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Abstract

AIM: To determine the role of circulating tumor cells
(CTCs) in prediction of the overall survival of patients
with advanced malignant biliary tract obstruction.

METHODS: We investigated the prognostic value of
CTCs by examining two markers, cytokeratin (CK) 19
and human telomerase reverse transcriptase (hTERT)
mRNA, in 40 patients diagnosed with advanced malig-
nant biliary tract diseases. Quantitative real-time re-
verse transcription polymerase chain reaction was used
to detect CK19 and hTERT mRNA in the peripheral
blood of these patients. Overall survival was analyzed
using the Kaplan-Meier method and Cox regression
modeling.
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RESULTS: Positive CK19 and hTERT mRNA expression
was detected in 45% and 60%, respectively, of the 40
patients. Univariable analysis indicated that positive
CK19 mRNA expression was significantly associated
with worse overall survival (P = 0.009). Multivariable
analysis determined that positive CK19 mRNA expres-
sion, patient’s age and serum bilirubin were each inde-
pendently associated with overall survival.

CONCLUSION: CK19 mRNA expression levels in pe-
ripheral blood appear to provide a valuable marker to
predict the overall survival of patients with advanced
malignant biliary tract obstruction.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Malignant biliary tract obstruction is a condition that can
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result from tumors of the biliary tract, ampulla of vater,
duodenum or head of the pancreas. In Thailand, cholan-
giocarcinoma (CCA) is the most common cause of ma-
lignant biliary tract obstruction'. Despite recent advanc-
es in the diagnosis and treatment of this disease, patient
outcome remains poor. The high mortality rate arising
from malignant biliary tract obstruction is due to the ag-
gressiveness of tumors that are often discovered at a late
stage of disease progressionm. Palliative therapeutic ap-
proaches to endoscopic biliary drainage, such as the use
of endoprosthesis stents, are generally recommended for
these patients. The two major types of endoprosthesis
stents are plastic or polyethylene (PE) stents and self-
expanding metal stents (SEMS). Previous studies have
demonstrated that partial or total occlusion of PE stents
usually occurs 3-4 mo after insertion”. Four randomized
controlled studies demonstrated that SEMS exhibited a
significantly higher patency rate as compared with the
PE stents (9 mo 25 1.5 mo)*”; however, SEMS is much
more expensive than PE stents (1500 USD #s 80 USD,
in Thailand). A recent study indicated that patients who
have a predicted survival duration of more than 4.5 mo
should use SEMs for their palliative biliary drainage[sl. In
this instance, the higher cost of the SEMs is balanced
by a decreased need for repeat intervention that is of-
ten necessary in patients who have received PE stents.
Therefore, identification of reliable prognostic factors
that allow for an accurate prediction of survival duration
in patients with advanced malignant biliary tract obstruc-
tion is extremely important.

One of the major mechanisms for tumor metastasis
is the dissemination of tumor cells from the primary tu-
mor into circulating blood™. Previous studies have indi-
cated that detection of circulating tumor cells (CTCs) in
the peripheral blood can be used in staging and progno-
sis stratification for breast and colon cancer patients'” 7,
Until now, however, there has been no study concerning
the role of the detection of CTCs as a prognostic factor
in patients with malignant biliary tract diseases.

To date, the most common CTCs detection method
is quantitative real-time reverse transcription polymerase
chain reaction (RT-PCR), a process that can detect
mRNA expression levels of the genes coding for these
tumor antigensm. A high-quality detection marker is
required for efficient quantitative real-time RT-PCR-me-
diated detection of CTCs. Therefore, identification of a
good target marker is of the utmost importance for CTC
detection. Several gene markers, such as cytokeratin (CK)
19 and human telomerase reverse transcriptase (WTERT),
have been evaluated as tumor-specific markers for the
detection of CTCs in gastrointestinal cancers'™",

hTERT mRNA can be detected in 85% of all cancer
cells, including cholangiocarcinoma cells"”. This is in
contrast to most normal cells, which exhibit little or no
expression. Our previous study demonstrated that high
levels of hTERT mRNA can be detected in the blood
circulation of cholangiocarcinoma patients, and it has
also been suggested that hTERT mRNA is a promising
marker for the detection of cancer cells”.
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CK19 is generally expressed in ductal epithelium (bile
ducts, pancreas, and renal collecting tubules) and in the
mucosa of the gastrointestinal tract. CK19 immunohis-
tochemistry is used in diagnostic pathology mainly to
confirm epithelial immunophenotype in undifferentiated
tumors or to establish biliary, pancreatic or renal ductular
originm]. Most adenocarcinomas arising from the gastro-
intestinal tract are CK19 positive, including cholangio-
carcinoma and pancreatic cancer!'”. Many investigators
have used the detection of CK19 mRNA in peripheral
blood as a target gene to investigate CTCS“4’19’20]; how-
ever, until now there has been no study focusing on the
detection of hTERT and CK19 in the peripheral blood
of patients with malignant biliary tract diseases.

This study was aimed to evaluate if the levels of
CTCs could be used to predict the overall survival of pa-
tients with advanced malignant biliary tract obstruction.
CK-19 and HTERT were selected as the target genes for
CTCs. In addition, this study was performed in accor-
dance with the REporting recommendations for tumor
MARKer prognostic studies”" to ensure the standardiza-
tion and transparency of the study.

MATERIALS AND METHODS

Patients and samples
We prospectively included the patients with advanced
malignant biliary tract diseases who underwent pallia-

tive endoscopic retrograde cholangiopancreatography
or percutaneous transhepatic biliary drainage at Depart-
ment of Surgery, Rajavithi Hospital from January 2008
to December 2009. The cutoff date for data analysis was
December 31, 2010. The inclusion requirements includ-
ed patients present with malignant bile duct obstruction
that was not amenable to curative resection and patients
who were followed up for at least one month after bili-
ary tract drainage. All blood and clinical information was
obtained with patient informed consent after approval
by the Rajavithi Hospital Ethics Committee.

Pre-treatment fasting blood samples were collected
from the peripheral vein into ethylenediaminetetraacetic
acid-containing tubes. The first 3 mL blood was dis-
carded to prevent epidermal contamination (2-syringe
technique). Sample processing was performed within
1 h of blood withdrawal. Blood was transferred into
a 30-mL falcon tube and centrifuged at 1800 t/min at
room temperature for 20 min. Plasma was removed, and
the peripheral blood mononuclear cell (PBMC) fraction
was stored at -80 C until use.

RNA extraction and cDNA synthesis

The total RNA of PBMC fraction samples was extracted
using the RNeasy mini kit (Qiagen, GmbH, Germany)
following the protocol provided by the manufacturer.
RINA integrity was checked by electrophoresis and quanti-
fied by absorption at 260 and 280 nm using a spectropho-
tometer (Beckman Coulter Du” 800, Fullerton, CA). Total
RINA was reversely transcribed using random primers and
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Table 1 Primer sequences

Primer Forward Reverse

hTERT GCGGAAGACAGTGGTGAACT AGC TGGAGTAGT CGCTCT GC
CK19 CCCGCGACTACAGCCACTA  GCTCATGCGCAGAGCCT
B-Actin  GTGGGGCGCCCCAGGCACCA GTCCTTAATGTCACGCACGATTTC

hTERT: Human telomerase reverse transcriptase; CK19: Cytokeratin 19.

Table 2 Clinical characteristics of patients with advanced ma-

lignant biliary tract obstruction

Parameters n (%)
Gender Male 23 (57.5)
Female 17 (42.5)
Age (yr) <60 18 (45.0)
> 60 22 (55.0)
Type of cancers  Hilar cholangiocarcinoma 28 (70.0)
Pancreatic cancer 6 (15.0)

Common bile duct cancer 2(5.0)

Ampullary cancer 2 (5.0)

Gall bladder cancer 2(5.0)

the IscriptTM cDNA synthesis kit (Bio-Rad, Hercules,
CA, United States) following the protocol provided by the
manufacturer. cDNA was stored at -80 °‘C until use.

Detection of CK-19 and hTERT mRNA by quantitative
real-time PCR

Expression of CK79 and ATERT genes was analyzed
using specific primers (Table 1). In this assay, the house-
keeping gene f-actin was used as an internal control to
normalize variations in integrity and the total amount of
cDNA. Quantitative real-time PCR assays were performed
in triplicate using SYBR Green master mix (Superarray,
Frederick, MD, United States) on the Chromo 4™ System
(M] Opticon Monitor ver. 3.1) (Bio-Rad, United States)
for 20 min at 50 ‘C. After this, 42 cycling steps for am-
plification of PCR products were performed (15 s, 94 'C
for denaturation; 30 s, 60 “C for annealing; and 30 s, 72 'C
for extension). Melting curve analysis was used to assess
the specificity of the amplified products. The expression
levels of CK79 and ATERT genes from the cDNA were
measured by quantitative real-time PCR using the relative
quantification method (2*“ method)*. The fold-change
in gene expression was normalized to a housekeeping
gene (B-actin) and relative to a calibrator sample. A pool
of cDNA derived from the PBMCs of 30 cases of be-
nign (common bile duct stone and gall stone) biliary tract
diseases was used as the calibrator source™. Evaluation
of the 2** indicates the fold change in gene expression
relative to the calibrator. In this study, we set the positive
value as a fold change in gene expression that was greater
than 1.5 times relative to the calibrator and the negative
value was set as a fold change in gene expression that was
lesser than or equal to 1.5 times relative to the calibrator.

Determination of blood chemistries in serum samples
Biochemical studies of serum samples, including aspar-
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tate aminotransferase (AST), alanine aminotransferase
(ALT), total and direct bilirubin, alkaline phosphatase,
carcinoembryonic antigen (CEA) and cancer antigen
(CA)19-9, were measured using routine automated meth-
ods in the Pathological Laboratory at Rajavithi Hospital.

Cell lines and cell spiking experiments

The human cholangiocarcinoma cell line RMCCA
was incubated in Ham’s F12 medium (Invitrogen-Gibco,
Carlsbad, CA, United States) containing 10% fetal calf
serum (Euroclone-Celbio, Pero, MI) at 37 C in 5% CO..
To determine the sensitivity of quantitative real-time
PCR for detecting cancer cells in PBMCs, cell spiking
experiments was performed. The PBMCs obtained from
healthy volunteers were counted and diluted in Ham’s
F12 medium. RMCCAT1 cells were serially diluted from 1
% 10° cells/mL to 1 cell/ml. and added to the PBMCs.
Quantitative real-time PCR was then performed to de-
tect CK19 and hTERT mRNA.

1 [24]

Statistical analysis

The primary endpoint of this study was the overall
survival of the patients. Survival curves were estimated
using the Kaplan-Meyer method, and univariable sur-
vival comparisons were calculated according to the log
rank test. Multivariable survival analysis was performed
using the Cox proportional hazards regression model.
The quantitative variables were compared using Mann-
Whitney U or Student’s 7 test, as appropriate. Qualita-
tive variables were reported as counts, and comparisons
between independent groups were performed using the
Pearson ;(2 test. All tests of significance were two sided
and P < 0.05 was considered statistically significant.

RESULTS

Patient characteristics

Forty-two patients with malignant biliary tract disease
were included in this study. Two patients were excluded
because of the poor quality of the RNA extracted from
their peripheral blood. The average age of these patients
was 02 years (range, 41-82 years). With regard to cancer
type, 6 (15.0%) were pancreatic head cancer, 2 (5.0%)
were ampullary cancer, 2 (5.0%) were gall bladder cancer,
2 (5.0%) were middle and distal common bile duct cancer
and 28 (70.0%) were hilar cholangiocarcinoma. The clini-
cal characteristics of the patients are shown in Table 2.

Cell spiking assay

CK19 and hTERT mRNA levels were elevated in the
RMCCAT cell line (Figure 1); therefore, we decided to
use this cell line as a positive control for our study. De-
tection sensitivity of the quantitative real-time PCR assay
was determined by serial 10-fold dilutions of RMCCA1
cells in PBMCs. The results demonstrated that CK19
and hTERT mRNA could be detected at levels up to
1000 cells per 10" PBMC dilutions.
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Figure 1 Gene expression levels of cytokeratin 19 and human telomerase
reverse transcriptase in RMCCA1 cells (as measured by quantitative real
time polymerase chain reaction). A: Amplification plot of cytokeratin (CK)19
mRNA from 10 000 RMCCA1 cells. (a) 1000 RMCCA1 cells; (b) amplification
plot of human telomerase reverse transcriptase ("TERT) mRNA from 10 000
RMCCA1 cells; (c) 1000 RMCCA1 cells; and (d) are demonstrated; B: SYBR
Green melting curve for quantitative real time reverse transcription polymerase
chain reaction (RT-PCR). The melting curves from quantitative real time PCR
for CK19 (a) and hTERT (b) consistently gave a single peak with no evidence of
non-specific amplification or primer-dimerisation.

Detection of hTERT and CK19 mRNA in PBMCs of
malignant biliary tract disease patients

PBMC samples from 40 patients were evaluated for the
expression of h'TERT and CK19 mRNA. The expres-
sion was positive (gene expression more than 1.5 times
relative to the calibrator) in 45% (18/40) of samples for
CK19 mRNA and 60% (24/40) of samples for hTERT.
Figure 2 illustrates the distribution of CK19 mRNA and
hTERT mRNA expression in the peripheral blood of
these patients.

Relationship between CK19 and hTERT mRNA
expression in peripheral blood and clinic pathological
features of patients

No statistically significant difference was found among
the data obtained from the patients considered as nega-
tive or those who were positive for hTERT or CK19
mRNA expression in PBMCs. Factors evaluated includ-
ed gender, age, serum albumin, globulin bilirubin AST
and ALT and alkaline phosphatase levels (Table 3).

Survival analysis
At the time of data analysis, only 1 patient was alive and
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Table 3 Clinical characteristics of patients with negative and

positive cytokeratin 19 and human telomerase reverse tran-
scriptase gene expression

CK79 gene P ATERT gene P
Negative Positive value Negative Positive Vvalue

Age (yr) 6380 6138 042 6526 60.88 0.16
Sex (male: female) 11:11 126 0.35' 88 159 052
Total bilirubin (mg/dL) 1621 1642 095 1773 1547 053
Albumin (g/dL) 288 297 0.62 283 299 036
Globulin (g/dL) 398 376 042 392 384 0.9
AST (U/L) 8457 11280 023  69.27 117.48 0.12
ALT (U/L) 4247 6585 012 3487 66.68 0.28
ALP (IU/L) 44968 52885 056 436.88 42191 0.98
BUN (mg/dL) 1377 2658 013 1225 2352 0.18
Creatinine (mg/dL) 075 130 020 061 119 0.22
CA19-9 (U/mL) 57020 594.30 0.62° 1818.00 259.15 0.11°
CEA (ng/mL) 747 568 050° 721 582 023

Quantitative variables are presented as the mean value, with the excep-
tion of cancer antigen (CA)19-9 and carcinoembryonic antigen (CEA),
which are presented as median values. 'Pearson *was used to compare
two groups; “Mann-Whitney U test was used to compare groups. CK19:
Cytokeratin 19; hTERT: Human telomerase reverse transcriptase; AST: As-
partate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline
phosphatase; BUN: Blood urea nitrogen.

39 patients had died. The median overall survival for
these patients was 4.0 mo (95% CI: 2.56-4.56). The me-
dian survival time was 1.7 mo in patients with positive
CK19 mRNA expression, whereas the survival time was
5.3 mo in patients with negative CK19 mRNA expres-
sion (Log Rank, P = 0.009). We found that the median sur-
vival time in patients with a negative h"TERT mRNA ex-
pression was not significantly different from patients with
positive "TERT mRNA expression (5.9 mo #s 3.2 mo, Log
Rank, P = 0.183) (Figure 3).

To identify variables that could be of potential prog-
nostic significance in patients with advanced malignant
biliary tract disease, univatriable and multivariable analyses
were performed using the Cox proportional hazard model
to compare the impact of the mRNA expression levels
of CK19 and hTERT. Other clinical parameters such as
positive or negative hTERT expression, CK19 expression
(positive or negative), CEA (cut-off value = 5 ng/mlL),
CA19-9 (cut-off value = 500 U/mL), total bilirubin (cut-off
value = 15 mg/dL) and albumin (cut-off value = 3 g/dL)
were also examined. Univariable analysis indicated that
only CK19 mRNA expression showed significance as a
prognostic factor. Multivariable analysis demonstrated
that CK19 mRNA expression (P = 0.024), age (P =
0.026) and serum bilirubin (P = 0.002) were all indepen-
dent risk factors for sutrvival. The relative risk for CK19
mRNA positive patients was 3.2 times greater than that
for CK19 mRNA negative patients (Table 4).

DISCUSSION

The highest incidence of cholangiocarcinoma occurs in
Thailand, and the majority of patients included in this
study were diagnosed with this disease!. In this study,
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Figure 2 The distribution levels of cytokeratin 19 and human telomerase reverse transcriptase genes in the peripheral blood of 40 patients. The positive
value is determined as a fold change in gene expression of more than 1.5 times relative to the calibrator.
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genes measured in the peripheral blood. CK19: Cytokeratin 19; hTERT: Human telomerase reverse transcriptase.

the median survival was 4.0 mo, a finding that is not sig-
nificantly different from the survival time (3.6-5.0 mo)
observed in previous studies of advanced malignant
biliary tract disease where the majority of patients were
diagnosed with pancreatic cancer”®. These results in-
dicate that all cancers that lead to malignant biliary tract
obstruction are highly lethal. Most advanced malignant
biliary tract disease patients can only be treated with pal-
liative biliary tract drainage.

The choice of stents (PE or SEMs) for endoscopic
palliation of jaundice due to malignant biliary tract ob-
struction is dependent upon the estimation of patient
survival™. Therefore, there is a need for more accurate
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tests to predict the survival of patients with advanced
malignant biliary tract diseases, as this could significantly
improve the treatment outcome for these patients. This
is the first cohort paper that studies the level of CTCs as
a prognostic factor for overall survival of patients with
advanced malignant biliary tract obstruction.

We used quantitative real-time RT-PCR to detect
CTCs. As a result of the PCR-based methods, we cannot
identify exactly the cell source of the measured markers.
Quantitative real-time RT-PCR assesses the expression
of target genes from mRNA extracted from the lysates
of cells harvested from the peripheral blood of pa-
tients. As such, these samples contain not only CTC but
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Table 4 Survival analysis using clinical parameters measured

by univariable and multivariable analysis

Univariable analysis
Hazard ratio

Multivariate analysis

Variables Hazard ratio

P value (95% CI) P value (95% CI)
CK19 expression  0.011' 242 (1.22-4.78)  0.024' 3.20 (1.17-8.75)
WTERT expression  0.188  1.60 (0.80-3.22) 0580 1.34 (0.47-3.82)
Age 0541  0.82(0.42-1.57) 0.026' 0.38 (0.16-0.89)
Total bilirubin 0106 1.72(0.89-3.31) 0.002' 3.97 (1.69-9.36)
Albumin 0.360  0.73 (0.37-1.35) 0.213  0.59 (0.26-1.35)
CA19-9 0.374  0.73 (0.37-1.43) 0.478 0.74 (0.32-1.70)
CEA 0.381  1.39(0.68-2.88) 0.124 1.86 (0.84-4.12)

'Statistically significant. CI: Confidence interval; CK19: Cytokeratin 19;
hTERT: Human telomerase reverse transcriptase; CA: Cancer antigen;
CEA: Carcinoembryonic antigen.

also PBMC, circulating endothelial cells and skin cells
(e.g., keratinocytes, fibroblasts and melanocytes) that
contaminate the sample during blood withdrawal and
provide alternate potential sources for the PCR-detected
genes' . Therefore, strict selection of target genes for
detection of CTCs is very important. In this study, we
used CK79 and ATERT genes as targets for the detection
of CTCs. Previous studies have suggested that CTCs
are likely to be the principal cell source for CK79 gene
expression, as CK19 expression is mainly restricted to
epithelial cells and is limited in normal peripheral blood
cells™*". Additionally, we used the 2-syringe technique
during blood collection to avoid epithelium contamina-
tion from injected site.

In our study, the patients with positive CK19 expres-
sion exhibited significantly shorter overall survival com-
pared with the patients with negative CK19 expression
(5.3 mo »s 1.7 mo; P = 0.009). Additionally, multivariable
analysis using the Cox regression model also demon-
strated that the levels of CK19 expression in petipheral
blood, the levels of serum total bilirubin and the age of
the patients can all function as independent prognostic
factors in patients with advanced malignant biliary tract
disease. This is consistent with previously published
studies that reported that positive CIK19 mRNA expres-
sion in peripheral blood was independently associated
with a reduction in disease-free survival in patients with
breast cancer™. In addition, positive CK19 mRNA ex-
pression in peripheral blood following chemoradiation
was an independent, unfavorable prognostic factor for
both overall survival and progression-free survival in pa-
tients diagnosed with non-small cell lung cancer!”!

In this study, there were more patients with positive
hTERT mRNA expression in peripheral blood than the
patients with positive CK19 mRNA expression (60%
vs 45%); however, detection of hTERT mRNA in the
peripheral blood was not identified as an independent
prognostic factor in this study. We suggested that the
detection of hTERT mRNA expression levels was not a
good candidate as a prognostic factor for patients with
advanced malignant biliary tract disease. It may be suit-
able for the distinction between malignant and benign
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biliary tract diseases in combination with other tumor
specific markers.

In this study, neither univariable nor multivariable
analysis indicated that serum levels of CA19-9 could be
used as a prognostic factor for patients with advanced
malignant biliary tract disease. This finding is inconsis-
tent with a previous study that indicated that the levels
of serum CA19-9 are of Erognostic relevance in patients
with biliary tract cancer™. We suggested that differ-
ences among the patients should be considered. Overall
survival in a previous study was 16.1 mo'”, whereas the
overall survival in our study was 4.0 mo. In addition, the
majority of patients in the previous study received che-
motherapy, while only two patients in our study received
this treatment. This finding reflects a higher disease se-
verity in the patients examined in our study.

Our study demonstrated that the expression of CK19
mRNA in PBMCs prior to palliative procedures was sig-
nificantly associated with overall survival of the patients
with advanced malignant biliary tract disease. We there-
fore recommend PE stents for patients with positive
CK19 mRNA expression in their peripheral blood. The
more expensive SEMS should be reserved for patients
with negative peripheral blood expression of CK19
mRNA. Further cost-effectiveness studies should be
conducted to evaluate the benefit of using CK19 mRNA
in helping the physician make decisions regarding the se-
lection of stent-type and the need for endoscopic repeat
intervention in patients with advanced malignant biliary
tract disease.

COMMENTS

Background

In Thailand, cholangiocarcinoma is the most common cause of malignant
biliary tract obstruction. Despite recent advances in the diagnosis and treat-
ment of this disease, patient outcome remains poor. Palliative therapeutic
approaches to endoscopic biliary drainage, such as the use of endoprosthesis
stents, are generally recommended for these patients. Identification of reliable
prognostic factors that allow for an accurate prediction of survival duration in
patients suffering from advanced malignant biliary tract obstruction is extreme-
ly important.

Research frontiers

This study demonstrated that the levels of circulating tumor cells (CTCs) could
be used to predict the overall survival of patients with advanced malignant bili-
ary tract obstruction.

Innovations and breakthroughs

The expression of cytokeratin (CK)19 mRNA in peripheral blood mononuclear
cells prior to palliative procedures was significantly associated with overall sur-
vival of patients with advanced malignant biliary tract disease.
Applications

This study recommends polyethylene stents for patients with positive CK19
mRNA expression in their peripheral blood. The more expensive self-expanding
metal stents should be reserved for patients with negative peripheral blood ex-
pression of CK19 mRNA.

Terminology

CTCs is the dissemination of tumor cells from the primary tumor into circulating
blood. The detection of CTCs can be used in staging and prognosis stratifica-
tion for cancer patients.

Peer review

This study provides evidences that high levels of CTCs in advanced malignant
biliary tract obstruction patients might be used as a prognostic factor. This is a
well performed and clearly presented study.
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