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Abstract

AIM: To characterize and evaluate DNA alterations
among intrahepatic cholangiocarcinoma (ICC) patients.

METHODS: DNA from tumor and corresponding normal
tissues of 52 patients was amplified with 33 arbitrary
primers. The DNA fragment that alters most frequently in
ICC was cloned, sequenced, and identified by comparison
with known nucleotide sequences in the genome
database (www.ncbi.nlm.nih.gov). The DNA copy
numbers of the allelic alterations in cholangiocarcinoma
were determined by quantitative real-time PCR and
interpreted as allelic loss or DNA amplification by
comparison with the reference gene. Associations
between allelic imbalance and clinicopathological
parameters of ICC patients were evaluated by y’-test.
The Kaplan-Meier method was used to analyze survival
rates.

RESULTS: From 33 primers, an altered DNA fragment
(518 bp) amplified from BC17 random primer was
found frequently in the tumors analyzed and mapped
to chromosome 17p13.2. Sixteen of 52 (31%) cases
showed DNA amplification, while 7 (13%) showed allelic
loss. Interestingly, DNA amplification on chromosome
17p13.2 was associated with a good prognosis, median
survival time (wk) of amp vs no amp was 44.14 vs 24.14,
P = 0.002; whereas allelic loss of this DNA sequence
corresponded with a poor prognosis, median survival
time (wk) of loss vs no loss was 18.00 vs 28.71, P =
0.019). Moreover, Kaplan-Meier curves comparing the
DNA alterations with survival depicted highly significant
separation that the median survival time equal to DNA
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amplification, allelic loss, and normal was 44.14 wk,
18.00 wk, and 24.29 wk, respectively (P = 0.005).

CONCLUSION: Alterations in the DNA sequence on
chromosome 17p13.2 may be involved in cholangio-
carcinogenesis, and could be used as a prognostic
marker in the treatment of ICC patients.
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is predominantly
found in Thai patients with bile duct cancer”
incidence is much higher in the northeastern region
of Thailand, where it is closely associated with liver-
fluke infestation”” and the consumption of carcinogen-
contaminated daily foods™. Data from the World Health
Organization (WHO) database, and national registries

wortldwide, show an increase in ICC-related mortality™"”.

and its

Recent investigations into the underlying molecular
mechanisms involved in cholangiocatcinogenesis and
tumor growth have contributed greatly to understanding
the disease. Significant progress has been made over
the past decade in defining molecular alterations
associated with cholangiocarcinoma (CCA). Alterations
in p53""" and p16INK4"™ are frequently detected in
CCA and likely contribute to oncogenesis in the biliary
tract. Other alterations that seem to occur early in
cholangiocarcinogenesis include over-expression of the
receptor tyrosine kinases (RTKs), ErbB-2, and Met!""
as well as the up-regulation of COX-2" Likewise,
WISP1v expression has been found to be associated with
lymphatic and perineural spread of CCA and poor clinical
outcome''”. Human telomerase reverse transcriptase
(hTERT) has also been detected in a high percentage of
analyzed cases of ICC, irrespective of tumor grade and
subtype, as well as heterogeneously in dysplastic lesions,



Chuensumran U et a/. Allelic imbalance of 17p13.2 in bile duct cancer 2987

suggesting that acquired h"TERT activity may reflect an
early stage leading to CCA developmentm. However, the
clinical value of established survival predictors seems
limited, since they fail to reliably predict post-resection
survival.

With regards to genome scanning method, arbitrarily
primed polymerase chain reaction (AP-PCR)" also
called random amplified polymorphic DNA (RAPD)",
has enormously wide application, since it can be used to
study virtually any nucleic acid entity, whether previously
characterized or not. The semi-quantitative native of AP-
PCR has proven a promising technique for identifying
novel gene alterations in many human cancers™

In this study, we evaluated the DNA alteration as
a prognostic factor for survival of ICC patients post-
resection. The localization of an altered DNA fragment on
chromosome 17p13.2, which significantly predicted overall
survival of ICC patients is reported here for the first time.
Furthermore, the finding of aberrations in this DNA
region, correlating with clinicopathological parameters of
patients with ICC, was also demonstrated.

MATERIALS AND METHODS

Subjects and tissue samples

Samples from 52 cases with primary ICC (42 males and
10 females) and corresponding normal tissues were
obtained from Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University, Khon Kaen, Thailand, during
surgical resection. The median age at diagnosis was 56
(range 26-75) years. This work was approved by the Ethics
Committee of the Faculty of Medicine, Khon Kaen
University, Thailand (HE471214). Samples were frozen
after resection and stored at -80°C until DNA extraction.
None of the patients received radiation or chemotherapy
before surgery. All patients were residents of northeast
Thailand, where liver-fluke infections are highly endemic.
Hematoxylin-eosin stained sample sections from each
tumor block were examined microscopically to confirm
the presence of > 80% cancer cells. Paired normal tissues
from the same patient were used as controls and showed
normal histological features.

DNA preparation

Genomic DNA was isolated from fresh cancerous and
normal counterpart tissues by proteinase K digestion
and salting-out method”, with some modifications. The
cancerous and normal tissues were embedded in optimum
cutting temperature (OCT) and cryostat tissue sections
were performed (10 um). The tissue sections were washed
out 3 times from OCT with normal saline, then incubated
in lysis buffer (10 mmol/T Tris-HCI, pH 8.0, 400 mmol/L.
NaCl, 2 mmol/L EDTA), 200 uL of 10% sodium dodecyl
sulfate (SDS) and 10 mg/ml. proteinase K at 60°C for 3
h. The solutions were mixed with 6 mmol/L NaCl, shaken
and centrifuged at 10000 X g for 10 min at 4C. DNA was
precipitated by absolute ethanol and washed 3 times with
70% ethanol. The DNA pellet obtained was dissolved
in TE buffer. DNA concentration was determined by
spectrophotometry at A260 nm. The paired DNA was

equalized by comparison with PCR product amplified
from exon 1 of B-globin, a housekeeping gene (110 bp).

AP-PCR analysis

Thirty-three arbitrary decamer primers: AA14, AB19,
AD10, AO5, AO10, AO16, AO19, AP19, AT11, AT17,
AU1, AY19, AZ2, BB3, BB13, BC17, BF12, BG4, F2,
G14, H8, J3, L1, M7, M19, N20, O15, Q7, S3, S13, U8,
Y7, and Y19 (Operon, USA) were used in screening the
ICC genome for alterations. DNA isolated from ICC and
corresponding normal tissues of the same patients was
used as template. AP-PCR was performed in a thermal
cycler (GeneAmp 9700, Perkin-Elmer, USA) for 45 cycles
based on the method described by Williams ¢z a/'. The
total volume of 25 plL contained 100 ng of genomic DNA
extracted from carcinoma or corresponding normal tissues,
1x PCR buffer, 200 umol/L each of dATP, dCTP, dGTP,
dTTP, 2.5 mmol/L MgClz, 20 pmol/L of each random
ten-mer primer and 1 unit of Taq DNA polymerase
(Pharmacia Biotech, USA). Each cycle consisted of
denaturation at 95°C for 1 min, annealing at 36°C for
1 min, and extension at 72°C for 2 min. Generally, we
adjusted the working DNA concentration at 20 ng/uL.
The AP-PCR products were resolved by electrophoresis
on 1.4% agarose gels. The gels were stained with ethidium
bromide for photography under UV light. By direct
visualization, the amplified DNA fragments exhibited
presence/absence, or increase/decrease, in ICC sample
intensity when compated case-by-case with the rest of the
bands. The DNA content in tumor and normal tissues was
normalized using B-globin gene amplification with primer
sequences 5'ACACAACTGTGTTCACTAGCA 3' (forward
primer) and 5’GGTGAACGTGGATGAAGTTG 3'

(reverse primer).

Cloning and sequencing of aberrant DNA fragment

The altered band (518 bp) employing the primer BC17 was
excised from the 0.8% agarose gels and purified with DNA
purifying kit (Nucleospin, Machery-Nagel GmbH & Co.
KG, Germany). The eluted DNA was confirmed for purity
and quantity on 0.8% agarose gels. The 518 bp fragment
was cloned using a TA cloning kit (Invitrogen, USA)
following the manufacturer’s instructions. Plasmid DNA
was isolated from each bacterial colony using a QIAGEN
plasmid kit (QIAGEN, USA). Restriction analysis of the
recombinant plasmid DNA was carried out by EcR [
digestion. The plasmid DNA containing DNA fragment
insertion was further nucleotide-sequenced with either
forward or reverse M13 primer as the sequencing primer
(customized by Macrogen Inc., Korea).

Bioinformatic analysis

The nucleotide sequences obtained from each clone were
identified by comparison with known nucleotide sequences
in the human genome database (http://www.ncbi.nlm.nih.
gov/blastn) via BLASTn program.

Real-time quantitative PCR

The 3 loci on chromosomes 2q24, 17p13.2, and 18p11
were identified from the altered band. Specific primers
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Figure 1 Representative AP-PCR fingerprints of ICC (T) and corresponding
normal tissue DNA (N), with primer BC17. Arrowhead indicates the position of
altered DNA fragments.

were designed using the GeneFisher program (http://
www.genefisher.com), i.e. 5TGGACAAACAGGCTCCA
3' (forward primer) and 5'CTGGCTTCTCGCGAGA
3' (reverse primer) for DNA alteration on chromosome
2q24, 5’CATGCCAACTGCATCCA 3' (forward primer)
and 5'TCTCCAGTGGTTTCCCAA 3' (reverse primer)
for detection of allelic imbalance on chromosome 17p13.2
and 5'GAGTTGGACCTTTCCAGA 3' (forward primer)
and 5"TGCTTGCACAGATGTGA 3' (reverse primer)
for determination of DNA alteration on chromosome
18p11. The DNA alterations on these chromosomal loci
were detected by real-time PCR using the specific primers
(BioService Unit, Thailand). The S-globin gene amplified
from DNA extracted from cancerous and corresponding
normal tissues was normalized as a reference gene.
PCR was performed in a total volume of 20 pl. in each
LightCycler glass capillary, containing 40 ng genomic
DNA, 3 mmol/L MgClz, 5 umol/L of each primer and
1 X LightCycler FastStart DNA Master SYBR Green
I (Roche Diagnostic, Germany). The PCR condition
consisted of an initial denaturation step at 95°C for 15 s,
at 67°C-57°C (step delay 15 cycles, touchdown PCR) for
5 s, and at 72°C for 20 s. Thermal cycling and fluorescent
monitoring were performed using a LightCycler (Roche
Applied Science, Germany). The point at which the PCR
product is first detected above the fixed threshold, termed
the cycle threshold (Ct), was determined for each sample.
The relative concentrations were determined employing
Ct values, which are equivalent to the cycle number at
which the PCR product is first detected above a fixed
threshold. The Ct values obtained from the analyzer were
then calculated for DNA copy number utilizing the delta-
delta-Ct method™. Samples were run in duplicate. In
this study, a sample with an amplification = 1.5 fold was
interpreted as having DNA amplification, otherwise <
0.5 was interpreted as having allelic loss, and the rest was
interpreted as no aberration”.

Statistical analysis

Clinicopathological features of patients with ICC, including
patient’s age at initial diagnosis, gender, histological type,
tumor size, lymph node and/or intrahepatic metastasis,
were correlated with the alterations in the distinct region.
Results were evaluated by y’-test. Survival analysis was
carried out with patients who were followed up for at
least 200 wk, or until death, after surgery. Three patients
who died in the post-operative period were excluded and
4 cases were lost to follow-up. Thus, only 45 patients
were available for the survival study. Overall survival
distributions were calculated by Kaplan-Meier method
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Figure 2 Real-time PCR SYBR Green I fluorescence record versus cycle
number of target fragment (518bp) and reference gene (8-globin) in tumor DNA
and corresponding normal DNA, in case of DNA amplification (A) and allelic loss (B).

and analyzed by log-rank test. P < 0.05 was considered
statistically significant.

RESULTS

DNA alterations detected by AP-PCR and quantitated by
real-time PCR

In this study, all genomic DNAs from 52 Thai patients
with ICC were analyzed using 33 different arbitrary
primers. Twenty-one of 33 decamer primers revealed
genetic aberrations. The highest frequency of altered band
(518 bp) was from a DNA fingerprint amplified from
the BC17 primer (Figure 1). The discriminative band was
cloned, sequenced, and identified by BLASTn program
for locus identification. The results revealed 3 different
sequences deposited in NCBI, including clone RP11-
357L2 on chromosome 2q24 (AC009961.11) and clone
RP11-931H21 on chromosome 17p13.2 (AP005900.1)
as well as clone RP11-459C13 on chromosome 18p11
(ACO067815.5). The changes in DNA copy number at the
3 definite regions were quantitated by real-time PCR with
specific primers (Figure 2). Their reliability was confirmed
by running amplicons at cycle 33, the mid log phase of
fluorescence graph, on 0.8% agatrose gel and stained with
ethidium bromide (Figure 3). The results indicated that, of
all 52 patients with ICC, aberrations in the DNA fragment
on chromosome 2q24 were observed in 9 cases (18%),
including 6 (12%) with DNA amplification and 3 (6%)
with allelic loss; 23 cases (44%) had allelic imbalance on
chromosome 17p13.2, of these, 16 (31%) showed DNA
amplification and 7 (13%) allelic loss; 27 cases (52%)
presented DNA alteration on chromosome 18p11, 25
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Figure 3 Changes in DNA copy number of ICC (T) and corresponding normal
tissue DNA (N) compared with reference gene (B-globin). Case 11 showed no
change. Cases 23 and 31 showed loss of DNA copy number, whereas cases 26
and 45 showed DNA amplification at chromosome 17p13.2.
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Figure 4 Kaplan-Meier estimated survival rates according to the altered DNA
fragment on chromosome 17p13.2.

(48%) had DNA amplification and 2 (4%) allelic loss.

Association between allelic imbalance and patient
clinicopathological parameters

Statistical analysis showed that DNA amplification on
17p13.2 was associated with a good prognosis, median
survival time (wk) of amp »s no amp was 44.14 »s 24.14
(P = 0.002); whereas allelic loss on this chromosomal
region corresponded with a poor prognosis, median
survival time (wk) of loss »s no loss was 18.00 »s 28.71
(P = 0.019). Moreover, Kaplan-Meier survival curves
showed significant correlation with allelic aberrations on
chromosome 17p13.2, the median survival time equal to
DNA amplification, allelic loss, and normal was 44.14 wk,
18.00 wk, and 24.29 wk, respectively (P = 0.005 for all, by
log-rank test) (Figure 4). However, the DNA alterations
on chromosome 17p13.2 did not correlate with the
clinicopathological data (Tables 1 and 2).

DISCUSSION
The modified AP-PCR technique is a useful method

for screening genetic alterations in various cancers,
such as novel gene alteration on chromosome 11q23.2
in Wilms tumor™, gene amplification on chromosome
10g24.3 in ovarian cancer™ and DNA amplification on
chromosomes 2p25.3 and 7q11.23 in CCA™. In addition,
amplification of the DNA on chromosome 2p25.3 has
been predominantly observed in poorly differentiated
tumors of cholangiocarcinoma patients[%].

In this study, we used this AP-PCR technique to detect

Table 1 Clinocopathological parameters and DNA amplification

of the target fragment (518 bp) on chromosome 17p13.2 in
ICC patients

Parameters DNA amplification P OR (95% CI)
TR
n (%) n (%)
Age (yr) 0.771
<50 6(37.5) 10 (62.5) 1.00 (referent)
>50 12 (33.3) 24 (66.7) 0.83 (0.24-2.84)
Gender 0.69
Male 14 (33.3) 28 (66.7) 1.00 (referent)
Female 4(40.00 6 (60.0) 1.33 (0.32-5.51)
Histological type 0.61
Well-differentiated 7(29.2) 17 (70.8) 1.00 (referent)
Moderately differentiated 7 (50.0) 7 (50.0) 2.43 (0.51-12.04)
Poorly differentiated 5 (45.5) 6 (54.5) 2.02 (0.37-11.45)
Tumor size (cm) 0.843
<7 3(20.0) 12 (80.0) 1.00 (referent)
>7 3(23.1) 10 (76.9) 1.20 (0.20-7.31)
Metastasis 0.368
Positive 14 (40.0) 21 (60.0) 1.83 (0.41-8.58)
Negative 4(26.7) 11 (73.3) 1.00 (referent)
Lymph node metastasis 0.197
Positive 8(53.3) 7(46.7) 2.29 (0.54-9.88)
Negative 10 (33.3) 20 (66.7) 1.00 (referent)

Table 2 Clinocopathological parameters and allelic loss of the

target fragment (518 bp) on chromosome 17p13.2 in ICC
patients

Parameters Allelic loss P OR (95% CI)
+ -
n (%) n (%)
Age (yr) 0.456
<50 3(18.8) 13 (81.3) 1.00 (referent)
> 50 4(11.1) 32(88.9) 0.54 (0.11-2.76)
Gender 0.721
Male 6(14.3) 36 (85.7) 1.00 (referent)
Female 1 (10.0) 9 (90.0) 0.67 (0.07-6.26)
Histological type 0.726
Well-differentiated 6(25.0) 18 (75.0) 1.00 (referent)

Moderately differentiated 6 (42.85) 8 (57.15) 2.25 (0.45-11.62)

Poorly differentiated 3(27.27) 8(72.73) 1.13 (0.17-7.25)
Tumor size (cm) 0.63

<7 2(133) 13 (86.7) 1.00 (referent)

>7 1(7.7) 12 (92.3) 0.54 (0.04-6.77)
Metastasis 0.447

Positive 5(14.3) 30(85.7) 2.33 (0.22-57.93)

Negative 1(6.7) 14 (93.3) 1.00 (referent)
Lymph node metastasis 0.737

Positive 2(13.3) 13 (86.7) 1.38 (0.14-12.27)

Negative 3(10.0) 27 (90.0) 1.00 (referent)

and characterize genomic instability in primary ICC.
According to the delta-delta-Ct method™, the DNA copy
number could be detected by real-time PCR, calculated
and compared with an internal control®™. The result
revealed allelic imbalance on chromosome 17p13.2 in 44%
of ICC patients and was prognostic for these patients.
BLAST analysis showed several candidate genes at this
chromosomal region, such as ¢yb542 (cytochrome b5
domain containing 2), zzef7 (zinc finger, ZZ-type with
EF-hand domain 1), ap2a3 (ATPase, Ca"™” transporting,
ubiquitous), p2rx7 (purinergic receptor P2X, ligand-
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gated ion channel, 1), and camkk] (calcium/calmodulin-
dependent protein kinase kinase 1, alpha). Of those,
variants of camkkl gene confer susceptibility to lung
cancer”

In addition, this DNA fragment was located 3.5 Mbp
from p53 (17p13.1), a generally altered tumor-suppressor
gene that controls cell proliferation and survival through
several coordinated pathways, and this gene mutation plays
a key role in the development of several cancers, including
CcA[30»32].

Deletion of the 17p13.2 locus has also been connected

to breast cancer’™ brain malignancy""

and gastric
adenocarcinoma™. Likewise, the allelic imbalance on
chromosome 17p13 presented in various malignancies,
such as non-small-cell lung cancer (NSCLC)", natural
killer (NK) cell lymphomas/leukemias””, and sporadic
breast cancer”™ ", indicating that the aberration imbalance
on chromosome 17p13-13.2 might play an important role
in cancer development.

In our series of 45 ICCs, Kaplan-Meier survival
analysis (Figure 4) showed that the altered DNA sequence
on chromosome 17p13.2 affected patient survival (P =
0.005), with DNA amplification patients having longer
lives (44 wk) than those with allelic loss in the particular
region (18 wk), showing that DNA alterations on
chromosome 17p13.2 could serve as prognostic indicators
for cholangiocarcinoma.

In keeping with the theory that pathological parameters
are not prognostic for ICC patients, age, gender, tumor
size, and metastasis all failed to correlate with outcome.
Lymph node metastasis is the strongest factor for ICC
after surgery™ ™. Although previous reports suggested
that some types of ICC might be less aggressive, even
if lymph node metastasis is present'™ ™ some ICC
tumors might produce lymph node metastasis at an eatly
stage, suggesting that surgery might control lymph node
metastasis in selected ICC patients.

In conclusion, aberrations in DNA amplification on
chromosome 17p13.2 provide an independent biological
predictor of survival for ICC patients. Thus, assessment of
this specific region could help identify patients who might
benefit from particulatly aggressive surgical strategies, and
could also be useful for planning adjuvant therapies during
follow-up.
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