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Summary

Colonization of the gastric mucosa with Helicobacter pylori (H. pylori) leads to an
acute gastritis, which will develop into a chronic gastric inflammatory reaction in
the majority of infected individuals. This long-term H. pylori-associated gastritis
is recognized as an important pathogenic factor in peptic ulcer disease and
gastric carcinogenesis, disorders where tissue remodelling through matrix met-
alloproteinases (MMPs) is known to occur. The present study was performed to
investigate whether the gastric mucosal MMP-2 and MMP-9 levels are affected by
an H.pylori infection. The levels, isoform constitution and activity of MMP-2 and
MMP-9 were determined by quantitative gelatin-zymography, bioactivity assay
(BIA), Enzyme-Linked Immunosorbent Assay (ELISA) and immunohistochemistry
in mucosal biopsies of the antrum and corpus originating from patients with an
H. pylori- associated gastritis (n=45) and H. pylori negative control patients (n=27).
H. pylori infection and gastritis was established by a combination of culture and/
or histological identification, and confirmed by specific IgG H. pylori antibodies.

Patients with an H.pylori infection showed significantly elevated levels of
all forms of MMP-9 (5- up to 70-fold, P<0.005) in both antrum and corpus mu-
cosa when compared with H. pylori negative controls, whereas the MMP-2 levels
were almost identical. The increase of MMP-9 in the corpus mucosa of patients
with antral gastritis only was less impressive (3- to 6-fold) and intermediate
(0.001<P<0.05) to that of H.pylori negative patients and pangastritis patients. A
highly significant correlation between quantitative gelatin-zymography, BIA and
ELISA was observed for MMP-9 (R>0.81, P<0.001), which was less coherent for
MMP-2. Semi-quantitative histology scores confirmed that both active as well as
chronic inflammation were significantly (P<0.001) increased in antrum as well as
in corpus mucosa of H.pylori infected patients compared with H. pylori negative
patients. The increase of MMP-9, primarily expressed in phagocytic inflammatory
cells, correlated significantly (0.27<R<0.53) with the severity of both the active
as well as chronic inflammation in antrum (P<0.05) and particularly in corpus
mucosa (P<0.01).

In conclusion, H.pylori-associated gastritis is characterized by a significant
increase in the MMP-9 levels in both antrum and corpus mucosa, which is par-
ticularly present in phagocytes and correlates with the severity of the mucosal
inflammation. In contrast, MMP-2 levels are almost unaltered when compared
with H. pylori negative patients. This MMP-9 profile in the H. pylori-infected gastric
mucosa is comparable to that seen in gastric ulceration and carcinomas.
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Introduction

Helicobacter pylori (H. pylori) is a curved or spiral-shaped Gram-negative bacterium that
lives in the mucus layer of the gastric epithelium and in metaplastic gastric epithelium
of the oesophagus and duodenum [1-3]. Infection with H. pylori is the most common
cause of gastritis, preceeded by colonization of the gastric mucosa [4]. This infection
leads to an acute gastritis that, over the course of several weeks, will develop into a
chronic inflammatory reaction of the mucosa [5]. Patients with longstanding H. pylori-
associated chronic gastritis are predisposed for peptic ulcer disease as well as gastric
carcinoma and lymphoma [6, 7]. In this sequence of events cells migrate through the
gastric tissue that thereby undergoes constant remodelling.

Matrix metalloproteinases (MMPs) are thought to be key enzymes in these kinds
of inflammatory, ulcerative, and malignant processes [8-12]. The (patho)physiologic
degradation of basement membrane components and the extracellular matrix is
executed by these secreted or transmembrane endo-proteinases, which share a
zinc-containing catalytic domain required for their proteolytic activity. Currently, at
least 17 MMP family members have been identified which can be divided into 4 major
subgroups, based on their substrate preferences: i.e. collagenases, stromelysins, ge-
latinases and membrane-type MMPs. Most of these enzymes are secreted in a latent
form and require extracellular activation. Their activity is regulated by the interac-
tion with their antagonists, the tissue inhibitors of metalloproteinases (TIMPs), and
through inhibition by a,-macroglobulin [8, 11, 12]. Previous studies have shown that
gastric ulceration, both in animal models and in humans, is accompanied by enhanced
expression and levels of several MMPs within the mucosa [13-16]. In addition, gastric
cancer is also reported to be characterized by an increase of MMPs [17-22]. The aim
of the present study was to assess whether the levels of the gelatinases MMP-2 and
MMP-9 in the gastric mucosa are affected already early in these pathophysiological
processes, i.e. during an H.pylori infection, which has to our knowledge not been
reported before.

Patients, materials and methods

Patients

Biopsy specimens at upper gastrointestinal endoscopy were obtained from 72 consec-
utive dyspeptic patients, between 21 and 80 years of age (mean age: 51.8+1.9 years),
consisting of 42 males and 30 females. Patients who had recently used proton-pump
inhibitors, corticosteroids, non-steroidal anti-inflammatory drugs (NSAIDs), bismuth
compounds, sucralfate, or antibiotics were excluded. For histological examination, 2
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biopsies were taken from the antrum, 3-5 cm proximal to the pylorus, and 2 from the
corpus, 5 cm above the junction between antrum and corpus. These specimens were
examined by an experienced pathologist according to the guidelines of the revised
Sydney system, which provides a semi-quantitative grading of histological parameters
(0 =normal, 1 = mild, 2 = moderate, 3 = marked) [23]. One biopsy was taken from the
antrum for H.pylori culture and processed as described previously [24]. In 27 cases,
the stomach was H. pylori negative, which is defined as normal, while 31 patients had
a pangastritis. In these cases both antrum and corpus showed histological signs of
inflammation. In the other 14 cases, only the antrum was inflamed. All cases of gastri-
tis were caused by H. pylori. The presence of these bacteria was assessed by a culture
and/or histological identification, and confirmed by specific IgG H. pylori antibodies.
Two biopsies of antrum and corpus were used for the determination of MMP-2 and
MMP-9,

Tissue extraction and protein concentration

Homogenates were made by adding 100 pl PBST (0.05% Tween‘20 in phosphate
buffered saline) per mg biopsy material and homogenizing on ice in a Potter S (B.
Braun). The protein concentration in the supernatant was determined by the Lowry
method [25].

Gelatin-zymography

The presence of active and pro forms of the matrix metalloproteinases were assessed
by gelatin-zymography, as previously described [18]. Ten per cent polyacrylamide
gels were casted in a Mini-Protean’ Il Dual Slab Cell (Biorad). These gels contained
1.5M Tris buffer (pH 8.8), 0.2% gelatin, 0.1% sodium dodecyl sulphate, 0.07% am-
monium persulphate and 0.07% tetramethylenediamine. First sample volumes were
adjusted to obtain an equal protein content of 5 ug per sample. Two amounts (6.1 and
12.2 pg protein) of an internal standard preparation, i.e. a homogenate of a colonic
carcinoma containing both MMP-2 and MMP-9, were included on each gel for correc-
tion of intergel variation and as reference for the expression in arbitrary units. After
electrophoresis the gels were incubated overnight at 37°C, stained with Amido Black
(0.1% amido black, 30% methanol and 10% acetic acid), and destained in a solution
containing 30% methanol and 10% acetic acid. Subsequently the gels were dried
between sheets of cellophane. Finally the degree of gelatin digestion was quanti-
fied by making a digital photo with a CCD Imaging System (Appligene), scanned in
Aldus Photostyler 2.0 (Aldus Corporation) and analysed with Imagequant (Molecular
Dynamics), using the peakfinder-mode. The gelatin digestion was reflected as a peak
and the MMP levels were calculated referring to the internal standard preparations, of
which the peak-height correlated highly significant with the included concentration
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(R=0.99, P< 0.001). The MMPs were analysed for the pro, active and total MMP levels,
the latter defined as the sum of the two isoforms, and expressed as Arbitrary Units per
5 ug protein.

Bioactivity assay

Latent (activatable) and active MMP were also measured using a newly developed
immunocapture colorimetric activity assay (BIA) [26, 27]. Briefly, a polyclonal anti-
MMP-2 or monoclonal anti-MMP-9 antibody (TNO-PG) was used as catching antibody
to capture MMP-2 or MMP-9 from appropriate dilutions of the tissue homogenates,
respectively 1:4, and 1:20, by overnight incubation at 4°C. Active MMP was deter-
mined directly, whereas latent MMP was activated by incubation with 0.5 mM APMA
(p-aminophenylmercuric acetate) for 0.5 and 2 hr at 37°C for MMP-2 and MMP-9,
respectively. After washing MMP activity was assessed by adding 750 ng modified
MMP-activatable pro-urokinase (Ukcol) and 0.6 mM of its chromogenic substrate
S-2444 (pyro-Glu-Gly-Arg-p-nitroanilide; Chromogenix, Sweden) in assay buffer and
incubating at 37°C. Reactions were performed in 96-well flat-bottomed microtitre
plates, and a Titertek Multiskan photometer was used to follow the absorbance kinet-
ics at 405 nm. Results were expressed as MMP activity Units per mg protein, with Units
defined as (AA, ./hr)*10.

ELISAs

The total amount of MMP-2 and MMP-9 protein was determined by sandwich-ELISAs
[27]. In brief, the same catching antibodies were used as for the immunocapture activ-
ity assays and appropriate dilutions of tissue homogenates, respectively 1:6.7 and 1:5,
were incubated overnight at 4°C. Immunodetection of MMP-9 was performed with
biotinylated rabbit anti-MMP-9 and for MMP-2 using rabbit anti-MMP-2 (TNO-PG) fol-
lowed by biotinylated goat anti-rabbit-IgG. After incubation with avidin/horseradish-
peroxidase the chromogenic substrate 3,3}5,5"-tetramethyl benzidine and H,O, were
added and the reaction was stopped with H,SO, and read at 405 nm. The amount of
MMP was calculated from the parallel standard curves and expressed in ng MMP per
mg protein.

Immunohistochemistry

MMP-2 and MMP-9 were localized by routine indirect peroxidase-labelled antibody
immunohistochemistry. Briefly, 4 um paraffin sections were sequentially treated with
0.005% proteinase K (Boehringer Mannheim, Germany) in Tris-buffered saline (TBS)
to retrieve hidden antigens and with 0.3% H,O, in methanol to block endogenous
peroxidase activity. After permeabilization in 0.5% Triton X-100 in 0.1% sodium citrate
the sections were rinsed in TBS and 5% normal goat serum was applied for 20 minutes
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to block non-specific binding. Excess serum was drained off, and sections were incu-
bated overnight at 4°C with rabbit anti-MMP-2 or anti-MMP-9 polyclonal antibodies,
appropriately diluted in TBS containing 0.5% BSA. The sections were subsequently
incubated with biotinylated goat anti-rabbit IgG and peroxidase-labelled streptavidin
for 45 minutes each. Sections were stained by incubation in 0.1 M acetate buffer (pH
5.2) containing 0.03% 3-amino-9-ethylcarbazole and 0.03% H,O, for 10 minutes,
resulting in a red staining product. Finally, sections were counterstained in Mayer’s
haematoxylin and mounted in Aquamount™.

Statistical analysis

Group means are given as mean =+ s.e.m. Differences between groups were evaluated
for significance using the Kruskal-Wallis and Mann-Whitney U tests or the Wilcoxon
Signed-Ranks test. The correlations between zymography, immunocapture activity as-
say, and ELISA were assessed by the Pearson correlation procedure (SPSS for Windows
7.0 statistical package, SPSS Inc., Chicago, Illinois, U.S.A.). Differences were considered
significant when P<0.05.

Results

Patients with an H. pyloriinfection were found to have a significantly higher level of total
MMP-9, as assessed by zymography, in both antrum [216£50 (n=45) vs. 4.8+1.5 (n=27),
P<0.001] and corpus mucosa [100+20 (n=45) vs. 4.2+1.2 (n=27), P<0.001] compared
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Figure 1. Mean levels of pro (A) and active (B) MMP-9 + s.e.m. in antrum and corpus mucosa
originating from subjects with or without an H. pylori infection, as assessed by gelatin-
zymography. The number of patients is indicated. * P < 0.001
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with patients who where H. pylori negative. The same was true for both zymographic
MMP-9 isoforms, i.e. pro and active MMP-9, which were also significantly increased in
both antrum and corpus mucosa (Figure 1). These results were further substantiated
by the BIA and ELISA for MMP-9. Latent MMP-9 as well as the total amount of MMP-9
protein were also found to be approximately 6- to 30-fold enhanced in both antrum
and corpus mucosa of H. pylori positive versus H. pylorinegative patients (Figure 2). Ac-
tive MMP-9, as assessed by the BIA, was found to be similarly enhanced in both antrum
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Figure 2. Mean levels of latent or activatable (A) and total amount protein (B) MMP-9 + s.e.m.
in antrum and corpus mucosa originating from subjects with or without an H. pylori infection,
as determined by BIA and ELISA, respectively. The number of patients is indicated. * P < 0.005
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Figure 3. Mean levels of pro (A) and active (B) MMP-2 + s.e.m. in antrum and corpus mucosa
originating from subjects with or without an H. pylori infection, as assessed by gelatin-
zymography. The number of patients is indicated. Differences between H. pylori positive and
H. pylori negative patients were not significant.
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[9.6+2.0 (n=25) vs. 1.1£0.4 (n=16), P<0.001] and corpus mucosa [8.0£2.2 (n=25) vs.
0.6+0.2 (n=16), P<0.001] compared with patients who where H. pylori negative. Highly
significant correlations between the different detection assays, i.e. zymography, BIA
and ELISA, for MMP-9 were found in both tissue types (0.81<R<0.91, P<0.001).

In contrast, the total MMP-2 levels in the zymographic analyses were found to be
almostidentical in the two patient-groups, in antrum [30+6.6 (n=45) vs. 29+6.3 (n=27),
NS] as well as in corpus mucosa [19+1.9 (n=45) vs. 18+2.9 (n=27), NS]. The levels of the
pro and active isoform of MMP-2 were also found to be highly similar in the gastric
mucosa of H. pylori positive and negative patients (Figure 3). These results were con-
firmed by the BIA and ELISA for MMP-2 in these tissues. Latent MMP-2 in the antrum
[2.1£0.5 (n=23) vs. 2.8+0.7 (n=15), NS] and corpus mucosa [2.4+0.5 (n=25) vs. 2.8+0.5
(n=15), NS] of patients with an H. pylori infection were almost identical to controls. The
ELISA for MMP-2 also failed to show significant differences between H. pylori positive
and negative patients, i.e. 6.7£1.3 (n=25) vs. 7.7+2.1 (n=15) in antrum and 6.4+1.3
(n=25) vs.4.5+0.7 (n=17) in corpus mucosa. Active MMP-2 by the BIA was not assessed
because of the absence of differences in the other determinations. Overall, the differ-

Table 1 - Mean values of MMP-2 and -9 in antrum and corpus mucosa, as assessed by
gelatin-zymography and given in Arbitrary Units (AU) + s.e.m. Total MMP
is defined as the sum of pro and active MMP. Normal mucosa is defined as
H. pylori negative.

Antrum Normal Mucosa (n=27) Antral Gastritis (n=14) Pangastritis (n=31)
MMP-2 Pro 23 +5.1 19+34 27+7.0

Active 55+1.2 27+07 7.0+3.0

Total 29+6.3 21+35 34+94
MMP-9 Pro 26+0.7 108 +£34° 224+ 64

Active 23+08 20+£4.9° 31+£6.0

Total 48+1.5 127 +38° 256 + 69
Corpus Normal Mucosa (n=27) Antral Gastritis (n=14) Pangastritis (n=31)
MMP-2 Pro 14+22 13+1.9 17+22

Active 35+15 20+09 35+07

Total 18+29 15+2.0 20+2.6
MMP-9 Pro 1.8+0.5 12+3.7° 119+ 229!

Active 24+09 6.0+2.7 18 £4.3.7¢2

Total 42+1.2 18 +5.7 3 137 £26 ¢!

The following significances are based on the differences between the groups.
« = pangastritis compared with normal mucosa

° = antral gastritis compared with normal mucosa

¢ = pangastritis compared with antral gastritis

'P<0.001,2P<0.01,°P<0.05
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ent detection assays for MMP-2 were found to be less coherent than for MMP-9, with
the best correlation found between the BIA and the ELISA (0.46<R<0.67, P<0.005).

Both H.pylori infected groups, i.e. patients with antral gastritis only or those with
pangastritis, showed remarkably higher levels of MMP-9 in both antrum and corpus
compared to control mucosa, exemplified by the zymographic results (Table 1).
Considering the H. pylori positives separately, the corpus mucosa of patients with pan-
gastritis showed significantly higher pro, active, and total MMP-9 levels than that of
patients with antral gastritis only, whereas in the antrum mucosa a similar trend was
observed, without reaching statistical significance. In addition, patients with an antral
gastritis only were found to have significantly elevated levels of the MMP-9 isoforms
(0.002<P<0.05) within the antrum mucosa when compared with their corresponding
corpus mucosa. In the patients with pangastritis and the H. pylori negative patients
the antrum only showed somewhat higher MMP-9 levels, although not statistically
significant, when compared with their corpus mucosa.

The antrum of H. pylori-infected patients showed significantly more active inflam-
mation [1.3£0.1 (n=44) vs. 0 (n=27), P<0.001] as well as chronic inflammation [1.5%0.1
(n=44) vs. 0.6+0.1 (n=27), P<0.001] compared with the H.pylori negative patients. A
similar effect was seen in the corpus mucosa of H.pylori-infected patients for both
active inflammation [0.7+0.1 (n=42) vs. 0 (n=26), P<0.001] and chronic inflamma-
tion [1.2+0.1 (n=42) vs. 0.5£0.1 (n=26), P<0.001]. Compared with H.pylori negative
patients, both H. pylori-infected groups showed significantly more active as well as
chronic inflammation in the antrum (Table 2). A similar trend was found in the corpus
mucosa for active inflammation, whereas chronic inflammation was only significantly

Table 2 - Mean values + s.e.m. of active, i.e. presence of neutrophilic polymorphonuclear
leukocytes, and chronig, i.e. cellular infiltrate consisting of lymphocytes,
plasma cells, monocytes, mast cells and eosinophils, inflammation in antrum
and corpus mucosa [23]. Normal mucosa is defined as H. pylori negative.

Inflammation Antrum Normal Mucosa (n=27) Antral Gastritis (n=14) Pangastritis (n=30)
Active 0 1.2£0.1° 1.3£0.1

Chronic 0.6+0.1 14+0.1° 1.5+0.1
Inflammation Corpus Normal Mucosa (n=26)  Antral Gastritis (n=14) Pangastritis (n=28)
Active 0 0.1+£0.1° 1.0£0.1.%0
Chronic 0.5+0.1 0.7+0.2 1.4+0.1402

The following significances are based on the differences between the groups.
« = pangastritis compared with normal mucosa

° = antral gastritis compared with normal mucosa

¢ = pangastritis compared with antral gastritis

'P<0.001,2P<0.01,>P<0.05
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higher in patients with pangastritis. Regarding the two H.pylori-infected patient-
groups separately, the corpus of patients with pangastritis showed significantly more
active as well as chronic inflammation than that of patients with antral gastritis only,
in contrast to the corresponding antrum in which a similar intensity of active and
chronic inflammation was found. As expected, the antrum of patients with antral
gastritis only showed significantly higher scores of active (P<0.001) and chronic in-
flammation (P<0.01) compared with their corresponding corpus mucosa. Within the
H. pylori negatives only minimal chronic inflammation was detected in both antrum
and corpus mucosa.

Immunohistochemically MMP-9 was predominantly observed in inflammatory and
stromal cells, i.e. neutrophilic granulocytes, macrophages, and (myo)fibroblasts, and
in zymogen producing chief cells of corpus mucosa (data not shown). Faint MMP-2
immunoreactivity was predominantly observed in inflammatory cells as well, but not
in chief cells.

In the overall patient-group, i.e. H.pylori positives and negatives together, a sig-
nificant correlation was found between the zymographically determined total MMP-9
levels and the active as well as chronic inflammation in both antrum [respectively,
R=0.27, P<0.05 and R=0.33, P<0.01 (n=71)] and corpus mucosa [respectively, R=0.53
and R=0.45, both P<0.001 (n=68)]. In the corpus mucosa of patients with an H.pylori
gastritis both the active and chronic inflammation correlated significantly with these
MMP-9 levels [respectively, R=0.38 and R=0.36, both P<0.05 (n=42)], in contrast to the
antrum where no correlation was found.

Discussion

Previous studies revealed an increased expression of MMPs during gastric ulceration
[13-16] and in carcinomas of the stomach [17-22]. H. pylori-associated chronic gastritis
is known to be able to evolve in peptic ulcer disease or gastric cancer in some
patients. Therefore, we assessed the expression of the gelatinases MMP-2 and MMP-9
in gastric mucosal biopsies from patients with a H. pylori gastritis. We found H. pylori
positive patients to have significantly elevated levels of MMP-9 in antrum and corpus
mucosa when compared with H.pylori negative patients, whereas the MMP-2 levels
were highly similar. The increase in MMP-9 was very consistent and irrespective of the
detection technique used, i.e. gelatin-zymography, BIA or ELISA. Moreover, not only
the total mucosal MMP-9 protein level was enhanced due to the H.pylori infection,
also the two isoforms latent (pro) and active MMP-9 were similarly increased. With
regard to MMP-2 no changes were found neither in the total mucosal protein level nor
in the isoform composition.
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The significantly elevated levels of mucosal MMP-9 in patients with an H.pylori-
associated gastritis was found to be primarily localized in the infiltrating inflammatory
cells such as macrophages, neutrophils and also in some (myo)fibroblasts. The pres-
ence and activation of these cells is most probably caused by the locally produced
mucosal substances like cytokines, e.g. TNF-a and IL-8, which have been reported to
be increased in H. pylori-induced chronic gastritis [28-31]. The finding of a significant
difference in the corpus MMP-9 levels between H. pylori negative controls and patients
with only an antral gastritis is remarkable. This might be due to both the presence
of some minimal active inflammation and to proinflammatory alterations occurring
in the corpus, induced by mediators such as cytokines and cytotoxins, originating
from the infected and inflamed adjacent antrum, thereby creating a kind of paracrine
stimulation.

The antrum of patients with an antral gastritis only showed significantly higher
levels of MMP-9 compared with their corresponding corpus. The antrum of H. pylori
negative patients and that of patients with a pangastritis, however, contained similar
MMP levels compared with their corpus mucosa. Therefore, one might conclude that
there is at least no intrinsic difference between antrum and corpus mucosa, regarding
the MMP levels. The inflammatory reaction in the corpus mucosa of patients with
an antral gastritis only was found to be less intense compared with the antrum
mucosa as illustrated by the smaller amount of inflammatory cell infiltrate. This is
probably related to the slow pyloro-cardial progression of gastritis as a consequence
of a less dense H. pylori colonization of the corpus due to local acid production [32].
The differences in MMP-9 levels found between the antrum and corpus mucosa
of antral gastritis patients are thus most probably caused by the larger amount of
MMP producing and secreting cells present within the antrum mucosa. In addition,
within the antrum of all the patients a fairly good correlation was found between
the MMP-9 level and the severity of both the active and chronic inflammation, which
was even better in the corpus mucosa. This latter observation might be explained by
the fact that the corpus mucosa of patients with an antral gastritis is intermediately
inflamed, when compared with H. pylori negatives and patients with a pangastritis,
causing a more gradual increase of inflammation and accompanying MMP secreting
inflammatory cells.

Gastric ulceration is known to be accompanied by an enhanced expression of sev-
eral metalloproteinases within the mucosal lesions, but gelatinases have only been
assessed in animal models [13-16]. Interestingly also in the acetic acid-induced ulcers
in rats only MMP-9 was found to be impressively increased whereas MMP-2 expression
was hardly affected [13, 15]. These findings are highly similar to our observations in
H. pylori-associated gastritis. In contrast, studies in patients with gastric cancer, includ-
ing one by our group using similar techniques, consistently revealed that both MMP-2
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and -9 levels are significantly elevated within the malignant tissue [18-20]. Apparently
the premalignant inflammatory and ulcerative lesions are accompanied by the induc-
tion of only MMP-9, whereas the end-stage of the spectrum, i.e. gastric cancer, is
characterized by a general upregulation of both gelatinases. Part of this difference
might be explained by the fact that MMP-9 is an inducible matrix metalloproteinase in
contrast to MMP-2, which is expressed constitutively [8, 11]. Particularly with regard to
the H. pylori infection it has been reported that the inflammation is associated with an
increase of mucosal cytokines [28-31], which are able to enhance the MMP-9 produc-
tion. Furthermore, the divergence in MMP-2 and MMP-9 induction is probably also
related to the differences in predominant cellular origin of these gelatinases. MMP-2
is expressed amongst others by stromal fibroblasts and epithelial cells [11, 33, 34],
whereas MMP-9 is particularly secreted by cells of the phagocytic lineage [11, 35-38],
which fits well with our immunohistochemical results in the H. pylori-infected gastric
mucosa. Further prospective studies in patients with an H. pylori-associated chronic
gastritis with a long follow-up might help to identify whether those patients with a
relatively high MMP-2 level in the mucosa are the ones with the strongest predisposi-
tion for gastric carcinoma.

Another aspect of the high MMP-9 levels in H. pylori gastritis might be the relation
with wound healing. Acute wounds and impaired healing, i.e. chronic persistent
wounds, have been shown to be accompanied by a high expression of MMP-9 [39-41].
Therefore, it is likely that the excessive MMP-9 expression as found in the H. pylori-
infected mucosa, may prevent spontaneous healing. Previous studies by our group in-
dicate that successful eradication of H. pylorileads to improvement and normalization
of the active and chronic inflammatory reaction in the stomach, which is accompanied
by a reversal of alterations in other mucosal parameters, e.g. plasminogen activators
and superoxide dimutases [42, 43]. Similar studies will have to elucidate whether the
MMP-9 levels will also be normalized by eradication of the H. pylori infection.

In conclusion, H. pylori-associated gastritis is characterized by a significant increase
of MMP-9 in both antrum and corpus mucosa of the stomach, with no changes in
MMP-2, compared with H. pylori negative patients. Moreover, the increase of the gas-
tric mucosal MMP-9 level is significantly correlated with the severity of both the active
as well as the chronic inflammation. Future studies will elucidate the clinical relevance
of these findings by evaluating the effect of therapy and the association with gastric
carcinogenesis.
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