
Int J Clin Exp Med 2015;8(2):2734-2740
www.ijcem.com /ISSN:1940-5901/IJCEM0004374

Original Article 
Serum and biliary MMP-9 and TIMP-1 concentrations in 
the diagnosis of cholangiocarcinoma

Ali Tüzün İnce1, Kemal Yıldız1, Venkatanarayana Gangarapu1, Yusuf Kayar1, Birol Baysal1, Oğuzhan  
Karatepe2, Ahu Sarbay Kemik3, Hakan Şentürk1

1Department of Gastroenterology, Bezmialem Vakıf University, Istanbul 34093, Turkey; 2Department of General 
Surgery, Bezmialem Vakıf University, Istanbul 34093, Turkey; 3Biochemistry Division, Cerrahpaşa Medical School, 
Istanbul University, Istanbul, Turkey 

Received December 2, 2014; Accepted January 29, 2015; Epub February 15, 2015; Published February 28, 2015

Abstract: Aim: Cholangiocarcinoma is generally detected late in the course of disease, and current diagnostic tech-
niques often fail to differentiate benign from malignant disease. Ongoing biomarker studies for early diagnosis of 
cholangiocarcinoma are still continues. By this study, we analyzed the roles of serum and biliary MMP-9 and TIMP-1 
concentrations in the diagnosis of cholangiocarcinoma. Materials and methods: The 113 patients (55 males, 58 
females) were included; 33 diagnosed with cholangiocarcinoma (malignant group) and 80 diagnosed with choledo-
cholithiasis (benign group). MMP-9 and TIMP-1 concentrations were analyzed in serum and bile and compared in 
the malignant and benign groups. Results were evaluated statistically. Results: Biliary MMP-9 concentrations were 
significantly higher (576 ± 209 vs. 403 ± 140 ng/ml, p < 0.01) and biliary TIMP-1 concentrations were significantly 
lower (22.4 ± 4.9 vs. 29.4 ± 6.1 ng/ml, p < 0.01) in the malignant than in the benign group. In contrast, serum 
MMP-9 and TIMP-1 concentrations were similar in the two groups. Receiver operating curve analysis revealed that 
the areas under the curve of bile MMP-9 and TIMP-1 were significantly higher than 0.5 (p < 0.001). The sensitivity, 
specificity, positive and negative predictive values, positive and negative likelihood ratios and accuracy were 0.94, 
0.32, 0.36, 0.93, 1.40, 0.19 and 0.5 for biliary MMP-9, respectively, and 0.97, 0.36, 0.39, 0.97, 1.5, 0.08 and 0.54 
for biliary TIMP-1, respectively. Conclusion: Serum and biliary MMP-9 and TIMP-1 tests do not appear to be useful 
in the diagnosis of cholangiocarcinoma. 
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Introduction 

Cholangiocarcinoma (CCA) is an aggressive 
malignant tumor arising from the epithelial lin-
ing of the biliary tract [1]. Unlike most human 
cancers, CCA is extremely difficult to diagnose 
because of its location and size [2, 3]. Tumor 
masses often cannot be identified by radiologi-
cal methods and endoscopy approaches are of 
limited usefulness in tissue diagnosis [4]. The 
prognosis of patients with CCA is generally poor 
with a 5-year survival rate below 5% [5]. Surgical 
resection has the potential to be curative, but 
most patients with CCA are diagnosed at 
advanced stages when surgery is no longer fea-
sible [6]. 

Serum tumor markers are non-invasive diag-
nostic tools for identifying malignant tumors, 

and are commonly used to screen individuals 
for cancer, as prognostic factors and as indica-
tors of treatment efficacy. Matrix metallopro-
teinase-9 (MMP-9) and tissue inhibitor of metal-
loproteinase-1 (TIMP-1) have been shown to be 
sensitive serum markers for identifying various 
cancers. These molecules are stored in gran-
ules of platelets and white cells and are 
released due to cellular disintegration during 
the coagulation process. Although serum levels 
of MMP-9 and TIMP-1 may be 3-6 times higher 
in serum than in plasma, these differences are 
not statistically significant. 

Degradation of the extracellular matrix (ECM) is 
a prerequisite for cancer invasiveness and 
metastasis, with the latter processes strongly 
affecting the prognosis of cancer patients. The 
MMP family has been shown to play important 
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roles in cancer cell invasion by digesting the 
ECM, and highly invasive tumor cells have been 
shown to secrete large quantities of these pro-
teolytic enzymes [7]. Among the MMPs are the 
gelatinases, MMP-2 (gelatinase A) and MMP-9 
(gelatinase B), which have been found to play 
key roles in tumor invasion. The most important 
endogenous suppressors of MMP activity are 
the TIMPs, with TIMP-1 and TIMP-2 inhibiting 
the activities of MMP-9 and MMP-2, respective-
ly [8, 9]. The levels of expression of the MMPs 
and TIMPs have been found to be altered in 
benign and malignant tumors, as well as during 
tumor invasion and metastasis, processes 
which require the breakdown and removal of 
ECM [10]. Previous studies have demonstrated 
that serum MMP-7 levels are elevated in 
patients with CCA and with colorectal, gastric, 
ovarian or renal cancers [11-14]. To our knowl-
edge, no previous study has compared serum 
and bile concentrations of MMP-9 and TIMP-1 
in patients with benign and malignant biliary 
strictures. We therefore measured these con-
centrations to assess the diagnostic role of 
these two markers in the prediction of CCA.

Materials and methods

Patients

Patients diagnosed with choledocholithiasis 
and cholangiocarcinoma were included in this 
study. A diagnosis of choledocholithiasis was 
based on patient history (right upper quadrant 
and epigastric pain, vomiting, fever) physical 
examination (Murphy sign), laboratory tests 
(elevated AST, ALT, alkaline phosphatase, GGT, 
and total and direct bilirubin concentrations), 
ultrasonography, MRCP, upper abdominal MRI, 
ERCP and/or EUS. A diagnosis of CCA was 
based on patient history (icterus, weight loss), 
physical examination (silent jaundice), imaging 
methods (CT, MRI, and PET) and laboratory 
tests (elevated AST, ALT, alkaline phosphatase, 
GGT, total and direct bilirubin, CEA, and CA 
19-9 concentrations). Patients with sepsis or 
severe heart, renal or liver failure, as well as 
those unsuitable for ERCP due, for example, to 
bleeding tendency, were excluded from the 
study. All patients provided written informed 
consent. The study protocol was approved by 
the institutional review board (B.30.2.BAV.- 
0.05.05/398-11.07.2012 and 71306642/050-
01-04/105). All procedures were in accordance 
with the ethical standards of the committee on 

human experimentation of our institution and 
with the Declaration of Helsinki.

Sample collection

Blood samples were obtained before ERCP, and 
bile samples were obtained during ERCP using 
an ERCP catheter and EUS syringe. Serum and 
bile samples were stored at -80°C. AST, ALT, 
alkaline phosphatase, GGT, total protein, albu-
min, CRP, amylase, lipase, and total and direct 
bilirubin concentrations; as well as hematocrit, 
platelet counts, INR, and prothrombin time, 
were measured at Bezmialem Vakıf University. 
Serum and biliary MMP-9 and TIMP-1 concen-
trations were measured by ELISA assays (R & D 
Systems Europe Ltd, UK), performed in the 
Biochemistry Department of the Istanbul 
Cerrahpaşa Medicine Faculty. 

Statistical analysis

All statistical analyses were performed using 
SPSS for Windows 15.0 software (Statistical 
Package for the Social Sciences). Quantitative 
data were reported as mean ± standard devia-
tion; normally distributed parameters were 
compared using Student’s t-tests and nonnor-
mally distributed parameters were compared 
using Mann Whitney U tests. Qualitative data 
were compared using the chi-square test. True 
and false positive rates [sensitivity and (1-spec-
ificity)] of the diagnostic accuracy of each test 
were evaluated using ROC curve analysis. The 
areas under the curve (AUCs) with 95% confi-
dence intervals were calculated from the ROC 
curves for MMP-9 and TIMP-1 tests. ROC analy-
sis was used to determine MMP-9 and TIMP-1 
cutoff concentrations, as well as to determine 
their sensitivity, specificity, negative predictive 
value (NPV), positive predictive value (PPV), FP, 
FN and accuracy. A p value < 0.05 was consid-
ered statistically significant. 

Results 

This prospective controlled cohort study in- 
volved 113 patients, including 55 men and 58 
women, aged 31-87 years (mean age, 65.03 ± 
12.21 years), who were evaluated between July 
2012 and May 2013 in the gastroenterology 
clinic of Bezmialem Vakıf University. Of these 
113 patients, 80 (70.8%) had choledocholithia-
sis and 33 (29.2%) had CCA (Table 1). The two 
groups were similar in mean age and gender 
distribution (p > 0.05). 
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Mean serum MMP-9 and TIMP-1 concentra-
tions were similar in the two groups (p > 0.05). 
However, mean biliary MMP-9 concentrations 
were significantly higher (575.85 ± 209.27 vs. 
403.02 ± 140.12 ng/ml, p < 0.01) and mean 
TIMP-1 concentrations significantly lower 
(22.42 ± 4.88 vs. 29.41 ± 6.09 ng/ml, p < 
0.01) significant lower in the CCA than in the 
benign group (Table 1). 

Tests of other laboratory parameters showed 
that mean alkaline phosphatase (p < 0.01), 
total bilirubin (p < 0.05) and direct bilirubin (p < 

0.01) concentrations and sedimentation rate (p 
< 0.01) were significantly higher in the CCA 
group. In contrast, mean hematocrit (p < 0.01) 
and total protein (p < 0.05) and albumin (p < 
0.01) concentrations were significantly lower in 
the CCA group. Similar concentrations of AST, 
ALT, GGT, CRP, amylase, and lipase, and similar 
INR, prothrombin time, and platelet counts, 
were observed in the two groups (p > 0.05 
each; Table 1). 

Using a serum MMP-9 cut-off of 325 ng/ml, we 
found that the sensitivity, specificity, PPV, NPV, 

Table 1. Demographic and Laboratory Features
Malignant Benign p

Age, yr, mean ± SD 66.06 ± 10.15 64.61 ± 13.00 0.569+

Gender, n (%)
    Female 18 (54.5) 40 (50.0) 0.660++

    Male 15 (45.5) 40 (50.0)
mean ± SD (Median) mean ± SD (Median)

Serum MMP-9, ng/ml 331.82 ± 16.53 330.37 ± 19.17 0.706
Bile MMP-9, ng/ml 575.85 ± 209.27 403.02 ± 140.12 0.001
Serum TIMP-1, ng/ml 220.91 ± 13.94 218.69 ± 16.93 0.507 

Bile TIMP-1, ng/ml 22.42 ± 4.88 29.41 ± 6.09 0.001
AST+++, U/L 109.53 ± 107.14 (78.3) 98.02 ± 113.69 (49.9) 0.243
ALT+++, U/L 144.56 ± 189.95 (73) 122.24 ± 123.99 (76) 0.920
Alkaline Phosphatase+++, U/L 423.86 ± 423.86 (319) 210.74 ± 224.96 (145) 0.006
GGT++, U/L 628.97 ± 950.35 (232) 347.96 ± 401.76 (211) 0.352
Total Bilirubin+++, U/L 7.55 ± 8.66 (2.6) 2.76 ± 4.16 (1.2) 0.022
Direct Bilirubin+++, U/L 5.81 ± 6.58 (2.6) 4.67 ± 26.74 (0.8) 0.007
INR+++ 1.17 ± 0.24 (1.1) 3.30 ± 13.66 (1.1) 0.714
CRP++, mg/L 11.62 ± 25.57 (2.9) 4.31 ± 6.29 (1.4) 0.105
Hct+++, % 34.90 ± 5.82 (35.9) 41.94 ± 23.02 (39.8) 0.001
Amylase+++, U/L 267.82 ± 713.28 (70) 137.70 ± 248.95 (69) 0.589
Lipase+++, U/L 101.46 ± 126.32 (38) 128.41 ± 293.99 (39.5) 0.686
Total Protein+, gr/dl 6.08 ± 1.11 6.53 ± 0.81 0.019
Albumin+, gr/dl 3.45 ± 0.79 3.96 ± 0.57 0.002
Prothrombin Time+, sec 14.67 ± 2.74 13.90 ± 2.57 0.164
Sedimentation+, mm/h 89.15 ± 20.37 72.84 ± 33.59 0.002
Platelets+, n/mm3 237.35 ± 80.94 238.35 ± 70.47 0.933
+Student’s t test; ++χ2 test; +++Mann Whitney U Test.

Table 2. Concentrations of MMP-9 and TIMP-1 predictive of a diagnosis of cholangiocarcinoma 
Sensitivity Specificity PPV NPV PLR NLR Accuracy

Serum MMP-9 (cut-off: 325 ng/ml) 0.7273 0.3625 0.32 0.7631 1.1408 0.7523 0.4690
Bile MMP-9 (cut-off: 350 ng/ml) 0.9394 0.325 0.3647 0.9286 1.3917 0.1864 0.5044
Serum TIMP-1 (cut-off: 205 ng/ml) 0.9697 0.1375 0.3168 0.9167 1.1243 0.2204 0.3805
Bile TIMP-1 (cut-off: 31 ng/ml) 0.9697 0.3625 0.3855 0.9667 1.5211 0.0836 0.5398
PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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Figure 1. ROC Curves for the Diagnosis of Cholangiocarcinoma. The areas under the curves showed that serum MMP-9 (p = 0.001) and bile TIMP-1 (p = 0.001) 
concentrations were predictive of cholangiocarcinoma.
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accuracy, and positive and negative likelihood 
ratios were 0.7273, 0.3625, 0.32, 0.7631, 
0.469, 1.1408 and 0.7523, respectively. A bili-
ary MMP-9 cutoff of 350 ng/ml resulted in a 
sensitivity, specificity, PPV, NPV, accuracy, and 
positive and negative likelihood ratios of 
0.9394, 0.325, 0.3647, 0.9286, 0.5044, 
0.1864 and 1.3917, respectively (Table 2). 

A serum TIMP-1 concentration of 205 ng/ml 
had a sensitivity, specificity, PPV, NPV, accura-
cy, and positive and negative likelihood ratios 
of 0.9697, 0.1375, 0.3168, 0.9167, 0.3805, 
1.1243 and 0.2204, respectively; whereas a 
biliary TIMP-1 cut-off of 31 ng/ml had a sensi-
tivity, specificity, PPV, NPV, accuracy, and posi-
tive and negative likelihood ratios of 0.9697, 
0.3625, 0.3855, 0.9667, 0.5398, 1.5211 and 
0.0836, respectively (Table 2).

ROC analyses showed that the AUCs for serum 
and biliary MMP-9 concentrations of 325 and 
350 ng/ml, respectively, were 0.539 (95% CI 
0.424-0.654) and 0.741 (95% CI 0.635-0.848), 
respectively. The AUCs for serum and biliary 
TIMP-1 concentrations of 205 and 31 ng/ml 
were 0.565 (95% CI 0.452-0.677) and 0.818 
(95% CI 0.738-0.899), respectively. When the 
AUCs for these parameters were compared 
with a random value of 0.5 (the worst value 
under the curve), only serum MMP-9 (p = 0.001) 
and biliary TIMP-1 (p = 0.001) concentrations 
were significantly higher than 0.5 (p < 0.01) 
(Figure 1). 

Discussion

As expected, we found that alkaline phospha-
tase and total and direct bilirubin concentra-
tions, as well as sedimentation levels, were sig-
nificantly higher in patients with CCA than in 
patients with choledocholithiasis. In addition, 
hematocrit, total protein and albumin concen-
trations were significantly lower in the CCA 
group. None of the other laboratory parameters 
differed significantly in these two patient 
groups. 

Immunohistochemical assays have shown that 
MMP-9 and MMP-7 expression is higher in CCA 
specimens than in adjacent normal tissue [15, 
16], while another study found that serum 
MMP-9 concentrations did not differ signifi-
cantly in patients with CCA and benign condi-
tions [11]. Although MMP-9 and TIMP-1 levels 
are increased by other diseases, our study 

focused only on patients with CCA and chole-
dochal stones. The AUC for serum MMP-9 was 
0.539 (95% CI 0.424-0.654) in our study, simi-
lar to the AUC of 0.59 (95% CI 0.455-0.722) 
reported previously [11]. We found that the sen-
sitivity and specificity of serum MMP-9 were 
73% and 36%, respectively, similar to the 64% 
and 42%, respectively, reported earlier [11].

To our knowledge, no previous study has report-
ed a relationship between serum TIMP-1 con-
centration and CCA. We found that the sensitiv-
ity, specificity and accuracy of serum TIMP-1 
were 97%, 14% and 38%, respectively. A study 
assessing the prognostic efficacy of serum 
TIMP-1, MMP-9 and CA19-9 concentrations in 
patients with pancreatic ductal adenocarcino-
ma found that the sensitivity, specificity and 
AUC of TIMP-1 were 47.1%, 69.2% and 0.64, 
respectively; although that study found that cir-
culating MMP-9 and TIMP-1 concentrations 
were inferior to CA19-9 as markers of malig-
nancy. The combination of high sensitivity and 
low specificity of serum MMP-9 and TIMP-1 
concentrations may be due to the lesions in the 
benign group acting like CCA. MMP-9 are 
involved in inflammation, tissue remodeling, 
wound healing, mobilization of matrix-bound 
growth factors and processing of cytokines [17-
20], conditions not specific to CCA. This reduc-
es the specificity of serum MMP-9 and TIMP-1 
concentrations as markers of CCA, suggesting 
that the concentrations of these proteins were 
not helpful in the diagnosis of CCA. 

We found that biliary MMP-9 concentrations 
were significantly higher and biliary TIMP-1 con-
centrations significantly lower in the malignant 
than in the benign group (P < 0.001 each). 
However, the concentrations of these proteins 
cannot be used as absolute evidence for the 
presence or absence of malignant disease. 
RT-PCR of samples from patients with intra-
hepatic CCA showed a loss of balanced expres-
sion between MMPs and TIMPs, especially 
decreased expression of TIMPs, indicating the 
invasiveness of ICC [7]. The sensitivity, specific-
ity and accuracy were 94%, 32.5%, and 50.4%, 
respectively, for biliary MMP-9 and 97%, 36%, 
and 54%, respectively, for TIMP-1. NGAL con-
centration has been reported to be a significant 
indicator for differentiating between benign 
and malignant biliary disorders, whereas 
MMP-9 concentration was not [21]. Another 
study found that the bile concentrations of 



Serum/Biliary MMP-9 and TIMP-1

2739 Int J Clin Exp Med 2015;8(2):2734-2740

MMP-2 and proMMP-9 were significantly higher 
in patients with liver metastasis of colorectal 
cancer than in patients with metastasis-free 
colorectal cancer [22]. Although we found that 
biliary MMP-9 and TIMP-1 concentrations dif-
fered significantly in our CCA and choledocholi-
thiasis groups, these concentrations showed 
high sensitivity, low specificity and medium 
accuracy rates, precluding their use in the diag-
nosis of CCA. 

In conclusion, we have shown that serum and 
biliary MMP-9 and TIMP-1 concentrations were 
ineffective in the differential diagnosis of CCA 
and benign conditions, due to their higher sen-
sitivity, lower specificity and medium accuracy 
rates. These assays should be used only in con-
junction with other investigations and proce-
dures in the diagnosis of disease. Serum and 
biliary MMP-9 and TIMP-1 concentrations 
should not replace any established clinical 
methods in the diagnosis of CCA. 
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