
Abstract. – OBJECTIVES: Matrix metallopro-
teinase-13 (MMP13) is a highly regulated zinc-
dependent endopeptidase and has been report-
ed to be associated with vascular invasion and
lymph node metastasis and predicts poor out-
come for relatively early stage in esophageal
squamous cell carcinoma (ESCC) patients. How-
ever, the role of the serum MMP-13 levels in ES-
CC is still unknown. In the present study, we in-
vestigate the clinical significance of MMP-13 lev-
els in patients with ESCC

PATIENTS AND METHODS: The serum level of
MMP-13 was measured with commercially avail-
able ELISA kit in 112 healthy controls and 141 ES-
CC patients prior to surgical resection. Statistical
associations between clinicopathological obser-
vations and MMP-13 levels were determined using
the Mann-Whitney U test. The clinical value of
MMP-13 level as a prognostic parameter was eval-
uated using the Cox’s proportional hazards model.

RESULTS: The results showed compared with
the healthy control group (74.5±12.3 ng/ml), ESCC
patients tended to have significantly higher serum
MMP-13 concentrations (86.2 ± 14.6 ng/ml) (p <
0.05). Elevation of MMP-13 levels (≥≥ 76.4 ng/ml)
was observed in 61.7% (87/141) of patients with
ESCC, and 18.4% (26/141) in healthy controls.
MMP-13 levels were associated with lymph node
metastasis (p < 0.001), distant metastasis (p <
0.001), histological differentiation (p = 0.026), T
classification (p < 0.005), but not with the tumor
size, clinical stage, age and gender of the patients
or tumor location. Multivariate analysis revealed
that patients with an elevated level of MMP-13 (≥≥
76.4 ng/ml) had significantly lower 5 year survival
rate than those with non-elevated MMP-13 (< 76.4
ng/ml, log-rank p < 0.001). 

CONCLUSIONS: It is suggested that the ele-
vated level of preoperative MMP-13 was found to
associate with tumor progression and poor sur-
vival in patients with ESCC.
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Introduction

There is remarkable geographic variation in
both the incidence and the constituents of
esophageal cancer. In Asian countries,where
esophageal cancer is common, more than 90% of
esophageal cancers are squamous cell carcino-
mas1-3. In Western countries, where the incidence
of esophageal cancer is relatively low, the inci-
dence rate of esophageal adenocarcinoma has
been increasing in the last few decades, whereas
that of esophageal squamous cell carcinoma (ES-
CC) remains constant4-5. As a result, ESCC con-
stitutes 50-60% of all esophageal cancers in
Western countries at present4-5.

ESCC shows a poor prognosis because of the
occurrence of systemic metastasis, mainly via
lymphatic vessels1-6. Detection of ESCC at an
early stage is possible with the use of X-ray and
endoscopic examinations7-8, but there might be
occult micrometastases at the time of surgery
even in such cases9-10. In this respect, an assess-
ment of metastatic potential is important to estab-
lish appropriate therapeutic modalities for ESCC.
It is of great clinical value to find sensitive and
specific early biomarkers for the diagnosis and
prognosis of this malignancy, as well as novel
therapeutic strategies.

Matrix metalloproteinases are important en-
zymes involved in the breakdown of various extra-
cellular matrix (ECM) components.Matrix metal-
loproteinases can be divided into subgroups, in-
cluding collagenases, stromelysins, stromelysins-
like MMPs, gelatinases, membrane-type MMPs
and others. Matrix metalloproteinase-13 is a mem-
ber of the collagenase family,which degrades fibril-
lar collagens of types I, II, III, IV, X and XIV,
tenascin, fibronectin, aggrecan, versican and fib-
rillin-111. It is now accepted that MMP-13 plays a
key role in the MMP activation cascade, both acti-
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vating and being activated by several MMPs. The
expression of MMP-13 has been well studied in
cancer diseases. Elevated expression of MMP-13
has been documented in numerous malignancies,
including colorectal cancer12-13. epithelial cancers
of the eyelids14, non-small cell lung cancer15, cuta-
neous malignant melanoma16, prostate cancer17,
breast cancer18, renal cell carcinoma bone metasta-
sis19, head and neck squamous cell carcinomas20

and esophageal cancer21 and its association with tu-
mour behaviour and patient prognosis has been re-
ported11-21. Significant expression of MMP-13 is
observed in highly invasive tumours, suggesting
that MMP-13 probably plays a role in regulating
tumour invasion, which needs remodeling of ECM.

Serum levels of MMPs are known to be altered
in many human pathologic conditions. Increased
serum levels of MMPs have been reported in, for
example, polycystic kidney disease22, systemic
sclerosis23, rheumatoid arthritis24-25, and sclero-
derma26. In comparison with healthy controls, the
serum levels of MMP-9,13 are elevated in head
and neck squamous cell carcinoma27. Further-
more, elevated MMP-9,13 serum levels have
been shown to correlate with metastasis and poor
survival in hepatocellular carcinoma28 and head
and neck squamous cell carcinoma27.

Although increased expression of MMP-13
was found in many cancers including esophageal
cancer tissues21 and its association with tumour
behaviour and patient prognosis, there are few
studies analyzing the serum levels of MMP-13 in
patients with metastatic diseases. In the present
work, we have determined the serum levels of
MMP-13 in 141 patients with ESCC with a spe-
cial interest to determine the levels and prognos-
tic value of their serum levels.

Patients and Methods

Patients
From Oct. 1998 to Oct. 2009, 146 consecutive

patients with histopathologically proven ESCC
were enrolled for study. The average age was 62.7
± 11.3 years, and the ratio of male: female was
40:3. Tumor stage was classified according to the
TNM system29. Medical Ethical Committee (Tian-
jin University) approved the protocol, and the
written informed consent was obtained from every
patient before surgery. Extensive preoperative
measures including esophagoscopy with biopsy,
esophagogram, chest radiography, sonograms of
abdomen and neck, computed tomography of the

chest, and radionuclide bone scanning were fol-
lowed to determine the need of surgery. Patients
with resectable tumor (n = 100) underwent en bloc
esophagectomy with locoregional lymphadenecto-
my through right thoracotomy, laparotomy with
reconstruction using the stomach through a ret-
rosternal route, and cervical esophagogastrostomy.
For patients at stage IIb or beyond, concurrent
chemoradiotherapy was applied after surgery. Pa-
tients with unresectable tumor (n = 46) received
chemoradiotherapy after the installation of feeding
jejunostomy or bypass procedure. None of these
patients received neoadjuvant therapy. After treat-
ment, all patients were followed regularly. Five
patients died of cardiopulmonary or COPD com-
plication after surgery and were excluded from the
prognosis analysis. Serum samples were obtained
from each patient at the time of diagnosis. Serum
samples from 112 healthy individuals with equiva-
lent distribution of age and sex were used as nor-
mal controls. The healthy individuals were nega-
tive for hepatitis B virus, hepatitis C virus, and hu-
man immunodeficiency virus. Abdominal ultra-
sound examination, routine blood tests, and bio-
chemistry tests were performed for the healthy
controls, and the results were within normal
ranges. After centrifugation of the peripheral
blood, serum samples were stored at −20°C until
assayed. This study was approved by the medical
Ethics Committee of Cancer Center at Tianjin
University.

The Measurement of Serum 
MMP-13 Levels 

According to the manufacturer’s instructions,
specific kits were used for the measurement of
serum MMP-13 levels (Amersham Pharmacia
Biotech Inc., Piscataway, NJ, USA). Briefly, 96-
well ELISA microplates were coated overnight
with 100 µL MMP-13 antibody (Santa Cruz,
Shanghai, China) at a final concentration of 0.25
mg/L in phoshate buffered saline (PBS). After
washing with PBS/0.05% (w/v) Tween-20 (PB-
ST, pH 7.4), the wells were blocked with block-
ing buffer at room temperature for 1 h. Then, 100
µL diluted serum samples (at 1:40 dilution) were
added and incubated at room temperature for 2 h.
Similarly, 100 µL PBST lacking antibody was
used as a negative control. Following three wash-
es with PBST, 100 µL antibody diluted to a con-
centration of 0.25 mg/L was added. After incuba-
tion at room temperature for 2 h, 100 µL avidin-
horseradish peroxidase conjugated secondary an-
tibody (at 1:1500 dilution) was added, and plates
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were incubated at room temperature for 30 min.
The excess conjugate was removed by washing
the plates three times with PBST. The amount of
bound conjugate was determined by adding 2,2’-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) liquid substrate solution to each well,
and plates were incubated at room temperature
for color development. The absorbance was mea-
sured at 405 nm using a Model 680 microplate
reader (Bio-Rad Lab. Inc., Hercules, CA, USA).
All analyses were performed in triplicate. The
coefficient of variation was lower than 15% be-
tween analyses. Concentrations of MMP-13 are
presented in ng/mL. 

Statistical Analysis
The results are expressed as mean ± SD. The

relationship between serum MMP-13 level and
each of the clinicopathological parameters was
analyzed by χ2 analysis. When any analysis cell
had fewer than five cases, the Fisher’s exact test
was used. The statistical difference between
groups A and B in each clinicopathological cate-
gory was determined by Student’s t test (two-
tailed) or ANOVA. Survival curves were plotted
with method of Kaplan-Meier. The statistical dif-
ference in survival between different groups was
compared by the log-rank test. Survival correla-
tion with the prognostic factors was further in-
vestigated by multivariate analysis using Cox
proportional hazards model with backward step-
wise likelihood ratio. Statistical analysis was per-
formed using SPSS statistical software (SPSS
Inc., Chicago, IL, USA). Statistical significance
was assumed for p < 0.05. 

Results

Serum Levels of MMP-13
The serum MMP-13 levels were significantly

higher in ESCC patients than in healthy controls
(66.2 ± 10.2 ng/ml vs 74.5±12.3 ng/ml, p <
0.05). The cut-off value was set at 76.4 ng/ml,
based on the data of the 112 healthy control sera.
Increased serum MMP-13 levels were found in
61.7% (87/141) of patients with ESCC and
38.3% (54/141) was found less 76.4 ng/ml.

Serum MMP-13 Level and 
Clinicopathological Features 
in ESCC Patients 

Using 76.4 ng /ml as the cutoff value, these
ESCC patients were then divided into group A (n

= 87) as those with the higher level (≥ 76.4 ng
/ml;) and group B (n = 54) as those with lower
level (< 76.4 ng /ml). χ2 analysis showed that the
preoperative serum MMP-13 levels correlated
well with lymph node involvement (N status),
distant metastasis (M status), histological differ-
entiation, T classification, but not with the tumor
size, clinical stage, age and gender (Table I).
Serum levels of MMP-3 were significantly high-
er in patients with lymph node metastasis or dis-
tant metastasis than in those without lymph node
involvement or distant metastasis. There was no
significant difference between these groups in
terms of sex or age of onset and lymphovascular
invasion. Spearman analysis also revealed a cor-
relation between serum MMP-13 level and the T
classification (r = 0.314, p < 0.0001), N classifi-
cation (r = 0.482, p < 0.0001), lymph node in-
volvement (r = 0.246, p = 0.002), distant metas-
tasis (r = 0.328, p < 0.001) and histological dif-
ferentiation (r = 0.274, p < 0.001) (Table II).
These observations support the hypothesis that
the progression of ESCC is associated with in-
creased serum MMP-13 levels.

Association Between Serum Levels of
MMP-13 and Prognosis,And Survival
Rates for ESCC Patients 

Statistical analysis revealed an positive corre-
lation between the serum levels of MMP-13 and
clinical pathologic factors (r = 0.273, p < 0.001;
Table II). Furthermore, a log-rank test and Ka-
plan-Meier analysis were used to calculate the ef-
fect of serum levels of MMP-13 on survival. The
log-rank test showed that the serum levels of
MMP-13 attested remarkably to patients’ survival
time (p < 0.0001; Figure 1). More specifically,
the median survival time of patients with high
serum levels of MMP-13 was only 13 months,
whereas the median survival time of those with
low levels of MMP-13 was 47 months. The cu-
mulative 5-year survival rate was 42.6% (95%CI,
0.1782-0.5237) in the low serum levels of MMP-
13 group (n= 54), whereas in the high serum lev-
els of MMP-13 group (n= 87; Figure 1), the sur-
vival rate was only 7.13% (95% CI, 0.0076-
0.1237). Clinical stage, metastasis, serum levels
of MMP-13, TNM classification, histological dif-
ferentiation were analyzed using univariable and
multivariable Cox regression analyses. Univari-
able analyses revealed that clinical stage, serum
levels of MMP-13, TNM classification, and his-
tological differentiation were significant predic-
tors of ESCC (Table III). Multivariable analysis
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showed that clinical stage, serum levels of MMP-
13, TNM classification, and histological differen-
tiation were independent predictors for ESCC on
the basis of changes in likelihood interactions be-
tween the parameters listed in univariable regres-
sion analyses (Table III).

Discussion

Identification of targets for early detection of
ESCC is important to improve the prognosis of
the patients with this pernicious disease. Current-
ly, carcinoembryonic antigen, cytokeratin-19

X.-l. Jiao, D. Chen, J.-g. Wang, K.-j. Zhang

Groupsa

Clinicopathological factors A (n) B (n) pb

Age (yr) 0.372
< 65 (n=72) 47 (65.3%) 25 (34.7%)
> 65 (n=69) 40 (60%) 29 (40%)

Tumor status 0.017
T1 (n=16) 4 (25%) 12 (75%)
T2 (n=14) 5 (35.7%) 9 (64.3%)
T3 (n=75) 51 (68%) 24 (32%)
T4 (n=36) 27 (75%) 9 (25%)

Lymph node involvement 0.005
Positive (n=90) 67 (74%) 23 (26%)
Negative (51) 20 (39.2%) 31 (60.8%)

Distant metastasis 0.016
Positive (n=32) 27 (84.4%) 5 (15.6%)
Negative (n=109) 60 (55%) 49 (45%)

Lymphovascular invasion
Positive (n=42) 20 (47.6%) 22 (52.4%) 0.114
Negative (n=99) 67 (67.7%) 32 (32.3%)

Stage (TNM) 0.026
I (n=17) 7 (41.2%) 10 (58.8%)
II (n=37) 20 (54%) 17 (46%)
III (n=53) 36 (68%) 17 (32%)
IV (n=34) 24 (70.6%) 10 (76%)

Cell differentiation 0.02
Well (n=23) 7 (30.4%) 16 (69.6%)
Moderate (n=90) 60 (66.7%) 30 (33.3%)
Poor (n=28) 20 (71.4%) 19 (28.6%)

Table I. Relationship between serum levels of MMP-13 and clinicopathological factors.

aPatients were grouped by preoperative serum levels of MMP-13. In group A (n= 87), serum MMP-13 levels were > 76.4
ng/ml, and in group B (n = 54), MMP-13 levels were 76.4 ng/ml. bp were determined by χ2 test. 

Univariable analysis Multivariable analysis

Regression Hazard
Characteristic coefficient (SE) p value ratio 95% CI p value

Serum MMP-13 levels 0.296 (0.082) 0.0003 2.456 1.547-5.832 0.002
T classification 0.640 (0.174) < 0.0001 2.964 1.76-6.24 0.0016
Lymph node involvement 0.532 (0.13) 0.018 3.244 1.58-6.83 0.003
Distant metastasis 0.743 (0.367) 0.0002 2.366 1.420-5.183 0.012
pTNM 0.325 (0.076) 0.036 0.56 0.342-0.843 0.023
Lymphovascular invasion 0.0902 (0.025) 0.074 0.42 0.13-1.56 0.104
Differentiation 0.467 (0.163) 0.026 1.42 1.25-1.93 0.014

Table II. Univariable and Multivariable analysis various prognosic parameters in patients with ESCC.



fragments, and squamous cell carcinoma-associ-
ated antigen are routinely used as serum markers
for detection of ESCC. Due to the low sensitivity
and specificity of detection of these markers30,
additional serum markers must be established for
early detection and diagnosis of ESCC.

MMP-13 is characterized by wide substrate
specificity and restricted expression. Previous
studies have reported that it was expressed tumor
cells in human melanoma metastases16, breast
cancer18 and esophageal cancer24. In the present
study, we detected MMP-13 levels in the serum
of patients are significantly higher than in a con-
trol population of healthy blood donors. Notably,
serum MMP-13 levels were higher in patients
with metastatic disease compared to those with-
out known metastases. Thus, MMP-13 concen-
trations may be as the suitability as a routine
serum marker for the detection of metastatic dis-
ease in ESCC. In addition, serum MMP-13 levels

was much higher in ESCC patients with ad-
vanced stages and poor differentiation. However,
no significant differences were found in the
serum levels of MMP-13 in ESCC patients with,
ages germ and tumor size. Serum levels of
MMP-13 is useful for predicting the prognosis of
patients with ESCC.

Evaluation of the survival data showed that the
survival was significantly shorter in patients with
MMP-13 concentrations > 76.4 ng/ml, and high
MMP-13 concentrations predict poor prognosis
for patients with ESCC, especially in those pre-
senting with distant and lymph node metastasis.
In addition, the uni- and multivariate analyses in
the present study showed the prognostic signifi-
cance of clinicopathologic factors such as depth
of the tumor, lymph node metastasis, TNM and
differentiation, as reported previously from West-
ern countries31,32. These findings indicate that the
results obtained from the present series of cases
are applicable to ESCC in other counties.

In addition, Cox regression analysis showed
that MMP-13 was an independent variable.

Several studies have been done to identify
different easily assayed quantitative markers
that could serve as prognostic indicators for pa-
tients with ESCC. One of the most established
is the level of the carcinoembryonic antigen
(CEA) and squamous cell cancer antigen (SCC-
Ag) assessed as a marker for cancer33-34. How-
ever, there is a need for new easily measurable
markers, which could predict disease progres-
sion or therapeutic response. In the present
study, we have assessed the prognostic value of
serum MMP-13 in ESCC patients and identi-
fied MMP-13 as an independent prognostic fac-
tor. Studies with serum samples obtained at dif-
ferent phases of ESCC progression could fur-
ther elucidate the role of MMP-13 in growth and
metastasis of ESCC. 
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Figure 1. The serum MMP-13 level corresponded with the
progression of ESCC.

Univariate analysis Multivariate analysis

Variable SE p RR (95% CIa) p

Serum MMP-13 0.296 (0.082) < 0.001 2.456 (1.547-5.832) 0.002
T classification 0.640 (0.174) < 0.0001 2.964 (1.76-6.240 0.0016
Lymph node status 0.532 (0.13) 0.018 3.244 (1.58-6.83) 0.003
Distant metastasis 0.743 (0.367) < 0.001 2.366 (1.42-5.183) 0.012
pTNM 0.325 (0.076) 0.036 0.56 (0.342-0.843) 0.023
Lymphovascular 0.092 (0.025) 0.074 0.42 (0.13-1.56) 0.104
Differentiation 0.467 (0.163) 0.026 1.42 (1.25-1.93) 0.014

Table III. Univariable and Multivariable analysis various prognosic parameters in patients with ESCC.
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Conclusions 

Our findings provide evidence, that MMP-13
have important roles at different phases of metasta-
tic spread and that measurement of serum MMP-
13, in particular, could be of clinical value when
identifying patients at high risk for progression.
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