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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% CI = 0.501–0.760), 0.63 (95% CI = 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 MMP7 measurement should be carried out to further investigate the potential of this molecule as a
biomarker of cholangiocarcinoma.

Page 1 of 8
(page number not for citation purposes)

BMC Gastroenterology 2009, 9:30

Background
The incidence of and mortality rate for cholangiocarcinoma 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 cholangiocarcinoma [4]. Therapeutic options for cholangiocarcinoma
have been limited since this type of cancer responds
poorly to chemotherapy and radiation therapy. Surgery is
perhaps the only effective treatment for cholangiocarcinoma. 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 survival rate, patients must be diagnosed and treated as early
in the disease onset as possible.
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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 specimens 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 MMP7 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 clinical diagnosis of cholangiocarcinoma. To date, there is no
published study on the detection of serum levels of MMP9 and MMP-7 in cholangiocarcinoma patients. The objective of this study was to determine the accuracy of detecting serum levels of MMP-9 and MMP-7 for the diagnosis
of cholangiocarcinoma in patients without primary sclerosing cholangitis.

Methods
To properly diagnose cholangiocarcinoma, it is very difficult 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 common tumor markers used 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 pathologies, such as cholangitis and hepatolithiasis [7]. Previous
studies have demonstrated that the sensitivity and specificity of a CA 19-9 value >100 U/ml for cholangiocarcinoma 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 investigated 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 proteins. These enzymes are known as matrix metalloproteinase (MMPs). MMPs are zinc-dependent endopeptidases.

Patients and samples
Pre-treatment fasting serum samples (n = 80) were collected 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 cholangiocarcinoma 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 identify the progression of the tumor 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 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 concentration of MMP-9 and MMP-7 in each sample was calculated from a standard curve.
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
counts, 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 correlates true- and false-positive
rates [sensitivity and (1-specificity)]. In addition, an area
under the ROC curve (AUC) with 95% confidence intervals (CI) was calculated for each marker. The optimal cutoff 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 calculated using a 2 × 2 table of the collected data.

Results
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) were the most common diseases in the control patients. The clinical characteristics of
the patients in this study are shown in Table 1. No statistically significant differences were found among the data
of the 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).

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 cholangiocarcinoma 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 cholangiocarcinoma [7]. Using a CEA cut-off value of 5 ng/ml, the sensitivity was determined to be 58.54% (CI 95% 43.37 –
72.24), and the specificity was determined to be 62.50%
(CI 95% 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 determined 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 levels 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 1: Clinical characteristics of the patients with benign biliary tract disease (control) and cholangiocarcinoma

Age (Yr)
Sex (Male:Female)
Total bilirubin (mg/dL)
Direct bilirubin (mg/dL)
Albumin (g/dL)
Globulin (g/dL)
AST (U/L)
ALT (U/L)
ALP (IU/L)

Control
(n = 36)

Cholangiocarcinoma
(n = 44)

p value

54 ± 14.5
15:16
4.2 ± 5.53
2.6 ± 3.75
3.8 ± 0.61
3.6 ± 0.73
65.4 ± 53.80
75.0 ± 77.72
318.6 ± 349.65

59 ± 12.9
26:18
14.6 ± 11.34
10.3 ± 8.47
3.1 ± 0.68
4.1 ± 0.93
183.9 ± 378.82
101.4 ± 14.49
551.8 ± 526.04

0.130
0.248#
<0.001*
<0.001*
0.050
0.253
0.012*
0.615
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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Figurelevels
Serum
1
of CEA, CA19-9, MMP-7 and MMP-9 in cholangiocarcinoma and control (benign biliary tract disease) patients
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).

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 correlation 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 significantly correlated (p > 0.05) (see Addition file 1 and Addition file 2). To determine whether the values of serum
MMP-9 and MMP-7 were predictive of cholangiocarcinoma 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), CA199 (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
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Figure
ROC
curve
2 analyses of CEA, CA19-9, MMP-9 and MMP-7 for the diagnosis of cholangiocarcinoma
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%
CI = 1.23–17.30; p = 0.02) were the independent predictors 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 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%, respec-
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Table 2: Performance of the biomarkers for the diagnosis of cholangiocarcinoma

Biomarker (cut-off value)
CEA
(3 ng/ml)
CEA
(5 ng/ml)
CA19-9
(35 U/ml)
CA19-9
(100 U/ml)
MMP-9
(15.0 ng/ml)
MMP-9
(20.0 ng/ml)
MMP-7
(6.0 ng/ml)
MMP-7
(7.4 ng/ml)

Sensitivity (%) (95% CI)

Specificity (%) (95% CI)

PLR (95% CI)

NLR (95% CI)

70.73
(55.52–82.39)
58.54
(43.37–72.24)
81.82
(68.04–90.49)
70.45
(55.78 – 81.84)
63.64
(48.87–76.22)
34.10
(21.88–48.86)
76.32
(60.79–87.01)
63.16
(47.28–76.62)

43.75
(28.17–60.67)
62.50
(45.25–77.07)
48.48
(32.50–64.78)
63.64
(46.62–77.81)
41.94
(26.42–59.23)
74.19
(56.75–86.30)
46.88
(30.87–63.55)
71.88
(54.63–84.44)

1.26
(0.87–1.81)
1.56
(0.93–2.62)
1.59
(1.11–2.27)
1.94
(1.19–3.16)
1.67
(0.93–3.01)
1.32
(0.64–2.73)
1.44
(0.99–2.08)
2.25
(1.23–4.11)

0.67
(0.36–1.24)
0.66
(0.42–1.04)
0.38
(0.18–0.77)
0.46
(0.28–0.78)
0.59
(0.35–0.98)
0.89
(0.66–1.20)
0.51
(0.26–1.00)
0.51
(0.32–0.82)

The sensitivity, specificity, positive and negative likelihood ratio (LR) as well as their 95% confidence interval (CI) 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% CI, 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 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 [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 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
[10]. 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 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 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 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 [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 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 [24-26], but previous reports have
shown that the incidence of MMP-9 expression in cholangiocarcinoma 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 cholangiocarcinoma patients and control patients. Previous studies 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 cholangiocarcinoma specimens frequently express MMP-7 (75.8–100%)
[15,21]. 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 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 addition, we also found that the accuracy of the serum MMP7 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 [15].
However, in this study, most of the cholangiocarcinoma
patients had been diagnosed with unresectable tumors;
only five patients 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.

Conclusion
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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 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).
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471230X-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 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.
Click here for file
[http://www.biomedcentral.com/content/supplementary/1471230X-9-30-S2.tiff]

Acknowledgements
This study was funded by Thailand Research Fund (RSA52) and Rajavithi
Hospital. We thank Assoc. Prof. Dr. Tawechai Tejapongvorachai and Prof.
Dr. Apiwat Mutirangura for their clinical guidance, and Dr. Chulaluk
Komoltri, Dr. Somrat Lertmaharit and Thai CERTC staffs for help with statistics.

References
1.
2.

The elevation of serum MMP-7 levels could be a very useful tool for the detection of cholangiocarcinoma, especially in those patients with obstructive jaundice.

3.

Competing interests

5.

4.

The authors declare that they have no competing interests.
6.

Authors' contributions
KL conceived of, designed, and coordinated the study and
the statistical analysis and drafted the manuscript. SS
coordinated the study and helped with the statistical analysis. SN carried out the MMP-7 and MMP-9 assays and
helped with the statistical analysis and JW coordinated the
study.

7.
8.

9.
10.

11.

Sripa B, Pairojkul C: Cholangiocarcinoma: lessons from Thailand. Curr Opin Gastroenterol 2008, 24(3):349-356.
Claessen MMH, Vleggaar FP, Tytgat KMAJ, Siersema PD, van Buuren
HR: High lifetime risk of cancer in primary sclerosing cholangitis. J Hepatol 2009, 50(1):158-164.
Silveira MG, Lindor KD: Primary sclerosing cholangitis. Can J
Gastroenterol 2008, 22(8):689-698.
Sripa B, Kaewkes S, Sithithaworn P, Mairiang E, Laha T, Smout M, Pairojkul C, Bhudhisawasdi V, Tesana S, Thinkamrop B, Bethony JM, Loukas A, Brindley PJ: Liver fluke induces cholangiocarcinoma.
PLoS Med 2007, 4(7):e201.
Nakagohri T, Kinoshita T, Konishi M, Takahashi S, Gotohda N: Surgical outcome and prognostic factors in intrahepatic cholangiocarcinoma. World J Surg 2008, 32(12):2675-2680.
Jarnagin W, Winston C: Hilar cholangiocarcinoma: diagnosis
and staging. HPB (Oxford) 2005, 7(4):244-251.
Van Beers BE: Diagnosis of cholangiocarcinoma. HPB (Oxford)
2008, 10(2):87-93.
Nichols JC, Gores GJ, LaRusso NF, Wiesner RH, Nagorney DM, Ritts
RE: Diagnostic role of serum CA 19-9 for cholangiocarcinoma in patients with primary sclerosing cholangitis. Mayo
Clin Proc 1993, 68(9):874-879.
Blechacz BRA, Gores GJ: Cholangiocarcinoma. Clin Liver Dis 2008,
12(1):131-150.
John AR, Haghighi KS, Taniere P, Esmat ME, Tan YM, Bramhall SR: Is
a raised CA 19-9 level diagnostic for a cholangiocarcinoma in
patients with no history of sclerosing cholangitis? Dig Surg
2006, 23(5–6):319-324.
Patel AH, Harnois DM, Klee GG, LaRusso NF, Gores GJ: The utility
of CA 19-9 in the diagnoses of cholangiocarcinoma in
patients without primary sclerosing cholangitis. Am J Gastroenterol 2000, 95(1):204-207.

Page 7 of 8
(page number not for citation purposes)

BMC Gastroenterology 2009, 9:30

12.

13.

14.
15.

16.
17.
18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.
29.

Principe A, Del Gaudio M, Grazi GL, Paolucci U, Cavallari A: Mirizzi
syndrome with cholecysto-choledocal fistula with a high
CA19-9 level mimicking biliary malignancies: a case report.
Hepatogastroenterology 2003, 50(53):1259-1262.
Ong SL, Sachdeva A, Garcea G, Gravante G, Metcalfe MS, Lloyd DM,
Berry DP, Dennison AR: Elevation of carbohydrate antigen 19.9
in benign hepatobiliary conditions and its correlation with
serum bilirubin concentration.
Dig Dis Sci 2008,
53(12):3213-3217.
McCawley LJ, Matrisian LM: Matrix metalloproteinases: multifunctional contributors to tumor progression. Mol Med Today
2000, 6(4):149-156.
Itatsu K, Zen Y, Yamaguchi J, Ohira S, Ishikawa A, Ikeda H, Sato Y,
Harada K, Sasaki M, Sasaki M, Sakamoto H, Nagino M, Nimura Y,
Ohta T, Nakanuma Y: Expression of matrix metalloproteinase
7 is an unfavorable postoperative prognostic factor in
cholangiocarcinoma of the perihilar, hilar, and extrahepatic
bile ducts. Hum Pathol 2008, 39(5):710-719.
Acar A, Onan A, Coskun U, Uner A, Bagriacik U, Atalay F, Unsal DK,
Guner H: Clinical significance of serum MMP-2 and MMP-7 in
patients with ovarian cancer. Med Oncol 2008, 25(3):279-283.
Dragutinovic V, Izrael-Zivkovic L, Radovanovic N: Relation of
Matrix Metalloproteinase-9 to Different Stages of Tumors in
the Serum of Gastric Cancer. Dig Dis Sci 2008.
Gao ZL, Zhang C, Du GY, Lu ZJ: Clinical significance of changes
in tumor markers, extracellular matrix, MMP-9 and VEGF in
patients with gastric carcinoma. Hepatogastroenterology 2007,
54(77):1591-1595.
Sarkissian G, Fergelot P, Lamy PJ, Patard JJ, Culine S, Jouin P, RiouxLeclercq N, Darbouret B: Identification of pro-MMP-7 as a
serum marker for renal cell carcinoma by use of proteomic
analysis. Clin Chem 2008, 54(3):574-581.
Nehls O, Gregor M, Klump B: Serum and bile markers for
cholangiocarcinoma. Semin Liver Dis 2004, 24(2):139-154.
Itatsu K, Zen Y, Ohira S, Ishikawa A, Sato Y, Harada K, Ikeda H, Sasaki
M, Nimura Y, Nakanuma Y: Immunohistochemical analysis of
the progression of flat and papillary preneoplastic lesions in
intrahepatic cholangiocarcinogenesis in hepatolithiasis. Liver
Int 2007, 27(9):1174-1184.
Jo Chae K, Rha SY, Oh B-K, Koo JS, Kim YJ, Choi J, Park C, Park YN:
Expression of matrix metalloproteinase-2 and -9 and tissue
inhibitor of metalloproteinase-1 and -2 in intraductal and
nonintraductal growth type of cholangiocarcinoma. Am J Gastroenterol 2004, 99(1):68-75.
Kim HJ, Kim JS, Kang CD, Lee SJ, Kim JY, Yeon JE, Park J-J, Shim JJ,
Byun KS, Bak YT, Lee CH: Expression of epidermal growth factor receptor, ErbB2 and matrix metalloproteinase-9 in
hepatolithiasis and cholangiocarcinoma. Korean J Gastroenterol
2005, 45(1):52-59.
Koc M, Ediger D, Budak F, Karadag M, Oral HB, Uzaslan E, Ege E,
Gozu RO: Matrix metalloproteinase-9 (MMP-9) elevated in
serum but not in bronchial lavage fluid in patients with lung
cancer. Tumori 2006, 92(2):149-154.
Mroczko B, Kozlowski M, Groblewska M, Lukaszewicz M, Niklinski J,
Jelski W, Laudanski J, Chyczewski L, Szmitkowski M: The diagnostic
value of the measurement of matrix metalloproteinase 9
(MMP-9), squamous cell cancer antigen (SCC) and carcinoembryonic antigen (CEA) in the sera of esophageal cancer
patients. Clin Chim Acta 2008, 389(1–2):61-66.
Wu Z-S, Wu Q, Yang J-H, Wang H-Q, Ding X-D, Yang F, Xu X-C:
Prognostic significance of MMP-9 and TIMP-1 serum and tissue expression in breast cancer.
Int J Cancer 2008,
122(9):2050-2056.
Zucker S, Hymowitiz M, Conner C, Zarrabi HM, Hurewitz AN, Matrisian L, Boyd D, Nicolson G, Montana S: Measurement of matrix
metalloproteinase (MMPs) and tissue inhibitors of matrix
metalloproteinase (TIMPs) in blood and tissues. Ann N Y Acad
Sci 1999, 878:212-227.
Vespaget HW, Kuyvenhoven JP, van Hoek B: Preanalytic conditions and circulating matrix metalloproteinase. Transplantation 2005, 79(6):745-746.
Makowski GS, Ramsby ML: Use of citrate to minimize neutrophil matrix metalloproteinase-9 in human plasma. Anal
Biochem 2003, 322(2):283-286.

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

30.
31.

Folgueras AR, Pendas AM, Sanchez LM, Lopez-Otin C: Matrix metalloproteinases in cancer: from new functions to improved
inhibition strategies. Int J Dev Biol 2004, 48(5–6):411-424.
Maurel J, Nadal C, Garcia-Albeniz X, Gallego R, Carcereny E, Almendro V, Marmol M, Gallardo E, Maria Auge J, Longaron R, MartínezFernandez A, Molina R, Castells A, Gascón P: Serum matrix metalloproteinase 7 levels identifies poor prognosis advanced
colorectal cancer patients. Int J Cancer 2007, 121(5):1066-1071.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-230X/9/30/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 8 of 8
(page number not for citation purposes)

