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Abstract
AIM: To assess expression of matrix metalloprotein-
ases 2 (MMP2) and MMP9  in gastric cancer, superficial 
gastritis and normal mucosa, and to measure metallo-
proteinase activity.

METHODS: MMP2 and MMP9 mRNA expression was 
determined by quantitative real-time polymerase chain 
reaction. Normalization was carried out using three dif-
ferent factors. Proteins were analyzed by quantitative 
gelatin zymography (qGZ).

RESULTS: 18S ribosomal RNA (18SRNA ) was very 
highly expressed, while hypoxanthine ribosyltrans-
ferase-1 (HPRT-1 ) was moderately expressed. MMP2 
was highly expressed, while MMP9 was not detected or 

lowly expressed in normal tissues, moderately or highly 
expressed in gastritis and highly expressed in cancer. 
Relative expression of 18SRNA and HPRT-1  showed no 
significant differences. Significant differences in MMP2 
and MMP9 were found between cancer and normal 
tissue, but not between gastritis and normal tissue. 
Absolute quantification of MMP9 echoed this pattern, 
but differential expression of MMP2 proved conflic-
tive. Analysis by qGZ indicated significant differences 
between cancer and normal tissue in MMP-2, total 
MMP-9, 250 and 110 kDa bands.

CONCLUSION: MMP9 expression is enhanced in gas-
tric cancer compared to normal mucosa; interpreta-
tion of differential expression of MMP2 is difficult to  
establish. 
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INTRODUCTION
The matrix metalloproteinase (MMP) family is a group 
of  24 zinc-dependent endopeptidases in humans that 
degrade components of  extracellular matrix (ECM), 
and are noteworthy due to their involvement in a great 
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number of  physiological and pathological processes, 
including stomach diseases such as gastritis and gastric 
cancer[1-3]. Hence MMPs, besides their ability to degrade 
ECM, participate in regulating growth, angiogenesis, 
invasion, immune response, survival and epithelial mes-
enchymal transition[3]. As a result proteolytic parameters 
may be suitable as prognosis tools in gastric cancer.

The group of  gelatinases comprises MMP-2 (gelatin-
ase A) and MMP-9 (gelatinase B), both of  which cleave 
proteins, solubilize pericellular matrix components such 
as chemokines, shed cellular ectodomains and have been 
implicated in angiogenesis stimulation by means of  
integrin-ανβ[4]. Both MMP-2 and MMP-9 gelatinolytic 
activities can be studied by means of  quantitative gelatin 
zymography (qGZ)[5]. These proteases are synthesized 
predominantly by stromal cells rather than cancer cells, 
and it has been proposed that both contribute to cancer 
progression[3]. Studies show that high levels of  MMP2 
and/or MMP9 have a significant correlation with gastric 
cancer invasion[6,7] and moreover are associated with 
poor prognosis[7,8]. This is important; hence both pro-
teases could participate during invasion into the gastric 
wall and metastasis, which are key clinical parameters in 
defining patient treatment in gastric cancer. 

Quantitative real-time polymerase chain reaction 
(qRT-PCR) is a highly specific and sensitive technique 
for gene expression analysis[9]; it can provide the quanti-
fication of  transcripts in many different tissues and cell 
lines for a limited number of  genes, and is particularly 
suitable when availability of  cells is limited, such as in 
microdissected or biopsy tissue studies[10,11]. Gene ex-
pression analysis is increasingly important in the study 
of  complex regulatory networks and in the understand-
ing of  disease pathogenesis. Multiple assays based on 
qRT-PCR have been developed for diagnosis, prognosis 
and monitoring of  chronic and infectious diseases[12,13]. 
In these assays, it is essential to relate gene expression 
to quantity of  tissue analyzed. Ideally, the RNA target 
employed as an endogenous control gene should be 
expressed at a similar level between tissue samples at all 
stages of  development and remain unaffected by experi-
mental treatments[14]. In general, housekeeping genes are 
selected to normalize for the variability between samples, 
which can occur due to constitutive expression. Un-
fortunately, there is no single RNA molecule for which 
expression is constant in all biological conditions and 
tissues samples[14,15]. Therefore, the constant expression 
of  an endogenous control gene, selected for each par-
ticular set of  experimental samples, requires testing and 
validation before reliable data can be obtained. In this 
study we used qRT-PCR to assess genetic expression of  
two commonly used housekeeping genes: 18S ribosomal 
RNA (18SRNA) and hypoxanthine ribosyltransferase-1 
(HPRT-1), and two members of  the MMP family, MMP2 
and MMP9, in two related gastric diseases: gastritis and 
cancer[16]. The variances of  each gene and their correla-
tion coefficients were analyzed. In addition, we used 
qGZ[5] to determine the metalloproteinase activity of  
MMP-2 and MMP-9.

MATERIALS AND METHODS
Ethics
This study was given approval by the Hospital Ethics 
Committee which, from April 2007 to April 2008, per-
mitted the recruitment of  patients undergoing upper 
gastrointestinal endoscopy. This study complied with the 
code of  ethics of  the World Medical Association (Hel-
sinki Declaration of  1964, as revised in 2002). 

Clinical samples and histological analysis
Antral gastrointestinal biopsies from 28 patients were ana-
lyzed: 11 normal (7 females, 4 males: mean age 52 ± 14.86 
years; range 28-72 years); 11 cases of  superficial gastritis (9 
females, 2 males: mean age 52 ± 12.56 years; range 29-72 
years), and 6 cases of  advanced gastric cancer (3 females, 
3 males: mean age 58 ± 8.73 years; range 49-69 years). 
All gastrointestinal endoscopies were performed using an 
EVIS EXERA Video Gastroscope Olympus GIF-Q145 
(Olympus, Wendenstr, HRB, DE). Biopsy specimens were 
collected from each patient for routine histological exami-
nation and for RNA/protein isolation. 

RNA isolation
Antral gastric biopsy specimens were collected in phos-
phate buffered saline (PBS) solution and immediately 
immersed in a tissue stabilization solution (RNAlater®, 
Applied Biosystems, Foster City, CA, US). Tissues were 
homogenized in 1 mL of  TRI reagent (Molecular Research 
Center, INC, Cincinnati, OH, US). RNA isolation was 
performed following the TRI reagent protocol. gDNA was 
digested using DNase Ⅰ (Applied Biosystems). Quality and 
quantity of  RNA were established by measuring the optical 
density of  each sample at 260 and 280 nm.

Reverse transcription
RNA was pre-incubated with random primers and the 
reverse transcription reaction was performed at 42℃ for  
60 min. Expression levels of  18SRNA, HPRT-1, MMP2 
and MMP9 were assessed by qRT-PCR in 28 antral gastric 
mucosa tissue samples: 11 normal, 11 cases of  superficial 
gastritis and 6 cases of  advanced gastric cancer.

qRT-PCR
The qRT-PCR was performed using ABI PRISM 7500 
Real-time PCR System as described by Nuttall et al[17]. All 
qRT-PCR reagents, plates, optical adhesives covers, primer 
and probe for 18SRNA, HPRT-1, MMP2 and MMP9 
were from Applied Biosystems (assay ID: 4308329, 
Hs99999909_m1, Hs00234579_m1 and Hs00234422_m1, 
respectively). Standard curves were prepared for each gene 
by serial dilution. The number of  PCR cycles, termed 
cycle threshold (CT), at which amplification entered the 
exponential phase was determined and this number was 
used as an indicator of  the amount of  target RNA in each 
sample. CT values were used to classify genetic expression 
as very high (CT ≤ 25), high (CT = 26-30), moderate (CT 
= 31-35), low (CT = 36-39) or not detected (CT = 40) as 
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validated by Nuttall et al[17]. The absolute quantity of  the 
clinical samples was determined from comparison with 
the standard curve divided by three different factors: 
18SRNA CT values; HPRT-1 CT values and geometric 
mean of  18SRNA/HPRT-1 CT values.

Zymography
From the homogenized samples, the lower organic phase 
was transferred into fresh tubes and proteins were iso-
lated following the protocol of  the supplier (TRI reagent, 
Research Organic). Proteins were normalized and electro-
phoresed under non-reducing conditions. The gQZ was 
performed as described by Peake et al[5]. Electrophoresis 
was performed using 5% polyacrylamide stacking gel 
and 10% resolving polyacrylamide co-polymerized with 
1 mg/mL gelatin. MMP-2/MMP-9, human zymography 
standards (Millipore, Billerica, MA, US), were simultane-
ously loaded onto the gel. Gels were run in standard Tris-
glycine-SDS running buffer. Gelatin gels were washed 
overnight by gentle shaking at room temperature in rinse 
buffer [50 mmol/L Tris-HCl pH 8.0, 5 mmol/L CaCl2 

and 2.5% (v/v) Triton X-100], incubated in 50 mmol/L 
Tris-HCl pH7.5, 5 mmol/L CaCl2 for 18 h. Parallel gels of  
gelatin zymography were incubated in buffers containing 
10 mmol/L EDTA to inhibit metalloproteinase activity. 
Gelatinolytic activity appeared as a clear band over a blue 
background. Using a 170-8170 Molecular Imager Gel 
Doc XR System and Quantity one software (Bio-Rad) im-
ages taken at the same magnification were quantified by 
densitometry, on the basis of  their contour quantity after 
background subtraction. The arbitrary densitometry units 
were correlated with a standard curve prepared by serial 
dilutions of  human recombinant gelatinases across a lin-
ear range (0.039-1.25 ng/mL). A total of  19 samples were 
randomly selected for qGZ studies: 7 of  11 normal gastric 
mucosa; 7 of  11 gastritis cases, and 5 of  6 gastric cancer 
samples.

Statistical analysis
Statistical analyses were carried out using Sigma Stat 
(SPSS Inc.). CT values were expressed as mean ± SD and 
the variances of  each gene were calculated. A Spearman 
correlation was used to compare 18SRNA and HPRT-1 
expression patterns between normal, gastritis and cancer 
biopsies. A positive correlation coefficient r > 0.5 with 
P < 0.05 was considered significant. A Kruskal-Wallis 
test was used to examine differences observed, in both 
qRT-PCR and qGZ, between normal and gastritis tissue 
samples, and between normal and cancer tissue samples, 
where P < 0.05 was considered significant.

RESULTS
Relative expression of 18SRNA, HPRT-1, MMP2 and 
MMP9
The qRT-PCR analysis showed that in all samples the 
endogenous levels of  18SRNA and HPRT-1 were very 
high (CT ≤ 25) and moderate (CT = 31-35), respectively. 
MMP2 was highly expressed (CT = 26-30) in all samples. 

MMP9 was either not detected (CT = 40, 3 samples) or 
lowly expressed in normal tissues (CT = 36-39, 8 samples), 
while in gastritis it was not detected in 1 sample, moder-
ately expressed in 5, and highly expressed in the remain-
ing 5. In cancer samples, MMP9 was moderately and 
highly expressed in 2 and 4 samples respectively. Using a 
Kruskal-Wallis test we found, as expected, for 18SRNA 
and HPRT-1 no significant differences between relative 
expression in gastric cancer and normal tissue, and be-
tween gastritis and normal tissue. For MMP2 (P = 0.039) 
and MMP9 (P = 0.018) there were significant differences 
between cancer and normal tissue samples (Figure 1).

The mean CT value across all clinical samples of  the 
endogenous control genes tested was 18.48 (SD 3.05) 
for 18SRNA and 32.92 (SD 2.49) for HPRT-1. HPRT-1 
was the gene with the lowest CT variance (5.98) in com-
parison with 18SRNA (8.96). Analysis by Spearman rank 
correlation showed a high correlation between genetic 
expression of  the 18SRNA and HPRT-1 genes in nor-
mal, gastritis and cancer clinical samples (r = 0.800, P < 
0.001, data not shown).

Absolute quantification of MMP2 and MMP9 transcripts 
using different normalization factors
We subsequently determined the absolute mRNA lev-
els of  MMP2 and MMP9 using 18SRNA, HPRT-1 and 
the geometric mean of  18SRNA/HPRT-1 CT values as 
normalization factors. We believed that the geometric 
mean of  18SRNA/HPRT-1 would indicate the central 
tendency of  the expression of  these commonly used 
endogenous genes in gastric mucosa tissue samples. In 
accordance with relative expression, we found signifi-
cant differences (P = 0.039) for MMP2 between gastric 
cancer and normal tissue, but not between gastritis and 
normal tissue, using HPRT-1 as the normalization fac-
tor (data not shown). However, in the estimation of  
absolute expression of  MMP2 employing 18SRNA and 
the geometric mean of  18SRNA/HPRT-1 as normaliza-
tion factors, there were no significant differences found 
between gastric cancer and normal tissue, which is in 
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Figure 1  Relative mRNA expression of 18S ribosomal RNA (18SRNA), 
hypoxanthine ribosyltransferase-1 (HPRT-1), matrix metalloproteinases 
2 (MMP2) and MMP9 in three different groups of gastric mucosa tissues. 
Error bars represent the mean ± SD. aP < 0.05 vs normal condition.
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discordance with the relative expression data (data not 
shown). However, the P value for absolute expression of  
MMP2 using geometric mean of  18SRNA/HPRT-1 was 
marginally significant (P = 0.063). In agreement with the 
relative expression data, there was a significant difference 
for MMP9 between cancer and normal tissue, but not 
between gastritis and normal tissue, using all normaliza-
tion factors (data not shown).

Gelatinase activity in gastritis, gastric cancer and 
gastric normal mucosa biopsies
Samples chosen for qGZ studies were analyzed by den-
sitometry of  each of  the six bands activity: 250 kDa 
reported as MMP-9 homodimer[18]; 110 kDa reported 

as MMP-9/lipocalin-2[19]; 92 kDa (Pro-MMP-9); 82 kDa 
(MMP-9); 72 kDa (Pro-MMP-2) and 62 kDa (MMP-2), 
see representative test samples in Figure 2A. Total MMP-9 
was calculated by adding the 250, 110, 92 and 82 kDa 
band activities, and total MMP-2 by adding 82 and 72 kDa 
band activities. Arbitrary values for each individual band, 
total MMP-2 and total MMP-9 were determined from the 
standard curve; see representative standard curve gener-
ated from human recombinant MMP-2 on Figure 2B.

Using a Kruskal-Wallis test, we found no significant 
differences between gastritis and normal tissue in all bands. 
In addition, no significant differences were found for Pro-
MMP-9, MMP-9, Pro-MMP-2 total MMP-2, between 
cancer and normal tissue (data not shown). However,  
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Figure 2  Validation of quantitative gelatin zymography (qGZ) of human mucosal biopsy homogenates. A: Representative zymogram of tested samples; 
B: Representative standard curve generated from human recombinant MMP-2 across linear range of 0.039-1.25 ng/mL, used to generate arbitrary units from 
densitometric data; C: Differential gelatinase activity of each of the six bands activity detected in normal (open circle), gastritis (open square) and gastric cancer (close 
square). Error bars represent the mean ± SD. aP < 0.05 vs normal condition.
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significant differences were found between cancer and 
normal tissue for 250 kDa (P = 0.01), 110 kDa (P = 0.01), 
MMP-2 (P = 0.01) and total MMP-9 (P = 0.01) (Figure 2C).

DISCUSSION
Various studies have reported high levels of  MMP-2 and 
MMP-9[6,20], and lipocalin-2[6,21,22] in human gastrointesti-
nal cancers, detected mainly by immune and zymography 
assays. In accordance with these, this study shows that 
the absolute quantity of  MMP9 mRNA is significantly 
enhanced in gastric cancer compared to normal mucosa, 
but interpretation of  the differential mRNA expression 
among gastric cancer and normal mucosa of  MMP2 is 
conflictive, and appears to depend on the normaliza-
tion factor employed. Our findings would suggest that 
the commonly used housekeeping genes 18SRNA and 
HPRT-1 are constitutively expressed at different levels 
in normal mucosa, gastritis and gastric cancer samples, 
although further studies with larger numbers of  sam-
ples are required to confirm these findings. In addition, 
this study found that minor differences of  the highly 
expressed gene MMP2 between normal and cancer tis-
sues could be obscured when using the equally highly 
expressed gene 18SRNA as a normalization factor. 
Kubben and collaborators first reported that MMP-9 in 
complex with lipocalin-2 is increased in human gastric 
cancers compared to adjacent control tissue following 
detection by zymograms and immunoblotting[23]. Our 
qGZ analysis reveals that MMP-9 homodimers, MMP-9/
lipocalin-2 complexes, MMP-2 and total MMP-9 are 
significantly enhanced in gastric cancer compared to 
normal gastric mucosa. The formation of  MMP-9/
lipocalin-2 complexes has potential clinical value, as this 
action has been shown to protect MMP-9 from degrada-
tion in vitro[24]. This may lead to the maintenance of  an 
extracellular pool of  latent MMP-9[23]. Enhanced levels 
of  these complexes are associated with poor prognosis 
in comparison to enhanced levels of  MMP-9 alone. This 
study does not investigate the existence of  possible ter-
nary complexes of  MMP-9/lipocalin-2/TIMP-1, which 
have been reported previously and show low gelatinase 
activity[25]. Enhanced expression of  MMP-2 and MMP-9 
in human gastritis mucosal biopsy homogenates which 
are Helicobacter pylori (H. pylori)-positive has been reported 
using semiquantitative gelatin zymography[19]; MMP-9 in 
serum samples from patients with gastritis H. pylori-pos-
itive[26] and MMP-9 in infiltrative human gastric mucosal 
lymphocytes of  H. pylori-associated gastritis are detected 
by flow cytometry[27]. Interestingly, it has been shown by 
immunochemistry that Mmp-9 is increased in the murine 
H. felis-associated gastritis model and it has been associ-
ated with infection response and recruitment of  immune 
cells[28]. However, using qRT-PCR and qGZ technology 
we did not find significant differences in levels of  MMP2 
and MMP9 in gastritis biopsies compared to normal 
mucosa. There are several reasons which may account 
for this: (1) employment of  different technology, qRT-
PCR and qGZ, vs flow cytometry immunochemistry and 
semiquantitative gelatin zymography; (2) existence of  

multiple levels of  regulation of  MMP expression and 
activity; and (3) our model was human superficial gas-
tritis in which, at least initially, inflammation is confined 
to the portion of  mucosa occupied by foveolae and the 
basal membrane is intact[29]. In this regard it would be 
interesting to determine MMP expression and activity in 
gastritis characterized by strong tissue remodeling and 
degradation of  the basal membrane, such as erosive gas-
tritis[29]. We would anticipate enhanced activity of  MMPs 
in erosive gastritis compared to superficial gastritis. 

In summary, we have shown that MMP9 mRNA is 
significantly enhanced in gastric cancer compared to 
normal mucosa, while interpretation of  the differential 
of  MMP2 transcripts among cancer and normal gastric 
mucosa is conflictive. The commonly used housekeeping 
genes 18SRNA and HPRT-1 appear to be constitutively 
expressed at different levels in normal mucosa, gastritis 
and gastric cancer tissues, although further studies are 
required. qGZ analysis reveals that MMP-9 homodi-
mers, MMP-9/lipocalin-2 complexes, MMP-2 and total 
MMP-9 are significantly enhanced in gastric cancer com-
pared to normal gastric mucosa. The potential clinical 
value of  these findings should be fully explored in larger 
groups of  gastritis and cancer patients.
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homodimers, MMP-9/lipocalin-2 complexes, MMP-2 and total MMP-9 are 
significantly enhanced in gastric cancer compared to normal gastric mucosa but 
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conditions and malignant mucosa is central to elucidation of regulatory pathways 
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