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Introduction

Cholangiocarcinoma (CHCA); the bile duct cancer, 
is known as one of the most aggressive malignant 
tumors associated with local invasiveness and a high 
rate of metastasis. It is also known to be one of the most 
common causes of cancer related death in Thailand (Green 
et al., 1991; Shin, et al., 2010). The experimental and 
epidemiological evidences strongly indicated that the 
liver fluke infection in the etiology of CHCA (Thamavit, 
et al., 1978; IARC, 1994; Sripa, et al., 2007). CHCA is 
reported frequently in Thailand, and found the highest of 
the world (Sripa, et al., 2007; Kaewpitoon, et al., 2008a). 
Three-year survival rates of 35% to 50% are achieved 
only in a subset of patients who have negative histological 
margins at the time of surgery (Akamatsu N, et al., 2011). 
Survival of CHCA patients in northeastern Thailand after 
supportive treatment was reported and indicated that 
the stage of disease was an important prognosis factor 
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Abstract

 Background: Cholangiocarcinoma (CHCA) is serious public health problem in Thailand, especially in the 
northeastern and northern regions. CHCA is known as one of the most aggressive malignant tumors associated 
with local invasion and a high rate of metastasis. A crucial step in the invasion process is the proteolytic degradation 
of the extracellular matrix (ECM) and basal membranes, for which several studies have shown a critical role 
played by matrix metalloproteinase-11 (MMP-11). Objective: This study aim to detect MMP-11 expression in 
CHCA specimens and any correlation with survival time. Materials and Methods: A retrospective analysis was 
conducted of 30 patients with CHCA in Rajvithi hospital, who had undergone immunohistochemical staining 
of MMP-11. Relationships between clinicopathological data and MMP-11 expression in CHCA specimens were 
analyzed by the χ2 test or Fisher’s exact test. The estimated survival and the survival differences were analyzed 
by the Kaplan-Meier method and the log-rank test, respectively. Results: MMP-11 expression was found in 15 
specimens (50%). The overall mean survival time is 237.0 days (95% CI 135.4-338.5, SD 271.9). Specimens with a 
positive MMP-11 had an average survival time of 136.7 days (95%CI 50.3-223.1, SD 156.0). Survival differences 
was signficant for the positive and negative MMP-11(p=0.022), but not well differentiated tumor and moderate 
to poor differentiated tumor (p=0.755), CA19-9 level of >1,000 and <1,000 (p=0.488), and between advanced 
and non-advanced staging (p=0.388). Conclusions: The positive MMP-11 expression indicates poor prognosis 
in CHCA specimens. 
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affecting survival of CHCA patients who had diagnosis 
in late stage. The encourage patients to see health 
personnel at early stage is very important (Thunyaharn 
et al., 2013). Palliative therapeutic approaches, consisting 
of percutaneous and endoscopic biliary drainage, have 
usually been used for these patients because there is no 
effective chemotherapeutic treatment for this type of 
cancer. Therefore, identification of the molecules involved 
in CHCA cell invasion is crucial for the development of 
novel drug treatments for this disease. Tumor invasion is 
a complex process that requires interaction between the 
invasive cells and the extracellular matrix (ECM). A crucial 
step in invasive processes is the proteolytic degradation 
of the ECM and basal membranes. Among the enzymes 
responsible for ECM degradation, several studies have 
shown a critical role played by matrix metalloproteinase 
(MMPs) (Curran and Murray, 1999; Amalinei, et al., 
2010). MMP are zinc-dependent endopeptidases, which 
are collectively capable of degrading all constituents 
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of the ECM. The 21 distinct MMPs so far identified, 
can be grouped, on the basis of their structure and 
substrate specificity, into the following subclasses: (a) 
collagenases (MMP-1, 8, 13), (b) gelatinases (MMP-2, 
9), (c) stromelysins (MMP-7 or matrilysin, 3 or ST-1, 10 
or ST-2, 11 or stromelysin-3), (d) membrane-type MMPs 
(MT1-, MT2-, MT3-, MT4-, MT5-MMP) and other 
MMPs. Disposing overlapping yet distinct functions, as 
a whole, they can degrade practically every extracellular 
matrix component, acting always under a multistep 
regulatory system including specific tissue inhibitors of 
metalloproteinase and inducers (e.g., extracellular matrix 
metalloproteinase inducer) (Curran S and Murray, 1999; 
Amalinei et al., 2010; Bourboulia and Stetler-Stevenson, 
2010; Gialeli et al., 2011). Previous study demonstrated 
that CHCA cells that were cultured with Matrigel (the 
component of extracellular matrix basement membrane) 
expressed many genes involved in cancer progression 
(Keeratichamroen et al., 2011). MMP-11 is found to up-
regulated more than three folds in this cell line. MMP-11 in 
particular, has been originally described and isolated from 
fibroblastic cells surrounding invasive breast carcinoma 
(Basset et al., 1993; Basset et al., 1994; Rouyer et al., 
1994). Ever since, it remains an intriguing target for 
further study due to the fact that it is persistently found 
over expression in almost every aggressive malignancy, 
although its putative mature forms seem to exhibit little or 
no obvious proteolytic activity towards major extracellular 
matrix components. Its predicted structure shares common 
features with that of other stromelysins and collagenases. 
However, unlike all other MMPs, which are secreted in 
proenzyme form, stromelysin-3 along with membrane 
type 1-MMP, are activated before secretion by Golgi-
associated furin-like proteases (Peruzzi et al., 2009; Brasse 
et al., 2010). The role of MMP-11 in cancer progression 
has been shown by several preclinical observations: its 
expression promotes tumor take in mice (Brasse D, et al., 
2010), homing of malignant epithelial cells (Delany AM 
and Canalis E, 2001), cancer progression by remodeling 
extracellular matrix, and anti-apoptotic and anti-necrotic 
effect on tumor cells (Fromigue et al., 2003). MMP-11 
deficiency increases tumor-free survival and modulates 
local or distant invasion (Noel et al., 1996); knockdown 
of MMP-11 mRNA in gastric cancer cells suppresses 
tumor growth in vitro and in vivo (Deng et al., 2005). 
In addition, expression of MMP-11 is significantly 
associated with survival in prostatic adenocarcinoma. 
High levels may potentially be used for prediction of a 
poor prognosis (Nonsrijun et al., 2013). However, until 
now there is no publication about the roles of MMP-11 
expression in CHCA specimens. In this study, detection 
of MMP-11 expression in CHCA specimens and analyzed 
the relationship between expression MMP-11 and survival 
time.

Materials and Methods

A retrospective analysis was performed, of 30 
specimens of patients with CHCA in Rajvithi hospital 
who had undergone immunohistochemical staining of 
MMP-11. Eligible participants were CHCA patients who 

received treatment in Rajvithi hospital between January 
2009 and September 2012. CHCA specimens were 
fixed in paraffin blocks and all of the specimens had the 
diagnosis confirmed by a pathologist. We analyzed the 
patient’s demographic data, the types of CHCA, tumor 
staging, histological differentiation and level of CA 19-9 
from the medical records. The study was approved by the 
medical ethics committee of Rajavithi hospital (Ethics 
no. 161/2554).

Immunohistochemistry
The slides were baked at 60°C for two hours, 

deparaffinized with xylene, and then rehydrated. The 
sections were submerged into 10 mmol citric buffer (pH 
6.0) and microwaved for antigen retrieval, after which 
they were treated with 3% hydrogen peroxide in methanol 
to quench endogenous peroxidase activity. Sections were 
then incubated in 1% bovine serum albumin to block non-
specific bindings. Sections were incubated with rabbit 
monoclonal anti-MMP-11 (1:100; ABCAM USA) over 
night at 4°C. Normal goat serum was used as a negative 
control. After washing, the tissue sections were treated 
with horseradish peroxidase antibody. Tissue sections 
were then counter-stained with hematoxylin, dehydrated, 
and mounted. 

MMP-11 positive cells stained light brown. The 
degree of immunostaining was independently reviewed 
and scored by two observers based on the proportion 
of positively stained tumor cells and on the intensity 
of staining (18).Tumor cells proportion was scored as 
follows: 0 (≤5% positive tumor cells), 1 (6%-25% positive 
tumor cells), 2 (26%-50% positive tumor cells) ,and 3 
(>50% positive tumor cells). Staining intensity was graded 
according to the following criteria: 0 (no staining), 1 (weak 
staining=light yellow), 2 (moderate staining=yellow 
brown), and 3 (strong staining=brown). The staining index 
was calculated as the product of staining intensity score 
and the proportion of positive tumor cells. Using this 
method of assessment, we evaluated the levels of MMP-
11 in cholangiocarcinoma specimens by determining the 
staining index with scores of 0, 1, 2, 3, 4, 6, or 9. The cut 
off value for high and low expression levels were chosen 
based on a measure of heterogeneity using the log-rank 
test with respect to the overall survival. An optimal cut off 
value was identified: a staining index score of 4 or higher 
was used to define tumors with high levels of MMP-11 
expression, and a staining index score of 3 or lower was 
used to indicate low levels of MMP-11 expression.

Statistical analysis
The normality of the distribution of quantitative 

variable was assessed by the Kolmogorov-Smirnov 
test. Results are expressed as arithmetic mean±standard 
deviation except when specifically noted. Statistical 
analysis of the association between clinicopathological 
data and the expression of Matrix Metalloproteinase 
(MMP-11) in cholangiocarcinoma specimens were 
performed using the Fisher’s exact test. The Kaplan-Meier 
method was used to estimate survival as a function of 
time, and the survival differences were analyzed by log-
rank test. A p-value of <0.05 was considered statistically 
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significant. SPSS version 16.0.0 (SPSS Inc, Chicago,IL) 
was used for the statistical analysis.

Results 

A total of 30 patients with CHCA were selected from 
January 2009 through to September 2012. The age range 
was between 44 and 78 years of age. There were 15 (50%) 
males and 15 (50%) females. MMP-11 expression in 
CHCA were characterized by immunochemistry staining, 
were showed in Figure 1. A baseline characteristic of 
positive and negative groups shown in Table 1, and 
survival time is shown in Figure 2. 

In the survival analysis, the overall mean survival 
time is 236.97 days (95% CI 135.44-338.49, SD 271.88). 
Specimens with a positive MMP-11 had an average 
survival time of 136.73 days (95%CI 50.33-223.13,SD  

Table 1. Baseline Characteristics of Positive and 
Negative Groups
Features Total MMP-11expression 
  n (%) n (%)
 Positive Negative 

Gender
 Male 15 (50) 8 (26.7) 7(23.3)
 Female 15(50) 7(23.3) 8(26.7)
Histological differentiation
 Well differentiation 21(70) 9(30) 12(40)
 differentiation
 Moderate to poor 9(30) 6(20) 3(10)
CA 19-9 
 >1000 11(36.7) 6(20) 5(16.7)
 <1000 19(63.3) 9(30) 10(33.3)
Type of cancer 
 Intrahepatic 24(80) 13(43.3) 11(36.6)
 Extrahepatic 6(20)  2(6.67) 4(13.3)
Staging 
 Non-advanced 13(43.3) 2(6.67) 11(37.6) 
 Advanced  17(56.6) 13(43.3) 4 (13.3)
Status of patients 
 Dead 7(23.3) 5(16.7) 2(6.6)
 Alive  23(76.7) 2(6.6) 13(43.3)

Figure 1. Expression of Matrix Metalloproteinase-
11(MMP-11) in CHCA by immunochemistry staining. 
A; Normal mucosa of gastric cancer (Control), B; Expression of 
MMP-11 in gastric cancer tissue (Control), C; Negative MMP-
11 expression in CHCA tissue, D; Positive MMP-11 expression 
in CHCA tissue

A          B  

      C         D  

Figure 2. Survival Time in CHCA Patients with 
Positive and Negative MMP-11

Figure 3. Survival Analysis of Expression MMP-11 
and Survival Time 

Figure 4. Survival Analysis of Staging of CHCA and 
Survival Time

Figure 5. Survival Analysis of Level CA19-9 and 
Survival Time 

156.019). Patients with positive MMP-11and negative 
MMP-11 had different survival times (p=0.022; Figure 
3). Patients with tumor staging, level CA19-9 and 
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histopathological differentiated had no different in the 
survival time (p=0.338; Figure 4, p=0.488; Figure 5 and 
p=0.755; Figure 6, respectively).

Discussion

CHCA is still a major public health problem in Thailand, 
especially in the northeastern and northern region (Sripa 
et al., 2007; Kaewpitoon et al., 2008a). Identification 
of the molecules involved in CHCA cell invasion is 
crucial for the development of novel drug treatments for 
this disease. Tumor invasion is a complex process that 
requires interaction between the invasive cells and the 
extracellular matrix (ECM). A crucial step in invasive 
processes is the proteolytic degradation of the ECM and 
basal membranes. Among the enzymes responsible for 
ECM degradation, several studies have shown a critical 
role played by MMPs (Curran and Murray, 1999; Amalinei 
et al., 2010). The MMPs are a large family of proteolytic 
enzymes, which are involved in the degradation of many 
different components of the extracellular matrix. There 
is increasing evidence to indicate that individual MMPs 
have important roles in tumor invasion and metastasis 
(Bourboulia and Stetler-Stevenson, 2010; Gialeli et al., 
2011). MMP-11 or stromelysin-3 was first characterized 
from stromal cells of breast cancer (Basset et al., 1990). 
It was unique among the MMPs since it was shown in 
stromal fibroblast cells adjacent to tumor cells, rather than 
within tumor cells themselves (Basset et al., 1990; 1993). 
Previous studies demonstrated that CHCA cells that were 
cultured with Matrigel (the component of extracellular 
matrix of basement membrane) expressed many genes 
involved in cancer progression (Keeratichamroen et al., 
2011). MMP-11 is found to up-regulated more than three 
folds in this cell line. Nonsrijun et al. (2013) has been 
reported that MMP-11 is significantly associated with 
survival in prostatic adenocarcinoma. Subsequently, they 
found that patients with low-level MMP-11 expression 
had significantly longer survival time compared with 
high levels of MMP-11. Recent study is the first study 
of the role of MMP-11 expression in CHCA specimens. 
In this study, it is shown that CHCA patients who had 
positive MMP-11 has a statistic significant of survival 
time lower than negative MMP-11. In general, prognosis 
of CHCA still involves many factors, for example staging 
of the tumor, histological differentiation and the level 

of CA19-9 which effects the survival time. However, 
we cannot evaluate the relationship between expression 
MMP-11 and prognostic factors of CHCA because of 
a small sample size in this study. One limitation to this 
study is that although there are a large number of patients 
with CHCA at Rajvithi Hospital, but most patients did not 
undergo surgical treatment because of the advanced stage 
to presentation. Therefore, we were not able to perform 
histopathological study from it. 

In conclusion, this study indicates that positive MMP-
11 expression in CHCA specimens represent a poorer 
prognosis than negative MMP-11 expression.
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