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A B S T R A C T

Tumour recurrence and metastasis are pressing issues of hepatocellular carcinoma (HCC)

patients who receive surgical treatments. Matrix metalloproteinase-12 (MMP-12), previ-

ously identified from our animal model, is involved in tumour invasiveness of rat hepa-

toma. We aimed to investigate the significance and prognostic value of MMP-12

expression in human HCC.

MMP-12 mRNA level of 139 pairs of tumour and non-tumour liver tissues of HCC patients

after hepatectomy were investigated by quantitative real-time RT-PCR.

MMP-12 mRNA was significantly elevated in tumour liver tissues of HCC patients com-

pared to non-tumour and normal liver tissues. By comparing paired tumour and non-

tumour liver tissues, MMP-12 mRNA was overexpressed in 58% of tumour tissue of HCC

patients. Overexpression of MMP-12 mRNA was significantly correlated with presence of

venous infiltration (p = 0.004), high serum AFP level (p = 0.012), early tumour recurrence

(p = 0.018) and poor overall survival (p = 0.02) of HCC patients. Moreover, MMP-12 mRNA

was an independent factor in predicting the 1- and 3-year overall survival of HCC patients

after hepatectomy.

Our data demonstrated that MMP-12 mRNA may be a valuable prognostic marker for both

overall survival and tumour recurrence of HCC patients after liver resection.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most commonly

diagnosed malignancy and the third most common cause of

cancer-related death in the world.1 Surgical treatments

including liver resection and liver transplantation are effec-

tive remedies for patients with HCC under stringent selection

criteria. However, high incidences of tumour recurrence

including intrahepatic tumour relapse and extrahepatic

metastases remain a critical issue in determining the value

of surgical treatments in HCC patients.2–4 Thus, an urgent
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need to understand the possible molecular mechanism of

HCC recurrence and metastasis as well as to identify valuable

prognostic markers for stratification of HCC patients before

surgical operations is warranted.

To avoid numerous confounding variables in clinical data,

animal models are typically used to provide controllable and

simpler circumstances for searching and studying solutions

for clinical issues. However, whether findings from animal

studies are clinically translatable is a concern. Our previous

animal study had identified several genes including CXCL10,

FOS-1, IL6, MAPK13, heat shock protein 70 (HSP70) and matrix
.

r Cancer Research, The University of Hong Kong, Pokfulam, L9-55
l.: +86 852 28199646; fax: +86 852 28199634.

http://dx.doi.org/10.1016/j.ejca.2011.05.032
mailto:kwanman@hku.hk
http://dx.doi.org/10.1016/j.ejca.2011.05.032
http://dx.doi.org/10.1016/j.ejca.2011.05.032
http://dx.doi.org/10.1016/j.ejca.2011.05.032
www.sciencedirect.com
http://www.ejconline.com


2300 E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 2 2 9 9 – 2 3 0 5
metalloproteinase-12 (MMP-12) that are potentially linked to

the invasiveness of rat liver tumour after liver transplanta-

tion.5 The roles of these genes associated with tumour recur-

rence and metastasis in human liver cancer are indispensible

for verification.

Matrix metalloproteinases (MMPs) are a family of zinc-

dependent proteases involved in degradation of all-types of

extracellular matrix components.6 MMPs play crucial roles

on cellular processes during development, remodelling pro-

cess and cancers such as proliferation, angiogenesis, cell

migration and apoptosis.6–8 So far the roles of MMPs in differ-

ent cancers are diverse. Several lines of evidence suggested

that the roles of MMPs on tumour progression and metastasis

are location-dependent; MMPs hinder tumour growth if ex-

pressed in the host while MMPs promote tumour growth if ex-

pressed in stromal cells.8–12 Human MMP-12, also known as

macrophage metalloelastase, was firstly identified from hu-

man alveolar macrophages.13 The inactive form of human

MMP-12 is a 54 kDa that is further processed by loss of both

N- and C-terminal residues, into a 22 kDa mature form.13

MMP-12 plays important roles in several diseases such as

inflammatory pulmonary disease,14 inflammatory skin

disease,15 aneurysm16 and atherosclerosis.17 The roles of

MMP-12 in cancers are controversial. Overexpression of

MMP-12 in tumours is positively associated with tumour pro-

gression and invasion in non-small cell lung cancer

(NSCLC),18–20 skin cancer,21,22 endometrial adenocarcinoma,23

oesophageal squamous cell carcinoma24 and pancreatic can-

cer.25 Genetic polymorphisms of MMP12 gene is also associ-

ated with poor outcome of patients with cancer diseases

like breast cancer,26 ovarian cancer,27 oesophageal carci-

noma28 and lung cancer.29 On the contrary, MMP-12 exhibits

anti-tumour effect in cancers such as gastric cancer30 and

colorectal cancer.31 Thus the roles of MMP-12 in different can-

cers require further characterisations.

Our previous animal study demonstrated that rat MMP-12

gene may be positively linked to tumour progression and

invasion of rat hepatoma.5 However, a study using clinical

samples from 40 Japanese HCC patients demonstrated that

overexpression of MMP-12 mRNA is significantly associated

with good overall survival of HCC patients after hepatec-

tomy.32 The expression of MMP-12 gene in these patients is

positively correlated with angiostatin production and hypo-

vascular tumours.32,33 In fact, risk factors of hepatocarcino-

genesis between Japan and Hong Kong are different.34 In

this study, we applied a quantitative method to investigate

the clinical significance of MMP-12 expression in HCC pa-

tients of our centre.

2. Methods and materials

2.1. Clinical samples

One hundred and thirty-nine HCC patients undergone liver

resection between October 1999 and October 2007 were re-

cruited from Department of Surgery, Queen Marry Hospital,

the University of Hong Kong, contributing to 139 pairs of

RNA samples from tumour tissues and adjacent non-tumour

tissues. There were 113 men and 26 women. The age of the

patients ranged from 22 to 81 years, with a median age of
55 years. One-hundred and twenty-one HCC patients (87.1%)

were positive for hepatitis B surface antigen, whereas only 6

(4.3%) were positive for hepatitis C virus antibody. Ten normal

liver tissues were recruited from living donors at the same

hospital and examined to be free of liver diseases and hepati-

tis B infection. The follow-up duration for the HCC patients

ranged from July 2001 to October 2010. The study was ap-

proved by the Ethics Committee of the University of Hong

Kong.

2.2. Reverse transcription-PCR (RT-PCR)

Total RNA from liver tissues and cell lines were extracted by

TRIZol regent according to the manufacturer’s instruction

(Invitrogen). Each cDNA was synthesised from 1 lg of total

RNA using the High capacity cDNA Kit (Applied Biosystems)

at 25 �C for 5 min and at 37 �C for 2 h subsequently. PCR reac-

tion was performed using the Taq PCR Kit (Promega) under

the following PCR cycles: 95 �C for 5 min, 35 cycles at 95 �C
for 1 min, 57 �C for 1 min and 72 �C for 1 min. For internal con-

trol 18S, 30 PCR cycles were used. Primers for MMP-12 are:

sense 5 0-GCT TGC CAA ATC CTG ACA-3 0 and antisense 5 0-

CCT TCA GCC AGA AGA ACC-30. Primers for 18S ribosomal

RNA are: sense 5 0-CTC TTA GCT GAG TGT CCC GC-3 0 and anti-

sense 5 0-CTG ATC GTC TTC GAA CCT CC-3 0.

2.3. Quantitative real-time RT-PCR

Each 1 lg of total RNA was used to synthesise cDNA using the

High capacity cDNA Kit (Applied Biosystems). PCR analysis of

each of the target gene was carried out in the following PCR

mixture: 1 ll of cDNA, 10 ll of 2· Power SYBR Green PCR Mas-

ter Mix (Applied Biosystems), 0.1 ll of 10 mM forward primer,

0.1 ll of reverse primer and 8.8 ll of distilled water. Real-time

PCR was carried out in a 7700 Sequence Detection Instrument

(Applied Biosystems) using the following thermal cycling pro-

file: 95 �C 1 min, followed by 40 cycles of amplification (95 �C
15 s, 60 �C 4 min). Quantitative RT-PCR was performed in at

least triplicates and repeated once for every sample. Thresh-

old cycle (Ct) value for each sample was determined by the

preset parameters of the instrument. Analysis of dissociation

curve for each pair of primers was conducted to examine the

specificity of each PCR product. The relative expression level

of MMP-12 mRNA for each sample was calculated as:

DDCt(sample) = DCt(calibrator) ) DCt(sample), where DCt(cali-

brator) of MMP-12 mRNA = Ct(calibrator) of MMP-12 ) Ct(cali-

brator) of 18S RNA; DCt(sample) = Ct(sample) of MMP-12

mRNA ) Ct(sample) of 18S RNA. The calibrator was defined

as the sample with the highest Ct value of MMP-12 mRNA

(sample with the lowest expression level of MMP-12 mRNA)

among all samples. The value of Ct difference is equal to 2n-

fold difference.

2.4. Statistical analysis

The MMP-12 mRNA level among normal liver tissues and tu-

mour as well as non-tumour liver tissues of HCC patients

were analysed by Prism Version 5.01 (Graphpad). Unpaired

two-tailed t-test was employed to analysed the correlation

of MMP-12 mRNA (or DDCt(sample)) among these groups.



Fig. 1 – RT-PCR analysis of MMP-12 transcript among liver

tissues of (A) HCC patients and (B) normal donors. T, tumour

tissue; NT, non-tumour tissue; C, positive control.
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To investigate the expression significance of MMP-12

mRNA in HCC patients, the difference of MMP-12 mRNA level

between tumour and non-tumour tissues for each HCC pa-

tient was firstly determined as: DDDCt(patient) = DDCt(tu-

mour) ) DDCt(non-tumour). Statistical analysis of clinical

parameters was carried out using SPSS 16 for Windows (SPSS

Inc.). Receiver Operating Characteristic (ROC) curve was gen-

erated to analyse the sensitivity and 1-specificity of DDDCt(pa-

tient) of MMP-12 mRNA to predict 1-year overall survival of

HCC patients after hepatectomy. Youden index was used to

determine the optimal cutoff point of DDDCt(patient) for pre-

dicting 1-year overall survival. The value of DDDCt(patient)

equal to or higher than the cutoff point was defined as

MMP-12 overexpression while the value of DDDCt(patient) less

than the cutoff point was determined as MMP-12 non-overex-

pression. The association of MMP-12 mRNA expression (over-

expression or non-overexpression) and clinicopathological

parameters including sex, age, pTNM staging, venous infiltra-

tion, encapsulation, tumour size, serum alpha-fetoprotein

level and hepatitis B surface antigen was analysed by

Chi-square test. The prognostic value using MMP-12 mRNA

for predicting the overall survival and disease-free survival

of HCC patients after hepatic resection was calculated by Kap-

lan–Meier analysis with the log-rank test. For Kaplan–Meier

analysis of disease-free survival, HCC patients who were un-

der the category of hospital mortality were excluded. Cox pro-

portional hazard regression model was performed with

univariable and multivariable analyses to test factors that

were significantly associated with the overall survival of the

HCC patients. Logistic regression analysis was also performed

to compare those factors for predicting 1-, 3- and 5-year over-

all survival of the HCC patients after liver resection. P value

<0.05 was considered to be statistically significant.
Fig. 2 – Relative expression ratio of MMP-12 mRNA among

normal liver tissues and HCC patients by real-time semi-

quantitative RT-PCR analysis. ***P < 0.0001.
3. Results

3.1. Expression of MMP-12 mRNA in HCC patients and
normal donors

The expression level of MMP-12 in 18 pairs of tumour and

non-tumour liver tissues of HCC patients were preliminarily

examined by traditional RT-PCR analysis. MMP-12 transcript

was found to be overexpressed in 14 tumour tissues

(77.78%) compared to non-tumour tissues of HCC patients

(Fig. 1A). There was no MMP-12 mRNA detected in the re-

cruited 10 normal liver tissues (Fig. 1B).

To further examine the mRNA level of MMP-12 in more

clinical samples and in a quantitative way, real-time RT-PCR

was employed to examine the MMP-12 mRNA in 139 pairs of

tumour and non-tumour tissues of HCC patients and 10 nor-

mal liver tissues. The average DDCt value of MMP-12 among

normal liver tissues, non-tumour liver tissues and tumour live

tissues were 1.32, 4.89 and 8.60, respectively (Fig. 2). Analysis

from unpaired two-tailed t-test showed that the expression

level of MMP-12 mRNA was statistically significant between

normal and non-tumour tissues (P < 0.0001, t = 4.573,

df = 147), between normal and tumour tissues (P < 0.0001,

t = 5.493, df = 147) as well as between non-tumour and tumour

tissues (P < 0.0001, t = 9.080, df = 276, Fig. 2).
To define differential expression pattern of MMP-12 mRNA

among HCC patients, the difference of MMP-12 mRNA

between pair of tumour and non-tumour liver tissues of each

HCC patients was determined as DDDCt(patient). Among

139 HCC patients, 105 patients (75.54%) were found to

differentially upregulate MMP-12 mRNA (the value of DDDCt

(patient) P 1) in tumour tissues compared to non-tumour tis-

sues (data not shown).

3.2. Clinical significance of MMP-12 mRNA in HCC
patients

To obtain a optimal cutoff point to define whether MMP-12 is

overexpressed in HCC patients, ROC curve was generated to
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analysis the sensitivity and 1-specificity using the value of

DDDCt(patient) to predict 1-year overall survival of HCC pa-

tients post-operation. The value of under area of the ROC

curve was calculated to be 0.735. According to Youden index,

the optimal cutoff value of DDDCt(patient) among patients

was determined to be DDDCt(patient) = 3.02. Eighty HCC pa-

tients (57.55%) whose values of DDDCt(patient) of MMP-12

mRNA were higher than 3.02 were defined as MMP-12 overex-

pression group while other 59 HCC patients (42.45%) were de-

fined as MMP-12 non-overexpression group.

The expression pattern of MMP-12 mRNA in HCC patients

(overexpression versus non-overexpression) was analysed

with their clinicopathological parameters by chi-square test

(Table 1). Overexpression of MMP-12 mRNA was significantly

correlated with presence of venous infiltration (p = 0.004),

high serum AFP level (p = 0.009) and appearance of recurrence

within 1st year (p = 0.018). No significant association was ob-
Table 1 – Correlation of MMP12 mRNA and clinicopathological f

Clinicopathological features Number (n)

Non

Sex
Male 113 51
Female 26 8

Age
655 years 78 32
>55 years 61 27

pTNM stagea

Early stage (I–II) 40 21
Advanced stage (III–IV) 98 37

Venous infiltration
Absent 56 32
Present 83 27

Cirrhosisa

No 49 20
Yes 88 38

Encapsulationa

Absent 35 11
Present 26 13

Tumour sizea

<5 cm 40 17
P5 cm 79 34

AFP levela

61000 ng/ml 104 51
>1000 ng/ml 34 8

Hepatitis B surface antigena

Negative 18 7
Positive 121 52

Recurrence within 1st yearb

No 78 42
Yes 52 17

PTNM = pathologic tumour-node-metastasis; AFP = alpha-fetoprotein.

* P < 0.05.

** P < 0.01.
a Total number less than 139 due to missing data.
b Nine patients were excluded because of their death within the first year
tained between MMP-12 mRNA and sex, age, pTNM stage, cir-

rhosis, tumour size and hepatitis B surface antigen.

3.3. Overexpression of MMP-12 mRNA correlated with
poor overall survival of HCC patients after hepatectomy

Kaplan–Meier analysis was applied to examine the prognostic

value of MMP-12 mRNA to overall survival and disease-sur-

vival of HCC patients after hepatectomy. HCC patients with

overexpression of MMP-12 mRNA were significantly associ-

ated with poor overall survival (log rank = 5.379, p = 0.020,

Fig. 3A). The mean of overall survival period of HCC patients

after hepatectomy in the overexpression group and the non-

overexpression group was 65 and 87 months, respectively.

The mean of disease-free survival period of HCC patients

after hepatectomy in the overexpression group and the non-

overexpression group was 48 and 58 months, respectively.
eatures of HCC patients.

MMP12 mRNA (n) P

-overexpression Overexpression

62 0.182
18

46 0.702
34

19 0.111
61

24 0.004**

56

29 0.788
50

24 0.142
13

23 0.955
45

53 0.009**

26

11 0.743
69

36 0.018*

35

without recurrence.



Fig. 3 – Kaplan–Meier analyses of HCC patients. (A) Overall

survival and (B) disease free survival of HCC patients in

correlation with MMP-12 mRNA expression were analysed

by Kaplan–Meier analyses. *Statistical significance.
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However, there is no significant correlation between MMP-12

mRNA and disease-free survival of HCC patients after hepa-

tectomy (log rank = 1.584, p = 0.208, Fig. 3B).

Cox proportional hazard regression analysis was employed

to find out the independent predictors for predicting overall

survival of HCC patients after hepatectomy among selected

4 factors including MMP-12 mRNA, pTNM stage, venous infil-

tration and serum AFP level which were significantly associ-

ated with the overall survival of HCC patients by Kaplan–

Meier analysis (data not shown). Univariable Cox proportional

hazard regression analysis showed that MMP-12 mRNA

(HR = 1.81, 95% CI = 1.09–3.02, p = 0.022) and other factors

were significantly associated with overall survival of HCC pa-
tients after hepatectomy (Table 2). Multivariable Cox propor-

tional hazard regression analysis revealed that there is no

independent factor among factors to predict overall survival

of HCC patients (Table 2). Logistic regression analysis of these

factors for predicting 1-, 3- and 5-year overall survival of HCC

patients showed that MMP-12 mRNA was significant predictor

for predicting 1-year (OR = 20.58, 95% CI = 2.61–162.24,

p = 0.004) and 3-year (OR = 2.68, 95% CI = 1.16–6.20, p = 0.021)

overall survival of the HCC patients (Table 3).
4. Discussion

MMP-12, a subfamily of macrophage metalloelastase of the

family of matrix metalloproteinase, exhibits the ability to de-

grade elastin, an important structural protein for many tis-

sues such as blood and lung tissues. The role of MMP-12 on

cancer, favourable or unfavourable for tumour growth and

metastasis, depends on its context.8–12 From our previous ani-

mal study, MMP-12 gene has been found to be overexpressed

in more progressive and invasive rat tumour.5 Deregulation of

MMP-12 gene has been recognised in different human can-

cers.18–25 In our study, the expression level of MMP-12 mRNA

in normal donors was very low. However MMP-12 mRNA

expression levels were increased by 5-fold in non-tumour li-

ver tissues and further elevated to more than 8-fold in tumour

liver tissues of HCC patients (Fig. 2). The data indicated their

possible participation on cancer development from dysplastic

nodules to neoplastic lesions. Together with the above evi-

dence, it was thus proposed that MMP-12 may play important

roles in HCC development and metastasis.

The associations between MMP-12 overexpression in tu-

mours and clinicopathological parameters of patients are di-

verse in different cancers. In contrast to Gorrin-Rivas et al.32

in which no statistical significance was found between

MMP-12 mRNA overexpression in tumour and any clinical

variables of Japanese HCC patients, our result demonstrated

that overexpression of MMP-12 in tumour tissue was signifi-

cantly associated with the presence of venous infiltration

and high serum AFP level of HCC patients. Venous infiltration

and serum AFP level are two important indicators of tumour

malignancy of HCC patients. Thus, the result indicated a po-

sitive linkage between MMP-12 overexpression in tumour

and tumour progression in HCC patients. Although overex-

pression of MMP-12 mRNA was not significantly associated

with advanced stage, 61 out of 98 (62.24%) advanced stage

HCC patients were detected to overexpress MMP-12 mRNA

in tumour liver tissues (Table 1), suggesting its possible role

on promoting tumour progression. Furthermore, our findings

demonstrated a statistical significance between MMP-12 over-

expression and early tumour recurrence of HCC patients after

hepatectomy. In non-small cell lung cancer (NSCLC), MMP-12

overexpression is also significantly correlated with local

recurrence and metastasis,19 suggesting a common role in tu-

mour recurrence in different cancers. High incidence of tu-

mour recurrence continues to be a problem, shortening the

lifespan of HCC patients after surgical resection.4 Thus, the

positive linkage between MMP-12 overexpression and early

tumour recurrence may not only be used for identifying

HCC patients with higher risk of early tumour recurrence



Table 2 – Cox proportional hazard regression analysis of MMP12 mRNA expression and clinicopathological parameters in
relation to the overall survival of HCC patients.

Univariable analysis Multivariable analysis

HR (95% CI) P HR (95% CI) P

MMP12 mRNA
Overexpression versus non overexpression 1.81(1.09–3.02) 0.022* 1.30(0.76–2.23) 0.334

pTNM stage
Advanced versus early 4.98(2.36–10.54) 0.000* 2.71(0.93–7.90) 0.068

Venous infiltration
Presence versus absence 4.63(2.49–8.58) 0.000* 2.37(0.98–5.69) 0.054

AFP level
>1000 ng/ml versus 61000 ng/ml 1.763(1.04–3.00) 0.037* 1.36(0.79–2.35) 0.264

HR = hazard ratio; CI = confidence interval.

* Statistical significance.

Table 3 – Logistic regression analysis of MMP12 mRNA and clinicopathological parameters on predicting the 1-, 3- and 5 year
overall survival of HCC patients.

1-Year survival 3-Year survival 5-Year survival

OR (95% CI) P OR (95% CI) P OR (95% CI) P

MMP12 mRNA
Overexpression versus non-overexpression 20.58(2.61–162.24) 0.004* 2.68(1.16–6.20) 0.021* 0.93(0.37–2.33) 0.875

pTNM stage
Advanced stage versus early stage 4.17(0.30–57.46) 0.286 7.17(1.52–33.88) 0.013* 6.41(1.81–22.70) 0.004*

Venous infiltration
Presence versus absence 3.20(0.44–23.15) 0.250 2.03(0.64–6.39) 0.227 4.38(1.40–13.69) 0.011*

AFP level
>1000 ng/ml versus 61000 ng/ml 0.10(0.35–2.84) 0.996 1.55(0.63–3.84) 0.342 0.93(0.34–2.57) 0.886

OR = odd ratio; CI = confidence interval.

* Statistical significance.
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but also for providing important clues to understand the pos-

sible mechanism of HCC tumour recurrence after surgical

operation.

MMP-12 has been considered to be a valuable prognostic

indicator for predicting the survival rate of cancer patients

who have undergone surgical resection. Patients carrying

pancreatic tumours with overexpressed MMP-12 are

significantly associated with poorer overall survival after

pancreatic resection compared with patients without over-

expression of MMP-12 in tumours.25 Overexpression of

MMP-12 mRNA is an independent factor for tumour re-

lapse-free survival of NSCLC patients after lung resection.19

In our study, overexpression of MMP-12 mRNA was signifi-

cantly associated with poor overall survival of HCC patients

after hepatectomy. Although multivariable Cox proportional

hazard regression analysis showed that MMP-12 mRNA was

not an independent factor for overall survival, logistic

regression analysis showed that MMP-12 mRNA was a sig-

nificant factor for 1- and 3-year overall survival, indicating

that MMP-12 mRNA might be a predictor for short-term

overall survival of HCC patients who have undergone surgi-

cal resection. However, the study conducted by Gorrin-Riv-

as’s group in Japan has found that overexpression of
MMP-12 mRNA is significantly associated with good overall

survival of HCC patients after hepatectomy.32 There might

be several reasons contributing to this difference. First,

there are geographical variations contributing to different

risk factors of hepatocarcinogenesis between these two re-

gions. Moreover, different methods were employed to exam-

ine the expression level of MMP-12 mRNA and different

criteria were employed to define the ‘‘overexpression’’ of

MMP-12 mRNA. Furthermore, patients were recruited at dif-

ferent periods of time that Gorrin-Rivas’s study recruited

HCC patients from year 1992 to 1997 while our samples

were from year 1999 to 2007. This difference may cause

changes in tumourigenic factors of HCC patients.

In summary, our data demonstrated that MMP-12 mRNA

was commonly upregulated in HCC patients. Overexpression

of MMP-12 mRNA in HCC tumour was significantly associated

with venous infiltration of tumour, high level of serum AFP le-

vel, early tumour recurrence and poor overall survival of HCC

patients after hepatectomy. Therefore, MMP-12 mRNA could

be used as a prognostic marker for predicting the short-term

overall survival of HCC patients after liver resection. More-

over, it is certain that the findings from our animal study

could be beneficial for clinical application.



E U R O P E A N J O U R N A L O F C A N C E R 4 7 ( 2 0 1 1 ) 2 2 9 9 – 2 3 0 5 2305
Conflict of interest statement

None declared.
Acknowledgement

This study was supported by the Collaborative Research Fund

(HKU5/CRF/08) of the Research Grant Council Hong Kong.
R E F E R E N C E S
1. Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics,
2002. CA Cancer J Clin 2005;55(2):74–108.

2. Lo CM, Fan ST, Liu CL, et al. Living donor versus deceased
donor liver transplantation for early irresectable
hepatocellular carcinoma. Br J Surg 2007;94(1):78–86.

3. Ng KK, Lo CM, Chan SC, Chok KS, Cheung TT, Fan ST. Liver
transplantation for hepatocellular carcinoma: the Hong Kong
experience. J Hepatobiliary Pancreat Surg 2009.

4. Poon RT, Fan ST. Hepatectomy for hepatocellular carcinoma:
patient selection and postoperative outcome. Liver Transpl
2004;10(2 Suppl. 1):S39–45.

5. Man K, Shih KC, Ng KT, et al. Molecular signature linked to
acute phase injury and tumor invasiveness in small-for-size
liver grafts. Ann Surg 2010;251(6):1154–61.

6. Nagase H, Woessner Jr JF. Matrix metalloproteinases. J Biol
Chem 1999;274(31):21491–4.

7. Parks WC, Shapiro SD. Matrix metalloproteinases in lung
biology. Respir Res 2001;2(1):10–9.

8. 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–
):411–24.

9. Vincenti MP, Brinckerhoff CE. Signal transduction and cell-
type specific regulation of matrix metalloproteinase gene
expression: can MMPs be good for you? J Cell Physiol
2007;213(2):355–64.

10. Martin MD, Matrisian LM. The other side of MMPs: protective
roles in tumor progression. Cancer Metastasis Rev 2007;26(3–
):717–24.

11. Brinckerhoff CE, Matrisian LM. Matrix metalloproteinases: a
tail of a frog that became a prince. Nat Rev Mol Cell Biol
2002;3(3):207–14.

12. Egeblad M, Werb Z. New functions for the matrix
metalloproteinases in cancer progression. Nat Rev Cancer
2002;2(3):161–74.

13. Shapiro SD, Kobayashi DK, Ley TJ. Cloning and
characterization of a unique elastolytic metalloproteinase
produced by human alveolar macrophages. J Biol Chem
1993;268(32):23824–9.

14. Nenan S, Boichot E, Lagente V, Bertrand CP. Macrophage
elastase (MMP-12): a pro-inflammatory mediator? Mem Inst
Oswaldo Cruz 2005;100(Suppl. 1):167–72.

15. Suomela S, Kariniemi AL, Snellman E, Saarialho-Kere U.
Metalloelastase (MMP-12) and 92-kDa gelatinase (MMP-9) as
well as their inhibitors, TIMP-1 and -3, are expressed in
psoriatic lesions. Exp Dermatol 2001;10(3):175–83.

16. Curci JA, Liao S, Huffman MD, Shapiro SD, Thompson RW.
Expression and localization of macrophage elastase (matrix
metalloproteinase-12) in abdominal aortic aneurysms. J Clin
Invest 1998;102(11):1900–10.
17. Yamada S, Wang KY, Tanimoto A, et al. Matrix
metalloproteinase 12 accelerates the initiation of
atherosclerosis and stimulates the progression of fatty
streaks to fibrous plaques in transgenic rabbits. Am J Pathol
2008;172(5):1419–29.

18. Cho NH, Hong KP, Hong SH, et al. MMP expression profiling in
recurred stage IB lung cancer. Oncogene 2004;23(3):845–51.

19. Hofmann HS, Hansen G, Richter G, et al. Matrix
metalloproteinase-12 expression correlates with local
recurrence and metastatic disease in non-small cell lung
cancer patients. Clin Cancer Res 2005;11(3):1086–92.

20. Kettunen E, Anttila S, Seppanen JK, et al. Differentially
expressed genes in non-small cell lung cancer: expression
profiling of cancer-related genes in squamous cell lung
cancer. Cancer Genet Cytogenet 2004;149(2):98–106.

21. Kerkela E, Ala-aho R, Klemi P, et al. Metalloelastase (MMP-12)
expression by tumour cells in squamous cell carcinoma of the
vulva correlates with invasiveness, while that by
macrophages predicts better outcome. J Pathol
2002;198(2):258–69.

22. Kerkela E, Ala-Aho R, Jeskanen L, et al. Expression of human
macrophage metalloelastase (MMP-12) by tumor cells in skin
cancer. J Invest Dermatol 2000;114(6):1113–9.

23. Yang X, Dong Y, Zhao J, et al. Increased expression of human
macrophage metalloelastase (MMP-12) is associated with the
invasion of endometrial adenocarcinoma. Pathol Res Pract
2007;203(7):499–505.

24. Ding Y, Shimada Y, Gorrin-Rivas MJ, et al. Clinicopathological
significance of human macrophage metalloelastase
expression in esophageal squamous cell carcinoma. Oncology
2002;63(4):378–84.

25. Balaz P, Friess H, Kondo Y, et al. Human macrophage
metalloelastase worsens the prognosis of pancreatic cancer.
Ann Surg 2002;235(4):519–27.

26. Shin A, Cai Q, Shu XO, Gao YT, Zheng W. Genetic
polymorphisms in the matrix metalloproteinase 12 gene
(MMP12) and breast cancer risk and survival: the Shanghai
Breast Cancer Study. Breast Cancer Res 2005;7(4):R506–12.

27. Li Y, Jia JH, Kang S, et al. The functional polymorphisms on
promoter region of matrix metalloproteinase-12, -13 genes
may alter the risk of epithelial ovarian carcinoma in Chinese.
Int J Gynecol Cancer 2009;19(1):129–33.

28. Bradbury PA, Zhai R, Hopkins J, et al. Matrix
metalloproteinase 1, 3 and 12 polymorphisms and esophageal
adenocarcinoma risk and prognosis. Carcinogenesis
2009;30(5):793–8.

29. Su L, Zhou W, Asomaning K, et al. Genotypes and haplotypes
of matrix metalloproteinase 1, 3 and 12 genes and the risk of
lung cancer. Carcinogenesis 2006;27(5):1024–9.

30. Cheng P, Jiang FH, Zhao LM, et al. Human macrophage
metalloelastase correlates with angiogenesis and prognosis
of gastric carcinoma. Dig Dis Sci 2010;55(11):3138–46.

31. Yang W, Arii S, Gorrin-Rivas MJ, et al. Human macrophage
metalloelastase gene expression in colorectal carcinoma and
its clinicopathologic significance. Cancer 2001;91(7):1277–83.

32. Gorrin Rivas MJ, Arii S, Furutani M, et al. Expression of
human macrophage metalloelastase gene in hepatocellular
carcinoma: correlation with angiostatin generation and its
clinical significance. Hepatology 1998;28(4):986–93.

33. Gorrin-Rivas MJ, Arii S, Mori A, et al. Implications of human
macrophage metalloelastase and vascular endothelial growth
factor gene expression in angiogenesis of hepatocellular
carcinoma. Ann Surg 2000;231(1):67–73.

34. Yang JD, Roberts LR. Hepatocellular carcinoma: a global view.
Nat Rev Gastroenterol Hepatol 2010;7(8):448–58.


	Overexpression of matrix metalloproteinase-12 (MMP-12) correlates with poor prognosis of hepatocellular carcinoma
	1 Introduction
	2 Methods and materials
	2.1 Clinical samples
	2.2 Reverse transcription-PCR (RT-PCR)
	2.3 Quantitative real-time RT-PCR
	2.4 Statistical analysis

	3 Results
	3.1 Expression of MMP-12 mRNA in HCC patients and normal donors
	3.2 Clinical significance of MMP-12 mRNA in HCC patients
	3.3 Overexpression of MMP-12 mRNA correlated with poor overall survival of HCC patients after hepatectomy

	4 Discussion
	Conflict of interest statement
	Acknowledgement
	References


