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Abstract
AIM: To evaluate the diagnostic values of serum autoan-
tibodies against matrix metalloproteinase-7 (MMP-7) in 
patients with esophageal squamous cell carcinoma (ESCC).

METHODS: The MMP-7 cDNA was cloned from ESCC 
tissues, and MMP-7 was expressed and purified from a 
prokaryotic system. MMP-7 autoantibodies were then 
measured in sera from 50 patients with primary ESCC 
and 58 risk-matched controls, using a reverse capture 
enzyme-linked immunosorbent assay (ELISA) in which 
autoantibodies to MMP-7 bound to the purified MMP-7 
proteins. In addition, MMP-7 autoantibody levels in sera 
from 38 gastric cancer patients and from control serum 
samples were also tested. 

RESULTS: The optimum conditions for recombinant MMP-7 
protein expression were determined as 0.04 mmol/L 

Isopropyl-β-D-Thiogalactopyranoside (IPTG) induc-
tion at 37℃ for four hours. The levels of serum auto-
antibodies against MMP-7 were significantly higher in 
patients with ESCC than in the matched-control samples 
(OD450 = 1.69 ± 0.08 vs OD450 = 1.55 ± 0.10, P < 
0.001). The area under the receiver operating character-
istic (ROC) curve was 0.87. The sensitivity and specificity 
for detection of ESCC were 78.0% and 81.0%, respec-
tively, when the OD450 value was greater than 1.65. Al-
though the levels of autoantibodies against MMP-7 were 
also significantly higher in patients with gastric cancer 
compared to control samples (OD450 = 1.62 ± 0.06 vs  
OD450 = 1.55 ± 0.10, P  < 0.001), the diagnostic ac-
curacy was less significant than in ESCC patients. The 
area of ROC curve was 0.75, whereas the sensitivity and 
specificity were 60.5% and 71.7%, respectively, when 
the cut-off value of OD450 was set at 1.60. 

CONCLUSION: Serum autoantibody levels of MMP-7 
may be a good diagnostic biomarker for esophageal 
squamous cell carcinoma.
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INTRODUCTION
Esophageal squamous cell carcinoma (ESCC), the major 
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histological form of  esophageal cancer in East Asian 
countries, is one of  the leading causes of  cancer death 
worldwide[1,2]. The high mortality of  this disease is large-
ly due to the lack of  a screening strategy to detect early 
stage disease. ESCC survival is highly stage dependent. 
Patients with localized disease are 12 times more likely to 
survive five years than those with distant disease[3]. Un-
fortunately, most cases are diagnosed with ESCC when 
they have already reached an advanced stage[4]. Thus there 
is a growing need to identify useful biological markers 
for early, non-invasive diagnosis of  ESCC[5]. 

The traditional serological tumor markers for ESCC, 
which are mainly secreted tumor antigens, i.e. CEA, SCCA, 
CYFRA21-1, and DKK-1, have been found to be useful 
but not sufficiently sensitive for early detection of  the dis-
ease[6,7]. Autoantibodies against tumor-associated antigens 
were recently reported in sera from patients with ESCC 
and other cancers as a promising approach for early cancer 
detection[8-10]. Changes in the level of  gene expression and 
aberrant expression of  tissue-restricted gene products are 
factors that lead to humoral immune response in cancer pa-
tients, usually at the early stage of  cancer development[11,12]. 
Therefore identifying novel autoantibody biomarkers may 
lead to early diagnosis or prediction of  disease progression 
in patients with ESCC.

The matrix metalloproteinases (MMPs) are a family of  
zinc-dependent proteolytic enzymes capable of  degrading 
the extracellular matrix (ECM). MMPs play a key role in 
the physiological degradation of  the ECM in angiogenesis, 
tissue repair, and tissue morphogenesis[13]. They also regu-
late cell growth and inflammation by cleaving non-matrix 
proteins like growth factors, cytokines and chemokines, 
and their respective receptors[14]. MMP-7, as the smallest 
molecule of  the MMPs, has been found overexpressed 
in a variety of  epithelial and mesenchymal tumors, such 
as esophagus, colon, liver, renal, and pancreas. Its expres-
sion is correlated with unfavorable prognosis[15]. Increased 
circulating levels of  MMP-7 proteins were correlated 
with the presence of  metastatic disease and poor patient 
survival in colorectal and renal cell cancer[15-17]. However, 
as one of  the early immune responses to cancer develop-
ment, levels of  autoantibodies against the MMP-7 protein 
have not been studied. This humoral immune response to 
MMP-7 might be a good early indicator of  ESCC. 

In this study, we evaluate the diagnostic values of  se-
rum autoantibodies against MMP-7 in ESCC and gastric 
cancer patients using purified MMP-7 proteins. We further 
discuss the possibility of  the utility of  these autoantibod-
ies to MMP-7 as tumor markers in clinical diagnosis. 

MATERIALS AND METHODS
Clinical samples
A total of  108 individuals’ serum samples (50 ESCC pa-
tients and 58 risk-matched controls) were collected from 
Baoding Tumor Hospital, Hebei, China. About 10 g of  
ESCC tumor samples were also collected in parallel. In ad-

dition, 38 serum samples were collected from patients with 
gastric cancer from the same hospital. Detailed informa-
tion on the serum samples is listed in Table 1. All the clini-
cal samples were collected after informed consents were 
obtained. 

Cloning the MMP-7 cDNA from ESCC tissues
About 10 g of  each ESCC tissue sample was snap-frozen 
in liquid nitrogen. RNA extraction was performed ac-
cording to procedures described in the TRIzol Reagent 
manual (Invitrogen, USA). Primers were designed ac-
cording to the sequence of  the MMP-7 mRNA (Gen-
Bank, NM_002423.3). The sequence of  the forward 
primer was5’-GGAATTCCATATGTCACTATTTC-
CAAATAGCCC-3’ and the sequence of  reverse primer 
was 5’-CCCAAGCTTTTATCCATATAGTTTCTGAAT-
GCC-3’. NdeⅠ and Hind Ⅲ (underlined) restriction sites 
were introduced into the sequences of  forward and re-
verse primers, respectively.

RT-PCR reactions were carried out under the following 
conditions. After heating at 94℃ for 4 min, the reactions 
were exposed to 30 cycles of  94℃ for 30 s, 63℃ for 40 s, 
and 72℃ for 1 min; with a final extension at 72℃ for 10 
min. The final products were then subjected to electropho-
resis on 1% agarose. The amplified inserts were purified 
using a DNA purification kit (QIAGEN, USA), digested 
with NdeⅠ and Hind Ⅲ, and then ligated to a prokaryotic 
expression vector pET28b(+) (Novagen, USA) that was 
also digested with the same restriction enzymes. The con-
structed plasmid was transformed into competent E. coli. 
DH5α cells and grown in Luria-Bertani (LB) broth sup-
plemented with kanamycin (30 μg/mL). The recombinant 
plasmid was confirmed by double endonuclease digestion 
and DNA sequencing. 

MMP-7 protein expression and purification 
The recombinant plasmid pET-28b/MMP-7 was trans-
formed into expression strain E. coli Rosetta (DE3) cells 
by heat-shock. One colony was picked and grown in 
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Table 1  Characteristics of normal and patient serum  n (%)
 

      
Control (n = 58) Patients with 

esophageal squamous 
cell carcinoma

(n = 50)

   Patients with 
  gastric cancer

  (n = 38)

Age

  ≤ 45     5 (8.62)    3 (6.00)  4 (10.53)

   45-55     7 (12.07)    4 (8.00)  6 (15.79)

   55-65   24 (41.38)    23 (46.00) 13 (34.21)

   65-75   17 (29.31)    19 (38.00) 12 (31.58)

 ≥ 75    5 (8.62)    1 (2.00) 1 (2.63)

Sex

   Female   11 (18.97)      9 (18.00) 13 (34.21)

   Male  47 (81.03)    41 (82.00) 25 (65.79)



20 mL LB medium containing 30 μg/mL kanamycin at 
37℃ until an optical density (OD) at 600 nm of  0.6 was 
reached. Isopropyl-β-D-Thiogalactopyranoside (IPTG) 
was then added to induce protein expression at 28℃ and 
37℃. To determine the optimal condition for MMP-7 
expression, DE3 cells were induced at different concen-
trations (0.4, 0.8, and 1.0 mmol/L) of  IPTG for different 
lengths of  time (1, 2, 4, 6 and 7 h). At the end of  each 
condition, cells were harvested by centrifugation, resus-
pended in 1 mL PBS, and sonicated on ice until the sus-
pension became transparent (5 min). The lysate was cen-
trifuged for 30 min at 12 000 g, and then both the super-
natant and the pellets were tested for the MMP-7 protein 
expression by 15% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE). 

To purify this His-tagged MMP-7 recombinant pro-
tein, a QIAexpressionist (QIAGEN, USA) kit was used. 
Briefly, 3 mL of  cell culture at the most optimal expres-
sion conditions was pelleted and resuspended in 600 μL  
lysis buffer (8 mol/L Urea, 10 mmol/L NaH2PO4,  
10 mmol/L Tris.Cl, pH8.0) at room temperature for 4 h. 
Cell debris was cleared by centrifugation, and the super-
natants were transferred to a fresh tube and incubated 
with 60 μL of  a 50% slurry of  Ni-NTA resin (10 μL 
resin has a capacity for 50-100 μg His-tagged protein) 
for 60 min at 4℃ with agitation. The resin was then pel-
leted by centrifugation and washed twice with 300 μL 
wash buffer (8 mol/L Urea, 100 mmol/L NaH2PO4,  
10 mmol/L Tris.Cl, pH6.3). The protein was then eluted 
three times with 30 μL elution buffer (8 mol/L Urea,  
100 mmol/L NaH2PO4, 10 mmol/L Tris.Cl, pH4.5). The 
purification process was tested by 15% SDS-PAGE fol-
lowed by Coomassie Brilliant Blue staining.

Measurement of serum autoantibodies against MMP-7
Ninety-six-well Costar ELISA plates (Jet Biofil, Beijing, 
China) were coated with 2 μg/mL of  the purified MMP-7 
protein and incubated overnight at 4℃. The plates were 
washed four times with PBST (PBS buffer containing 
0.05% Tween 20), and then blocked with PBS contain-
ing 1% BSA at 37℃ for 1 h, followed by four washes in 
PBST. Serum samples (ESCC or gastric cancer patients 

or control) were diluted 1/150 in 1% BSA and incubated 
in the MMP-7-coated ELISA plates at 37℃ for 1 h. Af-
ter washing four times with PBST, 100 μL of  goat anti-
human IgG-HRP (1:1000 dilutions) was added to each 
well for 1h at 37℃. After washing four times with PBST, 
the color was developed with 3,4,5-trimethoxy benzalde-
hyde (TMB) for exactly 15 min, and then stopped with  
0.5 mol/L H2SO4. The absorbance of  each well was read 
at 450 nm by a plate microplate reader (Beijing’s New Air 
Electrical Technology, Beijing, China). Each serum sample 
was tested in triplicate. 

Statistical analysis
To analyze the difference of  autoantibodies reaction to 
MMP-7 proteins between cancer and matched control 
sera, the absorbance of  each serum sample in the ELISA 
plate was averaged from triplicate experiments. Student’s 
t-test was performed between cancer and matched-control 
samples. Nonparametric receiver-operating curves (ROCs), 
in which the value for sensitivity was plotted against false-
positive rate (1-specificity), were generated. In addition, an 
area under the ROC curve (AUC) with 95% confidence 
intervals (CI) was calculated for each marker. In all tests, 
a P-value of  ≤ 0.05 was considered to be statistically 
significant. All statistical analysis was done with the SPSS 
software package version 16.0 (SPSS, Chicago, IL, USA).

RESULTS
MMP-7 expression and purification
The cDNA of  MMP-7 was cloned from ESCC tissues 
and inserted into a prokaryotic expression plasmid, pET-
28b. After double endonuclease digestion and PCR con-
firmation, a single band of  492 bp was obtained (Figure 
1) at the expected location. The insert DNA was further 
purified and sequenced. The sequence was found to be 
a perfect match to the sequence of  MMP-7 deposited in 
NCBI GenBank. 

This pET-28b/MMP-7 plasmid was transformed into 
DE3 cells for MMP-7 expression. Optimal IPTG concen-
tration and time course determinations were performed 
for the kinetics of  protein expression in the bacterial cul-
ture. The results showed that DE3 cells had the highest 
MMP-7 protein expression level after 4 h of  0.4 mmol/L 
IPTG induction at 37℃ (Figure 2A and B). The pET-
28b/MMP-7 recombinant proteins were mainly observed 
in the precipitate of  the DE3 lysate, which indicated that 
the expressed protein was mainly in sequestered to inclu-
sion bodies. The expressed proteins were further purified 
to approximately 95% purity by Ni-NTA resin (Figure 3). 

Comparison of MMP-7 autoantibodies between cancer 
and control samples
To test serum autoantibodies against MMP-7 proteins, the 
purified MMP-7 proteins were coated onto 96-well ELI-
SA plates. Serum samples from 50 patients with ESCC or 
38 with gastric cancer were tested, along with 58 control 
serum samples, using indirect ELISA. The mean OD450 
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Figure 1  Double endonuclease digestion of the recombinant vector pET-
28b/matrix metalloproteinase-7. M: DNA maker; Lane 1: Double digestion 
with NdeI and HindIII; Lane 2: Positive bacterial clone.
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(± SD) of  serum autoantibodies against MMP-7 in 50 
ESCC patients was 1.69 ± 0.08, and was 1.55 ± 0.10 in 58 
control individuals. The mean OD450 (± SD) of  serum 
autoantibodies against MMP-7 in 38 gastric cancer pa-
tients was 1.62 ± 0.06. The serum levels of  autoantibodies 
against MMP-7 were significantly higher in ESCC than in 
healthy donors (P < 0.001, Figure 4A). The difference be-
tween healthy individuals and gastric cancer patients was 
also significant (P < 0.001, Figure 4B). 

ROC curves were plotted to identify a cut-off  value that 
would distinguish case from control samples. According to 
the ROC curve, the optimal cutoff  value for ESCC was 1.65, 
providing a sensitivity of  78.0% and a specificity of  81.0%. 
The AUC for MMP-7 was 0.87 (95% CI: 0.80-0.93, Figure 
4C) in ESCC patients. For gastric cancer, according to the 
ROC curve, the optimal cutoff  value was 1.60, providing a 
sensitivity of  60.5% and a specificity of  71.7%. The AUC 
for MMP-7 was 0.75 (95% CI: 0.64-0.84, Figure 4D).

DISCUSSION
Immune response with antibody production can be elic-

ited due to the overexpression of  cellular proteins, such 
as Her2[18], by the expression of  mutated forms of  cellular 
protein, such as mutated p53[19], or by the aberrant expres-
sion of  tissue-restricted gene products, such as cancer-
testis antigens[20] by cancer cells. These autoantibodies are 
raised against these specific antigens from the cancer cells; 
therefore, the detection of  these antibodies in patients’ 
sera can be exploited for cancer diagnosis in these patients. 
Furthermore, the immune system is especially well adapted 
for the early detection of  cancer, because it can respond 
to low levels of  an antigen by mounting a very specific 
and sensitive antibody response. Autoantibodies against 
cancer-specific antigens have been identified in cancers 
of  the colon[21], breast[22], lung[23], ovary[24], prostate[25], and 
head and neck[26].Thus, the use of  the immune response as 
a biosensor for early detection of  cancer through serum-
based assays holds great potential as an ideal screening and 
diagnostic tool[27,28].

MMP-7 is closely related to tumor invasion and me-
tastasis: many studies have shown MMP-7 to be overex-
pressed in colorectal cancer[29], esophagus[30], stomach[31], 
pancreatic cancer[32], breast cancer[33], prostate cancer[34], 
and renal cell carcinoma[35]. In addition, recent studies 
have shown that MMP-7 could be detected in the serum 
of  cancer patients, including patients with ovarian[36] and 
colorectal cancer[17]. However, there has been no report re-
garding the diagnostic values of  the serum autoantibodies 
against MMP-7 for any kind of  cancers. In this study, we 
chose ESCC and gastric cancer as two typical gastrological 
cancers to evaluate the diagnostic values of  autoantibodies 
against MMP-7. Our results clearly suggested that serum 
autoantibodies against MMP-7 have the potential to be 
a tumor marker for ESCC and gastric cancer. MMP-7 is 
overexpressed in many cancers; therefore, elevated levels 
of  autoantibodies against MMP-7 may also be present in 
other cancers as a nonspecific cancer biomarker. The sam-
ples in this study were mostly late stage serum samples; 
therefore, it is necessary to further validate these results 
using a large cohort of  well-characterized patient samples, 
especially with early stage patient samples. It might be also 
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Figure 2  pET-28b/matrix metalloproteinase-7 protein expression by so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis. Panel A: Time 
course analysis of pET-28b/matrix metalloproteinase-7 (MMP-7) protein expres-
sion by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 
M: Protein marker; 1-5: Samples for different time points (1, 2, 4, 6, and 7 h) at 
37℃ after 0.4 mmol/L IPTG induced; 6: Uninduced bacterial lysate. Panel B: 
SDS-PAGE showing pET-28b/MMP-7 protein expression induced by different 
amounts of IPTG. 1, 5: Uninduced bacterial lysate; 2-4: Samples induced at dif-
ferent concentrations of IPTG (0.4, 0.8, 1 mmol/L) at 37℃ for 4 h; 6-8: Samples 
induced at different concentrations of IPTG (0.4, 0.8, 1 mmol/L) at 28℃ for 4 h.
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Figure 3  Soluble analysis and purification. 1: Samples induced with IPTG 
(0.4 mmol/L) for 4 h at 37℃; 2: Precipitate from the lysate of pET-28b/matrix 
metalloproteinase-7 (MMP-7) induced by IPTG; 3: The lysate supernatant of 
pET-28b/MMP-7 induced by IPTG; 4: Uninduced bacterial lysate; 5-6: Purified 
recombinant protein.
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a good approach to further analyze the MMP-7 autoan-
tibody diagnostic values in combination with the current 
tumor markers in ESCC and gastric cancer. 

In conclusion, the results in this study are encouraging, 
even though further investigations are needed to evaluate 
its usefulness in population screening for ESCC. More-
over, the assay is easy to set up, because the recombinant 
proteins expressed and purified from E. coli are cost-
effective and easy-to-standardize as serological reagents[37]. 
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