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Increased levels of the matrix metalloproteinases-2 and -9 (also referred to gelatinase-A and -B, respectively) can be detected in 
intestinal inflammation. We have recently shown that selective gelatinase blockage by the synthetic compound RO28-2653 amelio-
rates acute murine ileitis and colitis. We here investigated whether RO28-2653 exerts anti-inflammatory effects in acute Campylo-
bacter jejuni-induced enterocolitis of gnotobiotic IL-10−/− mice generated following antibiotic treatment. Mice were perorally in-
fected with C. jejuni (day 0) and either treated with RO28-2653 (75 mg/kg body weight/day) or placebo from day 1 until day 6 post 
infection (p.i.) by gavage. Irrespective of the treatment, infected mice displayed comparable pathogen loads within the gastrointes-
tinal tract. Following RO28-2653 administration, however, infected mice exhibited less severe symptoms such as bloody diarrhea as 
compared to placebo controls. Furthermore, less distinct apoptosis but higher numbers of proliferating cells could be detected in the 
colon of RO28-2653-treated as compared to placebo-treated mice at day 7 p.i. Remarkably, gelatinase blockage resulted in lower 
numbers of T- and B-lymphocytes as well as macrophages and monocytes in the colonic mucosa of C. jejuni-infected gnotobiotic 
IL-10−/− mice. Taken together, synthetic gelatinase inhibition exerts anti-inflammatory effects in experimental campylobacteriosis.

Keywords: matrix metalloproteinases, gelatinases, RO28-2653, synthetic gelatinase blockage, Campylobacter jejuni, gnotobiotic 
IL-10 deficient mice, acute ulcerative enterocolitis, apoptosis, pro-inflammatory immune cell responses, proliferating cells

Introduction

Campylobacter (C.) jejuni infections comprise a signifi -
cant health and socioeconomic burden in humans with 
rising prevalences worldwide especially in industrialized 
countries [1, 2]. The highly motile Gram-negative bacteria 
are part of the commensal gut microbiota in a multitude 
of wild and domestic animals. Zoonotic transmission from 
livestock animals takes place via consumption of contami-
nated meat products or water [3, 4]. Infected humans pres-
ent a broad range of clinical manifestations. Symptoms 
vary from mild malaise to severe ulcerative enterocolitis 
requiring hospitalization especially in severely immune-
compromized patients [5]. In most cases, however, human 
campylobacteriosis is self-limiting [6]. In the acute stage 
of C. jejuni-induced enterocolitis, patients suffer from ab-
dominal cramps, fever, watery or bloody diarrhea [5, 7]. 

Histological examination of infl amed intestinal tissues 
reveals apoptosis, crypt abscesses, ulcerations, and infi l-
tration of the intestinal mucosa and lamina propria with 
pro-infl ammatory immune cell populations such as lym-
phocytes, macrophages, and neutrophils [8, 9]. We have 
recently shown that gnotobiotic IL-10−/− mice generated 
by broad-spectrum antibiotic treatment are excellently 
suited as C. jejuni infection model to study host–patho-
gen interactions in vivo [10–12]. It is well known that 
rodents are 1000 times more resistant to Toll-like recep-
tor-4 agonists such as lipopolysaccharide (LPS) and li-
pooligosacharide (LOS) than humans [13]. In addition, 
IL-10−/− mice are much more sensitive to LPS and LOS 
as compared to wildtype mice [10]. Given the key role of 
LOS in mediating C. jejuni-induced disease, gnotobiotic 
IL-10−/− mice develop acute ulcerative enterocolitis within 
1 week following C. jejuni infection mimicking key fea-
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tures of severe human campylobacteriosis [10, 14]. Matrix 
metalloproteinases (MMPs) comprise a tightly controlled 
heterogenous family of zinc- and calcium-dependent ma-
trix-degrading endopeptidases [15, 16]. With respect to 
their substrate specifi city, MMPs are categorized into col-
lagenases (MMP-1, -8, -13, and -18), gelatinases (MMP-2 
and -9), stromelysins (MMP-3, -7, -10, and -11), elastase 
(MMP-12), and membrane-type matrix metalloproteinases 
(MT-MMP-1 to -5) [17]. MMPs are physiologically in-
volved in embryonic development and differentiation, tis-
sue proliferation, and regeneration [16, 18]. A dysbalance 
between activators and inhibitors of MMP expression, 
however, results in diseases such as arthritis, atheroscle-
rosis, or cancer [19, 20]. In experimental models of intes-
tinal infl ammation [21–23] and in patients suffering from 
human infl ammatory bowel diseases such as Crohn’s dis-
ease or ulcerative colitis [24–26], expression levels of the 
gelatinases A and B (MMP-2 and MMP-9, respectively) 
were shown to be upregulated. We have recently demon-
strated that selective gelatinase blockage by the synthetic 
compound RO28-2653 ameliorated acute small intestinal 
infl ammation [22] and acute colitis in mice [23]. The syn-
thetic compound exerts its antigelatinase effects via direct 
binding to MMP-2 and MMP-9 in a manner that saturates 
all possible interactions with the pyrimidine core moiety 
to the protein [27]. Since RO28-2653 lacks anti-MMP-1 
and -MMP-7 properties [27] – the major reasons for se-
rious side effects exerted by nonselective MMP-blocking 
agent in clinical studies – the likelihood of unwanted ad-
verse effects following gelatinase inhibition can be con-
sidered as rather low [28]. We were, therefore, interested 
in potential benefi cial effects of the gelatinase-blocking 
compound RO28-2653 in acute C. jejuni-induced ulcer-
ative enterocolitis. To address this, we here investigated 
1) the gastrointestinal colonization properties of C. jejuni, 
2) the clinical course of infection, and 3) the abundances 
of apoptotic, regenerating, and pro-infl ammatory immune 
cell populations in the colonic mucosa and lamina propria 
of C. jejuni-infected gnotobiotic IL-10−/− mice following 
synthetic selective gelatinase blockage.

Materials and methods

Ethics statement

All animal experiments were conducted according to the 
European Guidelines for animal welfare (2010/63/EU) 
with approval of the commission for animal experiments 
headed by the “Landesamt für Gesundheit und Soziales” 
(LaGeSo, Berlin, Germany). Animal welfare was moni-
tored twice daily by assessment of clinical conditions.

Mice

IL10−/− mice (in C57BL/10 background) were bred and 
maintained under specifi c pathogen-free (SPF) condi-

tions in the Forschungseinrichtung für Experimentelle 
Medizin (FEM, Charité, Berlin, Germany). Gnotobiotic 
IL-10−/− mice were generated by broad-spectrum anti-
biotic treatment as described previously [10, 29]. Briefl y, 
to eradicate the commensal gut microbiota, mice were 
transferred to sterile cages and treated by adding a mix of 
ampicillin (1 g/l; Ratiopharm), vancomycin (500 mg/l; Cell 
Pharm), ciprofl oxacin (200 mg/l; Bayer Vital), imipenem 
(250 mg/l; MSD), and metronidazole (1 g/l; Fresenius) to 
the drinking water ad libitum starting at 3 weeks of age im-
mediately after weaning. Age-matched female mice were 
subjected to the quintuple antibiotic treatment for approxi-
mately 4 months before the infection experiments.

C. jejuni infection

Three days prior to infection, the antibiotic cocktail was 
withdrawn and replaced by sterile tap water. Immediately 
before infection, sterility of mice was confi rmed by transfer-
ring individual fecal samples to thioglycollate enrichment 
broths (Oxoid, Wesel, Germany) and applying subsequent 
cultural analyses as described earlier [29]. Mice were then 
perorally infected with 109 colony forming units (CFU) of 
viable C. jejuni strain 81-176 in a volume of 0.3 ml phos-
phate buffered saline (PBS) by gavage on day 0.

Treatment with RO28-2653

Gnotobiotic IL-10−/− mice were treated perorally with 
RO28-2653 (75 mg/kg body weight/day; kindly provided 
by Dr. H.-W. Krell, Roche, Penzberg, Germany) in 0.3 ml 
PBS once daily by gavage starting at day 1 post infection 
(p.i.) following C. jejuni infection for 6 days until necrop-
sy (day 7 p.i.). PBS-treated animals (0.3 ml perorally once 
daily) served as negative controls. A potential antibacterial 
effect of the compound was excluded as described previ-
ously [30].

Clinical scoring

To assess clinical signs of C. jejuni-induced infection on 
a daily basis, a standardized cumulative clinical score 
(maximum 12 points, addressing the occurrence of blood 
in feces [0 points: no blood; 2 points: microscopic detec-
tion of blood using Haemoccult, Beckman Coulter/PCD, 
Krefeld, Germany; 4 points: overt blood visible], diarrhea 
[0: formed feces, 2: pasty feces, 4: liquid feces], and the 
clinical aspect [0: normal; 2: ruffl ed fur, less locomotion; 
4: isolation, severely compromized locomotion, prefi nal 
aspect]) was used [10, 31].

Sampling procedures and histologic scoring

Mice were sacrifi ced by isofl uran treatment (Abbott, 
Germany) 7 days following C. jejuni infection. Colon 
samples from each mouse were removed under sterile 
conditions and collected in parallel for histopathologi-
cal, immunohistochemical, and microbiological analyses. 
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For immunohistochemical stainings, colon samples were 
immediately fi xed in 5% formalin and embedded in par-
affi n, and sections (5 μm) were stained with the respec-
tive antibodies as described below. Histopathology was 
investigated in paraffi n-embedded hematoxylin and eosin 
(H&E) stained tissue sections. A published standardized 
histologic score ranging from 0 to 6 was used for blinded 
evaluation of the infl ammatory processes in the colon 
[12].

Immunohistochemistry

In situ immunohistochemical analysis of 5 μm thin colonic 
paraffi n sections was performed as described previously 
[10, 31–34]. Primary antibodies against cleaved caspase-3 
(Asp175, Cell Signaling, USA, 1:200), Ki67 (TEC3, Dako, 
Denmark, 1:100), F4/80 (# 14-4801, clone BM8, eBiosci-
ence, 1:50), myeloperoxidase-7 (MPO-7, # A0398, Dako, 
1:500), CD3 (M-20, Santa Cruz, dilution 1:1000), FOXP3 
(FJK-16s, eBioscience, 1:100), and B220 (eBioscience, 
San Diego, CA, USA, 1:200) were used. For each animal, 
the average number of positively stained cells within at 
least six high power fi elds (HPF, 0.287 mm2; 400× magni-
fi cation) was determined microscopically by two indepen-
dent double-blinded investigators and subjected to statisti-
cal analysis as indicated below.

Statistical analysis

Mean values, medians, and levels of signifi cance were 
determined using Mann–Whitney U test. Two-sided prob-

ability (P) values ≤ 0.05 were considered signifi cant. All 
experiments were performed twice.

Results

Uncompromized C. jejuni infection of gnotobiotic
IL-10−/− mice following selective gelatinase blockage

Given that selective gelatinase blockage by the synthetic 
compound RO28-2653 was shown effective in prevent-
ing and treating acute small intestinal as well as colonic 
infl ammation [22, 23], we were interested whether RO28-
2653 could affect murine acute ulcerative enterocolitis 
following C. jejuni infection. To address this, we applied 
our gnotobiotic IL-10−/− mouse infection model [10]. In 
order to eradicate the chronic colitogenic stimuli derived 
from the commensal intestinal microbiota, IL-10−/− mice 
were subjected to a quintuple antibiotic regimen for 
4 months starting immediately after weaning [10]. The 
resulting gnotobiotic mice were then perorally infected 
with 109 CFU C. jejuni strain 81-176 on day 0. Starting at 
day 1, infected IL-10−/− mice were then perorally treated 
with RO28-2653 or placebo for 6 days on a daily basis. 
Notably, neither the synthetic compound nor placebo ex-
erted any antimicrobial effects in respective disk diffu-
sion assays (not shown) that might interfere with estab-
lishment of C. jejuni in the murine gastrointestinal tract. 
This was further confi rmed by daily assessment of the C. 
jejuni loads in fecal samples demonstrating comparable 
pathogen burdens in the intestines of RO28-2653- and 
placebo-treated mice over time (Fig. 1). On day 7 post 

Fig. 1. Kinetic analysis of fecal C. jejuni loads following selective gelatinase blockage. Gnoto biotic IL-10−/− 
mice were generated by antibiotic treatment and orally infected with C. jejuni strain 81-176 on day 0. Starting at 
day 1 post infection, infected mice were either treated with RO28-2653 (RO28, open circles) or placebo (PLC, 
solid circles) once daily. C. jejuni loads were determined in fecal samples from day (d) 2 until d6 post infection 
by culture (CFU, colony forming units). Numbers of mice harboring the pathogen out of the total number of an-
alyzed animals are given in parentheses. Medians (black bars) and significance levels (p values) determined by 
Mann–Whitney U test are indicated. Data are representative for two independent experiments
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infection (p.i.), when gnotobiotic IL-10−/− mice suffered 
from severe C. jejuni-induced ulcerative enterocolitis, all 
animals displayed comparable pathogen loads throughout 
the entire gastrointestinal tract irrespective whether treat-
ed with RO28-2653 or placebo (Fig. 2). Hence, synthetic 

gelatinase blockage did not interfere with C. jejuni infec-
tion of gnotobiotic IL-10−/− mice.

Better clinical outcome of  C. jejuni-infected mice
following selective gelatinase blockage

We next assessed clinical symptoms such as bloody diar-
rhea, a hallmark of severe campylobacteriosis [5, 7], in 
C. jejuni-infected mice upon selective gelatinase block-
age over time. Remarkably, kinetic analyses of the occur-
rence of blood in fecal samples following C. jejuni infec-
tion revealed that RO28-2653-treated mice exhibited less 
frequently bloody diarrhea from day 3 until day 7 p.i. as 
compared to placebo control animals (Fig. 3 and Fig. 4A, 
p < 0.05). The benefi cial effect of selective gelatinase 
blockage was further substantiated by assessing a more 
differential cumulative clinical score. At day 7 p.i., pla-
cebo control mice were severely compromised, whereas 
RO28-2653-treated mice exhibited approximately 50% 
lower clinical scores as compared to placebo animals 
(p < 0.05; Fig. 4B). Thus, selective gelatinase blockage 
resulted in better clinical outcomes of C. jejuni-infected 
gnotobiotic IL-10−/− mice.

Macroscopic and histopathological colonic changes
in C. jejuni-infected mice following selective gelatinase 
blockage

Given that intestinal infl ammation results in a signifi cant 
shortening of the intestines [10, 29, 33], we next deter-

Fig. 2. C. jejuni colonization of the gastrointestinal tract following selective gelatinase blockage. Gnotobiotic 
IL-10−/− mice were generated by antibiotic treatment and orally infected with C. jejuni strain 81-176 on day 0. 
Starting at day 1 post infection, infected mice were either treated with RO28-2653 (RO28, open circles) or pla-
cebo (PLC, solid circles) once daily. C. jejuni loads were determined in luminal samples of the gastrointestinal 
tract at day 7 post infection by culture (CFU, colony forming units). Numbers of mice harboring the pathogen 
out of the total number of analyzed animals are given in parentheses. Medians (black bars) and significance lev-
els (p values) determined by Mann–Whitney U test are indicated. Data shown are representative for two inde-
pendent experiments

Fig. 3. Bloody diarrhea. Kinetic analysis of blood-positive fecal 
samples in C. jejuni-infected mice following selective gelati-
nase blockage. Gnotobiotic IL-10−/− mice were generated by an-
tibiotic treatment and orally infected with C. jejuni strain 81-176 
on day 0. Starting at day 1 post infection, infected mice were ei-
ther treated with RO28-2653 (RO28, white bars) or placebo 
(PLC, black bars) once daily. Indicated relative rates of blood-
positive fecal samples of uninfected (naive) and C. jejuni-in-
fected IL-10−/− mice were determined by haemoccult test on a 
daily basis. Data shown are representative for two independent 
experiments
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mined the absolute colonic lengths in C. jejuni-infected 
mice following the respective treatment regimen. At 

day 7 p.i., placebo- and RO28-2653-treated animals ex-
hibited signifi cantly shorter large intestines as compared 

Fig. 4. Clinical symptoms of C. jejuni-infected mice following selective gelatinase blockage. Gnotobiotic IL-10−/− 
mice were generated by antibiotic treatment and orally infected with C. jejuni strain 81-176 at day 0. Naive unin-
fected mice served as negative controls (open diamonds). Starting on day 1 post infection, infected mice were ei-
ther treated with RO28-2653 (RO28, open circles) or placebo (PLC, solid circles) once daily. (A) The occurrence of 
blood in fecal samples and (B) clinical symptoms were assessed at day 7 post infection ap plying respective stand-
ardized scores as described in methods. Numbers of haemoccult-positive animals (A) out of the total numbers of 
analyzed mice (A, B) are given in parentheses. Means (black bars) and significance levels (p values) determined by 
Mann–Whitney U test are indicated. Data shown are representative for two independent experiments

Fig. 5. Macroscopic and histopathological colonic changes in C. jejuni-infected mice following selective gelati-
nase blockage. Gnotobiotic IL-10−/− mice were generated by antibiotic treatment and orally infected with C. je-
juni strain 81-176 on day 0. Naive uninfected mice served as negative controls (open diamonds). Starting at day 
1 post infection, infected mice were either treated with RO28-2653 (RO28, open circles) or placebo (PLC, solid 
circles) once daily. (A) Absolute colonic lengths and (B) histopathological changes applying a standardized his-
topathological score in H&E-stained colonic paraffin sections were determined at day 7 post infection. Num-
bers of analyzed mice are given in parentheses. Means (black bars) and significance levels (p values) deter-
mined by Mann–Whitney U test are indicated. Data shown are representative for two independent experiments
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to naive controls (p < 0.001 and p < 0.01, respectively; 
Fig. 5A). Although not signifi cantly different, infected 
mice subjected to selective gelatinase blockage dis-
played a trend towards higher large intestinal lengths 
as compared to the placebo group (Fig. 5A). We further 
determined the C. jejuni-induced colonic histopathologi-
cal sequelae following gelatinase blockage. Irrespective 
of the treatment regimen, C. jejuni-infected gnotobiotic 
IL-10−/− mice displayed comparable histopathological 
scores determined in colonic H&E stained paraffi n sec-
tions at day 7 p.i. (Fig. 5B).

Colonic apoptotic and proliferating cells in C. jejuni- 
infected mice following selective gelatinase blockage

Given that apoptosis is a commonly used diagnostic 
marker in the histopathological evaluation and grading of 
intestinal diseases [33] and furthermore a key feature of 
C. jejuni-induced ulcerative enterocolitis in gnotobiotic 
IL-10−/− mice and infected humans [10], we next quantita-
tively assessed caspase-3+ cells within the colonic mucosa 
in C. jejuni-infected mice following selectice gelatinase in-
hibition. Seven days following C. jejuni infection numbers 
of apoptotic cells increased multifold (p < 0.001; Fig. 6A), 
but to a signifi cantly lesser extent in RO28-2653-treated 
as compared to placebo-treated mice (p < 0.01; Fig. 6A). 
Conversely, numbers of colonic Ki67+ proliferating cells 
increased in C. jejuni-infected mice following selective 

gelatinase inhibition only as compared to naive or place-
bo treated animals at day 7 p.i. (p < 0.001 and p < 0.05, 
respectively; Fig. 6B). Hence, selective gelatinase block-
age resulted in less apoptosis and more cell proliferation 
thereby counteracting mucosal infl ammation in C. jejuni-
infected gnotobiotic IL-10−/− mice.

Less pronounced immune cell responses in the colonic 
mucosa of  C. jejuni-infected mice following selective
gelatinase blockage

Given that human colitis is accompanied by the recruit-
ment of pro-infl ammatory immune cell populations to 
sites of infl ammation in the large intestine [23], we next 
quantitated infl ammatory immune cells in situ by immu-
nohistochemical staining of colonic paraffi n sections of 
mice with antibodies against F4/80 (macrophages and 
monocytes), MPO7 (neutrophils), CD3 (T-lymphocytes), 
FOXP3 (regulatory T-cells, Treg), and B220 (B-lympho-
cytes). At day 7, following C. jejuni infection, placebo 
control mice displayed multifold increases in colonic 
macrophage, monocyte, and neutrophil numbers exerting 
oxidative stress to the epithelium (p < 0.001; Fig. 7A and 
B). The increase of F4/80+ macrophages and monocytes, 
however, was less pronounced in RO28-2653 treated 
mice (p < 0.05; Fig. 7A). Even though not statistically 
signifi cant due to a relatively high standard deviation in 
the placebo group, a trend towards a less pronounced in-

Fig. 6. Colonic apoptotic and proliferating cells in C. jejuni-infected mice following selective gelatinase block-
age. Gnotobiotic IL-10−/− mice were generated by antibiotic treatment and orally infected with C. jejuni strain 
81-176 on day 0. Naive, uninfected mice served as negative controls (open diamonds). Starting at day 1 post in-
fection, infected mice were either treated with RO28-2653 (RO28, open circles) or placebo (PLC, solid circles) 
once daily. The average number of (A) apoptotic (positive for caspase-3, Casp3) and (B) proliferating cells (pos-
itive for Ki67) from at least six high power fields (HPF, 400× magnification) per animal was determined micro-
scopically in immunohistochemically stained colonic paraffin sections at day 7 post infection. Means (black 
bars) and significance levels (p values) determined by Mann–Whitney U test are indicated. Data shown are rep-
resentative for two independent experiments.
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Fig. 7. Colonic immune cell responses in C. jejuni-infected mice following selective gelatinase blockage. Gnotobiotic IL-10−/− mice 
were generated by antibiotic treatment and orally infected with C. jejuni strain 81-176 on day 0. Naive uninfected mice served as neg-
ative controls (open diamonds). Starting at day 1 post infection, infected mice were either treated with RO28-2653 (RO28, open cir-
cles) or placebo (PLC, solid circles) once daily. The average number of (A) macrophages and monocytes (positive for F4/80), (B) neu-
trophils (positive for MPO7), (C) T-lymphocytes (positive for CD3), (D) regulatory T-cells (Tregs, positive for FOXP3), and (E) 
B-lymphocytes (positive for B220) from at least six high power fields (HPF, 400× magnification) per animal was determined micro-
scopically in immunohistochemically stained colonic paraffin sections at day 7 post infection. Means (black bars) and significance 
levels (p values) determined by Mann–Whitney U test are indicated. Data shown are representative for two independent experiments.



M. E. Alutis et al.

European Journal of Microbiology and Immunology 4 (2014) 4

220

fl ux of MPO7+ neutrophils into the colonic lamina propria 
could be observed following RO28-2653 as compared to 
placebo treatment (Fig. 7B). We have recently shown that 
mucosal infi ltration with CD3+ T-cells is a major charac-
teristic feature of acute and chronic C. jejuni infection of 
mice [10, 31, 33–35]. Accordingly, a multifold increase 
of T-lymphoctes into the colonic mucosa and lamina pro-
pria could be observed 7 days following C. jejuni infec-
tion of gnotobiotic IL-10−/− mice (p < 0.001; Fig. 7C). 
This increase, however, was signifi cantly less distinct 
following selective gelatinase blockage as compared to 
placebo treatment (p < 0.01; Fig. 7C). Interestingly, the 
C. jejuni-induced increase of FOXP3+ Tregs was simi-
lar in RO28-2653- and placebo-treated mice at day 7 p.i. 
(p < 0.001; Fig. 7D). Furthermore, numbers of colonic 
B220+ B-lymphocytes were lower in RO28-2653-treated 
as compared to placebo-treated mice seven day follow-
ing C. jejuni infection (p < 0.05; Fig. 7E). Hence, selec-
tive gelatinase blockage resulted in reduced immune cell 
numbers within the colonic mucosa and lamina propria of 
C. jejuni-infected gnotobiotic IL-10−/− mice.

Discussion

The gelatinases A and B play pivotal roles in intestinal in-
fl ammation in mice and men [21–26]. Given that MMPs 
are also essentially involved in physiological homeosta-
sis of tissues including the cartilage and the gut [36, 37], 
compounds for nonselectively blocking MMPs (including 
the collagenases) can exert serious adverse effects such as 
muscle pain, arthralgia, and compromised wound healing 
limiting clinical application. Hence, selective and effective 
MMP blocking agents with limited side effects would be 
utmost desirable. Furthermore, MMPs are known to shed 
biologically active pro-infl ammatory molecules such as 
TNF and IL-6 from surfaces of macrophages subsequently 
inducing MMP expression in epithelial, parenchymal, as 
well as immune cells [36, 38]. Therefore, from the ther-
apeutic perspective, an effective MMP-blocking agent 
should cut this vicious pro-infl ammatory cycle due to this 
positive MMP-feedback loop by downregulating expres-
sion and function of MMPs, immune cells such as macro-
phages, and pro-infl ammatory cytokines all at once with-
out compromising health-promoting MMP properties such 
as cell regeneration [23].

To date, no data exist regarding the roles of MMPs 
and particularly the gelatinases in C. jejuni infection. To 
address this, we applied the gnotobiotic IL-10−/− mouse 
infection model. Within 1 week, following C. jejuni infec-
tion, mice suffer from non-self-limiting acute ulcerative 
enterocolitis [10]. In the present study, selective gelatin-
ase blockage by peroral treatment with the synthetic ge-
latinase blocking compound RO28-2653 effectively ame-
liorated C. jejuni-induced enterocolitis. We could show 
here that RO28-2653 treatment resulted in 1) better clini-
cal conditions of infected mice, 2) less frequent bloody 
diarrhea (a clinical hallmark of human campylobacterio-

sis), 3) less colonic apoptosis, but 4) more cell prolifera-
tion counteracting the infl ammatory process, and fi nally, 
5) less distinct infl ux of pro-infl ammatory immune cell 
populations such as T- and B-cells as well as macrophages 
and monocytes in C. jejuni-infected gnotobiotic IL-10−/− 
mice. Notably, RO28-2653 did not affect C. jejuni repli-
cation either in vitro or in vivo as indicated by comparable 
pathogen loads in the gastrointestinal tract of RO28-2653 
as compared to placebo treated mice. These results are 
well in line with our two previous murine studies of acute 
intestinal infl ammation. We could recently show that the 
selective gelatinase blocking compound RO28-2653 was 
effective in preventing and treating murine acute ileitis 
following oral Toxoplasma gondii infection [22]. In this 
hyper-acute infl ammatory scenario, RO28-2653 could 
dampen the Th1-type immune responses and ameliorate 
small intestinal disease. In addition, RO28-2653 treat-
ment could also ameliorate acute DSS-induced colitis 
[23]. Like in our C. jejuni infection study, infl ux of im-
mune cells such as T- and B-lymphocytes, macrophages, 
and monocytes as well as neutrophils into the colonic 
mucosa and lamina propria (perpetuating the infl amma-
tory process) was diminished upon selective gelatinase 
blockage. Notably, RO28-2653 did neither show signifi -
cant adverse effects in rat and monkey toxological stud-
ies [27] nor any antimicrobial effects that might affect the 
commensal microbiota compositon upon treatment [23]. 
Notably, regenerative properties of the colonic epithelium 
were not compromised by gelatinase inhibition in C. je-
juni-mediated enterocolitis. Instead, numbers of Ki67+ 
proliferating cells in the colonic mucosa were even higher 
in RO28-2653-treated and C. jejuni-infected mice thereby 
counteracting the infl ammatory process.

Conclusion

In conclusion, we propose the selective gelatinase blocker 
RO28-2653 as a promising future option for prophylaxis 
and treatment of intestinal infl ammation in humans includ-
ing campylobacteriosis.

Outlook

We have recently shown that MMP-2, but not MMP-9, is 
essentially involved in mediating acute T. gondii-induced 
ileitis [22] and acute DSS-induced colitis in mice [23]. In 
an ongoing study, we currently unravel whether MMP-2, 
MMP-9, or both are essentially involved in C. jejuni-in-
duced infl ammation.
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