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ABSTRACT

Project Code: RSA5280002

Project Title:  Detection of circulating tumor cells by identify hTERT mRNA in cholangiocarcinoma
patients; is it clinically useful?

Investigator:  Kawin Leelawat MD, PhD. Department of Surgery, Rajavithi Hospital, Bangkok,
Thailand

E-mail Address: kawin.leelawat@gmail.com

Project Period: 1March 2009 - 1 March 2012

Objectives

1) To determine whether the circulating tumor cells (CTCs), serum levels of matrix
metalloproteinase (MMP)-7 and MMP-9 can discriminate cholangiocarcinoma patients from benign
biliary tract disease patients, 2) To determine whether the best selected marker from objective 1
has the potential to diagnosis cholangiocarcinoma in an independent prospective-consecutive study
and 3) To determine the role of CTCs in prediction of the overall survival of patients with advanced
malignant biliary tract obstruction.

Methods

1) We measured the level of CTCs (by examining two markers, cytokeratin (CK) 19 and human
telomerase reverse transcriptase (hTERT) mRNA from peripheral blood-mononuclear cells
(PBMC)), carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), MMP-7 and
MMP-9 in the blood samples of 44 cholangiocarcinoma and 36 benign biliary tract diseases
patients.

2) A total of 187 patients with obstructive jaundice were consecutively enrolled. After the diagnostic
status of these patients was ascertained, their levels of selected marker were assayed.

3) We investigated the prognostic value of CTCs, in 40 patients diagnosed with advanced
malignant biliary tract diseases.

Results

1) Among the blood levels of CTCs, CEA, CA19-9, MMP-7 and MMP-9, only the serum MMP-7
levels were significantly higher in the patients with cholangiocarcinoma compared to benign
biliary tract disease patients (p < 0.001).

2) The independent prospective study showed that the sensitivity and specificity of serum MMP7 for
diagnosis cholangiocarcinoma was 75% and 78%, respectively, while the sensitivity and
specificity of serum CA19-9 (cut-off value of 100 U/mL) was 68% and 87%, respectively.

3) Positive CK19 mRNA expression was significantly associated with worse overall survival (P =
0.009). Multivariable analysis determined that positive CK19 mRNA expression, patient's age
and serum bilirubin was each independently associated with overall survival.

Conclusion

Serum MMP-7 appears to be a valuable diagnostic marker in the discrimination of

cholangiocarcinoma from benign biliary tract disease. Positive CK19 mRNA levels in peripheral

blood appear to provide a valuable marker to predict the overall survival of patients with advanced
malignant biliary tract obstruction.

Keywords: Cholangiocarcinoma, circulating tumor cells, CK19 mRNA, hTERT mRNA , MMP-7



INTRODUCTION

The incidence of and mortality rate for cholangiocarcinoma varied considerably in different
geographic regions, with the incidence highest in Southeast Asia especially in Thailand [1]. In
United state, the most commonly recognized risk factors for cholangiocarcinoma is primary
sclerosing cholangitis (PSC)[2]. However, in Southeast Asia especially in Thailand, infection with
hepatobiliary flukes (Opisthorchis viverrini) is the most common risk factor for cholangiocarcinoma
[1, 3, 4]. Therapeutic options for cholangiocarcinoma have been limited due to poor response to
chemotherapy and radiation therapy. Surgery is perhaps the only effective treatment for
cholangiocarcinoma. Five-year survival rates of 32% to 50% are achieved in only a few numbers of
patients when negative histological margins are attained at the time of surgery [5-7]. To improve
the survival rate, the diagnosis and treatment of these patients should be performed as soon as
possible. In this project, we used the basic molecular methods to identify the novel tumor markers
for diagnosis cholangiocarcinoma. In addition, the prognostic markers for cholangiocarcinoma

patients were demonstrated.

For diagnosis of cholangiocarcinoma, it is very difficult to get the tissue due to the tumour
location and the desmoplastic reaction. In addition, this tumour usually grows along the bile duct
without expanding from the bile ducts as a mass forming. Computed tomography (CT), ultrasound,
or magnetic resonance imaging (MRI) often missed this lesion [8]. Therefore, identification of tumor
markers in the serum would be benefit in the clinical managing of this disease. To date, there are
two common tumor markers for detecting cholangiocarcinoma; carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA19-9). CEA is unspecific and can be elevated in the setting of

other gastrointestinal or gynecologic malignancies or other bile duct pathology such as cholangitis



and hepatolithiasis [9]. Previous studies demonstrated that the sensitivity and specificity for CA
19-9 value >100 U/ml for cholangiocarcinoma in primary sclerosing cholangitis (PSC) was 89% and
86%, respectively [3, 10]. However, A CA 19-9 cut off of 100 U/ml resulted in a sensitivity of only
53.0-67.5% for the diagnosis of cholangiocarcinoma in patients without PSC [11, 12]. In addition,
previous study demonstrated that the level of serum CA19-9 was depended on the severity of bile
duct obstruction and the degree of cholangitis. The rising of serum CA19-9 can be detected even
in benign bile duct diseases [13, 14]. Therefore the novel tumour markers for diagnosis
cholangiocarcinoma in patients without with PSC should be investigated. Typically tumour cells
invade basement membrane by secrete enzymes that digest the extracellular matrix protein. These
enzymes are known as Matrix metalloproteinase (MMPs). MMPs are zinc dependent
endopeptidase. They are involved in the mechanisms of the turnover and degradation of
extracellular matrix (ECM) components and basement membranes [15]. Recently, Itatsu k, et al.
examined the expression of MMPs in surgically resected specimens of cholangiocarcinoma by
immunohistochemical and found that 47.5 and 75.8% of these specimens expressed MMP-9 and
MMP-7 respectively [16]. Previous studies demonstrated that MMP-9 can be detected in serum of
gastric cancer patients and MMP-7 was increased in colorectal, ovarian and renal cancer patients
[17-20]. Therefore, detection of MMP-9 and MMP-7 in blood circulation may be useful for clinical
diagnosis of cholangiocarcinoma. However, until now, there is no study about the detection of

serum MMP-9 and MMP-7 in cholangiocarcinoma patients.

Circulating tumor cells (CTCs) detection in peripheral blood of epithelial cancer patients is
found to be a novel indicator for the presence of primary tumors and/or metastasis[21]. Previous

study indicated that micrometastases of gastric cancer can be detected in circulating peripheral



blood using quantitative real-time RT-PCR. In addition, CK19 is a better marker for CTCs than
CK18, CK20 and CEA[22]. Our group also suggested that the level of hTERT mRNA is significantly
high in cholangiocarcinoma patients[23]. Until now, however, there have been no studies
concerning the role of the detection of CTCs by using CK19 and hTERT gene in diagnosis
cholangiocarcinoma patients. Therefore, the first objective of this study is to study the accuracy of

the detection of serum MMP-9 and MMP-7 and CTCs for diagnosis of cholangiocarcinoma.

According to the study of biomarker implementation, it is now widely appreciated that the
evaluation of biomarker performance must be separated from biomarker discovery. In discovery
research, its performance in those samples may be biased in an overoptimistic direction. To
estimate performance without bias, an independent dataset should be investigated [24-26].
Therefore, the second objective study was to evaluate the performance of selected marker (the
best marker derived from the first objective) for diagnosis of cholangiocarcinoma in a new
independent data set of prospective consecutive cases of patients with evidence of bile duct
obstruction from various etiologies. This study was performed according to the PRoBE (a
prospective-specimen-collection, retrospective-blinded-evaluation) design [24]. We collected the
serum from a cohort that represents the target population (consecutive cases of obstructive
jaundice patients whom undergone ERCP, PTBD or bile duct surgery). After the diagnosis status of
these patients was ascertained, the value of selected markers were assayed in a fashion that
blinded to case-control status. In addition, we implemented the STARD statements [27-29] to
ensure standardization and transparency of our study.

The prognostic markers were studied in advance malignant biliary tract patients. Malignant

biliary tract obstruction is a condition that can result from tumors of the biliary tract, ampulla of



vater, duodenum or head of the pancreas. In Thailand, cholangiocarcinoma (CCA) is the most
common cause of malignant biliary tract obstruction [1]. Despite recent advances 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 aggressiveness of tumors that are often discovered
at a late-stage of disease progression [30]. Palliative therapeutic approaches 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 to 4 months after insertion [31]. Four randomized controlled studies
(RCTs) demonstrated that SEMS exhibit significantly higher patency rates compared to PE stents
(9 VS 1.5 months) [32-34]; however, SEMS are much more expensive than PE stents (1500 USD
versus 80 USD, in Thailand). A recent study indicated that patients who have a predicted survival
duration of greater than 4.5 months should use SEMs for their palliative biliary drainage [35]. In this
instance, the higher cost of the SEMs is balanced by a decreased need for repeat intervention that
is often 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 suffering from
advanced malignant biliary tract obstruction is extremely important.

One of the major mechanisms required for tumor metastasis is the dissemination of tumor
cells from the primary tumor into circulating blood [36]. Previous studies have indicated that
detection of circulating tumor cells (CTCs) in the peripheral blood can be used in staging and
prognosis stratification for breast and colon cancer patients [37] [38]. Until now, however, there
have been no studies concerning the role of the detection of CTCs as a prognostic factor in

malignant biliary tract disease patients.



To date, the most common CTCs detection method is quantitative real-time reverse
transcription (RT) -PCR, a process that can detect mMRNA expression levels of the genes coding for
these tumor antigens [39]. A high-quality detection marker is required for efficient quantitative real-
time RT-PCR-mediated detection of CTCs. Therefore, identification of a good target marker is of
the utmost importance for CTC detection. Several gene markers, such as human cytokeratin (CK)
19 and telomerase reverse transcriptase (hTERT), have been evaluated as tumor-specific markers
for the detection of CTCs in gastrointestinal cancers[23, 40].

Human telomerase reverse transcriptase (hTERT) mRNA can be detected in 85% of all
cancer cells, including cholangiocarcinoma cells[41]. 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[42].

Cytokeratin 19 (CK19) is generally expressed in ductal epithelium (bile ducts, pancreas,
and renal collecting tubules) and in the mucosa of the gastrointestinal tract. CK19
immunohistochemistry is used in diagnostic pathology mainly to confirm epithelial
immunophenotype in undifferentiated tumors or to establish biliary, pancreatic or renal ductular
origin [43]. Most of adenocarcinomas arising within the gastrointestinal tract are CK19 positive,
including cholangiocarcinoma and pancreatic cancer [44]. Many investigators have used the
detection of CK19 mRNA in peripheral blood as a target gene to investigate CTCs [44, 45];
however, until now there have been no studies involving the detection of hTERT and CK19 in the
peripheral blood of malignant biliary tract disease patients.

In this study, our aim was to evaluate if the levels of CTCs could be used to predict the

overall survival of patients diagnosed with advanced malignant biliary tract obstruction disease.
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Cytokeratin (CK)-19 and hTERT were selected as the target genes for CTCs. In addition, this study
was performed in accordance with the REporting recommendations for tumor MARKer prognostic

studies (REMARK) criteria [46] to ensure standardization and transparency of our study.
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METHODS

1) Detection of MMP7, MMP9, CTCs as a diagnostic marker for cholangiocarcinoma patients

Patients and samples

Pre-treatment fasting blood samples (n = 80) were collected from obstructive jaundice
patients underwent endoscopic retrograde cholangiography (ERCP) or biliary tract surgery at
Rajavithi Hospital. All patient serum and clinical information were obtained with patient consent
after approval by Rajavithi Ethics Committee. 36 patients were diagnosis of benign biliary tract
diseases and 44 patients were diagnosed as having cholangiocarcinoma without primary
sclerosing cholangitis by one of these criteria; 1) tissue biopsy (n=7), 2) cytology (n=17), and 3)
radiological finding (helical CT scan or MRI) and the clinical observation identify the progression of
tumour at follow up (n=20). Serum samples from these patients were separated by centrifugation
within 2 h and frozen at -80°C. The biochemical studies of serum samples, including AST, ALT,
total and direct bilirubin, alkaline phosphatase (ALP), CEA and CA19-9 were measured using

routine automated methods in the Pathological Laboratory at Rajavithi Hospital.

Measurement of serum MMP-7 and MMP-9

Serum MMP-9 and MMP-7 levels were measured using an enzyme-linked immunosorbent
assay (ELISA) kit (R&D Systems, Minneapolis, MN). The diluted serum samples were added in
duplicate to 96-well plates coated with the MMP-9 or MMP-7 antibody and incubated at room
temperature for 2 h. After washing three times with washing buffer, the conjugated secondary
antibody was added and the plate was further incubated for 2 h. Plates will be washed again prior

to incubation with the substrate solution for 1 h. The amplifier solution was then added and the
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plate was incubated for an additional 30 min. All incubation cycles were performed at room
temperature. Following termination of the reaction with the stop solution (1 N sulfuric acid), the
optical density was measured at 490 nm using a spectrophotometric microplate reader. The
concentration of MMP-9 and MMP-7 in each sample was calculated from a standard curve.
Detection of Circulating tumor cells (CTCs)

Total RNA of peripheral blood mononuclear cells (PBMC) fraction samples was extracted
using the RNeasy mini kit (Qiagen, GmbH, Germany) following the protocol provided by the
manufacturer. RNA integrity was checked by electrophoresis and quantified by absorption at 260
and 280 nm using a spectrophotometer (Beckman Coulter Du® 800, Fullerton, CA). Total RNA was
reverse-transcribed using random primers and the IscriptTM cDNA synthesis kit (Bio-Rad,
Hercules, CA, USA) 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 CK19 and hTERT genes was analyzed using specific primers. In this assay,
the housekeeping gene B—actin was used as an internal control to normalize variations in integrity
and total amount of cDNA. Quantitative real-time PCR assays were performed in triplicate using
SYBR Green master mix (Superarray, Frederick, MD, USA) on the Chromo 4™ System (MJ
Opticon Monitor ver. 3.1) (Bio-Rad, USA). The conditions began with 20 min at 50°C. After this, 42
cycling steps for amplification 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 CK19 and hTERT genes were

measured from the cDNA by quantitative real time PCR using the relative quantification method (2°
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Alct method)[47]. The fold-change in gene expression was normalized to a housekeeping gene

(B-actin).

Primer Forward Reverse
hTERT GCGGAAGACAGTGGTGAACT AGC TGGAGTAGT CGCTCT GC
CK19 CCCGCGACTACAGCCACTA GCTCATGCGCAGAGCCT

B-Actin GTGGGGCGCCCCAGGCACCA GTCCITAATGTCACGCACGATTITC

Statistical analysis

Comparison between the quantitative variables was performed by using Mann-Whitney U or
Student's t-test, as appropriate. Qualitative variables were reported as count and comparisons
between independent groups were performed by using by Pearson Chi-square. The diagnostic
accuracy of each of the candidate biomarkers was evaluated using receiver operating characteristic
(ROC) curve analysis , which correlate true- and false-positive rates [sensitivity and (1—specificity)],
was constructed. In addition, an area under the ROC curve (AUC) with 95% confidence intervals
(Cl) was calculated for each marker. The optimal cut-off points for MMP-9 and MMP-7 were
selected base on ROC curve analysis. Sensitivity, specificity, positive predictive value and negative

predictive value were calculated on the 2 x 2 table of the collected data.
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2) Prospective study for evaluation of selected marker from the first objective as a diagnostic

marker for cholangiocarcinoma patients

Patients and study design

This study was conducted at the Department of Surgery, Rajavithi Hospital, Bangkok,
Thailand. The study protocol was approved by the local ethic committee. The sample size was
calculated on the basis of an expected an area under the ROC curve of the serum MMP7 for
diagnosis of cholangiocarcinoma of 0.70[48]. By use of a significant level of 0.05 (two sided) and
power of 0.95, a sample of 50 from the cholangiocarcinoma patients was required. From the
previous data, the prevalence of cholangiocarcinoma detection from obstructive jaundice patients
treated at our department is 30%. Therefore we prospectively included 200 consecutive patients
who had the symptoms of obstructive jaundice and undergone ERCP, PTBD or bile duct surgery
during June 2008 to July 2009. Exclusion criteria included present of other cancers except biliary
tract cancer (cholangiocarcinoma, gall bladder cancer and periampullary cancer), age lesser than
20 years and present of severe pulmonary fibrosis[20]. All patients gave their written inform
consent. Diagnosis of cholangiocarcinoma was performed as previously described by one of the
following criteria [48]; 1) tissue biopsy, 2) cytology, and 3) radiological finding (helical CT scan or
MRI) and clinical observation to identify the progression of the tumor at follow up at least 2 months.

The patients whom their diagnosis was not conclusive were excluded from this study.

Serum collection and measurement of serum biochemistry

The 5 ml of fasting peripheral venous blood from these patients were collected at the time
before the procedures (ERCP, PTBD, or bile duct surgery) and their serum were separated and

stored at -78°c within 2h. Serum biochemical test including albumin, globulin, AST, ALT, total and
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direct bilirubin, alkaline phosphatase (ALP) and CA19-9, were measured using routine automated

methods in the Pathological Laboratory at Rajavithi Hospital.

Measurement of serum MMP7

For the evaluation of serum MMP7 as a marker for the diagnosis cholangiocarcinoma, the
value of serum MMP7 was studied in a fashion that blinded to case-control status after the
diagnosis status of these patients was ascertained. The serum level of MMP7 was measured by
using an enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN) as
previously described [48]. Briefly, the diluted serum samples were added in duplicate to 96-well
plates coated with the MMP7 antibody and incubated at room temperature for 2 h. After washing,
the conjugated secondary antibody was added, and the plate was further incubated for 2 h. Plates
were washed again prior to incubation with the substrate solution for 1 h. Following termination of
the reaction with the stop solution (1 N sulfuric acid), the optical density was measured at 490 nm
using a spectrophotometric microplate reader. The concentration of MMP7 in each sample was
calculated from a standard curve. The scientist examining these serum specimens was not aware
of the patient's diagnosis. In addition, the test results of MMP7 had no influence on clinical

diagnosis of these patients.

Statistical analysis

Data are presented as the mean = SD, unless otherwise mentioned. Comparison between
the quantitative variables was performed by using Mann-Whitney U or Student's t-test, as
appropriate. Qualitative variables were reported as counts, and comparisons between independent
groups were performed by using by Pearson Chi-square. Correlations between MMP7 levels and

other parameters were checked with the Pearson correlation coefficient. A receiver operating
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characteristic (ROC) curve was generated by plotting the sensitivity against 1-specificity, and the
area under the curve with 95% confidence intervals was calculated. The optimal cutoff points for
MMP7 were selected based on the ROC curve analysis. Sensitivity, specificity, positive predictive

value and negative predictive value were calculated using a 2 x 2 table of the collected data.
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3) To evaluate if the levels of CTCs could be used to predict the overall survival of patients

diagnosed with advanced malignant biliary tract obstruction disease

Patients and samples

We prospectively included the patients with advanced malignant biliary tract diseases who
had undergone palliative ERCP or PTBD at Department of Surgery, Rajavithi Hospital during a
period from January 2008 to December 2009. The cutoff date for data analysis was December 31,
2010. For inclusion in the study, it was required that patients present with malignant bile duct
obstruction that was not amenable to curative resection and that patients submit to a follow-up
examination after at least 1 month. All patient blood and clinical information was obtained with
patient consent after approval by the Rajavithi Hospital Ethics Committee.

Pre-treatment fasting blood samples were collected from the peripheral vein into EDTA-
containing tubes. The first 3 mL of blood were discarded to prevent epidermal contamination (2
syringe technique). Sample processing was performed within 1 hour of blood withdrawal. Blood
was transferred into a 30-mL falcon tube and centrifuged at 1,800 rpm at room temperature for 20
minutes. Plasma was removed, and the peripheral blood mononuclear cell (PBMC) fraction was
stored at -80°C until used.

RNA extraction and cDNA synthesis

Total RNA of PBMC fraction samples was extracted using the RNeasy mini kit (Qiagen,
GmbH, Germany) following the protocol provided by the manufacturer. RNA integrity was checked
by electrophoresis and quantified by absorption at 260 and 280 nm using a spectrophotometer

(Beckman Coulter Du® 800, Fullerton, CA). Total RNA was reverse-transcribed using random
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primers and the IscriptTM cDNA synthesis kit (Bio-Rad, Hercules, CA, USA) 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 CK19 and hTERT genes was analyzed as previously described The
expression levels of CK19 and hTERT genes were measured from the cDNA by quantitative real

time PCR using the relative quantification method (2'AACt

method)[47]. 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 PBMCs of 30 cases of benign (common bile duct stone and gall stone)
biliary tract disease patients was used as the calibrator source[49]. Evaluation of the 2'AACt
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 AST, ALT, total and direct bilirubin,
alkaline phosphatase (ALP), CEA and CA19-9, were measured using routine automated methods
in the Pathological Laboratory at Rajavithi Hospital.
Cell lines and cell spiking experiments

The human cholangiocarcinoma cell line RMCCA1[50] was incubated in Ham’s F12 medium
(Invitrogen -Gibco, Carlsbad, CA, USA) containing 10% fetal calf serum (Euroclone - Celbio, Pero,
MI) at 37°C in 5% CO2. 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. RMCCA1 cells were serially diluted
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from 1 x 10° cells/milliliter to 1 cell/milliliter and added to the PBMCs. Quantitative real-time PCR
was then performed to detect CK19 and hTERT mRNA.
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 survival comparisons were
calculated according to the log rank test. Multivariable survival analysis was performed using the
Cox proportional hazards regression model. Comparison between the quantitative variables was
performed by using Mann-Whitney U or Student's t-test, as appropriate. Qualitative variables were
reported as counts, and comparisons between independent groups were performed using the
Pearson Chi-square test. All tests of significance were two sided and P < 0.05 was considered

statistically significant.
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RESULTS

1) Detection of MMP7, MMP9, CTCs as a diagnostic marker for cholangiocarcinoma patients

Patient Characteristics

In cholangiocarcinoma cases, there were 12 cases of intrahepatic cholangiocarcinoma and
32 cases of perihilar cholangiocarcinoma. Primary or secondary common bile duct stones (78%; n
= 28) was the most common diseases in this control patients. The clinical characteristics of the
patients in this study are shown in Table 1. No statistically differences were found among the data
of patients considered as controls and those with cholangiocarcinoma regarding gender, age,
serum albumin, globulin and ALT levels. However, the level of serum AST, bilirubin and alkaline
phosphatase were significantly higher in cholangiocarcinoma patients than in controls (Mann-

Whitney U test; p<0.05).
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Table 1 - Clinical characteristics of the patients with benign biliary tract disease (control) and

cholangiocarcinoma

Quantitative variables are presented as the means * standard deviation. #; Pearson Chi-
square was used to compare between two groups, *; the level of serum total bilirubin, direct
bilirubin, AST and ALP were significantly higher in cholangiocarcinoma patients than in controls

(Mann-Whitney U test; p<0.05).

Control Cholangiocarcinoma p value

(n=36) (n=44)
Age (Yr) 54 +14.5 59+12.9 0.130
Sex (Male:Female) 15:16 26:18 0.248*
Total bilirubin (mg/dL) 4.245.53 14.6+11.34 <0.001*
Direct bilirubin (mg/dL) 2.6+3.75 10.3+8.47 <0.001*
Albumin (g/dL) 3.8+0.61 3.1+0.68 0.050
Globulin (g/dL) 3.6+0.73 4.1+0.93 0.253
AST (U/L) 65.4+53.80 183.9+378.82 0.012*
ALT (U/L) 75.0+77.72 101.4+14.49 0.615
ALP (1U/L) 318.6+349.65 551.8+526.04 0.001*
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Detection of CEA and CA19-9 in serum of cholangiocarcinoma and benign obstructive

jaundice patients

The median CEA and CA19-9 value determined in control group were 3.81ng/ml (range;
0.56-260.24) and 47.42 U/ml (range 0.60-10000.00) respectively. The median CEA and CA19-9
value determined in cholangiocarcinoma group were 6.61 ng/ml (range; 0.85-131.70) and 789.25
U/ml (range; 0.50-10000.00) respectively. However, there was no statistically difference between
the levels of these 2 markers in control and cholangiocarcinoma patients (Mann-Whitney U test;
p=0.234 for CEA and p=0.155 for CA19-9). These data are demonstrated in Figure 1. We used a
CEA cut-off value of 5 ng/ml and CA19-9 cut-off value of 100 U/ml because these have been the
cut-off value suggested for the diagnosis of cholangiocarcinoma [7]. Using the CEA cut-off value of
5 ng/ml, gave the sensitivity was 57.58% (Cl 95% 52.66 - 82.62) and the specificity was 61.50%
(Cl 95% 28.76 — 64.54). Using the CA19-9 cut-off value of 100 U/ml gave a sensitivity of 70.45%

(CI95% 55.78 — 81.84) and a specificity of 61.29% (Cl 95% 43.82 — 76.27).
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Figure 1. Serum levels of CEA, CA19-9, MMP-7 and MMP-9 in cholangiocarcinoma and control

(benign biliary tract disease) patients.

Box plots comparing levels of CEA, CA19-9, MMP-7 and MMP-9 are demonstrated. Levels

of MMP-7 and MMP-9 are presented as ng/ml, while CEA and CA19-9 are presented with the log

data to accommodate the wide range. *; Only the value for MMP-7 between the two groups is

significantly different (Student's t-test; p<0.001).
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Detection of MMP-9 and MMP-7 in serum of cholangiocarcinoma and benign obstructive

jaundice patients

There was no statistically difference between the levels of MMP-9 in the control (median,
16.04; range, 2.06-38.54) and in cholangiocarcinoma patients (median, 16.85; range, 0.18-39.02),
(Mann-Whitney U test; p=0.193). In contrast, serum MMP-7 values in cholangiocarcinoma patients
(median, 8.87; range, 1.90-14.66) were significantly higher than those in the control patients

(median, 6.49; range, 1.62-13.53), (Mann-Whitney U test; p=0.003).

ROC curve analysis for CEA, CA19-9, MMP-9 and MMP-7 for diagnosis of cholangiocarcinoma

The ROC curve analysis (Figure 2) demonstrated an area under curve (AUC) of 0.54 (ClI
95% 0.361 — 0.717) and of 0.54 (Cl 95% 0.352 — 0.722) for CEA and CA19-9 respectively. The
ROC curve analysis demonstrated an area under curve of 0.63 (Cl 95% 0.468 — 0.805) and of 0.75
(Cl 95% 0.606 — 0.896) for MMP-9 and MMP-7 respectively. When compare the AUC of ROC
curve of CEA, CA19-9, MMP-9 and MMP-7 with a chance value equally to 0.5 (the worst value of

AUC of ROC). Only the AUC of ROC of MMP-7 is significantly higher than 0.5 (p = 0.005).

For MMP-9, with a cut-off value of 15 ng/ml gave a sensitivity of 63.64% (Cl 95% 48.87%
-76.22%) and a specificity of 41.94% (Cl 95% 26.42 — 59.23) while for MMP-7, with a cut-off value
of 7.4 ng/ml gave a sensitivity of 63.64% (C195% 46.62 -77.81) and a specificity of 71.43% (Cl 95%
52.94 — 84.75) for diagnosis cholangiocarcinoma. The sensitivity and specificity for other cut-off
values of CEA, CA19-9, MMP-9 and MMP-7 were present in Table 2.

Owing to the significant different of the serum AST, ALP, total bilirubin and direct bilirubin
between control and cholangiocarcinoma patients, we investigated the correlation between the

values of these blood chemistries and the values of CEA, CA19-9, MMP-9 and MMP-7. The results
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showed that none of these parameters was significant correlation (p>0.05) (Table 3 and Figure 3).
To determine whether the values of serum MMP-9 and MMP-7 were predictive of
cholangiocarcinoma independently of other tumour markers or blood chemistries, we did logistic
regression analysis. In a multivariate model using MMP-9, MMP-7, CEA, CA19-9, AST and total
bilirubin; MMP-9 (an adjusted odd ratio = 1.10; 95% CI = 1.01-1.19; p=0.038), MMP-7 (an adjusted
odd ratio = 1.33; 95% CIl = 1.04-1.76; p=0.021) and total bilirubin (an adjusted odd ratio = 1.11;
95% CI = 1.02-1.21; p=0.011) were the independent predictors of cholangiocarcinoma whereas

CEA, CA19-9 and AST were not.
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Figure 2. ROC curve analyses of CEA, CA19-9, MMP-9 and MMP-7 for the diagnosis of

cholangiocarcinoma.

The diagnostic accuracy of each biomarker, in terms of its sensitivity and specificity, are
presented by receiver operating characteristic (ROC) curve analysis. Figures 2A, 2B, 2C and 2D
correspond to CEA, CA19-9, MMP-7 and MMP-9. Only the area under the curve (AUC) of the ROC

for MMP-7 is significantly higher than a chance value (0.5).
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Table 2 - Performance of the biomarkers for the diagnosis of cholangiocarcinoma
The sensitivity, specificity, positive and negative likelihood ratio (LR) as well as their 95%

confidence interval (Cl) for each marker is presented. The likelihood ratio is the ratio of true and

false positives (sensitivity and 1-specificity respectively), where the higher values reflect the

probability of a better performance. (PLR, positive likelihood ratio; NLR, negative likelihood ratio;

95% Cl, 95% confidence interval)

Biomarker Sensitivity (%0) Specificity (%0) PLR NLR
(cut-off value) (95% CI) (95% CI) (95% CI) (95% CI)
CEA 70.73 43.75 1.26 0.67
(3ng/ml) (55.52-82.39) (28.17-60.67) (0.87-1.81) (0.36-1.24)
CEA 58.54 62.50 1.56 0.66
(5ng/mil) (43.37-72.24) (45.25-77.07) (0.93-2.62) (0.42-1.04)
CA19-9 81.82 48.48 1.59 0.38
(35 U/ml) (68.04-90.49) (32.50-64.78) (1.11-2.27) (0.18-0.77)
CA19-9 70.45 63.64 1.94 0.46
(100 U/ml) (55.78 - 81.84) (46.62-77.81) (1.19-3.16) (0.28-0.78)
MMP-9 63.64 41.94 1.67 0.59
(15.0 ng/ml) (48.87-76.22) (26.42-59.23) (0.93-3.01) (0.35-0.98)
MMP-9 34.10 74.19 1.32 0.89
(20.0 ng/ml) (21.88-48.86) (56.75-86.30) (0.64-2.73) (0.66-1.20)
MMP-7 76.32 46.88 1.44 0.51
(6.0 ng/ml) (60.79-87.01) (30.87-63.55) (0.99-2.08) (0.26-1.00)
MMP-7 63.16 71.88 2.25 0.51
(7.4 ng/ml) (47.28-76.62) (54.63-84.44) (1.23-4.11) (0.32-0.82)
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Figure 3. A scatter plot was used to identify the correlation between the blood chemistry values

(total bilirubin, AST, ALP, Log CEA and Log CA19-9) and MMP-9 or MMP-7 in the control and

cholangiocarcinoma patients.

This figure demonstrates that there is no significant correlation (p>0.05) between the blood

chemistry values and MMP-9 or MMP-7 in both groups.
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Table 3: The correlation between the blood chemistry values (total bilirubin, AST, ALP, Log CEA

and Log CA19-9) and MMP-9 or MMP-7 in the control and cholangiocarcinoma patients. No

significant correlation is identified (p>0.05).

Control
LOG CA19-9

LOGCEA

MMP-9

MMP-7
Cholangiocarcinoma

LOG CA19-9

LOGCEA

MMP-9

MMP-7

Pearson Correlation
Sig. (2-tailed)

Pearson Correlation
Sig. (2-tailed)

Pearson Correlation
Sig. (2-tailed)

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)

Pearson Correlation
Sig. (2-tailed)

Pearson Correlation
Sig. (2-tailed)

Pearson Correlation
Sig. (2-tailed)

Total Bilirubin Albumin  Globulin

-0.18
034

011
0.61

-0.08
0.66

0.10
0.64

Total Bilirubin
0.03
0.86

0.17
034

-0.19
023

020
028

0.03
0.89

-0.54
0.01

0.10
0.61

-0.34
0.10

Albumin
-0.14
0.36

0.04
0.82

0.00
0.99

-0.04
0.84

-0.33
0.07

-0.11
0.62

0.11
0.57

0.06
0.77

Globulin
0.20
0.20

-0.05
0.79

025
0.11

0.15
042

AST
-0.13
0.49

0.02
092

-0.10
0.62

0.27
0.19

AST
-0.01
0.94

-035
0.05

-0.10
051

024
0.19

-0.04
0.86

0.03
0.88

0.02
0.90

-0.09
057

-0.04
082

ALP
-0.42

LOG CA19-9 LOGCEA MMP-9

1.00

0.02 .

0.34
0.10

0.00
0.99

0.53
0.01

-0.02

030

0.14 .

-0.07
0.70

025
022

LOG CAl19-9
1.00

0.90 .

-0.04
0.81

0.10
0.51

0.02
091

0.14

044 .

-0.11
046

031
0.07

030
0.14

1.00

-0.02

093 .

027
024

LOG CEA
0.14
044

1.00

-0.08

-0.07
0.75

-0.07
0.70

-0.02
0.93

1.00

-0.23

0.26 .

MMP-9
-0.11
0.46

-0.08
0.66

1.00

-0.17

033 .

MMP-7
025
0.22

027
024

-0.23
0.26

1.00

031
0.07

-0.07
0.75

-0.17
033

1.00|
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Detection of CTCs in peripheral blood of cholangiocarcinoma and benign obstructive jaundice

patients

In this study, we used CK19 and hTERT genes as targets for the detection of CTCs. There
was no statistically difference between the levels of CK19 mRNA in the control and in
cholangiocarcinoma patients (Mann-Whitney U test; p=0.122). In contrast, hTERT mRNA values in
cholangiocarcinoma patients were significantly higher than those in the control patients (Mann-

Whitney U test; p=0.005) (Figure 4).

However, when compare the AUC of ROC curve of CK19, hTERT mRNA and CA19-9 with
a chance value equally to 0.5 (the worst value of AUC of ROC). Only the AUC of ROC of CA19-9

is significantly higher than 0.5 (p = 0.002) (Figure 5).
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Figure 4. A) amplification of hTERT and CK19 genes was demonstrated on agarose gel. B) SD bar

graph comparing levels of hTERT and CK19 mRNA are demonstrated. Only the value for hnTERT

mRNA between the two groups is significantly different (Mann-Whitney U test; p=0.005).
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Figure 5. ROC curve analyses of CK19 and hTERT mRNA and CA19-9 for the diagnosis of

cholangiocarcinoma.

The diagnostic accuracy of each biomarker, in terms of its sensitivity and specificity, are

presented by receiver operating characteristic (ROC) curve analysis. Only the area under the curve

(AUC) of the ROC for CA19-9 is significantly higher than a chance value (0.5).
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2) Prospective study for evaluation of MMP7 as a diagnostic marker for cholangiocarcinoma
patients
Patient characteristics

A total of 214 obstructive jaundice patients were consecutively enrolled. Twenty-seven
cases were excluded according to their diagnosis of ampullary cancer (7 cases), pancreatic cancer
(9 cases), gall bladder cancer (3 cases), duodenum cancer (2 cases), metastatic cancer from
ovarian cancer (1 case) and hepatocellular carcinoma (2 cases). In addition, nineteen cases were
excluded according to their uncertain diagnosis. The 187 subjects studied included 128 patients
with benign biliary tract diseases (control group) including intra-hepatic duct stones, common bile
duct stones, and benign bile duct strictures, and a total of 59 patients with cholangiocarcinoma. For
cholangiocarcinoma, 40 cases were diagnosed as perihilar-cholangiocarcinoma, 16 cases were
diagnosed as intrahepatic cholangiocarcinoma and 3 cases were diagnosed as distal common bile
duct cholangiocarcinoma (Figure 6).

As shown in Table 4, no statistically significant differences in gender, age, serum globulin
and ALT levels were identified among the data from the control patients when compared to the
cholangiocarcinoma patients. However, the level of serum albumin, AST, bilirubin and alkaline
phosphatase (ALP) were significantly higher in cholangiocarcinoma patients than in the control

patients (Mann-Whitney U test; p < 0.05).
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Figure 6. A flow diagram of a total of 187 obstructive jaundice patients whom were

consecutively enrolled in this study

214 biliary tract diseases patients

27 cases were excluded

-6 cases: uncertained diagnosis
-21 cases: periampullary cancers

187 cases were included

59 cases
(cholangiocarcinoma)

128 cases (benign
biliary tract diseases)
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Table 4. Clinical characteristics of patients with benign biliary tract diseases (control) and

cholangiocarcinoma

Control Cholangiocarcinoma P
N=128 N=59
Age (yr) 617 675 0.451
Sex (male:female) 62:66 36:23 0.118
Albumin (mg/dL) 3.9+0.67 3.1£0.59 <0.001
Globulin (mg/dL) 3.9+0.72 41+091 0.073
Total bilirubin (mg/ 33+3.71 12.0£11.35 <0.001
dL)
AST (U/L) 73.4+78.14 91.2+7591 0.003
ALT (U/L) 76.3 +83.32 52.2 +43.58 0.884
ALP (U/L) 320.3 +230.03 380.5 +314.52 <0.001
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Serum levels of CA19-9 and MMP7

The serum CA19-9 and MMP7 levels were compared among disease groups. The median
values of serum CA19-9 levels were 20.43 U/mL (range: 0.6-71 000 U/mL) in the control group and
571.2 U/mL (range: 0.6-71 000 U/mL) in the cholangiocarcinoma group. The mean values of serum
MMP7 levels were 3.7 £ 2.81 ng/mL in the control group and 8.7 + 4.56 ng/mL in the
cholangiocarcinoma group. As shown in Figure 7A and B, serum CA19-9 and MMP7 values were
significantly higher in cholangiocarcinoma cases when compared to the control patients (CA19-9:
Mann-Whitney U test; P<0.001 and MMP7: Student’s t-test; P<0.001).

Moreover, we also classified cholangiocarcinoma patients into two groups: early (TNM
stage | and II; 11 patients) and advanced (TNM stage Il and IV; 48 patients) stages. Although the
serum CA19-9 values in the early and late stages of cholangiocarcinoma were significantly higher
than in the controls (Kruskal Wallis test; P<0.001), the values were not significantly different
between the early and late stages of cholangiocarcinoma (Figure 7C). The data shown in Figure
7D demonstrates that the MMP7 levels tended to increase according to the progression of
cholangiocarcinoma. The serum MMP7 values were significantly different between early and late
stages of cholangiocarcinoma (ANOVA; P<0.001). However, the serum MMP7 values from early
stage cholangiocarcinoma were not significantly different from the serum MMP7 values of benign

control patients (ANOVA; P=0.47).
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Figure 7. Serum levels of CA19-9 and MMP?7 in cholangiocarcinoma and control (benign biliary

tract disease) patients.

(A) Box plots comparing levels of CA19-9; (B) MMP7 between cholangiocarcinoma and control are
illustrated; (C) Box plots comparing levels of CA19-9; (D) MMP7 between early and advance
stages of cholangiocarcinoma and control are illustrated. Levels of MMP7 are presented as ng/ml,
while CA19-9 is presented with the log data to accommodate the wide range. (*; Mann-Whitney U;
p < 0.001 compare to control, **; Student's t-test; p < 0.001 compare to control, ***; Kruskal Wallis

test; p <0.001 compare to control, ****; ANOVA; p < 0.001 compare to control)
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Serum levels of CA19-9 and MMP7 for the diagnosis cholangiocarcinoma

To determine the diagnostic accuracy of serum CA19-9 and MMP7 levels for differentiating
cholangiocarcinoma from benign bile duct diseases, an ROC curve analysis was applied to
calculate an area under the curve (AUC). These levels were determined to be 0.79 (95% CI: 0.708
— 0.868) and 0.84 (95% CI: 0.778 — 0.903) for CA19-9 and MMP7, respectively (Figure 8). The
sensitivity, specificity, positive and negative predictive values for selected cut-off points of CA19-9
and MMP7 are presented in Table 5.

When the cut-off value of serum MMP7 was set at 5.5 ng/mL and serum CA19-9 values
were set at 100 U/mL, the predictive probabilities for the diagnosis of cholangiocarcinoma could
then be calculated from logistic regression analysis. As shown in Table 6, if the patients have their
serum MMP7 and CA19-9 higher than the cut-off values, they will have a probability for diagnosis
of cholangiocarcinoma equal to 86.12%. In addition, if the patients have their serum MMP7 and
serum CA19-9 less than the cut-off values, they will have very low probabilities for a positive

diagnosis of cholangiocarcinoma (<6.4%).
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Figure 8. ROC curve analyses of CA19-9 and MMP?7 for the diagnosis of cholangiocarcinoma.

The diagnostic accuracy of each biomarker, in terms of its sensitivity and specificity, are presented

by receiver operating characteristic (ROC) curve analysis.
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Table 5. Performance of the biomarkers for the diagnosis of cholangiocarcinoma
PPV; positive predictive value, NPV; negative predictive value, LR+; positive likelihood ratio, LR-;

negative likelihood ratio, Cl; confidence interval

Tumor Markers Sensitivity =~ Specificity PPV (%) NPV (%) LR+ (%) LR- (%)
(%) (%)

(cut-off value) (95% CI)  (95%CI)  (95%CI)  (95% CI)

(95% CI)  (95% CI)

MMP7 75 78 61 87 341 0.33
(5.5 ng,/ml) (63-86) (71-85) (50-72) (81-93)  (2.38-4.89) (0.21-0.51)
MMP7 63 87 69 83 472 0.43
(6.5 ng/ml) (50-75) (81-93) (56-81) (77-90)  (2.91-7.66)  (0.31-0.60)
MMP7 53 92 76 81 6.73 0.51
(7.5 ng/ml) (40-65) (88-97) (62-89) (74-87)  (3.54-12.70) (0.39-0.68)

CA19-9 71 73 55 85 2.68 0.39
(35 U/ml) (60-83) (66-81) (44-66) (78-91)  (1.93-3.73)  (0.26-0.59)

CA19-9 68 87 70 85 5.10 0.37
(100 U/ml) (56-80) (81-93) (58-82) (79-91)  (3.17-822)  (0.25-0.54)

CA19-9 59 93 80 83 8.44 0.44
(200 U/ml) (47-72) (89-97) (68-91) (77-89)  (4.34-16.40) (0.32-0.60)
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Table 6. Predicted probability of the combination of serum CA19-9 and MMP?7 for diagnosis of

cholangiocarcinoma

CA19-9 MMP7 Predicted
(>100 U/ml) (>5.5 ng/ml) probability (%)
- - 6.40
- + 36.10

- 42.84
+ 86.12

Correlation between MMP7, CA19-9 and other blood chemistry

The correlation between the values of serum albumin, AST, ALT, ALP, total bilirubin,
CA19-9, and MMP7 were investigated. As presented in Table 7, the level of serum MMP7 was
significantly correlated with serum albumin, AST, ALP, total bilirubin and CA19-9, although none of
these parameters have a high value of Pearson correlation coefficient (> 0.7). We suggest that the
significant correlation of these blood chemistries with serum MMP7 is caused by the high number

of samples we enrolled in this study.

Table 7. Pearson’s correlation coefficients of MMP7, CA19-9, albumin, total bilirubin, AST, ALT

and ALP

*Statistically significant; p < 0.05

Pearson CA19-9 Albumin Total AST ALT ALP
correlation bilirubin
MMP7 0.415* -0.577* 0.328* 0.154* -0.055 0.268*
CA19-9 0.415* -0.370* 0.356* 0.064 -0.022 0.139
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Evaluation of serum CA19-9 and MMP7 levels for the diagnosis of cholangiocarcinoma:
Multiple logistic regression analysis

To determine whether the values of serum CA19-9 and MMP7 were predictive of
cholangiocarcinoma independent to the other blood chemistry values that were significantly different
between control and cholangiocarcinoma patients, we carried out a logistical regression analysis. In
a multivariable model using CA19-9 (cut-off value = 100 ng/mL), MMP7 (cut-off value = 5.5 ng/mL),
total bilirubin (cut-off value = 5 mg/dL), albumin (cut-off value = 4 mg/dL), AST (cut-off value = 100
U/L) and alkaline phosphatase (cut-off value = 200 U/L), CA19-9, MMP7 and albumin were shown
to be independent predictors for cholangiocarcinoma. None of the other parameters (total bilirubin,

AST and ALP) reached statistical significance (Table 8).

Table 8. Odd Ratios (OR) estimates for diagnosis of cholangiocarcinoma

The significant parameters (p<0.05) selected by the model are shown

Variables OR (95% CI) p

CA19-9 15.2 (5.20-44.56) <0.001
MMP7 5.5 (1.87-16.03) 0.002
Albumin 0.015 (0.01-0.15) <0.001
Total bilirubin 2.4 (0.81-7.20) 0.115
AST 1.2 (0.37-4.12) 0.738
ALP 0.3 (0.09-1.05) 0.060
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3) To evaluate if the levels of CTCs could be used to predict the overall survival of patients
diagnosed with advanced malignant biliary tract obstruction disease
Patient Characteristics

Forty-two malignant biliary tract disease patients were included in this study. Two patients
were excluded from this study because the quality of the RNA extracted from their peripheral blood
was poor. The average age of these patients was 62 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 clinical characteristics of the patients examined in this

study are shown in Table 9.

Table 9. Clinical characteristics of patients diagnosed with advanced malignant biliary tract

obstruction

Parameters N (%)
Gender (Male/Female) Male 23
Female 17
Age <60 yr 18
> 60 yr 22
Type of cancers Hilar cholangiocarcinoma 28
Pancreatic cancer 6
CBD cancer 2
Ampullary cancer 2
Gall bladder cancer 2
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Cell spiking assay

CK19 and hTERT mRNA levels were elevated in the RMCCA1 cell line (Figure 9);
therefore, we decided to use this cell line as a positive control for our study. Detection 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

1,000 cells per 10" PBMC dilutions.
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Figure 9. Gene expression levels of CK19 and hTERT in RMCCA1 cells (as measured by
quantitative real time PCR).
A. Amplification plot of CK19 mRNA [from 10,000 RMCCA1 cells (a) and 1,000 RMCCA1
cells (b)] and amplification plot of hTERT mRNA [from 10,000 RMCCA1 cells (c) and
1,000 RMCCAT1 cells (d)] are demonstrated.
B. SYBR Green melting curve for quantitative real time 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.
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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 hTERT and CK19
mRNA. The expression 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 10 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 differences were found among the data obtained from the patients
considered as negative or those who were positive for hTERT or CK19 mRNA expression in
PBMCs. Factors evaluated included gender, age, serum albumin, globulin bilirubin AST and ALT

and alkaline phosphatase levels (Table 10).
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Figure 10. The distribution levels of CK19 and hTERT genes measured 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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Table 10 Clinical characteristics of patients with negative and positive CK19 and hTERT gene

expression
CK19 gene p value hTERT gene p value
Negative Positive Negative Positive

Age (Y1) 63.80 61.38 0.42 65.26 60.88 0.16
Sex (Male:Female) 11:11 12:6 0.35% 8:8 15:9 0.52#
Total bilirubin (mg/dl) 16.21 16.42 0.95 17.73 15.47 0.53
Albumin (g/dlI) 2.88 297 0.62 2.83 2.99 0.36
Globulin (g/dl) 3.98 3.76 0.42 3.92 3.84 0.79
AST (U/L) 84.57 11280  0.23 69.27 117.48  0.12
ALT (U/L) 42.47 65.85 0.12 34.87 66.68 0.28
ALP (IU/L) 449.68 528.85  0.56 436.88 42191  0.98
BUN (mg/dl) 13.77 26.58 0.13 12.25 23.52 0.18
Creatinine (mg/dl) 0.75 1.30 0.20 0.61 1.19 0.22
CA19-9 (U/ml) 570.20 59430  0.62* 1818.00  259.15  0.11*
CEA (ng/ml) 7.47 5.68 0.50* 7.21 5.82 0.23*

Quantitative variables are presented as the mean value, with the exception of CA19-9 and
CEA, which are presented as median values. *; Mann-Whitney U test was used to compare

groups. #; Pearson Chi-square was used to compare two groups.
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Survival analysis

At the time of data analysis, only 1 patient was alive and 39 patients had died. The median
overall survival for these patients was 4.0 months (Cl 95%; 2.56-4.56). The median survival time
was 1.7 months in patients with positive CK19 mRNA expression, whereas the survival time was
5.3 months in patients with negative CK19 mRNA expression (Log Rank; p=0.009). We found that
the median survival time in patients with a negative hTERT mRNA expression was not significantly
different from patients with positive hTERT mRNA expression (5.9 months vs. 3.2 months; Log
Rank; p=0.183) (Figure 11).

We also examined the roles of CA19-9 and MMP7 as a prognostic factors for these
patients. The results showed that the median survival time in patients with high levels of CA19-9 (>
200 ng/ml) was not significantly different from patients with low levels of CA19-9 (< 200 ng/ml)
(6.16 months vs. 4.59 months; Log Rank; p=0.270). Moreover, we demonstrated that the median
survival time in patients with high levels of MMP7 (> 7.5 ng/ml) was not significantly different from
patients with low levels of MMP7 (< 7.5 ng/ml) (4.94 months vs. 5.38 months; Log Rank; p=0.943).

(Figure 12).
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Figure 11. Kaplan-Meier survival curves of patients with positive or negative expression of A) CK19

and B) hTERT genes measured in the peripheral blood. *; Log-rank test p value = 0.009. **; Log-

rank test p value = 0.183.
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Figure 12. Kaplan-Meier survival curves of patients with high or low levels of A) CA19-9 and B)

MMP7 measured in the peripheral blood. *; Log-rank test p value = 0.270. **; Log-rank test p value

= 0.943.
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To identify variables that could be of potential prognostic significance in patients diagnosed
with advanced malignant biliary tract disease, univariable 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/ml), 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 independent risk
factors for survival. The relative risk for patients that were determined to be CK19 mRNA positive

was 3.2 times greater than that of patients who were CK19 mRNA negative (Table 11).
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Table 11 Survival analysis using clinical parameters measured by univariable and multivariable

analysis
Variables Univariable analysis Multivariate analysis
p-Value Hazard ratio p-Value Hazard ratio
(95% CTI¥) (95% CT¥)
CK19 expression 0.011*  2.42 (1.22-4.78) 0.024* 3.20 (1.17-8.75)
hTERT expression 0.188 1.60 (0.80-3.22) 0.580 1.34 (0.47-3.82)
Age 0.541 0.82 (0.42-1.57) 0.026* 0.38 (0.16-0.89)
Total bilirubin 0.106 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

#95% Cl: 95% Confidence interval
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DISCUSSION

1) Detection of MMP7 as a diagnostic marker for cholangiocarcinoma patients

The need for better tests to diagnose and screen for patients with cholangiocarcinoma is an
important issue that must be addressed to improve the treatment results for these patients.
Unfortunately, no specific serum tumor markers have been identified for this disease. Based on the
results of our study, the sensitivity and specificity of CEA as a marker for detecting
cholangiocarcinoma are 58.54% and 62.50%, respectively. This is consistent with previously
published studies that reported that the sensitivity and specificity of CEA for detecting
cholangiocarcinoma were 33-84% and 33-100%, respectively [9, 51]. Previous articles have
addressed the accuracy of CA19-9 in the identification of cholangiocarcinoma. A previous study
identified cholangiocarcinoma with a sensitivity of 67.5% and a specificity of 86.8% when a cut-off
value of 100 U/ml for CA19-9 was used and a sensitivity of 77.9% and a specificity of 76.3% when
a cut-off value of 35 U/ml for CA19-9 was used [11]. In our series, we found that the sensitivity was
70.45% and the specificity was 63.64% when using a cut-off value of 100 U/ml for CA19-9.
However, the AUC of the ROC curve for CA19-9 was only 0.63 in the discrimination of
cholangiocarcinoma in our study. Therefore, when the cut-off value was changed to 35 U/ml, the
specificity markedly decreased (81.82% of sensitivity and 48.48% of specificity). We suggest that
the differences among the patients should be concerned. In the study published by John, A. R., et
al, 25 patients with benign liver tumors and 13 patients with benign bile duct strictures were used
as a control group [11]. However, in our studies, all the subjects in the control group had been

diagnosed with benign bile duct diseases. The reason that we used patients with benign bile duct
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diseases as a control group was because the symptoms of cholangiocarcinoma are similar to the

symptoms of benign bile duct diseases in our clinical setting.

We demonstrated that hnTERT mRNA is significantly higher in cholangiocarcinoma than in
control patients. However, the diagnostic accuracy of hTERT mRNA is not good enough to use as
a tumor marker for diagnosis cholangiocarcinoma. The role of CTCs in cholangiocarcinoma should
be further study. We observed that most of the cholangiocarcinoma patients were suffering from
the invasiveness of the cholangiocarcinoma cells into the adjacent organs. The mechanism by
which cancer cells invade the surrounding tissue requires the breakdown of the extracellular matrix
and the subsequent migration of the cancerous cells through the degraded structures [15].
Because extracellular matrix remodeling is the major activity of a family of enzymes known as
matrix metalloproteinases (MMPs), these enzymes were investigated for their contributions to the
malignant phenotype in cholangiocarcinoma patients. Previous studies have demonstrated that the
expression of MMP-9 and MMP-7 can be detected in cholangiocarcinoma specimens [16, 52, 53].
Therefore, in our study, the accuracy of serum MMP-9 and MMP-7 levels were investigated in an
effort to find a reliable serum marker that can discriminate the benign biliary tract diseases from
cholangiocarcinoma.

There are numerous studies that demonstrate that the serum level of MMP-9 is significantly
elevated in many types of cancers, including breast cancer, esophageal cancer, and lung cancer
[54-56], but previous reports have shown that the incidence of MMP-9 expression in
cholangiocarcinoma specimens is only 9-47.5% [16][52]. Our study demonstrated that there is no
statistically significant difference in the serum MMP-9 levels between cholangiocarcinoma patients

and control patients. Previous studies revealed that detection of MMP-9 in serum is an artifact
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representing the release of MMP-9 from leukocytes during the clotting process in the blood
collection tube[57, 58]. The role of circulating MMP-9 in diagnosing cholangiocarcinoma should be
further investigated by collecting the plasma instead of serum and the assay should be performed
without long delay [59].

As far as we are aware, no other published investigation is available that uses the serum
MMP-7 level to diagnose cholangiocarcinoma. Our study shows that the serum MMP-7 level is
significantly higher in patients with cholangiocarcinoma than with benign biliary tract diseases.
MMP-7 is the smallest of the MMPs and has been demonstrated to degrade or process a variety of
matrix and nonmatrix molecules. Unlike most MMPs, which are expressed by stromal cells, MMP-7
is principally expressed by epithelial cells [60]. A previous study reported that the serum MMP-7
level was significantly elevated in patients with ovarian cancer and advanced colorectal cancer [17,
61]. We suggest that MMP-7 might be detected in many cancers that originate from epithelial cells.
In addition, we also found that the accuracy of the serum MMP-7 level for the diagnosis of
cholangiocarcinoma is better than the serum level of MMP-9, CEA and CA19-9, as observed by
calculating the AUC of the ROC curve. Only the AUC of the ROC curve for the serum MMP-7 level
is significantly higher than a chance value (0.5). Our study demonstrated that use of serum MMP-7
could identify cholangiocarcinoma patients from benign biliary tract disease patients. However,
further larger prospective studies that evaluated the benefit of serum MMP-7 in helping the
physician to take decisions on diagnosis cholangiocarcinoma are necessary before the
implementation of using serum MMP-7 as a marker for cholangiocarcinoma. Previous studies
determined that expression of MMP-7 in cholangiocarcinoma is an unfavorable postoperative
prognostic factor for cholangiocarcinoma patients [53]. However, in this study, most of the

cholangiocarcinoma patients had been diagnosed with unresectable tumors; only five patients
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underwent curative resection (R0). Therefore, an analysis for a prognostic factor of

cholangiocarcinoma could not be clarified. Further studies that include many cases of resectable

cholangiocarcinoma need to be completed before the serum MMP-7 level can be used as a

prognostic factor for cholangiocarcinoma.

2) Prospective study for evaluation of MMP7 as a diagnostic marker for cholangiocarcinoma
patients

Our study demonstrates that serum MMP7 levels are significantly elevated in patients with a
diagnosis of cholangiocarcinoma when compared to patients suffering from benign bile duct
diseases. When we compared MMP7 to CA19-9, which is a common clinically-used biomarker of
cholangiocarcinoma, the value of AUC of the ROC curve demonstrated that serum levels of MMP7
are better than CA19-9 for the diagnosis of cholangiocarcinoma. These results are consistent with
our previous study, in which serum MMP7 was higher in cholangiocarcinoma than in benign
obstructive jaundice patients[48]. This suggested that serum MMP7 has the potential to be a tumor
marker for cholangiocarcinoma in obstructive jaundice patients.

Previous studies have demonstrated that MMP7 plays a key role in the mechanism of
cancer invasion via proteolytic cleavage of the extracellular matrix tissues. It has also been shown
to activate other MMPs, such as proMMP-2 and proMMP-9, and inhibit E-cadherin function by
ectodomain shedding of E-cadherin[62]. The results of several recent studies indicate that MMP7 is
over-expressed in a variety of epithelial tumors including those of the esophagus[63], colon[64],
pancreas[65], and cholangiocarcinoma tumors[16]. In addition, several studies have shown that
MMP7 could be detected in the serum of cancer patients, including patients with ovarian[66],
colorectal[61] and gastric cancer[67]. This finding suggests that high levels of serum MMP7 are not

specific to cholangiocarcinoma. It can be detected in many types of cancer. Therefore, it should be
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used with other diagnostic modality (clinical presentation and imaging study) before making a
diagnosis.

In this study, the values of blood chemistries were shown to be significantly different
between control and cholangiocarcinoma groups. Although there were several differences
observed, the values of serum CA19-9 and MMP7 levels were shown to be the predictors of
cholangiocarcinoma, independent of other blood chemistry values. In addition, the present study is
the first to demonstrate the probabilities for the diagnosis cholangiocarcinoma using the
combination of serum values of both MMP7 and CA19-9 (Table 3). We suggest that the
combination of these markers will aid in the decision of the physician to identify
cholangiocarcinoma from benign obstructive jaundice patients.

The values of AUC of the ROC curve for MMP7 and CA19-9 in this study were shown to
be much higher than those observed in our previous study[48]. The differences of the designs in
each study should be considered. Our previous study was designed as a retrospective case-control
study for diagnostic accuracy. Therefore, some bias from the selection of samples may have
occurred. A strength of the present study was the implementation of the strategies of PRoBE
designs to avoid the problems of bias that may affect the studies of the diagnostic test[24]. We
collected serum from all obstructive jaundice patients before the diagnosis of cholangiocarcinoma
or benign biliary tract diseases had been determined. This procedure assured that biases related to
differences in sample collection and handling would be avoided[68]. Limitations of this design
include the fact that the majority of the study participants were in advancing stages of
cholangiocarcinoma. The number of patients with early-stage cholangiocarcinoma was small
(n=11), and this number of patients would not have had the statistical power to detect a difference

in mean value between these early stages of cholangiocarcinoma and the control group. Further
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studies, which should include an increased number of early-stage cholangiocarcinoma cases, need
to be done before using MMP7 as a screening test for the detection of early stage
cholangiocarcinoma. In addition, this study was performed in the referral center, which has high
prevalence of cholangiocarcinoma. As a result, the findings may not be broadly applicable to other
hospitals that typically have a low volume of cholangiocarcinoma.

In conclusion, this study demonstrated that serum MMP7 levels are significantly elevated in
cholangiocarcinoma patients. This marker has a potential to be used as a new tumor marker for

the discrimination of cholangiocarcinoma patients from benign biliary tract disease patients.

3) To evaluate if the levels of CTCs could be used to predict the overall survival of patients
diagnosed with advanced malignant biliary tract obstruction disease

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, the median survival
was 4.0 months, a finding that is not significantly different from the 3.6 to 5.0 month survival time
observed in previous studies of advanced malignant biliary tract disease where the majority of
patients were diagnosed with pancreatic cancer[69, 70]. These results indicate 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 palliative biliary tract drainage.

The choice of stents (PE or SEMs) for endoscopic palliation of jaundice due to malignant
biliary tract obstruction is dependent upon the estimation of patient survival[35]. Therefore, there is
a need for more accurate tests to predict the survival of patients with advance malignant biliary

tract diseases, as this could significantly improve the treatment results for these patients. This is
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the first cohort paper that studies the level of CTCs as a prognostic factor for overall survival of
patients diagnosed 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. These methods
assess the expression of target genes from mRNA extracted from the lysates of cells harvested
from the peripheral blood of patients. As such, these samples contain not only CTCs but also
PBMCs, circulating endothelial cells (CEC) 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[39, 71]. Therefore, strict selection of target genes used for
detection of CTCs is very important. In this study, we used CK19 and hTERT genes as targets for
the detection of CTCs. Previous studies have suggested that CTCs are likely to be the principal
cell source for CK19 gene expression, as CK19 expression is mainly restricted to epithelial cells
and is limited in normal peripheral blood cells[72]. Additionally, we used the 2-syringe technique
during blood collection to avoid epithelium contamination from injected site.

Based on the results of our study, patients with positive CK19 expression exhibit
significantly shorter overall survival compared to patients with negative CK19 expression (5.3
months VS 1.7 months; p=0.009). Additionally, multivariable analysis using the Cox regression
model also demonstrated that the levels of CK19 expression in peripheral blood, the levels of
serum total bilirubin and the age of the patients can all function as independent prognostic factors
in patients diagnosed with advanced malignant biliary tract disease. This is consistent with
previously published studies that reported that positive CK19 mRNA expression in peripheral blood
was independently associated with a reduction in disease-free survival in patients diagnosed with

breast cancer[45]. In addition, positive CK19 mRNA expression in peripheral blood following
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chemo-radiation was an independent, unfavorable prognostic factor for both overall survival and
progression-free survival in patients diagnosed with non-small cell lung cancer[44].

In this study, we demonstrated that the number of patients with positive hTERT mRNA
expression in peripheral blood is higher than the number of patients with positive CK19 mRNA
expression in peripheral blood (60% VS 45%); however, detection of hTERT mRNA in the
peripheral blood is not identified as an independent prognostic factor in this study. We suggested
that the detection of hTERT mRNA expression levels is not a good candidate for use as a
prognostic factor for patients with advanced malignant biliary tract disease. It may be suitable for
the distinction between malignant and benign 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 or MMP7 could be used as a prognostic factor for patients diagnosed with advanced
malignant biliary tract disease. This finding is inconsistent with a previous study that indicated that
the levels of serum CA19-9 are of prognostic relevance in patients with biliary tract cancer[73]. We
suggested that differences among the patients should be considered. Overall survival in the
previous study was 16.1 months[74], whereas the overall survival in observed in our study was 4.0
months. In addition, the majority of patients in the previous study received chemotherapy, while
only two patients in our study received this treatment. This finding reflects a higher disease severity
in the patients examined in our study.

Our study demonstrated that the expression of CK19 mRNA in PBMCs prior to palliative
procedures was significantly associated with overall survival in advanced malignant biliary tract
disease patients. We therefore recommend PE stents for patients with positive CK19 mRNA

expression in their peripheral blood. The more expensive SEMS should be reserved for patients
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with negative peripheral blood expression of CK19 mRNA. Further cost-effectiveness studies
should be performed to evaluate the benefit of using CK19 mRNA in helping the physician make
decisions regarding the selection of stent-type and the need for endoscopic repeat intervention in

advanced malignant biliary tract disease patients.
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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.

(49

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 biliaty 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 progression”. 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 2s 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”. 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' .
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 antigens' . 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'"”.

(4 9

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 ot to establish biliaty, pancreatic or renal ductular
origin“g]. 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[M’W’ZUI; 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 JTERT were selected as the target genes for
CTCs. In addition, this study was performed in accot-
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.
RNA 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



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 hTERT 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
(MJ 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 (fF-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-

(49
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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 RMCCAT1!
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
x 10° cells/mlL. to 1 cell/mL. and added to the PBMCs.
Quantitative real-time PCR was then performed to de-
tect CK19 and hTERT mRNA.

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 vatiables were compared using Mann-
Whitney U or Student’s # 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 h'TERT mRNA levels were clevated 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 RMCCAL cells (as measured by quantitative real
time polymerase chain reaction). A: Amplification plot of cytokeratin (CK)19
mRNA from 10 000 RMCCAL cells. (a) 1000 RMCCAL cells; (b) amplification
plot of human telomerase reverse transcriptase (\TERT) mRNA from 10 000
RMCCAL cells; (c) 1000 RMCCAL 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 hTERT 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

CK19 gene P hTERT gene P
Negative Positive value Negative Positive value

Age (yr) 63.80 6138 042 6526 60.88 0.16
Sex (male: female) 1111 12:6 035 88 159 0.52'
Total bilirubin (mg/dL) 1621 1642 095  17.73 1547 053
Albumin (g/dL) 288 297 0.62 283 299 036
Globulin (g/dL) 398 376 042 3.92 384 0.79
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 056 436.88 421.91 0.98
BUN (mg/dL) 13.77 2658 013 1225 2352 0.18
Creatinine (mg/dL) 075 130 0.0 061 119 022
CA19-9 (U/mL) 57020 594.30 0.62° 1818.00 259.15 0.11°
CEA (ng/mL) 747 568 0507 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 7> was used to compare
two groups; 2Mann—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 hTERT 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, univariable 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 =
0.020) and serum bilirubin (P = 0.002) were all indepen-
dent risk factors for survival. 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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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 Multivariate analysis
Hazard ratio Hazard ratio

(95% CI) (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) 0.580 1.34 (0.47-3.82)

Variables

P value P value

Age 0541  0.82(0.42-1.57) 0.026' 0.38 (0.16-0.89)
Total bilirubin 0.106  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 0374 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 /TEKRT 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 peripheral
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 CK19 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 h'TERT 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 prognostic 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.
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Abstract

AIM: To determine whether the serum level of matrix
metalloproteinase-7 (MMP7) has the potential to diagnosis
cholangiocarcinoma from benign biliary tract diseases.

METHODS: This study was performed according to the
PROBE (a prospective-specimen-collection, retrospective-
blinded-evaluation) design. A total of 187 patients with
obstructive jaundice were consecutively enrolled. After
the diagnostic status of these patients was ascertained,
their levels of serum MMP7 were assayed and compared
with serum carbohydrate antigen 19-9 (CA19-9). This
was conducted in a blinded case (cholangiocarcinoma)-
control (benign biliary tract disease) setup.

RESULTS: MMP7 and CA19-9 serum levels were sig-
nificantly elevated in cholangiocarcinoma patients (P <
0.001). The area under the curve (AUC) from a receiver
operating characteristic (ROC) curve analysis for the

(49

diagnosis of cholangiocarcinoma, using MMP7 was more
accurate than CA19-9 (AUC = 0.84, 95% ClI: 0.778-0.903
for MMP7 and AUC = 0.79, 95% CI: 0.708-0.868 for
CA19-9). The sensitivity and specificity of serum MMP7
(cut-off value of 5.5 ng/mL) was 75% and 78%, re-
spectively, while the sensitivity and specificity of serum
CA19-9 (cut-off value of 100 U/mL) was 68% and 87%,
respectively.

CONCLUSION: Serum values of MMP7 and CA19-9
appear to be useful biomarkers for differentiating chol-
angiocarcinoma from benign biliary tract obstructive
diseases.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Cholangiocarcinoma is one of the most common causes
of cancer-related mortality in Thailand'". The high mor-
tality rate of cholangiocarcinoma is due to the aggressive-
ness of tumors that are often discovered at a late-stage
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of disease progression”. To improve the survival rate,
the diagnosis and treatment of these patients should be
performed as soon as possible. Bile duct obstruction is
the focal symptom that the vast majority of patients with
cholangiocarcinoma present with at hospital. However,
there are many cases of benign biliary tract diseases in-
cluding common bile duct stone and bile duct stricture.
These other conditions often present with clinical symp-
toms similar to those of patients with cholangiocarci-
noma. In addition, it is very difficult to obtain pathologi-
cal tissue for the diagnosis of cholangiocarcinoma due to
both the desmoplastic reaction and the tumor location™",
Brush cytology has a sensitivity of only 62.5% for detect-
ing cholangiocarcinoma®. Owing to the differences in
treatment and prognosis between cholangiocarcinoma and
benign biliary tract diseases, the most important issue is to
obtain a reliable method to differentially diagnosis patients
with cholangiocarcinoma from those with benign biliary
tract diseases. Identification of tumor markers in the se-
rum would aid in the accurate diagnosis of cholangiocar-
cinoma.

To date, carbohydrate antigen 19-9 (CA19-9) is used
as a tumor marker for detecting cholangiocarcinoma.
The sensitivity and specificity of CA19-9 in diagnosing
cholangiocarcinoma were shown to be 53%-89% and
80.5%-86%, respectively'”. Unfortunately, elevated serum
levels of CA19-9 have also been found in patients with
benign obstructive jaundice[m’m. Due to this, CA19-9 is
a not a reliable marker for differentiating cholangiocarci-
noma from benign obstructive jaundice.

Previous studies demonstrated that high expression of
matrix metalloproteinase-7 (MMP7) could be readily de-
tected in cholangiocarcinoma specimens'* ', We previously
performed research to study the serum levels of CA19-9,
CEA, MMP9 and MMP?7 in patients with obstructive jaun-
dice. This previous study was performed using a case-con-
trol design and serum collected from a serum bank. The re-
sults showed that only the level of MMP7 was significantly
higher in patients with cholangiocarcinoma compared to
patients suffering from benign biliary tract disease. In ad-
dition, when comparing the areas under the curve of the
receiver operating characteristic (ROC) for CEA, CA19-9
and MMP9, a ROC curve analysis demonstrated that the
detection of MMP7 in serum was the most accurate for
differentiating cholangiocarcinoma from benign biliary tract
disease. This finding indicated that serum MMP7 should be
used as a tumor marker for the diagnosis of cholangiocarci-
noma in patients with obstructive jaundice.

According to the study of biomarker use, it is now
widely appreciated that the evaluation of biomarker per-
formance must be separated from biomarker discovery.
In discovery research, its performance in samples may
be biased in an overoptimistic direction. To estimate per-
formance without bias, an independent dataset should be
investigated“s’ls]. Therefore, the aim of the present study
was to evaluate the performance of serum MMP7 and
CA19-9 for their potential in the diagnosis of cholangio-
carcinoma. We used a new and independent dataset of
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prospective consecutive cases with evidence of bile duct
obstruction due to vatious etiologies. This study was per-
formed according to the PRoBE (a prospective-specimen-
collection, retrospective-blinded-evaluation) design'”. We
collected serum from a cohort that was representative
of the target population (consecutive cases of obstruc-
tive jaundice who had undergone ERCP, PTBD or bile
duct surgery). After the diagnostic status of these patients
was ascertained, the levels of serum MMP7 and CA19-9
were assayed in a fashion that blinded the analysis to a
case-control status. In addition, we implemented STARD
statements (STAndards for the Reporting of Diagnostic
accuracy studies)' " to ensure standardization and trans-
patency of our study.

MATERIALS AND METHODS

Patients and study design

This study was conducted within the Rajavithi Hospital
Surgery Department located in Bangkok, Thailand. The lo-
cal ethics committee approved the study protocol. Sample
size was calculated on the basis of an expected area under
the ROC curve of MMP7 serum levels (= 0.70) for the
diagnosis of cholangiocarcinoma[(’]. Using a significance
level of 0.05 (two-sided) and a power of 0.95, a sample
of 50 cholangiocarcinoma patients was required for the
study”. From previous data, the prevalence of cholangio-
carcinoma detection in patients with obstructive jaundice
treated at our department was shown to be in the range of
27%-30%. Therefore, we prospectively included consecu-
tive patients with symptoms of obstructive jaundice who
had undergone ERCP, PTBD or bile duct surgery during
the period from June of 2008 to July of 2009. Exclusion
criteria included presence of other cancers, age less than
20 years and the presence of severe pulmonary fibrosis’.
All patients gave written informed consent. The diagnosis
of cholangiocarcinoma was carried out using one of the
following tests™: (1) tissue biopsy; and (2) cytology plus
radiological (helical CT scan or MRI) and clinical observa-
tion to identify tumor progression at a follow-up of at least
two months. Patients with an inconclusive diagnosis were
excluded from this study.

Serum collection and the measurement of serum
biochemistry

Five-milliliter samples of fasting peripheral venous blood
were collected from the patients before ERCP, PTBD,
or bile duct surgery were carried out, and their serum
was separated and stored at -78°C within 2 h. Serum
biochemical tests including albumin, globulin, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
total and direct bilirubin, alkaline phosphatase (ALP)
and CA19-9 were measured using routine automated
methods in Rajavithi Hospital Pathological Laboratory.

Measurement of serum MMP7 levels
The serum levels of MMP7 were measured using an en-
zyme-linked immunosorbent assay (ELISA) kit (R&D Sys-
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tems, Minneapolis, MN, USA), as previously described'”.
Briefly, the diluted serum samples were added in duplicate
to 96-well plates coated with MMP7 antibody and then
incubated at room temperature for 2 h. After washing, the
conjugated secondary antibody was added, and the plate
was further incubated for another 2 h. Plates were washed
again prior to incubation with the substrate solution for 1 h.
Following termination of the reaction with the stop solu-
tion (1 N sulfuric acid), the optical density was measured
at 490 nm using a spectrophotometric microplate reader.
The concentration of MMP7 in each sample was calcu-
lated from a standard curve. The scientist examining these
serum samples was unaware of the patient’s diagnosis. In
addition, the MMP7 test results had no influence on the
clinical diagnosis of the patients in the study.

Statistical analysis

Data are presented as the mean * SD, unless otherwise
mentioned. Compatisons between the quantitative variables
were performed using Mann-Whitney U or Student’s ~test,
as appropriate. One-way analysis of variance (ANOVA)
with multiple comparisons by the Post HOC Scheffe meth-
od or Kruskal Wallis test was used to compare each value
(MMP7, CA19-9) to the control early and late stage cholan-
glocarcinoma groups. Qualitative vatiables were reported as
counts, and comparisons between independent groups were
performed using Pearson Chi-square tests. Correlations
between MMP?7 levels and other parameters were examined
using the Pearson correlation coefficient. A ROC curve was
generated by plotting the sensitivity against 1-specificity,
and the area under the curve with 95% confidence intervals
(CI) was calculated. The optimal cutoff points for MMP7
were selected based on the ROC curve analysis. Sensitivity,
specificity, positive predictive value and negative predictive
values were calculated using a 2 X 2 table of the collected
data. The data on various blood chemistries and levels of
CA19-9 and MMP?7 that were significantly different be-
tween the control and cholangiocarcinoma groups were
analyzed by multiple logistic regression analysis.

RESULTS

Patient characteristics

A total of 230 patients with obstructive jaundice were
consecutively enrolled. Twenty-four cases were excluded
according to their diagnosis of ampullary cancer (7 cases),
pancreatic cancer (9 cases), gall bladder cancer (3 cases),
duodenum cancer (2 cases), metastatic cancer from ovarian
cancer (1 case) and hepatocellular carcinoma (2 cases). In
addition, nineteen cases were excluded according to their
uncertain diagnosis. The 187 subjects studied included 128
patients with benign biliary tract diseases (control group)
which included intra-hepatic duct stones, common bile
duct stones, and benign bile duct strictures, and a total of
59 patients with cholangiocarcinoma. For cholangiocarci-
noma, 40 cases were diagnosed as perihilar-cholangiocarci-
noma, 16 cases were diagnosed as intrahepatic cholangio-
carcinoma and 3 cases were diagnosed as distal common
bile duct cholangiocarcinoma (Figure 1).
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214 biliary tract diseases patients

27 cases were excluded
— 6 cases: Uncertained diagnosis
21 cases: Periampullary cancers

‘ 187 cases were included ‘

59 cases
(cholangiocarcinoma)

128 cases (benign
biliary tract diseases)

Figure 1 A flow diagram of 187 obstructive jaundice patients who were
consecutively enrolled in this study.

Table 1 Clinical characteristics of patients with benign biliary

tract diseases (control) and cholangiocarcinoma

Control Cholangiocarcinoma P
n =128 n =159
Age (yr) 61+7 67+5 0.451
Sex (M:F) 62:66 36:23 0.118
Albumin (mg/dL) 3.9 +0.67 3.1+0.59 <0.001
Globulin (mg/dL) 39+0.72 41+091 0.073
Total bilirubin (mg/dL) &3 ae 371 12.0+11.35 <0.001
AST (U/L) 734 +78.14 91.2+75.91 0.003
ALT (U/L) 76.3 £83.32 52.2 +43.58 0.884
ALP (U/L) 320.3 +230.03 380.5 + 314.52 < 0.001

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP:
Alkaline phosphatase.

As shown in Table 1, no statistically significant differ-
ences in gendet, age, serum globulin and ALT levels were
identified among the data from the control patients when
compared to the cholangiocarcinoma patients. However,
the level of serum albumin, AST, bilirubin and ALP were
significantly higher in cholangiocarcinoma patients than in
the control patients (Mann-Whitney U test, P < 0.05).

Serum levels of CA19-9 and MMP7

The serum CA19-9 and MMP7 levels were compared
among disease groups. The median values of serum CA19-9
levels were 20.43 U/mlL (range: 0.6-71000 U/mL) in the
control group and 571.2 U/mL (range: 0.6-71000 U/mL)
in the cholangiocarcinoma group. The mean values of se-
rum MMP?7 levels were 3.7 + 2.81 ng/ml. in the control
group and 8.7 £ 4.56 ng/mL in the cholangiocarcinoma
group. As shown in Figure 2A and B, serum CA19-9 and
MMP7 values were significantly higher in cholangiocarci-
noma cases when compared to the control patients (CA19-9:
Mann-Whitney U test, P < 0.001 and MMP7: Student’s
test, P < 0.001).

Moreover, we also classified cholangiocarcinoma pa-
tients into two groups: early (TNM stage [ and II; 11
patients) and advanced (INM stage IIl and IV; 48 patients)
stages. Although the serum CA19-9 values in the eatly and
late stages of cholangiocarcinoma were significantly higher
than in the controls (Kruskal Wallis test, P < 0.001), the
values were not significantly different between the eatly
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Figure 2 Serum levels of carbohydrate antigen 19-9 and matrix metalloproteinase-7 in cholangiocarcinoma and control (benign biliary tract disease) patients. A:
Box plots comparing levels of carbohydrate antigen 19-9 (CA19-9); B: Matrix metalloproteinase-7 (MMP7) between cholangiocarcinoma and control patients are illustrated;
C: Box plots comparing levels of CA19-9; D: MMP7 between early and advanced stages of cholangiocarcinoma and controls are illustrated. Levels of MMP7 are presented
as ng/mL, while CA19-9 is presented with the log data to accommodate the wide range. ("Mann-Whitney U, P < 0.001 vs control; “Student's t-test, P < 0.001 vs control;

*Kruskal Walls test, P < 0.001 vs control; ‘ANOVA, P < 0.001 vs control).

and late stages of cholangiocarcinoma (Figure 2C). The
data shown in Figure 2D demonstrates that the MMP7
levels tended to increase according to the progression of
cholangiocarcinoma. The serum MMP7 levels were signifi-
cantly different between early and late stages of cholan-
glocarcinoma (ANOVA, P < 0.001). However, the serum
MMP7 levels in eatly stage cholangiocarcinoma were not
significantly different from the serum MMP7 levels in be-
nign control patients (ANOVA, P = 0.47).

Serum levels of CA19-9 and MMP7 for the diagnosis
cholangiocarcinoma

To determine the diagnostic accuracy of serum CA19-9
and MMP?7 levels for differentiating cholangiocarcinoma
from benign bile duct diseases, a ROC curve analysis was
applied to calculate the area under the curve (AUC). These
levels were determined to be 0.79 (95% CI: 0.708-0.868)
and 0.84 (95% CI: 0.778-0.903) for CA19-9 and MMP7,
respectively (Figure 3). The sensitivity, specificity, positive
and negative predictive values for selected cut-off points
of CA19-9 and MMP?7 ate presented in Table 2.

When the cut-off value of serum MMP7 was set at
5.5 ng/ml. and serum CA19-9 values were set at 100 U/mL,
the predictive probabilities for the diagnosis of cholangio-
carcinoma could then be calculated from logistic regres-
sion analysis. As shown in Table 3, if the patients had a
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Figure 3 Receiver operating characteristic curve analyses of carbohydrate
antigen 19-9 and matrix metalloproteinase-7 for the diagnosis of cholangio-
carcinoma. The diagnostic accuracy of each hiomarker, in terms of its sensitivity
and specificity, are presented by receiver operating characteristic curve analysis.
MMP7: Matrix metalloproteinase-7; CA19-9: Carbohydrate antigen 19-9.

serum MMP7 and CA19-9 level higher than the cut-off
values, the probability of a diagnosis of cholangiocarci-
noma was equal to 86.12%. In addition, if the patients had
a serum MMP7 and serum CA19-9 level less than the cut-
off values, the probability of a positive diagnosis of chol-
angiocarcinoma was very low (< 6.4%).
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Table 2 Performance of the biomarkers for the diagnosis of cholangiocarcinoma (%) (95% CI)

Tumor markers (cut-off value) Sensitivity Specificity PPV NPV LR + LR-

MMP?7 (5.5 ng/mL) 75 (63-86) 78 (71-85) 61 (50-72) 87 (81-93) 3.41 (2.38-4.89) 0.33 (0.21-0.51)
MMP7 (6.5 ng/mL) 63 (50-75) 87 (81-93) 69 (56-81) 83 (77-90) 4.72 (2.91-7.66) 0.43 (0.31-0.60)
MMP7? (7.5 ng/mL) 53 (40-65) 92 (88-97) 76 (62-89) 81 (74-87) 6.73 (3.54-12.70) 0.51 (0.39-0.68)
CA19-9 (35 U/mL) 71 (60-83) 73 (66-81) 55 (44-66) 85 (78-91) 2.68 (1.93-3.73) 0.39 (0.26-0.59)
CA19-9 (100 U/mL) 68 (56-80) 87 (81-93) 70 (58-82) 85 (79-91) 5.1 (3.17-8.22) 0.37 (0.25-0.54)
CA19-9 (200 U/mL) 59 (47-72) 93 (89-97) 80 (68-91) 83 (77-89) 8.44 (4.34-16.40) 0.44 (0.32-0.60)

PPV: Positive predictive value; NPV: Negative predictive value; LR+: Positive likelihood ratio; LR-: Negative likelihood ratio; CI: Confidence interval;

MMP7: Matrix metalloproteinase-7; CA19-9: Carbohydrate antigen 19-9.

Table 3 Predicted probability of the combination of serum

carbohydrate antigen 19-9 and matrix metalloproteinase-7
for diagnosis of cholangiocarcinoma

CA19-9 MMP7 Predicted
(> 100 U/mL) (> 5.5 ng/mL) probability (%)
- - 6.40

o + 36.10

+ = 42.84

+ + 86.12

MMP?7: Matrix metalloproteinase-7; CA19-9: Carbohydrate antigen 19-9.

Table 4 Pearson’s correlation coefficients of matrix metal-
loproteinase-7, carbohydrate antigen 19-9, albumin, total

bilirubin, aspartate aminotransferase, alanine aminotransferase
and alkaline phosphatase

Pearson CA19-9 Albumin Total AST ALT ALP

correlation bilirubin
MMP7 0.415" -0.577° 0.328" 0.154* -0.055  0.268"
CA19-9 0415  -0.370" 0.356" 0.064 -0.022 0.139

‘Statistically significant, P < 0.05. AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; ALP: Alkaline phosphatase; MMP7: Matrix me-
talloproteinase-7; CA19-9: Carbohydrate antigen 19-9.

Correlation between MMP7, CA19-9 and other blood
chemistry

The correlations between the levels of serum albumin,
AST, ALT, ALP, total bilirubin, CA19-9, and MMP7 were
investigated. As presented in Table 4, the level of serum
MMP7 was significantly correlated with serum albumin,
AST, ALP, total bilirubin and CA19-9, although none of
these parameters had a high Pearson correlation coefficient
value (> 0.7). We suggest that the significant correlation of
these blood chemistries with serum MMP7 was caused by
the high number of samples analyzed in this study.

Evaluation of serum CA19-9 and MMP?7 levels for the
diagnosis of cholangiocarcinoma: Multiple logistic
regression analysis

To determine whether the levels of serum CA19-9 and
MMP7 were predictive of cholangiocarcinoma indepen-
dent of the other blood chemistry levels that were signifi-
cantly different between control and cholangiocarcinoma
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Table 5 Odd Ratios estimates for diagnosis of cholangiocarci-

noma

Variables OR (95% CI) P
CA19-9 15.2 (5.20-44.56) <0.001
MMP7 5.5 (1.87-16.03) 0.002
Albumin 0.015 (0.01-0.15) <0.001
Total bilirubin 2.4 (0.81-7.20) 0115
AST 1.2 (0.37-4.12) 0.738
ALP 0.3 (0.09-1.05) 0.060

The significant parameters (P < 0.05) selected by the model are shown.
AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; MMP7: Ma-
trix metalloproteinase-7; CA19-9: Carbohydrate antigen 19-9.

patients, we carried out a logistical regression analysis.
In a multivariable model using CA19-9 (cut-off value =
100 ng/mL), MMP7 (cut-off value = 5.5 ng/mL), total
bilirubin (cut-off value = 5 mg/dL), albumin (cut-off val-
ue = 4 mg/dL), AST (cut-off value = 100 U/L) and ALP
(cut-off value = 200 U/L), CA19-9, MMP7 and albumin
were shown to be independent predictors for cholangio-
carcinoma. None of the other parameters (total bilirubin,
AST and ALP) reached statistical significance (Table 5).

DISCUSSION

Our study demonstrates that serum MMP7 levels are signif-
icantly elevated in patients with a diagnosis of cholangiocat-
cinoma when compared to patients suffering from benign
bile duct diseases. When we compared MMP7 to CA19-9,
which is a common clinically-used biomarker of cholangio-
carcinoma, the value of AUC from the ROC cutrve demon-
strated that serum levels of MMP7 are better than CA19-9
for the diagnosis of cholangiocarcinoma. These results are
consistent with our previous study, in which serum MMP7
was higher in cholangiocarcinoma than in benign obstruc-
tive jaundice patients'”. This suggested that serum MMP7
has the potential to be a tumor marker for cholangiocarci-
noma in patients with obstructive jaundice.

Previous studies have demonstrated that MMP7 plays
a key role in the mechanism of cancer invasion vz proteo-
lytic cleavage of the extracellular matrix tissues. It has also
been shown to activate other MMPs, such as proMMP-2
and proMMP-9"", and inhibit E-cadherin function by ect-
odomain shedding of E-cadherin™. The results of several
recent studies indicate that MMP7 is over-expressed in a
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variety of epithelial tumors including those of the esopha-
gus™| colon* pancreas®™, and cholangiocarcinoma
tumors'™. In addition, several studies have shown that
MMP7 could be detected in the serum of cancer patients,
including patients with ovarian®, colorectal®™ and gastric
cancer™. This finding suggests that high levels of serum
MMP?7 ate not specific to cholangiocarcinoma. It can be
detected in many types of cancer. Therefore, it should be
used with other diagnostic modalities (clinical presentation
and imaging study) before making a diagnosis.

In this study, the levels of blood chemistry markers were
shown to be significantly different between control and chol-
angiocarcinoma groups. Although several differences were
observed, serum CA19-9 and MMP?7 levels were shown to
be predictors of cholangiocarcinoma, independent of other
blood chemistry values. In addition, the present study is the
first to demonstrate the probability of a diagnosis of cholan-
glocarcinoma using the combination of serum MMP7 and
CA19-9 levels (Table 3). We suggest that the combination of
these markers will aid the physician to identify cholangiocat-
cinoma from benign obstructive jaundice.

The values of AUC from the ROC curve for MMP7
and CA19-9 in this study were shown to be much higher
than those observed in our previous study. The differ-
ences in the designs of these studies should be considered.
Our previous study was designed as a retrospective case-
control study for diagnostic accuracy. Therefore, some
bias from the selection of samples may have occurred. A
strength of the present study was the implementation of
the strategies of the PRoBE designs to avoid the prob-
lems of bias that may affect the studies of the diagnostic
test'”. We collected serum from all obstructive jaundice
patients before the diagnosis of cholangiocarcinoma or
benign biliary tract diseases was determined. This proce-
dure assured that biases related to differences in sample
collection and handling would be avoided™. Limitations
of this design include the fact that the majority of the
study participants were in advanced stages of cholan-
giocarcinoma. The number of patients with eatly-stage
cholangiocarcinoma was small (# = 11), and this number
of patients would not have had the statistical power to de-
tect a difference in mean value between these eatly stages
of cholangiocarcinoma and the control group. Further
studies, which should include an increased number of
early-stage cholangiocarcinoma cases, need to be carried
out before using MMP7 as a screening test for the detec-
tion of early stage cholangiocarcinoma. In addition, this
study was performed in a referral center, which has a high
prevalence of cholangiocarcinoma. As a result, the find-
ings may not be broadly applicable to other hospitals that
typically have a low volume of cholangiocarcinoma.

In conclusion, this study demonstrated that serum
MMP?7 levels are significantly elevated in cholangiocarci-
noma patients. This marker has the potential to be used
as a new tumor marker for discriminating cholangiocarci-
noma patients from benign biliary tract disease patients.
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COMMENTS

Background

To date, carbohydrate antigen 19-9 (CA19-9) is used as a tumor marker for
detecting cholangiocarcinoma. Unfortunately, elevated serum levels of CA19-9
have also been found in patients with benign obstructive jaundice. Previous
studies demonstrated that cholangiocarcinoma cells express a high level of
matrix metalloproteinase (MMP)-7.

Research frontiers

High expression of MMP7 was detected in cholangiocarcinoma specimens. In
addition, the authors’ previous nonconsecutive case-control study demonstrated
that the serum level of MMP7 is higher in cholangiocarcinoma than in benign
biliary tract disease patients. However, a prospective consecutive study of the
evaluation of serum MMP7 as a diagnostic marker for cholangiocarcinoma
has not been established. In this study, the authors collected a new and inde-
pendent dataset of prospective consecutive cases with evidence of bile duct
obstruction due to various etiologies, and demonstrated that the serum level of
MMP7 could be a potential tumor marker for differentiating cholangiocarcinoma
from benign biliary tract obstruction.

Innovations and breakthroughs
This is the first consecutive prospective study to report that the serum level
of MMP7 was significantly higher in patients with cholangiocarcinoma than in
those with benign biliary tract obstruction. The authors suggest that the serum
level of MMP7 may be a potential tumor marker for differentiating cholangiocar-
cinoma from benign biliary tract obstruction.

Applications

This study may represent a future strategy for diagnosing patients with cholan-
giocarcinoma by the detection of serum level of MMP7 and CA19-9.

Peer review

This is a prospective-specimen-collection and retrospective-blinded-evaluation
study of 187 patients with obstructive jaundice where a novel serum marker,
MMP7, for the diagnosis of cholangiocarcinoma was investigated. In general, it's
a nicely designed and accomplished study with sound conclusion, hopefully of
interest for a wide range of readers and researchers.
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Abstract

Background: Cholangiocarcinoma is an aggressive tumor with a tendency for local invasion and
distant metastases. Timely diagnosis is very important because surgical resection (R0) remains the
only hope for a cure. However, at present, there is no available tumor marker that can differentiate
cholangiocarcinoma from benign bile duct disease. Previous studies have demonstrated that matrix
metalloproteinase (MMP)-7 and MMP-9 are frequently expressed in cholangiocarcinoma
specimens.

Methods: This study was designed to determine whether the serum levels of MMP-7 and MMP-9
can discriminate cholangiocarcinoma patients from benign biliary tract disease patients in
comparison to carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9). We
measured the level of CEA, CA19-9, MMP-7 and MMP-9 in the serum of 44 cholangiocarcinoma
and 36 benign biliary tract diseases patients.

Results: Among the serum levels of CEA, CA19-9, MMP-7 and MMP-9, only the serum MMP-7
level was significantly higher in the patients with cholangiocarcinoma (8.9 + 3.43 ng/ml) compared
to benign biliary tract disease patients (5.9 £ 3.03 ng/ml) (p < 0.001). An receiver operating
characteristic (ROC) curve analysis revealed that the detection of the serum MMP-7 level is
reasonably accurate in differentiating cholangiocarcinoma from benign biliary tract disease patients
(area under curve = 0.73; 95% CI = 0.614-0.848). While the areas under the curve of the ROC
curves for CEA, CA19-9 and MMP-9 were 0.63 (95% Cl = 0.501-0.760), 0.63 (95% Cl = 0.491—
0.761) and 0.59 (95% CI = 0.455-0.722), respectively.

Conclusion: Serum MMP-7 appears to be a valuable diagnostic marker in the discrimination of
cholangiocarcinoma from benign biliary tract disease. Further prospective studies for serum MMP-
7 measurement should be carried out to further investigate the potential of this molecule as a
biomarker of cholangiocarcinoma.
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Background

The incidence of and mortality rate for cholangiocarci-
noma varies considerably among different geographic
regions, with the highest incidence being observed in
Southeast Asia, especially in Thailand [1]. In the United
States, the most commonly recognized risk factor for
cholangiocarcinoma is primary sclerosing cholangitis
(PSC) [2,3]. However, in Southeast Asia and especially in
Thailand, infection with hepatobiliary flukes (Opisthorchis
viverrini) is the most common risk factor for cholangiocar-
cinoma [4]. Therapeutic options for cholangiocarcinoma
have been limited since this type of cancer responds
poortly to chemotherapy and radiation therapy. Surgery is
perhaps the only effective treatment for cholangiocarci-
noma. Five-year survival, which typically has a rate
between 32% and 50%, is achieved by only a small
number of patients when negative histological margins
are attained at the time of surgery [5]. To improve the sur-
vival rate, patients must be diagnosed and treated as early
in the disease onset as possible.

To properly diagnose cholangiocarcinoma, it is very diffi-
cult to get to the tissue due to the tumor location and the
desmoplastic reaction. In addition, this tumor typically
grows along the bile duct without expanding from the bile
ducts as a forming mass. Computed tomography (CT),
ultrasound, and magnetic resonance imaging (MRI) often
miss this lesion [6]. Therefore, identification of tumor
markers in the serum would be beneficial in the clinical
management of this disease. To date, there are two com-
mon tumor markers used for detecting cholangiocarci-
noma, carcinoembryonic  antigen = (CEA) and
carbohydrate antigen 19-9 (CA19-9). CEA is unspecific
and can be elevated in the setting of other gastrointestinal
or gynecologic malignancies or other bile duct patholo-
gies, such as cholangitis and hepatolithiasis [7]. Previous
studies have demonstrated that the sensitivity and specif-
icity of a CA 19-9 value >100 U/ml for cholangiocarci-
noma in primary sclerosing cholangitis (PSC) are 89%
and 86%, respectively [8,9]. However, a cut-off of the CA
19-9 value at 100 U/ml resulted in a sensitivity of only
53.0-67.5% for diagnosing cholangiocarcinoma in
patients without PSC [10,11]. In addition, a previous
study demonstrated that the level of serum CA19-9 is
dependent on the severity of the bile duct obstruction and
the degree of cholangitis. An increase in the serum level of
CA19-9 can be detected even in benign bile duct diseases
[12,13]. Therefore, novel tumor markers should be inves-
tigated to better diagnose cholangiocarcinoma in patients
with or without PSC.

Typically, tumor cells invade the basement membrane by
secreting enzymes that digest the extracellular matrix pro-
teins. These enzymes are known as matrix metalloprotei-
nase (MMPs). MMPs are zinc-dependent endopeptidases.
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They are involved in the turnover and degradation of the
extracellular matrix (ECM) components and basement
membranes [14]. Recently, Itatsu K, et al. examined the
expression of MMPs in surgically resected specimens of
cholangiocarcinoma using an immunohistochemical
method and found that 47.5 and 75.8% of these speci-
mens expressed MMP-9 and MMP-7, respectively [15].
Previous studies have demonstrated that MMP-9 can be
detected in the serum of gastric cancer patients and MMP-
7 is increased in colorectal, ovarian and renal cancer
patients [16-19]. Therefore, detection of MMP-9 and
MMP-7 in the blood circulation may be useful for the clin-
ical diagnosis of cholangiocarcinoma. To date, there is no
published study on the detection of serum levels of MMP-
9 and MMP-7 in cholangiocarcinoma patients. The objec-
tive of this study was to determine the accuracy of detect-
ing serum levels of MMP-9 and MMP-7 for the diagnosis
of cholangiocarcinoma in patients without primary scle-
rosing cholangitis.

Methods

Patients and samples

Pre-treatment fasting serum samples (n = 80) were col-
lected from obstructive jaundice patients who underwent
endoscopic retrograde cholangiography (ERCP) or biliary
tract surgery at Rajavithi Hospital. All patient sera and
clinical information were obtained with patient consent
after approval by Rajavithi Ethics Committee. Thirty-six
patients were diagnosed with benign biliary tract diseases,
and 44 patients were diagnosed as having cholangiocarci-
noma by one of the following criteria: 1) tissue biopsy (n
= 7), 2) cytology (n = 17), and 3) radiological finding
(helical CT scan or MRI) and clinical observation to iden-
tify the progression of the tumor at follow up (n = 20).
Serum samples from these patients were separated by cen-
trifugation within 2 h and frozen at -80°C. The biochem-
ical studies of serum samples, including AST, ALT, total
and direct bilirubin, alkaline phosphatase (ALP), CEA and
CA19-9, were measured using routine automated meth-
ods in the Pathological Laboratory at Rajavithi Hospital.

Measurement of serum MMP-7 and MMP-9

Serum MMP-9 and MMP-7 levels were measured using an
enzyme-linked immunosorbent assay (ELISA) kit (R&D
Systems, Minneapolis, MN). The diluted serum samples
were added in duplicate to 96-well plates coated with the
MMP-9 or MMP-7 antibody and incubated at room tem-
perature for 2 h. After washing three times with washing
buffer, the conjugated secondary antibody was added, and
the plate was further incubated for 2 h. Plates were washed
again prior to incubation with the substrate solution for 1
h. The amplifier solution was then added, and the plate
was incubated for an additional 30 min. All incubation
cycles were performed at room temperature. Following
termination of the reaction with the stop solution (1 N
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sulfuric acid), the optical density was measured at 490 nm
using a spectrophotometric microplate reader. The con-
centration of MMP-9 and MMP-7 in each sample was cal-
culated from a standard curve.

Statistical analysis

Comparison between the quantitative variables was per-
formed by using Mann-Whitney U or Student's t-test, as
appropriate. Qualitative variables were reported as
counts, and comparisons between independent groups
were performed by using by Pearson Chi-square. The diag-
nostic accuracy of each of the candidate biomarkers was
evaluated using receiver operating characteristic (ROC)
curve analysis, which correlates true- and false-positive
rates [sensitivity and (1-specificity)]. In addition, an area
under the ROC curve (AUC) with 95% confidence inter-
vals (CI) was calculated for each marker. The optimal cut-
off points for MMP-9 and MMP-7 were selected based on
the ROC curve analysis. Sensitivity, specificity, positive
predictive value and negative predictive value were calcu-
lated using a 2 x 2 table of the collected data.

Results

Patient Characteristics

In cholangiocarcinoma cases, there were 12 cases of intra-
hepatic cholangiocarcinoma and 32 cases of perihilar
cholangiocarcinoma. Primary or secondary common bile
duct stones (78%; n = 28) were the most common dis-
eases in the control patients. The clinical characteristics of
the patients in this study are shown in Table 1. No statis-
tically significant differences were found among the data
of the patients considered as controls and those with
cholangiocarcinoma regarding gender, age, serum albu-
min, globulin and ALT levels. However, the level of serum
AST, bilirubin and alkaline phosphatase were significantly
higher in cholangiocarcinoma patients than in controls
(Mann-Whitney U test; p < 0.05).

http://www.biomedcentral.com/1471-230X/9/30

Detection of CEA and CA19-9 in serum of
cholangiocarcinoma and benign obstructive jaundice
patients

The median CEA and CA19-9 values in the control group
were 3.96 ng/ml (range; 0.56-260.24) and 45.88 U/ml
(range 0.60-10000.00), respectively. The median CEA
and CA19-9 values in the cholangiocarcinoma group were
8.27 ng/ml (range; 0.85-131.70) and 2176.00 U/ml
(range; 0.50-10000.00), respectively. However, there was
no statistically significant difference in the levels of these
two markers between the control and cholangiocarci-
noma patients (Mann-Whitney U test; p = 0.057 for CEA
and p = 0.056 for CA19-9). These data are shown in Figure
1. We used a CEA cut-off value of 5 ng/ml and a CA19-9
cut-off value of 100 U/ml because these have been the
suggested cut-off value for the diagnosis of cholangiocar-
cinoma [7]. Using a CEA cut-off value of 5 ng/ml, the sen-
sitivity was determined to be 58.54% (CI 95% 43.37 -
72.24), and the specificity was determined to be 62.50%
(CI195% 45.25 - 77.07). Using a CA19-9 cut-off value of
100 U/ml, the sensitivity was determined to be 70.45%
(CI 95% 55.78 — 81.84), and the specificity was deter-
mined to be 63.64% (CI 95% 46.62 - 77.81).

Detection of MMP-9 and MMP-7 in serum of
cholangiocarcinoma and benign obstructive jaundice
patients

There was no statistically significant difference in the lev-
els of MMP-9 between the control (mean + SD; 16.5 *
9.30 ng/ml) and cholangiocarcinoma patients (mean *
SD; 18.9 + 8.55 ng/ml), (Student's t-test; p = 0.251, 95%
CI -1.74-6.55). In contrast, the serum MMP-7 values in
the cholangiocarcinoma patients (mean + SD; 8.9 + 3.43
ng/ml) were significantly higher than those in the control
patients (mean + SD; 5.9 + 3.03 ng/ml), (Student's t-test;
p<0.001, 95% CI 1.34-4.47).

Table I: Clinical characteristics of the patients with benign biliary tract disease (control) and cholangiocarcinoma

Control Cholangiocarcinoma p value

(n=36) (n=44)
Age (Yr) 54 + 145 59 %129 0.130
Sex (Male:Female) 15:16 26:18 0.248#
Total bilirubin (mg/dL) 42+553 14.6 £ 11.34 <0.001*
Direct bilirubin (mg/dL) 26 £3.75 10.3 £ 8.47 <0.001*
Albumin (g/dL) 3.8+0s6l 3.1 £0.68 0.050
Globulin (g/dL) 3.6+0.73 4.1 £093 0.253
AST (U/L) 65.4 + 53.80 183.9 + 378.82 0.012*
ALT (U/L) 75.0+77.72 101.4 £ 14.49 0.615
ALP (IU/L) 318.6 + 349.65 551.8 + 526.04 0.001*

Quantitative variables are presented as the means + standard deviation. #; Pearson Chi-square was used to compare between two groups, *; the
level of serum total bilirubin, direct bilirubin, AST and ALP were significantly higher in cholangiocarcinoma patients than in controls (Mann-Whitney

U test; p < 0.05).
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Serum levels of CEA, CA19-9, MMP-7 and MMP-9 in cholangiocarcinoma and control (benign biliary tract dis-
ease) patients. Box plots comparing levels of CEA, CA[9-9, MMP-7 and MMP-9 are demonstrated. Levels of MMP-7 and
MMP-9 are presented as ng/ml, while CEA and CA19-9 are presented with the log data to accommodate the wide range. *;
Only the value for MMP-7 between the two groups is significantly different (Student's t-test; p < 0.001).

ROC curve analysis for CEA, CA19-9, MMP-9 and MMP-7
for diagnosis of cholangiocarcinoma

An ROC curve analysis (Figure 2) was used to calculate an
area under the curve (AUC) of 0.63 (CI 95% 0.501 -
0.760) and of 0.63 (CI 95% 0.491 - 0.761) for CEA and
CA19-9, respectively. Additionally, an ROC curve analysis
was used to calculate an area under the curve of 0.59 (CI
95% 0.455 - 0.722) and of 0.73 (CI 95% 0.614 - 0.848)
for MMP-9 and MMP-7, respectively. When comparing
the AUC of the ROC curve for CEA, CA19-9, MMP-9 and
MMP-7 with a chance value equal to 0.5 (the worst value
of AUC of ROC), only the AUC of the ROC for MMP-7 is
significantly higher than 0.5 (p = 0.001). The sensitivity
and specificity for CEA, CA19-9, MMP-9 and MMP-7 are
presented in Table 2.

Due to the significant difference of the serum AST, ALP,
total bilirubin and direct bilirubin between the control
and cholangiocarcinoma patients, we investigated the cor-
relation between the values of these blood chemistries
and the values for CEA, CA19-9, MMP-9 and MMP-7. The
results showed that none of these parameters was signifi-
cantly correlated (p > 0.05) (see Addition file 1 and Addi-
tion file 2). To determine whether the values of serum
MMP-9 and MMP-7 were predictive of cholangiocarci-
noma independently of other tumor markers, we carried
out a logistic regression analysis. In a multivariable model
using MMP-9 (cut-off value = 15 ng/ml), MMP-7 (cut-off
value = 7.4 ng/ml), CEA (cut-off value = 5 ng/ml), CA19-
9 (cut-off value = 100 U/ml), MMP-9 (an adjusted odds
ratio = 3.76; 95% CI = 1.05-13.47; p = 0.04), MMP-7 (an

Page 4 of 8

(page number not for citation purposes)



BMC Gastroenterology 2009, 9:30

754

L
=
N

Sensitivity

254

0.00 .25 .50 75 1.00
1- Speciticity

754

=)

2
=
<2}
=
A

251

0.00 _ _
0.00 25 50 75 1.0(
1- Specificity

Figure 2

http://www.biomedcentral.com/1471-230X/9/30

B too

75
2 50 o
N R
+— -
o
] *
25

0.00 [~

0.00 25 50 75 1.00

1- Spleciﬁcity‘

754

Sensitrvity
i
=

[ ]
wh
L

0.00
0.00 25 50 75 1.00
1- Specificity

ROC curve analyses of CEA, CA19-9, MMP-9 and MMP-7 for the diagnosis of cholangiocarcinoma. The diagnostic
accuracy of each biomarker, in terms of its sensitivity and specificity, are presented by receiver operating characteristic (ROC)
curve analysis. Figures 2A, 2B, 2C and 2D correspond to CEA, CA19-9, MMP-7 and MMP-9. Only the area under the
curve (AUC) of the ROC for MMP-7 is significantly higher than a chance value (0.5).

adjusted odds ratio = 5.33; 95% CI = 1.55-18.31; p =
0.008) and CA19-9 (an adjusted odds ratio = 4.60; 95%
Cl = 1.23-17.30; p = 0.02) were the independent predic-
tors of cholangiocarcinoma, whereas CEA was not.

Discussion

The need for better tests to diagnose and screen for
patients with cholangiocarcinoma is an important issue
that must be addressed to improve the treatment results

for these patients. Unfortunately, no specific serum tumor
markers have been identified for this disease.

Based on the results of our study, the sensitivity and spe-
cificity of CEA as a marker for detecting cholangiocarci-
noma are 58.54% and 62.50%, respectively. This is
consistent with previously published studies that reported
that the sensitivity and specificity of CEA for detecting
cholangiocarcinoma were 33-84% and 33-100%, respec-
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Table 2: Performance of the biomarkers for the diagnosis of cholangiocarcinoma

Biomarker (cut-off value)

Sensitivity (%) (95% CI)

Specificity (%) (95% CI)

PLR (95% ClI)

NLR (95% CI)

CEA 70.73
(3 ng/ml) (55.52-82.39)
CEA 58.54
(5 ng/ml) (43.37-72.24)
CAI19-9 81.82
(35 U/ml) (68.04-90.49)
CAI19-9 70.45
(100 U/ml) (55.78 — 81.84)
MMP-9 63.64
(15.0 ng/ml) (48.87-76.22)
MMP-9 34.10
(20.0 ng/ml) (21.88-48.86)
MMP-7 76.32
(6.0 ng/ml) (60.79-87.01)
MMP-7 63.16
(7.4 ng/ml) (47.28-76.62)

4375 1.26 0.67
(28.17-60.67) (0.87-1.81) (0.36-1.24)
62.50 .56 0.66
(45.25-77.07) (0.93-2.62) (0.42-1.04)
48.48 .59 0.38
(32.50-64.78) (1.11-2.27) (0.18-0.77)
63.64 1.94 0.46
(46.62-77.81) (1.19-3.16) (0.28-0.78)
41.94 1.67 0.59
(26.42-59.23) (0.93-3.01) (0.35-0.98)
74.19 1.32 0.89
(56.75-86.30) (0.64-2.73) (0.66-1.20)
46.88 .44 0.51
(30.87-63.55) (0.99-2.08) (0.26-1.00)
71.88 225 0.51
(54.63-84.44) (1.23-4.11) (0.32-0.82)

The sensitivity, specificity, positive and negative likelihood ratio (LR) as well as their 95% confidence interval (Cl) for each marker is presented. The
likelihood ratio is the ratio of true and false positives (sensitivity and |-specificity respectively), where the higher values reflect the probability of a
better performance. (PLR, positive likelihood ratio; NLR, negative likelihood ratio; 95% Cl, 95% confidence interval)

tively [7,20]. Previous articles have addressed the accuracy
of CA19-9 in the identification of cholangiocarcinoma. A
previous study identified cholangiocarcinoma with a sen-
sitivity of 67.5% and a specificity of 86.8% when a cut-off
value of 100 U/ml for CA19-9 was used and a sensitivity
of 77.9% and a specificity of 76.3% when a cut-off value
of 35 U/ml for CA19-9 was used [10]. In our series, we
found that the sensitivity was 70.45% and the specificity
was 63.64% when using a cut-off value of 100 U/ml for
CA19-9. However, the AUC of the ROC curve for CA19-9
was only 0.63 in the discrimination of cholangiocarci-
noma in our study. Therefore, when the cut-off value was
changed to 35 U/ml, the specificity markedly decreased
(81.82% of sensitivity and 48.48% of specificity). We sug-
gest that the differences among the patients should be
concerned. In the study published by John, A. R,, et al, 25
patients with benign liver tumors and 13 patients with
benign bile duct strictures were used as a control group
[10]. However, in our studies, all the subjects in the con-
trol group had been diagnosed with benign bile duct dis-
eases. The reason that we used patients with benign bile
duct diseases as a control group was because the symp-
toms of cholangiocarcinoma are similar to the symptoms
of benign bile duct diseases in our clinical setting.

We observed that most of the cholangiocarcinoma
patients were suffering from the invasiveness of the
cholangiocarcinoma cells into the adjacent organs. The
mechanism by which cancer cells invade the surrounding
tissue requires the breakdown of the extracellular matrix
and the subsequent migration of the cancerous cells
through the degraded structures [14]. Because extracellu-
lar matrix remodeling is the major activity of a family of
enzymes known as matrix metalloproteinases (MMPs),

these enzymes were investigated for their contributions to
the malignant phenotype in cholangiocarcinoma
patients. Previous studies have demonstrated that the
expression of MMP-9 and MMP-7 can be detected in
cholangiocarcinoma specimens [21-23]. Therefore, in our
study, the accuracy of serum MMP-9 and MMP-7 levels
were investigated in an effort to find a reliable serum
marker that can discriminate the benign biliary tract dis-
eases from cholangiocarcinoma.

There are numerous studies that demonstrate that the
serum level of MMP-9 is significantly elevated in many
types of cancers, including breast cancer, esophageal can-
cer, and lung cancer [24-26], but previous reports have
shown that the incidence of MMP-9 expression in cholan-
giocarcinoma specimens is only 9-47.5% [15,22]. Our
study demonstrated that there is no statistically significant
difference in the serum MMP-9 levels between cholangi-
ocarcinoma patients and control patients. Previous stud-
ies revealed that detection of MMP-9 in serum is an
artifact representing the release of MMP-9 from leukocytes
during the clotting process in the blood collection tube
[27,28]. The role of circulating MMP-9 in diagnosing
cholangiocarcinoma should be further investigated by
collecting the plasma instead of serum and the assay
should be performed without long delay [29].

Previous studies have demonstrated that cholangiocarci-
noma specimens frequently express MMP-7 (75.8-100%)
[15,21]. As far as we are aware, no other published inves-
tigation is available that uses the serum MMP-7 level to
diagnose cholangiocarcinoma. Our study shows that the
serum MMP-7 level is significantly higher in patients with
cholangiocarcinoma than with benign biliary tract dis-
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eases. MMP-7 is the smallest of the MMPs and has been
demonstrated to degrade or process a variety of matrix
and nonmatrix molecules. Unlike most MMPs, which are
expressed by stromal cells, MMP-7 is principally expressed
by epithelial cells [30]. A previous study reported that the
serum MMP-7 level was significantly elevated in patients
with ovarian cancer and advanced colorectal cancer
[16,31]. We suggest that MMP-7 might be detected in
many cancers that originate from epithelial cells. In addi-
tion, we also found that the accuracy of the serum MMP-
7 level for the diagnosis of cholangiocarcinoma is better
than the serum level of MMP-9, CEA and CA19-9, as
observed by calculating the AUC of the ROC curve. Only
the AUC of the ROC curve for the serum MMP-7 level is
significantly higher than a chance value (0.5). Our study
demonstrated that use of serum MMP-7 could identify
cholangiocarcinoma patients from benign biliary tract
disease patients. However, further larger prospective stud-
ies that evaluated the benefit of serum MMP-7 in helping
the physician to take decisions on diagnosis cholangiocar-
cinoma are necessary before the implementation of using
serum MMP-7 as a marker for cholangiocarcinoma. Previ-
ous studies determined that expression of MMP-7 in
cholangiocarcinoma is an unfavorable postoperative
prognostic factor for cholangiocarcinoma patients [15].
However, in this study, most of the cholangiocarcinoma
patients had been diagnosed with unresectable tumors;
only five patients underwent curative resection (RO).
Therefore, an analysis for a prognostic factor of cholangi-
ocarcinoma could not be clarified. Further studies that
include many cases of resectable cholangiocarcinoma
need to be completed before the serum MMP-7 level can
be used as a prognostic factor for cholangiocarcinoma.

Conclusion

The elevation of serum MMP-7 levels could be a very use-
ful tool for the detection of cholangiocarcinoma, espe-
cially in those patients with obstructive jaundice.
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Additional material

Additional file 1

The correlation between the blood chemistry values and MMP-9 or
MMP-7. This table demonstrates the correlation between the blood chem-
istry values (total bilirubin, AST, ALP, Log CEA and Log CA19-9) and
MMP-9 or MMP-7 in the control and cholangiocarcinoma patients. No
significant correlation is identified (p > 0.05).

Click here for file
|http://www.biomedcentral.com/content/supplementary/1471-
230X-9-30-S1.pdf]

Additional file 2

Scatter plot of the correlation between the blood chemistry values and
MMP-9 or MMP-7. A scatter plot was used to identify the correlation
between the blood chemistry values (total bilirubin, AST, ALP, Log CEA
and Log CA19-9) and MMP-9 or MMP-7 in the control and cholangi-
ocarcinoma patients. This figure demonstrates that there is no significant
correlation (p > 0.05) between the blood chemistry values and MMP-9 or
MMP-7 in both groups.
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|http://www.biomedcentral.com/content/supplementary/1471-
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