2A/TP16,7

TP53,8 and APC.9 Recent evidence from a variety
of other cancer models has indicated that telomere
shortening may also contribute to carcinoma pro-
gression, although this has not been previously
examined in biliary tract carcinoma.10–12 For exam-
ple, telomere shortening appears to be an early and
common event in precursors to invasive prostatic
and pancreatic cancer.13,14
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Telomeres consist of DNA–protein structures,
which serve as ‘caps’ on the ends of linear chromo-
somes that allow cells to distinguish between
double-stranded breaks in the DNA and normal
chromosome ends.15,16 In humans, telomeric DNA
sequences consist of 1000–2000 tandem repeats of
TTAGGG, which generally shorten following cell
division owing to incomplete replication of telomere
repeats during DNA synthesis (the ‘end-replication
problem’). Severe telomere shortening can result in
degradation of proximal or internal DNA with
subsequent loss of genetic information, recombina-
tion of DNA at these sites, or fusion of chromosomes
containing shortened telomeres.17,18 The appropriate
outcomes of telomere shortening in somatic cells are
thought to be cell senescence or apoptosis, which
decreases the population of dividing, genetically
unstable cells. Expression of telomerase, the enzyme
that catalyzes the extension of telomeres, is found in
85–90% of carcinomas19,20 and may serve to stabilize
chromosomes with short telomeres, thus leading
to a third possible outcome: immortalization of
genetically unstable cancer cells.

In the present study, using a novel in situ method,
we examined telomere lengths in normal and
inflamed gallbladder mucosa, metaplasia and
dysplasia of the gallbladder, and invasive biliary
tract carcinoma to understand the role of telomere
shortening in different stages of biliary carcinoma
progression. We report here the identification of
telomere shortening in metaplastic lesions, dysplas-
tic lesions, and invasive biliary tract carcinoma.

Materials and methods

Patients and Tissue Samples

This study was approved by The Johns Hopkins
Hospital Institutional Review Board. All tissue
samples studied were derived from formalin-fixed,
paraffin-embedded tissue blocks. The majority of
invasive biliary tract carcinomas studied were
derived from a biliary carcinoma tissue microarray
constructed at The Johns Hopkins Hospital. This
tissue microarray consists of 2 mm diameter spots of
tumor derived from 13 gallbladder carcinomas, 10
intrahepatic cholangiocarcinomas, and 13 distal
common bile duct carcinomas, along with five
normal gallbladder spots. Additional whole tissue
sections were obtained from the following lesions,
which were not represented on the tissue micro-
array: cholecystitis (12 cases, five demonstrating
metaplasia and seven not demonstrating meta-
plasia), dysplasia unaccompanied by invasive carci-
noma (three cases, one low-grade dysplasia and two
high-grade dysplasia/carcinoma in situ), carcinoma
in situ and invasive carcinoma of the gallbladder
(eight cases), and small cell carcinoma of the
gallbladder (two cases, one of which contained a
component of adenocarcinoma). Four additional
whole sections of invasive gallbladder adenocarci-

noma were also examined. Specimens were ob-
tained through surgical resection for a variety of
conditions, including cholelithiasis, cholecystitis,
and biliary tract carcinoma. In total, 65 patient
specimens were obtained for study, including speci-
mens demonstrating multiple abnormalities (ie,
dysplasia and invasive carcinoma). Average patient
age was 60 years. Overall, 39% of patients were
male, and 61% of patients were female. Male and
female ratios were similar for all specimen diagnosis
groups. Tissue sections (3–4 mm) from each formalin-
fixed, paraffin-embedded tissue block were utilized
for the staining protocol (see below).

Combined Telomere Fluorescence In Situ
Hybridization

Paraffin slides were processed and labeled as
described previously, with the omission of protease
treatment.12 Briefly, slides were deparaffinized and
rehydrated through a series of ethanol gradients.
Slides were then treated with 0.1% Tween 20
detergent in deionized water and incubated in
citrate buffer (Vector Laboratories, Burlingame, CA,
USA) in steam (Black and Decker Vegetable Steamer,
Towson, MD, USA), washed in PBS with Tween,
placed briefly in 95% ethanol, and air dried. A 25ml
portion of Cy3-labeled telomere-specific peptide
nucleic acid (PNA; 0.3 mg/ml PNA in 70% forma-
mide, 10 mmol/l Tris, pH 7.5, 0.5% B/M Blocking
reagent; Boehringer-Mannheim, Indianapolis, IN,
USA) was added to each slide. Slides were then
coverslipped, incubated for 4 min at 831C, and
hybridized for 2 h at room temperature in the dark.
Slides were then washed twice in PNA wash
solution (70% formamide, 10 mmol/l Tris, pH 7.5,
0.1% albumin; Sigma, St Louis, MO, USA), followed
by three PBS washes. Slides were counterstained
with 40-6-diamidino-2-phenylindole in deionized
water (DAPI; Sigma Chemical Company) and
mounted with Prolong anti-fade mounting medium
(Molecular Probes Inc., Eugene, OR, USA). Serial
sections were stained using hematoxylin and eosin
and used as a morphology reference during telomere
analysis.

Microscopy

Slides were imaged with a Zeiss Axioskop epifluore-
scence microscope equipped with short-arc mercury
lamp illumination (Carl Zeiss Inc., Thornwood, NY,
USA) and a � 100/1.4 NA oil immersion Neofluar
lens. Fluorescence excitation/emission filters were
Cy3 546/10 nm BP excitation, 578 nm LP emission
(Carl Zeiss Inc.) and DAPI 330 nm excitation and
400 nm emission via an XF02 fluorescence set
(Omega Optical, Brattleboro, VT, USA). Fluorescent
images were captured with a cooled charge-coupled
device camera (Micro MAX digital camera, Prince-
ton Instruments, Trenton, NJ, USA).
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Image and Data Analysis

Five regions of each tissue section were examined
for telomere labeling, and intensity of fluorescence
was utilized as a reflection of telomere length based
upon prior validation of this technique.12 A subset
of these cases were further quantified using a
method in which the sum of pixel intensities in
the Cy3 channel for a given cell nucleus is normal-
ized to the DAPI signal as described previously.14

The telomere fluorescence in situ hybridization
(FISH) intensity of inflamed, metaplastic, dysplas-
tic, and carcinomatous epithelium was compared to
the corresponding normal epithelium on the same
section, if present, or, if absent, to adjacent stroma.
Normal epithelium, endothelium, and stromal cells
demonstrated equal intensity of telomere staining in
all samples analyzed. Lymphocytes in all cases
demonstrated intensely fluorescent telomeres rela-
tive to epithelial and stromal cells, consistent with
prior observations that lymphocytes have elongated
telomeres. Telomere fluorescence intensity was scored
visually by three observers (DEH, AKM, PA) as
increased (long), equal (normal), or decreased (short)
relative to normal epithelium or stroma. In cases in
which different areas of a tumor had slightly differing
telomere intensities, such that the intensities ranged
from short to normal or normal to long, tumors were
scored on the basis of the predominant (most
frequently observed) telomere intensity seen but also
noted to be slightly heterogeneous. Cases in which
marked variability of intensity of telomere labeling
was noted within a tumor, such that the intensity
ranged from normal to virtually inapparent or in-
creased to decreased, were classified as markedly
heterogeneous. Cases in which normal stroma did not
yield a detectable signal or those in which background
autofluorescence obscured telomere signals (presum-
ably owing to fixation artifacts) were excluded from
the study. Additional quantification of telomere
lengths in three cases of gallbladder metaplasia and
two cases of carcinoma in situ was performed. An
average of 19 representative nuclei per epithelial cell
subtype (normal, metaplastic, and carcinoma in situ)
were quantified. For each patient sample, compar-
isons of the mean ratios of telomeric signal to DAPI
between the various cell types were made using the
paired t-test.

Results

Normal Gallbladder Epithelium Demonstrates
Uniform Telomere Lengths

All five of the normal gallbladder specimens
examined demonstrated uniform, bright telomere
signals in all epithelial cells (Figure 1a). The
telomere signal intensity of the normal epithelium
appeared equivalent to that of stromal cells, but
appreciably less than that of lymphocytes, which
consistently displayed bright telomere staining.

Acute and Chronic Inflammation of the Gallbladder
Does not Alter Telomere Length

As dysplasia and carcinoma of the biliary tract has
been proposed to arise in the setting of chronic infla-
mmation with increased epithelial cell turnover,21

we examined telomere labeling in inflamed, reactive
gallbladder epithelium. We examined seven speci-
mens with acute, chronic, or mixed acute and chro-
nic inflammation of the biliary epithelium. Two of
these specimens demonstrated florid acute cholecy-
stitis with abscess formation. In all cases (100%),
telomere length was identical between normal epi-
thelium, stroma, and inflamed epithelium (Figure 1b).

Telomere Shortening is Evident in a Subset of
Metaplastic Lesions of the Gallbladder

Metaplastic epithelial changes occur following on-
going injury to the normal, columnar, absorptive-
type biliary epithelium, with resultant formation
of gastric or intestinal-type mucinous glands. We
therefore examined eight gallbladder specimens
demonstrating a prominent region of pyloric or
intestinal metaplasia; all specimens had either
adjacent cholecystitis (5) or dysplasia (3). Of the
eight metaplastic lesions examined, three of the five
associated with cholecystitis demonstrated telomere
lengths equal to the underlying stroma or adjacent
normal epithelium; these included two cases with
only pyloric metplasia and one case with both
pyloric and intestinal metaplasia. However, the
other two examples of cholecystitis with pyloric
metaplasia demonstrated focal shortening of telo-
meres. In all three cases of intestinal metaplasia
associated with dysplasia, focal shortening of
telomeres was observed (Figure 1c).

Biliary Tract Dysplasia and Carcinoma In Situ
Demonstrate Shortened Telomeres

We next examined three specimens with dysplasia
unassociated with invasive carcinoma, and eight
specimens with high-grade dysplasia (carcinoma
in situ) in the same section as invasive adenocarci-
noma. Ten of the 11 (91%) showed shortened
telomeres. Among the three cases of dysplasia alone,
one case of carcinoma in situ demonstrated elon-
gated telomeres, whereas one case of low-grade
dysplasia and one other case of carcinoma in situ
demonstrated short telomeres. All eight examples
of carcinoma in situ associated with invasive carci-
noma demonstrated marked reduction in telomere
intensity (Figure 1d). Two cases demonstrated
regions of marked heterogeneity of telomere length,
with nuclei demonstrating both short and long
telomere intensities. In regions where a direct
transition between dysplastic epithelium and nor-
mal epithelium was present, a dramatic reduction in
telomere staining intensity was apparent in the
dysplastic epithelium as compared to both normal
epithelium and stroma.
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Adenocarcinoma of the Biliary Tract Displays
Consistently Shortened Telomeres with Intratumoral
Cell–Cell Heterogeneity

We next examined 48 specimens with invasive
adenocarcinoma of the gallbladder (25 specimens),
intrahepatic bile ducts (10 specimens), or distal
common bile duct (13 specimens). Fourty-one of
the 48 cases (85%) showed shortened telomere
lengths. Of the 25 gallbladder carcinomas, 21
demonstrated diminished telomere fluorescence
intensity compared to the stroma, although slight
cell–cell heterogeneity was noted in five of these
cases. The remaining four tumors demonstrated
marked cell–cell heterogeneity in telomere length.
Of the 10 intrahepatic cholangiocarcinomas, nine
demonstrated diminished telomere fluorescence
intensity, with slight cell–cell heterogeneity noted
in one of these cases. The final case showed marked

cell–cell heterogeneity in telomere intensity. Of 13
distal bile duct carcinomas, 11 demonstrated dimin-
ished telomere intensity, with four of these 11
showing slight cell–cell heterogeneity in length.
One other tumor demonstrated normal telomere
intensity, whereas one demonstrated marked cell–
cell heterogeneity in intensity.

Hence, virtually all adenocarcinoma specimens,
regardless of the location of origin within the
biliary tract, demonstrated markedly shortened
telomeres, as compared to normal regions within
the same specimen. These telomeres were frequently
undetectable, indicating that the telomeres had
shortened beyond the level of sensitivity of our
FISH probe (Figure 2a). A striking difference in
telomere FISH intensity was apparent between
normal epithelium and carcinoma in cases where
carcinoma was colonizing overlying normal epithe-
lium (Figure 2b).

Figure 1 Telomere fluorescence (red dots within blue nuclei). Arrows represent underlying stroma as a comparison. (a) Equal telomere
staining intensity between normal biliary epithelium and underlying stroma. (b) Biliary epithelium in acute cholecystitis does not reveal
telomere shortening. Note the more rounded nuclei of reactive biliary epithelium, compared to the more elongated normal nuclei in (a).
(c) Focal reduced telomere length (*) in metaplastic epithelium. (d) Reduced telomere length in flat in situ carcinoma of the gallbladder.
Note the virtual absence of signal in stratified, enlarged, elongated nuclei. Magnification �400, oil immersion.
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Small Cell Carcinoma Specimens

In one specimen that contained both small cell
carcinoma and adenocarcinoma of the gallbladder,
abnormally lengthened telomeres were apparent
only within the small cell carcinoma component,
whereas the adenocarcinoma component demon-
strated abnormally short telomeres (Figure 2c). An
additional small cell carcinoma specimen demon-
strated shortened telomeres.

Quantification of Telomere Lengths

To verify the above findings, we performed telomere
quantification to correlate telomere intensity with
telomere length, as has been described previously.14

Three cases of metaplasia were analyzed, one in
association with cholecystitis alone, one in associa-
tion with both cholecystitis and low-grade dyspla-
sia, and one in association with cholecystitis and
carcinoma in situ. In addition, one case of carcinoma
in situ with reduced telomere intensity and one case
of carcinoma in situ with heterogeneous telomere
shortening were examined. The results of telomere
quantification mirrored the telomere intensities as
scored visually (Table 1). In the cases of metaplasia,
statistically significant reduced telomere intensity
was identified in association with inflammation and

dysplasia (Po0.05). In addition, the case of carci-
noma in situ with heterogeneous telomere short-
ening demonstrated a statistically significant
difference from normal telomere lengths in both
the shortened and elongated telomeres (Po0.01).
Finally, another case of carcinoma in situ demon-
strated shortened telomeres by quantification,
although the results were not statistically signifi-
cant. A diagram of quantified telomere lengths is
presented in Figure 3.

The results of this study are summarized in Table 2.

Discussion

Little is known regarding the molecular changes
underlying the development of biliary tract carcino-
mas.1,3 In mouse models, dysfunctional telomeres
have been shown to induce chromosome instability,
leading to chromosomal deletions, amplifications,
and rearrangements of the type often found in
human biliary carcinomas.10,11,22–25 We therefore
examined telomere length in biliary tract carcino-
mas, as well as in inflammation, metaplasia, and
dysplasia of the gallbladder, in order to iden-
tify potential molecular changes in telomeres in
biliary cancer and biliary cancer precursor lesions.
We identified shortened telomeres in metaplastic

Figure 2 Telomere length variation in a case of combined invasive adenocarcinoma and small cell carcinoma. Arrows represent
underlying stroma. (a) Invasive adenocarcinoma demonstrates markedly shortened telomeres. (b) Adenocarcinoma (left upper)
colonizing normal epithelium. (c) Small cell carcinoma component associated with this invasive adenocarcinoma demonstrating
increased telomere length (more intense red signal) compared to the normal tissue or adenocarcinoma shown in (a) or (b). Magnification
� 400, oil immersion.

Table 1 Normalized telomere fluorescence: normal, metaplastic, and dysplastic epithelium unassociated with invasive carcinoma

Lesion Telomere intensity Normal epithelium Metaplastic/dysplastic epithelium P

Mean s.d. n Mean s.d. n

PM in inflam Short 9.0 2.6 19 4.1 3.0 23 0.000001
IM in LGD Short 2.4 1.1 26 1.0 1.0 20 0.00018
IM in CIS Short 3.1 2.5 18 1.6 1.0 10 0.03124
CIS Short 5.5 4.1 12 3.5 2.3 20 0.13861
CIS/hetero Short 12.7 5.9 22 1.6 1.1 18 0.00000001

Long 12.7 5.9 22 18.5 7.8 14 0.01048

Inflam, inflammation; IM, intestinal metaplasia; PM, pyloric metaplasia; LGD, low-grade dysplasia; CIS/hetero, carcinoma in situ with
heterogeneous telomere lengths.
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epithelium (63%) and dysplastic epithelium (90%) of
the gallbladder, and infiltrating adenocarcinoma of
the gallbladder, intrahepatic bile ducts (cholangio-
carcinoma), and extrahepatic bile ducts (98%).

Telomere shortening may occur in somatic cells
following oxidative stress26 or repeated cell divi-
sion, in which incomplete replication of telomere
repeats during DNA synthesis reduces telomere
length at each division.16 In certain cells, such as
germline embryonic cells, maintenance of telomere
length occurs through the activity of the enzyme
telomerase;27–29 however, enzymatic activity is not
detected in most adult somatic cells. Telomere
shortening has been demonstrated to induce a
variety of genetic changes, including chromosome
fusion at sites of shortened telomeres and recombi-
nation events, both of which contribute to genomic
instability.17,18,30 Shortened telomeres have been
identified in a variety of invasive cancers and pre-
invasive lesions of the pancreas and prostate, and
telomere shortening may be a critical early event in
the development of epithelial neoplasms.13,14,31,32 In
addition to telomere shortening observed in dys-
plastic and carcinoma specimens, the majority of
metaplastic lesions of the gallbladder in this study
also demonstrated telomere shortening, supporting
prior genetic evidence that metaplastic change in
the gallbladder represents an early neoplastic altera-
tion.7 Specifically, in the study of Wistuba et al,7

gallbladder metaplasias showed loss of hetero-
zygosity in at least one cancer-associated locus in
four of five cases. Perhaps the genetic instability
promoted by telomere shortening promotes these
genetic changes. Of note, in this study, we did not

examine metaplastic lesions outside of the gallblad-
der. Metaplasia of the bile ducts has been studied
infrequently, and we did not have adequate material
to analyze it in this study. Metaplasia of the bile
ducts has been associated with both inflammatory
and neoplastic processes, and its role in neoplastic
progression is not clear.33

The eventual outcome of telomere shortening
includes such varied processes as apoptosis, cellular
senescence, and genetic instability.16 The outcome
of telomere shortening is influenced by additional
genetic alterations within cells. For example, proper
function of p53 is required to promote either
senescence or apoptosis within cells carrying short-
ened telomeres, thus preventing proliferation of
cells at high risk for neoplastic transformation.29,34,35

Mutations in the TP53 gene have been implicated in
tumor progression, and these mutations are frequent
in invasive biliary tract cancers.8 Interestingly,
molecular alterations in TP53 have been identified
in the majority of carcinoma in situ of the gallblad-
der,7,36 which suggests that shortened telomeres
within this epithelium may promote tumor progres-
sion, rather than senescence or apoptosis.

Several of the infiltrating biliary adenocarcinomas
and one case of carcinoma in situ demonstrated
markedly heterogenous telomere lengths between
cells (cell–cell heterogeneity). In addition, markedly
increased telomere lengths were identified in one
specimen of small cell carcinoma. These findings
may be accounted for by varying rates of telomere
shortening in individual cells, possible variable
reactivation of telomerase within subpopulations
of neoplastic cells, or utilization of the alternative

Figure 3 Relative telomere fluorescence in cases of (a) intestinal metasplasia associated with inflammation, (b) high-grade dysplasia/
carcinoma in situ with shortened telomeres, and (c) carcinoma in situ with heterogeneous telomere lengths. Each dot represents a single
nucleus.

Table 2 Telomere length assessment: summary of results

Telomere length Normal
gallbladder

Cholecystitis Metaplasia Dysplasia/CIS Invasive
adenocarcinoma

Small cell
carcinoma

In
cholecytitis

In
dysplasia

Alone With
invasive

Long 1/3 1/2
Normal 5/5 7/7 3/5 1/48
Short 2/3 8/8 31/48 1/2
Short with heterogeneity 2/5 3/3 10/48
Marked heterogeneity 6/48
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lengthening telomeres pathway in a subset of biliary
carcinomas.37,38

An important corroborative finding in these
experiments is the normal telomere length present
in inflamed but otherwise normal gallbladder
epithelium. As carcinomas of the gallbladder typi-
cally arise in a background of chronic inflammation
with metaplasia, lack of telomere length changes in
non-metaplastic specimens suggests that telomere
shortening is specific for longstanding pre-neoplas-
tic and neoplastic changes, rather than acute,
reactive changes associated with increased cell
turnover. These findings are concordant with the
clinical observation that only a small subset of
patients with chronic cholecystitis is destined to
develop carcinoma.

In summary, we demonstrate the reduction in
telomere length in pre-neoplastic and neoplastic
bilary tract epithelium, specifically in metaplastic
and dysplastic gallbladder epithelium, as well as in
invasive biliary tract carcinoma. This shortening
appears specific for cells involved in or at risk for
neoplastic transition and progression, rather than
cells involved in regenerative or reactive processes.
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