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Abstract
AIM: To compare matrix metalloproteinase (MMP)-9 
and tissue inhibitor of metalloproteinase (TIMP)-1 in 
gastric ulcer (GU) and chronic superficial gastritis (CSG).

METHODS: This study enrolled 63 patients with GU 
and 25 patients with CSG. During upper gastroduo-
denal endoscopy, we took samples of gastric mucosa 
from the antrum and ulcer site from patients with GU, 
and samples of antral mucosa from patients with CSG. 
Mucosal biopsy tissues were cultured for 24 h, and the 
culture supernatant was measured for levels of MMP-9 
and TIMP-1. After receiving eradication therapy for 
Helicobacter pylori  (H. pylori ) and 8 wk proton-pump 
inhibitor therapy for GU, follow-up endoscopy exami-
nation was performed after 6 mo and whenever severe 
symptoms occurred.

RESULTS: Levels of MMP-9 and TIMP-1 at the ul-
cer site or in the antrum were significantly higher in 

GU than CSG patients. MMP-9 levels at the ulcer site 
were significantly higher than in the antrum in GU 
patients, and had a significantly positive correlation 
with TIMP-1. MMP-9 levels were significantly higher 
in H. pylori -positive than H. pylori -negative GU and 
CSG patients. Levels of MMP-9 or TIMP-1 at the ulcer 
site were associated with the histological severity of 
activity and inflammation. About 57 GU patients were 
followed up, and seven had GU recurrence. H. pylori-
infection and MMP-9 levels were risk factors for the 
recurrence of GU adjusted for age and sex by multiple 
logistic regression analysis.

CONCLUSION: MMP-9 may perform an important 
function in gastric ulcer formation and recurrence. 

© 2013 Baishideng. All rights reserved.
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Core tip: Gastric ulcer is a multifaceted process includ-
ing acid secretion, reactive oxygen species generation, 
prostaglandin inhibition, and extracellular matrix deg-
radation. Gastric mucosal damage is directly associated 
with extracellular matrix degradation in which matrix 
metalloproteinases (MMPs) play a crucial role. In this 
study, the authors compared MMP-9 and tissue inhibi-
tor of metalloproteinase-1 levels in patients with gas-
tric ulcer or chronic superficial gastritis.
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INTRODUCTION
Gastric ulcer (GU) is a multifaceted process including 
acid secretion, reactive oxygen species generation, pros-
taglandin inhibition, and extracellular matrix (ECM) deg-
radation[1]. Gastric mucosal damage is directly associated 
with extracellular matrix degradation in which matrix 
metalloproteinases (MMPs) play a crucial role[2]. MMPs 
are endopeptidases that perform important functions 
in ECM remodeling, cell proliferation, and inflamma-
tory processes. Recent studies have indicated that gastric 
ulceration is associated with cleaving and remodeling of  
the ECM by MMPs[3,4]. In several animal studies of  GU, 
attention has focused on the role of  MMP-1, MMP-2, 
MMP-3, MMP-9 and MMP-13[4-6]. In particular, MMP-9 
is important in the early phase of  chronic GU[7]. How-
ever, these data are mostly derived from animal studies, 
and human clinical data remains rare, especially in assess-
ing MMPs expression in GU formation and recurrence. 
Here, we compared MMP-9 and tissue inhibitor of  me-
talloproteinase (TIMP)-1 in patients with GU or chronic 
superficial gastritis (CSG), and how they correlated with 
GU recurrence.

MATERIALS AND METHODS
Patient selection
We examined 63 consecutive patients with GU and 25 
with CSG who were diagnosed during upper gastro-
duodenal endoscopic examination at Liaocheng People’
s Hospital between January and December 2010. The 
patients were enrolled in the study if  they met the follow-
ing criteria: (1) age 18-75 years; (2) no nonsteroidal anti-
inflammatory drugs (NSAIDs), antibiotics, or bismuth 
compounds in the 2 wk prior to the study; and (3) acute 
phase GU. Patients were excluded as follows: (1) a history 
of  gastric or duodenal surgery; (2) allergy to the study 
drugs; (3) required long-term treatment with NSAIDs, 
corticosteroids, aspirin, or anticoagulant agents; (4) preg-
nant women; and (5) active cancer, acute serious medical 
illness, or terminal illness. The study protocol was ap-
proved by the Ethics Committee of  our institution. All 
patients gave written informed consent before participat-
ing in the study.

Endoscopic examination
During endoscopic examination, three antral specimens 
were taken from all patients, including one for rapid ure-
ase test (Triwizard, Fujian, China), one for histological 
examination, and one for in vitro culture for measurement 
of  levels of  MMP-9 and TIMP-1. Two additional speci-
mens were taken from the margin of  the ulcer in GU 
patients; one for histological examination and one for in 
vitro cultures for MMP-9 and TIMP-1.

Helicobacter pylori infection detection
Helicobacter pylori (H. pylori) infection was confirmed by 
positive results for at least two of  three diagnostic tests, 
namely rapid urease test, 13C-urea breath test, or identi-

fication of  the organism on tissue sections by Giemsa 
stain. Absence of  infection was defined by a negative 
result in all three tests. Cases satisfying at least two test 
results were defined as positive for infection. 

Tissue cultures and MMP-9, TIMP-1 assay
Mucosal biopsy tissues were weighed and then cul-
tured in a 5% CO2 incubator for 24 h in a culture bottle 
(Xiangya Gene Technology, Changsha, China) contain-
ing 5 mL RPMI 1640 medium with 5% heat-inactivated 
fetal calf  serum, 15 mmol/L HEPES buffer, 100 U/mL 
penicillin-G, 100 mg/mL streptomycin and 10 mg/mL 
phytohemagglutinin-P. At the end of  the culture period, 
the supernatant was drawn off  and stored at -70 ℃ until 
measured by enzyme-linked immunosorbent assay for 
MMP-9 and TIMP-1 (Boster, Wuhan, China). A modi-
fied version of  the Lowry method was used to assay total 
protein in biopsy homogenates (Boster). The amount of  
MMP-9 and TIMP-1 was expressed relative to protein 
content in the biopsy tissue homogenate (per milligram 
of  biopsy protein).

Histology 
Tissue sections stained with hematoxylin-eosin were 
used to assess activity, inflammation, glandular atrophy, 
and intestinal metaplasia. Grading was done on a four-
item scale of  0, 1, 2 and 3, corresponding to none, mild, 
moderate and severe, respectively, in accordance with the 
updated Sydney system[8].

Follow up
H. pylori-positive GU patients received eradication treat-
ment with triple therapy using lansoprazole (30 mg, bid), 
amoxicillin (1000 mg, bid), and clarithromycin (500 mg, 
bid) for 1 wk, and subsequently received lansoprazole (30 
mg, qd) for 8 wk, whereas H. pylori-negative GU patients 
received lansoprazole (30 mg, qd) for 8 wk. After that, the 
presence of  the ulcer scar was confirmed by endoscopy, 
and six patients who still had active ulcer were excluded 
from follow-up. An additional 13C urea breath test or rap-
id urease test was conducted to assess the final H. pylori 
status after 6 mo for all GU patients. Follow-up endos-
copy examination was performed at the end of  the 6 mo 
and whenever severe symptoms occurred. Ulcer recur-
rence was defined as a lesion of  white coat with a distinct 
depressed area and a diameter of  ≥ 5 mm.

Statistical analysis
All data were expressed as mean ± SD. Frequency vari-
ables were compared using the χ 2 test. Quantitative vari-
ables were analyzed using Student’s t test. Correlation was 
analyzed by Pearson’s correlation or Spearman’s rank cor-
relation. Logistic analysis was used for risk factors for GU 
recurrence. SPSS version 17.0 (Chicago, IL, United States) 
was used, and P < 0.05 was regarded as significant.

RESULTS
A total of  88 patients were enrolled. The 63 GU patients 
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included 31 males and 32 females, with an average age 
of  47.8 years (range, 24-71 years). The 25 CSG patients 
included 15 males and 10 females, with an average age 
of  51.3 years (range, 29-68 years). Fifty-four GU patients 
were positive and nine were negative for H. pylori, and 10 
CSG patients were positive and 15 were negative for H. 
pylori (Table 1). There were no significant difference be-
tween the GU and CSG patients in age and sex, except in 
H. pylori infection (χ 2 = 18.86, P < 0.01).

In all patients, MMP-9 levels (Figure 1A) were signifi-
cantly higher at the margin of  the ulcer (50.50 ± 13.72 
mg/mL, t = 13.96, P < 0.01) or in the antrum (35.08 ± 
6.07 mg/mL, t = 9.78, P < 0.01) of  the GU patients than 
the CSG patients (21.06 ± 6.04 mg/mL). In the GU pa-
tients, MMP-9 levels were significantly higher (t = 8.16, 
P < 0.01) at the margin of  the ulcer (50.50 ± 13.72 mg/
mL) than in the antrum (35.08 ± 6.07 mg/mL).

With regard to TIMP-1 levels (Figure 1B), a significant 
difference was seen between at the margin of  the ulcer 

(18.17 ± 5.14 mg/mL vs 31.71 ± 5.97 mg/mL, t = 9.96, 
P < 0.01) or in the antrum (18.17 ± 5.14 mg/mL vs 30.07 
± 5.42 mg/mL, t = 9.42, P < 0.01) of  the GU and CSG 
patients. There was no significant difference between the 
antrum and the margin of  the ulcer (30.07 ± 5.42 mg/mL 
vs 31.71 ± 5.97 mg/mL, t = 1.62, P = 0.108) of  the GU 
patients. A significant positive correlation was observed 
between levels of  MMP-9 and TIMP-1 (50.50 ± 13.72 
mg/mL vs 31.71 ± 5.97 mg/mL, r = 0.29, P = 0.021) at 
the margin of  the ulcer in the GU patients (Figure 2).

For the GU patients, ulcers were classified accord-
ing to their anatomical location, that is, 18 patients had 
corpus or fundus ulcers, and 45 had antral or prepyloric 
ulcers. Both MMP-9 (47.45 ± 11.92 mg/mL vs 51.72 ± 
14.32 mg/mL, t = -1.12, P = 0.267) and TIMP-1 (30.85 
± 5.93 mg/mL vs 32.05 ± 6.02 mg/mL, t = -0.72, P = 
0.476) levels were not significantly different at the margin 
of  the ulcer between corpus or fundus ulcers and antral 
or prepyloric ulcers.

In the GU patients, levels of  MMP-9 (Figure 3A) at 
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  Characteristics GU group (n  = 63) CSG group (n  = 25)

  Sex
     Male           31 (49.2)           15 (60.0)
     Female           32 (50.8)           10 (40.0)
  Age, yr (mean ± SD)           47.8 ± 12.9           51.3 ± 8.5
  H. pylori infection 
     Positive           54 (85.7)           10 (40.0)
     Negative             9 (14.3)           15 (60.0)
  Position of ulcer
     Corpus           18 (28.6) -
     Antrum           45 (71.4) -

Table 1  Clinical characteristics of the patients enrolled in the 
study  n  (%)

GU: Gastric ulcer; CSG: Chronic superficial gastritis; H. pylori: Helicobacter 
pylori.
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Figure 1  Production of matrix metalloproteinase-9 or tissue inhibitor of 
metalloproteinase-1 by gastric mucosa in patients with gastric ulcer (n = 
63) or chronic superficial gastritis (n = 25). A: Tissue culture was performed 
for 24 h. Matrix metalloproteinase (MMP)-9 concentration in tissue culture 
supernatants was measured by enzyme-linked immunosorbent assay (ELISA); 
B: Tissue inhibitor of metalloproteinase (TIMP)-1 concentration in tissue culture 
supernatants was measured by ELISA. GU: Gastric ulcer; CSG: Chronic super-
ficial gastritis.
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Figure 2  Correlation between matrix metalloproteinase-9 or tissue inhibi-
tor of metalloproteinase-1 production by gastric mucosa in gastric ulcer 
patients (n = 63). Linear regression analysis showed a significant correlation 
between the two mediators (r = 0.29, P = 0.021). A significant positive correla-
tion was observed between levels of matrix metalloproteinase (MMP)-9 and 
tissue inhibitor of metalloproteinase (TIMP)-1 at the ulcer site.
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from those in the H. pylori-negative patients (18.22 ± 4.76 
mg/mL vs 18.13 ± 5.55 mg/mL, t = 0.04, P = 0.967). 
Levels of  MMP-9 (35.92 ± 5.72 mg/mL) and TIMP-1 
(30.21 ± 5.60 mg/mL) in the antrum in the H. pylori-pos-
itive GU patients were significantly higher (t = 5.17, P < 
0.01; t = 6.35, P < 0.01, respectively) than in the H. pylori-
positive CSG patients (25.70 ± 5.89 mg/mL and 18.22 ± 
4.76 mg/mL, respectively).

For the GU patients, we compared levels of  MMP-9 
and TIMP-1 in vitro with the severity of  histological gas-
tritis (activity, inflammation, atrophy, and metaplasia) at 
the margin of  the ulcer. A significant association was 
identified between levels of  MMP-9 or TIMP-1 and the 
histological degree of  activity and inflammation, but not 
with the degree of  glandular atrophy or intestinal meta-
plasia (Table 2).

Of  the 63 GU patients, six were excluded because 
they still had active ulcer after 8 wk PPI treatment. 
Among 57 follow-up patients, seven (12.3%) had recur-
rence at the time of  or before endoscopy examination 
at the end of  6 mo. There were nine patients with H. 
pylori infection. A multivariate logistic regression analysis 
adjusted for age and sex demonstrated that H. pylori in-
fection (OR = 17.705, 95%CI: 2.091-149.929, P = 0.008) 
and MMP-9 levels (OR = 1.078, 95%CI: 1.007-1.154, P 
= 0.031) were GU recurrence risk factors.

DISCUSSION
We found that MMP-9 production was increased in the 
gastric mucosa at the margin of  the ulcer in GU patients. 
This increase had a significant positive correlation with 
production of  TIMP-1, an MMP-9 inhibitor. Several 
studies have investigated the association between MMPs 
and GU. Indomethacin-induced ulcerated gastric tissues 
exhibited about 12-fold higher pro-MMP-9 activity as 
compared to control tissues. Similarly, ethanol induced 
about 22-fold higher pro-MMP-9 activities in rat gastric 
tissues[5]. One study showed that significant up-regulation 
of  MMP-9 expression in indomethacin-induced GU in 
mice was correlated with increased activity of  activator 
protein-1, and oxidative stress was preceded by chronic 
inflammation that enhanced expression of  MMP-9[9].

MMPs have recently been shown to be up-regulated 
in gastric epithelial cells infected with H. pylori, and might 
contribute to the pathogenesis of  peptic ulcer. Our study 

the margin of  the ulcer or in the antrum in the H. pylori-
positive patients were significantly higher than in the H. 
pylori-negative patients (52.12 ± 13.90 mg/mL vs 40.77 ± 
7.43 mg/mL, t = 2.38, P = 0.020; 35.92 ± 5.72 mg/mL vs 
30.03 ± 6.01 mg/mL, t = 2.84, P = 0.006, respectively). 
In the CSG patients, levels of  MMP-9 in the H. pylori-
positive patients were significantly higher than in the H. 
pylori-negative patients (25.70 ± 5.89 mg/mL vs 17.96 ± 
3.82 mg/mL, t = 4.00, P = 0.001).

In the GU patients, levels of  TIMP-1(Figure 3B) at 
the margin of  the ulcer or in the antrum in the H. pylori-
positive patients did not differ significantly from those 
in the H. pylori-negative patients (32.18 ± 5.94 mg/mL vs 
28.91 ± 5.71 mg/mL, t = 1.53, P = 0.130; 30.21 ± 5.60 
mg/mL vs 29.22 ± 4.40 mg/mL, t = 0.50, P = 0.617, re-
spectively). In the CSG patients, levels of  TIMP-1 in the 
H. pylori-positive patients also did not differ significantly 

M
M

P-
9 

(m
g/

m
L)

100.00

80.00

60.00

40.00

20.00

0.00

1               2              3              4               5              6 
                                    Group

Group 1: Ulcer site of GU with H. pylori -positive
Group 2: Ulcer site of GU with H. pylori -negative
Group 3: Antrum site of GU with H. pylori -positive
Group 4: Antrum site of GU with H. pylori -negative
Group 5: Antrum site of CSG with H. pylori -positive
Group 6: Antrum site of CSG with H. pylori -negative

A

B

TI
M

P-
1 

(m
g/

m
L)

50.00

40.00

30.00

20.00

10.00

0.00

1               2              3              4               5              6 
                                    Group

Figure 3  Production of matrix metalloproteinase-9 or tissue inhibitor of 
metalloproteinase-1 by gastric mucosa with negative or positive H. pylori-
infection in patients with gastric ulcer (n = 63) or chronic superficial 
gastritis (n = 25). A: Tissue culture was performed for 24 h. Matrix metallopro-
teinase (MMP)-9 concentration in tissue culture supernatants was measured by 
enzyme-linked immunosorbent assay (ELISA); B: Tissue culture was performed 
for 24 h. Tissue inhibitor of metalloproteinase (TIMP)-1 concentration in tissue 
culture supernatants was measured by ELISA. GU: Gastric ulcer; CSG: Chronic 
superficial gastritis; H. pylori: Helicobacter pylori.

  Variables Activity Inflammation Atrophy Metaplasia

  MMP-9 r      0.280       0.310       0.180       -0.030
 P      0.0261       0.0141       0.163        0.842
  TIMP-1 r      0.270       0.280       0.120        0.050

P      0.0301       0.0251       0.371        0.687

Table 2  Association between levels of matrix metallopro-
teinase-9 and tissue inhibitor of metalloproteinase-1 and the 
histological degree at the margin of the gastric ulcer

1By Spearman correlation analysis. MMP: Matrix metalloproteinase; TIMP: 
Tissue inhibitor of metalloproteinase.
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showed that MMP-9 levels were associated with H. pylori 
infection. Significantly elevated serum levels of  MMP-9 
and reduced serum levels of  TIMP-1 have been demon-
strated in patients with H. pylori gastritis as compared to H. 
pylori-negative controls[10]. H. pylori-infected GUs had even 
higher MMP-9 and TIMP-1 expression in epithelial cells 
than in NSAID-related GU[11]. One study showed that 
there were no significant differences in serum levels of  
MMP-9 between H. pylori-positive and H. pylori-negative 
children[12].

We showed that levels of  MMP-9 correlated with the 
histological degree of  activity and inflammation at the 
margin of  the ulcer. In BALB/c mice, NSAIDs caused 
dose-dependent induction in MMP-9 activity and expres-
sion in ulcerated gastric tissues, along with significant 
infiltration of  inflammatory cells and disruption of  the 
gastric mucosal layer[13]. GU is associated with infiltra-
tion of  the gastric mucosa by neutrophils, lymphocytes, 
monocytes, and plasma cells. Inflammatory cells secrete 
an array of  pro-inflammatory cytokines and growth fac-
tors (epidermal growth factor, platelet-derived growth 
factor, transforming growth factor-β, vascular endothelial 
growth factor, angiopoietins). MMPs can be induced by 
the activity of  pro-inflammatory cytokines such as tumor 
necrosis factor-α, interleukin (IL)-1, IL-6 and IL-8[1,9,14]. 
Oxidative stress is preceded by chronic inflammation 
that enhances the expression of  MMP-9. By decreased 
synthesis and secretion of  MMP-9, as well as infiltration 
of  inflammatory cells and oxidative damage in gastric tis-
sues, we may block or heal acute GU[3,13].

The C/C genotype of  MMP-9-1562 C/T gene poly-
morphism might be associated with H. pylori infection[15]. 
H. pylori infection increases the secretion of  MMPs in 
the gastric mucosa, leading to severe mucosal damage. 
Genetic variations in the MMP-9 gene may be part of  a 
complex genetic risk profile to develop GU in chronic 
H. pylori infection[16]. MMP-9 levels decrease consistently 
and significantly after successful H. pylori eradication, 
whereas the elevated levels remain unchanged when 
treatment fails[17].

We found that patients with high levels of  MMP-9 
and H. pylori infection were the risk factors for GU recur-
rence. H. pylori infection associated with GU recurrence 
has been verified[18]. Some studies found that severity of  
GU was strongly correlated with increased secretion of  
proMMP-9 in ethanol-induced acute gastric ulceration in 
rats[19,20]. Higher levels of  MMP-9 in chronic wound fluid 
correlate with a clinically worse wound[21]. Measurements 
of  MMP-9 and TIMP-1 may help to identify diabetic foot 
ulcers at risk of  poor healing[22]. These findings suggest 
that MMP-9 may be indicative of  inflammation and poor 
wound healing, and that we can reduce GU recurrence by 
inhibition of  MMP-9 activity.

In conclusion, we observed increased expression of  
MMP-9 and TIMP-1 in GU patients and found a signifi-
cantly positive correlation between MMP-9 and TIMP-1 
production at the margin of  the ulcer. Increased produc-
tion of  MMP-9 was significantly correlated with increased 

GU recurrence. These results suggest that MMP-9 may 
play an important role in the occurrence of  GU. A clearer 
understanding of  the significance and implications of  
these findings may provide insights into ulcer healing. 
Further study is needed to clarify the roles of  MMP-9 and 
elucidate any potential clinical implications in the healing 
of  GU.
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