UNITED EUROPEAN

ueg journal

United European Gastroenterology Journal
2018, Vol. 6(9) 1428-1436

© Author(s) 2018

Article reuse guidelines:
sagepub.com/journals-permissions

DOI: 10.1177/2050640618793564
journals.sagepub.com/home/ueg

®SAGE

Original Article

Peptide Hp(2-20) accelerates healing
of TNBS-induced colitis in the rat
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Abstract

Background and aims: Hp(2-20), a Helicobacter pylori-derived peptide interacting with N-formyl peptide receptors (FPRs),
accelerates the healing of gastric injury in rats. Whether Hp(2-20) affects the recovery of inflamed colonic mucosa is
unknown. We evaluated whether Hp(2-20) accelerated the healing of 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced
colitis and explored the mechanism(s) underlying any such effect.

Methods: Fifteen rats underwent rectal administration of Hp(2-20) 250-500 pg/kg/day, or of its control peptide Hp1l for
10 days, following induction of colitis with TNBS. Macroscopic and histological damage was quantified using predetermined
injury scores. FPR1, COX-2, TNF-«, TGF-B, HB-EGF and tissue transglutaminase (t-TG) messenger RNA (mRNA) expression
in colonic tissue was determined by quantitative polymerase chain reaction; FPR1, TNF-oo and COX-2 protein levels by
Western blotting.

Results: (1) Hp(2-20) accelerated healing of TNBS-induced colitis compared to controls consistently with the expression of
FPRs in colonic mucosa; (2) TNBS upregulated mRNA mucosal expression of COX-2, TNF-«, TGF-B, HB-EGF and t-TG and (3)
this, with the exception of HB-EGF, was significantly counteracted by Hp(2-20).

Conclusions: Hp(2-20), an FPR agonist, accelerates the healing of TNBS-induced colitis in the rat. This effect is associated
with a significant reduction in colonic tissue levels of COX-2, TGF-B8, TNF-« and t-TG. We postulate that FPR-dependent
pathways may be involved in the repair of inflamed colonic mucosa.
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Introduction

Helicobacter pylori (H. pylori) is a microaerophilic,

. . . . Medicine,
spiral-shaped, gram-negative bacterium that colonizes ediane
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the human stomach. H. pylori infects 45% of the world
population and is the major causative agent of gastro-
duodenal disorders, being associated with an increased
risk of distal gastric cancer and primary gastric
mucosa-associated lymphoid tissue.'”’

Hp(2-20) is a 19-amino acid peptide derived from the
N-terminal region of H. pylori ribosomal protein L1,
which promotes proliferation of gastrointestinal epithe-
lial cells in vitro, stimulates the migration and invasion
of gastric cells,® upregulates vascular endothelial growth
factor (VEGF) expression and accelerates the healing
of gastric mucosa in vivo.*® Hp(2-20) peptide also
exerts antimicrobial and immunomodulatory effects.'®
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We demonstrated that it is able to promote basophil and
eosinophil chemotaxis'"*'? in gastric mucosa.

The biological effects of Hp(2-20) are mediated
through the interaction with N-formyl peptide receptors
(FPRs), which are seven transmembrane G protein-
coupled receptors. Three FPRs have been identified in
humans, each encoded by a different gene: FPRI, FPR2
and FPR3.'*'* Human FPRs have a high affinity for
N-formyl peptides and are expressed on the cell mem-
branes of the host immune cells (e.g. neutrophils, mono-
cytes). FPRs are overexpressed during bacterial
infections, favoring the migration of macrophages to
the site of bacterial invasion.'"* Human FPRs are also
expressed on nonimmune cells such as intestinal adeno-
carcinoma cells.”'®> Babbin et al. demonstrated that
N-formyl-Met-Leu-Phe (fMLF), an N-formyl synthetic
peptide that mimics the activity of bacterial N-formyl
peptides, acts as an FPR agonist, accelerating the heal-
ing of injured intestinal epithelial cell monolayers,” thus
suggesting that FPRs may play a role in the recovery of
injured intestinal mucosa. Similarly, it has been demon-
strated that human FPRs exert a key role in the healing
of several other epithelial tissues including nasal
mucosa,'® retinal pigment epithelium,'” lung,'®' and
skin.”® Altogether, previous data support the evidence
that FPRs might exert a homeostatic role sustaining
resolution of inflammation and wound healing in several
types of epithelia.'?*! %3

Whether Hp(2-20) is effective in the recovery of
inflamed colonic mucosa is not known. The aim of
this study was therefore to evaluate whether Hp(2-20)
accelerates the healing of 2.4,6-trinitrobenzenesulfonic
acid (TNBS)-induced colitis in the rat and to explore
the mechanism(s) underlying any such effect.

Methods
Peptides

Hp(2-20) synthetic peptide (NH,-AKKVFKRLEKLF
SKIQNDK-COOH) and Hpl (NH2-AKKVFKRLEL
LFSKIQNDK-COOH) were synthesized and high-
performance liquid chromatography purified (>95%)
by Primm srl, Italy, and stored as lyophilized solids at
+4°C and at —20°C when solubilized. The K to L sub-
stitution of Hpl disrupts the a-helical structure of the
Hp(2-20) peptide.

TNBS-induced colitis

Male Wistar rats, weighing 200 +21 g, were obtained
from Harlan Italy and were housed in a temperature-
controlled environment with a 12-hour light-dark cycle,
and given free access to regular laboratory chow diet
and water for at least one week. All animals received

human care and the study protocol was approved by
the Committee of Laboratory Animals of Federico II
University according to institutional guidelines. Rats
then were given a single enema of 0.5 ml TNBS solution
(12% 1in 50% ethanol-water), via a rubber catheter
inserted 8 cm from the anus under light anesthesia.**

Experimental design

To evaluate the effect of Hp(2-20) on TNBS-induced
colitis, 15 rats were divided into three groups (n=75 in
each group). They were divided as follows: control
group, rats with colitis induced by TNBS and then trea-
ted with Hp1 control peptide (500 ng/kg/day); TNBS +
low-dose Hp(2-20), rats with TNBS-induced colitis
then treated with rectal administration of Hp(2-20)
250 ug/kg/day; TNBS + high-dose Hp(2-20), rats
with TNBS-induced colitis then treated with rectal
administration of Hp(2-20) 500 pg/kg/day. Finally,
five rats were treated only with TNBS vehicle (normal
untreated rats). Hp(2-20) was administered rectally for
10 days, starting three days after induction of colitis
with TNBS. This procedure did not require the animals
to be anesthetized or restrained; the small diameter of
the catheter (about 2mm) and the small volume
injected (0.5 ml) made the procedure rapid and painless
in conscious rats. On the tenth day, the animals were
sacrificed, the colon was collected and, after macro-
scopic evaluation, part of the tissue was fixed in 10%
formalin and part was snap-frozen in liquid nitrogen
and then stored at —80°C.

Evaluation of macroscopic and histological
damage

Macroscopic and histological damage was quantified
using predetermined injury scores. Macroscopic
damage evaluation was carried out by graduating the
damage on a scale from 0 to 5 on the basis of the fol-
lowing parameters: hyperemia without ulcers, fibrosis,
and ulceration of different extension (Table 1).**
Formalin-fixed colonic tissue was embedded in paraffin,

Table 1. Macroscopic damage score.

Macroscopic features Score

Normal mucosa

Hyperemia

Fibrosis

Ulcerations <1cm

Ulcerations >1cm and <2 cm

Ul W N R O

Ulcerations >2cm
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Table 2. Histological damage score.

Histological features Score
Extent of ulceration 0-5
Submucosal infiltration 0-5
Crypt abscesses 0-5
Wall thickness 0-5

and hematoxylin/eosin-stained sections were assessed his-
tologically by light microscopy by a pathologist blinded
to the treatment. According to previous reports,>>
four parameters, each scored on a 0-5 scale of severity,
were considered (Table 2). The final total histological
score (from 0 to 20) was determined by adding up the
single scores. Colonic inflammation was graded as low
(1-5), moderate (6-10) or severe (11-20).

Immunohistochemical evaluation

Tissue sections were incubated with fresh 3% hydrogen
peroxide in methanol for 20 minutes and then washed
with phosphate-buffered saline (pH 7.4). The sections
were incubated with 1% normal blocking serum for
30 minutes and then with goat polyclonal immunoglobu-
lin G (IgG) anti-FPR1 (Santa Cruz Biotechnology) for
60 minutes at room temperature. The secondary anti-
body was biotinylated anti-goat IgG (Vector BA9500).
Immunoreactive protein was detected by development
with the ABC Vectastain kit (Vector Laboratories,
Burlingame, CA, USA) according to the manufacturer’s
instructions. Negative controls were obtained omitting
the primary antibody. The sections, counterstained
with hematoxylin, were then dehydrated, mounted, and
observed under a light microscope.

Protein extraction and Western blot analysis

Frozen rat colon mucosa samples were homogenized
in radio-immunoprecipitation lyses buffer (0.1%
sodium dodecyl sulfate (SDS), 0.5% deoxycholate,
1% Nonidet, 100mM NaCl, 10mM Tris-HCI (pH
7.4)) containing a protease inhibitor cocktail (Sigma,
St. Louis, MO, USA), 0.5mM dithiotreitol, and 0.5%
phenylmethylsulfonyl fluoride. After 30 minutes at
4°C, tissue lysates were clarified by centrifugation at
14,000 rpm for 10 minutes at 4°C. The cleared tissue
lysates were collected and stored at —80°C and protein
concentration of each sample was determined by
Bradford assay (Coomassie brilliant blue protein assay;
Bio-Rad, Melville, NY, USA). The antibodies used in
this study were the following: (1) goat polyclonal IgG
anti-cyclooxygenase-2 (anti-COX-2) (UPSTATE 07-
693); (2) goat polyclonal IgG anti-tumor necrosis

factor alpha (anti-TNF-o) (sc1349 Santa Cruz
Biotechnology); (3) goat polyclonal IgG anti-FPRI
(Santa Cruz Biotechnology); and (4) mouse monoclonal
anti-Actin (sc¢58323 Santa Cruz Biotechnology). The sec-
ondary antibodies were biotinylated anti-goat IgG
(Vector BA9500) and biotinylated anti-mouse IgG
(Vector BA200) as appropriate. Total protein extracts
were subjected to SDS-polyacrylamide gel electrophor-
esis (10% and 7% polyacrylamide) under reducing con-
ditions. After electrophoresis, proteins were transferred
to nitrocellulose membrane (pure nitrocellulose mem-
brane, 0.45m Bio-Rad Laboratories); complete transfer
was assessed using prestained protein standards
(Invitrogen LC5925). To block nonspecific binding
sites, the membranes were treated for one hour with
blocking solution: 5% milk in Tris-NaCl-Tween (TNT)
(10mM Tris pH 8, 150 mM NaCl and 0.05% Tween-20),
and then were incubated overnight at 4°C with the pri-
mary antibody: (1) anti-COX-2 (diluted 1:500); (2) anti-
TNF-o (diluted 1:200) in TNT (0.05% Tween-20) 20%
fetal calf serum (FBS); (3) anti-FPR1 (diluted 1:2000) in
TNT (0.1% Tween-20) 5% milk; and (4) anti-Actin
(diluted 1:1000) in TNT (0.05% Tween-20) 20% FBS.
After washing with TBS, membranes were incubated for
two hours (at room temperature) with the appropriate
biotinylated secondary antibody. Immunoreactive pro-
teins were detected by development with the ABC
Vectastain kit (Vector Laboratories, Burlingame, CA,
USA) according to the manufacturer’s instructions.

RNA extraction, reverse transcription-polymerase
chain reaction (RT-PCR) analysis and real-time
PCR

Gene expression of COX-2, TNF-o, transforming
growth factor beta (TG F-p), heparin-binding epidermal
growth factor (HB-EGF), tissue transglutaminase
(t-TG) and FPRI was evaluated by quantitative
RT-PCR analysis. Total RNA was extracted using an
RNeasy Plus Mini Kit (Qiagen, Hilden, Germany)
from colonic tissue. The purity of total RNA was
assessed using a NanoDrop_ND-100 spectrophotom-
eter at 260 nm. Two micrograms of total RNA were
used in the first-strand complementary DNA (cDNA)
synthesis by TagMan® Reverse Transcription Reagents
(Applied Biosystems, Branchburg, NJ, USA). The
cDNA was diluted with RNase-free water for a final
volume of 200 pl and stored at —20°C until used. COX-
2, TNF-a, TGF-B, HB-EGF, t-TG and FPRI messenger
RNA (mRNA) expression levels were analyzed by
Tag-Man® Gene Expression Assays (Applied
Biosystems). Quantitative real-time PCR was carried
in triplicate using preoptimized primer/probe mixture
and TagqMan universal PCR master mix (Applied
Biosystems) on a StepOne™ Real-Time PCR System
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(Applied Biosystems). The glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) housekeeping gene was used
as an endogenous control for normalization of gene
expression assays. We analyzed the relative gene expres-
sion data using the delta-delta threshold cycle (Ct)
method. The sample values represent X-fold differences
from a control sample (given a designated value of 1)
within the same experiment. The assay identification
codes (Assay ID) for each gene are as follows: COX-2
(Rn01483828-m1), TNF-a (Rn00562055-m1), TGF-B
(Rn00572010-m1), HB-EGF (Rn00564075-ml), TG
(Rn00571440-m1), FPRI (Rn01441684-s1) and
GAPDH (Rn 01775763-g1).

Statistical analysis

Statistically significant differences among the three
groups of rats were determined with one-way analysis
of variance followed by the Tukey’s multiple compari-
son test. Data were expressed as mean + standard devi-
ation (SD), and p <0.05 was considered statistically
significant.

Results
Macroscopic and histological damage

The normal macroscopic and microscopic appearance
of normal rat colon is reported in Figure 1(a) and (e),
respectively. TNBS induced visible colonic damage
extending the entire colon length with an increase in
thickness and damage to the superficial epithelium
accompanied by hyperemia and ulcerations (Figure
1(b)). No statistically significant differences were
detected between the TNBS alone and the TNBS +
Hpl administration in terms of colonic rat damage
evaluation (not shown). Rectal administration of
Hp(2-20), 250 ug or 500 pg/kg/day, for 10 days, ame-
liorated macroscopic (Figure 1(c) and (d)) and micro-
scopic appearance of the rat colon (Figure 1(f)—(h)) and
decreased the extent of macroscopic damage and ulcer-
ations induced by TNBS as compared to Hpl-treated
animals. The low-dose Hp(2-20) allowed the adminis-
tration of a total of 2.5 mg/rat, an amount comparable
to that administered to rats after indomethacin gastric
injury.® The administration over 10 days, instead of
the single administration chosen to counteract indo-
methacin-induced gastric injury,® was preferred to
cover the slower induction of tissue injury sustained
by TNBS compared to the rapid injury induced by
indomethacin.?’

Quantitatively, Hp(2-20) 250 pg/kg/day and
500 pg/kg/day caused an approximately 35% and 40%
decrease of macroscopic damage, respectively, compared
with the control group (p<0.05, Figure 1(i)).

Hp(2-20) treatment also caused a 50% decrease in
the histological damage with a significant reduction
in the extent of inflammatory infiltrate (p <0.05,
Figure 1(i)) compared to control rats. From a clinical
point of view, rats with colitis showed a relative but not
significant weight loss, poorly formed stools and occa-
sionally streaks of blood in the stool. All these param-
eters improved during treatment with Hp(2-20) (data
not shown).

FPR1 expression in rat colonic mucosa

To corroborate the hypothesis of a role of FPRs in the
beneficial effect exerted by Hp(2-20) at the colonic
level, we first analyzed the expression levels of FPRI
in rat colonic tissues. As shown in Figure 2(a), we were
able to detect significant levels of FPRI mRNA in colo-
nic mucosa of rats. Interestingly, TNBS treatment sig-
nificantly increased FPRI expression levels, whereas
Hp(2-20) reversed such an effect (Figure 2(a)).

By immunohistochemistry, rats treated with TNBS
followed by Hpl for 10 days showed intense FPRI
immunoreactivity present throughout the length of
crypts both at the cytoplasmic and extracellular
matrix levels in the mucosa of the areas with severe
mucosal damage (Figure 2(b)—(d)). Animals that had
received Hp(2-20) showed a similar immunohistochem-
ical pattern but FPRI positivity was much less abun-
dant and decreased in parallel with reduction of the
damage severity. The result was evident at both doses
of Hp(2-20) administered (Figure 2(e)—(1)).

Hp(2-20)-mediated modulation of mediators
in rat colonic mucosa

To evaluate whether TNBS caused alteration in
selected genes involved in colitis inflammation and
mucosal healing, we evaluated mRNA levels of COX-
2, TNF-a, TGF-B, HB-EGF, and -TG.

TNBS increased the mRNA expression of COX-2,
TNF-a, TGF-B, HB-EGF, and t-TG compared to
normal untreated rats (p <0.05). Hp(2-20) at both
doses significantly counteracted the increase in mRNA
expression of COX-2, TNF-a, TGF-p and t-TG brought
about by TNBS compared with control Hpl-treated ani-
mals (p < 0.05) (Figure 3). No significant effect of Hp(2—
20) was observed on HB-EGF (Figure 3).

COX-2 and TNF-a protein levels were evaluated as
markers of inflammation in rat colonic mucosa. Protein
expression of TNF-a and COX-2 were increased in rats
with TNBS-induced colitis (not shown), and this
increase was counteracted by Hp(2-20) (Figure 4).

Consistently with these results, FPR1 protein expres-
sion was regulated by TNBS and Hp(2-20) (Figure 4).
In particular, TNBS wupregulated FPRI1 protein
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Figure 1. Effect of Hp(2-20) on 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced colitis. (a) Macroscopic appearance of normal rat colon.
(b) Macroscopic appearance of rat colon with TNBS-induced colitis. The colon appeared thickened and inflamed. (c) Macroscopic
appearance of colon in rats with TNBS-colitis following rectal administration of Hp(2-20) 250 pg/kg/day. (d) Macroscopic appearance of
colon in rats with TNBS-colitis following rectal administration of Hp(2-20) 500 pg/kg/day. (e) Histology of normal rat colon. (f) Histological
appearance of colon in rats with TNBS-induced colitis (control group). Mucosa is ulcerated with an abundant inflammatory infiltrate in the
submucosa; also, the colonic wall is thickened. (g) Histological appearance of colon in rats with TNBS-induced colitis following rectal
administration of Hp(2-20) at dosage of 250 ug/kg/day. (h) Histological appearance of colon in rats with TNBS-induced colitis following
rectal administration of Hp(2-20) at dosage of 500 pg/kg/day. In (g) and (h) treatment with Hp(2-20) significantly reduced mucosal
inflammation compared to the control group. (i) Quantitative evaluation of macroscopic and microscopic damage. Values are means for
five rats per group, with standard deviations represented by vertical bars. *Mean value was significantly different from that of the control

group (p < 0.05).

expression (not shown), whereas Hp(2-20) efficiently
counteracted this effect.

Discussion

TNBS-induced colitis is widely used as a model for
inflammatory bowel diseases (IBDs) and, in particular,
for Crohn’s disease (CD). Rectal administration of
TNBS leads to colonic inflammation characterized by

ulcerations, hyperemia, edema/congestion of mucosa
and infiltration of inflammatory cells in the submucosa
with formation of granulomas.?*

H. pylori is known to induce gastric pathologic con-
ditions because of the interaction between a number of
virulence factors peculiar to the bacterium with host-
related and environmental-related factors. Hp(2-20) is
a recently identified peptide produced by the bacterium
that exerts beneficial effects on gastric mucosa through
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Figure 2. Effect of Hp(2-20) on FPR1 mRNA expression. (a) FPRI mRNA expression in normal (i.e. untreated) rats, in rats with TNBS-
colitis treated with Hpl peptide and in rats with TNBS-colitis treated with Hp(2-20) as assessed by RT-PCR (*p < 0.05 vs normal rats;

**p < 0.05 vs TNBS-colitis Hp1-treated rats); ((b)-(I)) FPR1 protein expression as assessed by immunohistochemistry in rats with TNBS-
colitis treated with Hp1 ((b)-(d)), in rats with TNBS-induced colitis followed by treatment with Hp(2-20) 500 pg/kg/day ((e)-(g)) and in rats
with TNBS-induced colitis followed by treatment with Hp(2-20) 250 ug/kg/day ((h)-(l)). Magnification 10 x and 40 x . FPRI: formyl peptide
receptor 1; mRNA: messenger RNA; RT-PCR: reverse transcription polymerase chain reaction; TNBS: 2,4,6-trinitrobenzenesulfonic acid.
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Figure 3. Effect of TNBS alone or in combination with Hp(2-20) (250-500 pg/kg/day) on COX-2, TNF-«, TGF-B, HB-EGF and t-TG mRNA
expression as assessed by RT-PCR (*p < 0.05 vs normal rats; **p < 0.05 vs TNBS-colitis Hp1-treated rats). COX-2: cyclooxygenase-2; HB-
EGF: heparin-binding epidermal growth factor; mRNA: messenger RNA; RT-PCR: reverse transcription polymerase chain reaction; TNBS:
2,4,6-trinitrobenzenesulfonic acid; TNF-a: tumor necrosis factor alpha; TGF-B: transforming growth factor beta; t-TG: tissue
transglutaminase.
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TNF-a

COX-2

FPR-1

Actin

Figure &. Protein expression of TNF-a, COX-2 and FPR1 at Western
blot analysis in TNBS-colitis Hp1-treated rats (1), in rats treated
with Hp(2-20) 250 pg/kg/day (2) and in rats treated with Hp(2 20)
500 pg/kg/day (3). COX-2: cyclooxygenase-2; FPR1: formyl peptide
receptor 1; TNBS: 2,4,6-trinitrobenzenesulfonic acid; TNF-o: tumor
necrosis factor alpha.

the interaction with the FPRs.® We have previously
shown that exogenous administration of Hp(2-20) pro-
motes gastric mucosal healing following indomethacin-
induced ulceration in the rat by sustaining epithelial cell
migration and proliferation, as well as the expression of
VEGF.?

The present study is the first that demonstrates the
beneficial effect of Hp(2-20) on inflamed colonic
mucosa. We have shown that peptide Hp(2-20) signifi-
cantly accelerates colonic mucosal healing both at the
macroscopic and histological levels and that this effect
is associated with a significant reduction in colonic
tissue levels of inflammatory mediators. We also have
evaluated mediators of damage repair (i.e. TGF-8, t-TG
and HB-EGF), showing that TGF- and t-TG are upre-
gulated in a TNBS-colitis group vs TNBS-untreated
rats. Treatment with Hp(2-20) at both doses induced
a reduction in mucosal damage and decreased TGF-f8
and -TG mRNA expression compared to TNBS-colitis
rats (i.e. rats treated with TNBS 4 Hpl control
peptide).

We also observed an upregulation of HB-EGF
mRNA in TNBS colitis vs normal rats but we did not
find a reduction of HB-EGF expression in Hp(2-20)-
treated vs Hpl-treated rats. HB-EGF is an important
factor, early involved in the repair of injured gastro-
intestinal mucosa and leading to migration and prolif-
eration of epithelial cells.”® We may speculate that,
because Hp(2-20) intervenes in a highly coordinated
series of events that allow the restitution of the tissue,
at different time frames, different mediators may be up-
or downregulated.

We evaluated the expression of the main component
of the rat FPR family (i.e. FPRI) and found that FPRI
is expressed in intestinal mucosa rats. This is in agree-
ment with a report by Babbin et al., who by using
immunofluorescence found that FPRI is expressed on
the baso-lateral membrane of crypt epithelial cells."”

No data are available indicating the specificity of the
effects of Hp(2-20) on single components of the rat
FPR family. Furthermore, no studies are helpful in dis-
secting the correspondence of rat FPRs to the human
FPR family,' nor in defining the specificity of FPR
ligands for rat components of the FPR family. Thus,
we decided to verify the expression levels of the main
component of the rat FPR family. However, another
paper also demonstrated the expression of FPR2 in rat
tissues.”” Based on this, we postulate that FPRs may
play a role in the process of gastrointestinal mucosal
healing and that Hp(2—20) acts as a promoter of muco-
sal healing by interacting with FPRs. Furthermore, we
were also able to detect increased expression of FPR/ in
TNBS-treated tissues and an effect of Hp(2-20) in
counterbalancing this phenomenon. We hypothesize
that the increased FPRI expression in colonic mucosa
of TNBS-treated rats could be ascribed to a protective
FPRI-mediated response activated by colonic mucosa
in response to injury. In fact, the innate immune recep-
tors exert a critical role in particular in the intestinal
mucosa in which they sense commensal and pathologic
microbial organisms and serve to maintain epithelial
barrier functions.'*?! Consistently with our results,
Chen et al. demonstrated that FPR2 was constitutively
expressed in mouse colonic epithelial cells and that dex-
tran sulfate sodium (DSS) intake increased the expres-
sion of mouse FPR?2 in epithelial cells.*® Thus, FPRs’
upregulation occurs in several organisms in response to
different injuries, at least at intestinal levels. This sug-
gests a compensatory response activated at epithelial
levels to improve the recovery of mucosal integrity.
Although to date we have not been able to assess the
receptor specificity of Hp(2-20), the reduced expression
of FPRI following Hp(2-20) treatment supports
the concept that rat FPRI could be downregulated by
its ligand interaction. However, blockade of specific
component(s) of the FPR family prior to Hp(2-20)
treatment would better corroborate our hypothesis.
Whether intestinal mucosa from CD patients has
higher levels of FPRs compared with normal intestine
is under evaluation in our lab as the effect of Hp(2-20)
on FPR expression in ex-vivo organ culture of human
intestinal mucosa.

Whether FPR ligands other than Hp(2-20) could
facilitate colonic mucosa restoration following TNBS
treatment has not been studied. Consistent with a fos-
tering role of FPRs and their ligands in the improve-
ment of colonic mucosal restoration, however, a
number of in vivo studies have demonstrated that: (i)
FPR-deficient mice displayed defective colonic healing
following DSS treatment;*° (ii) the synthetic peptide
mouse Trp-Lys-Tyr-Met-Val-D-Met (WKYMVm),
able to bind and activate all the three FPRs with dif-
ferent affinities, decreased DSS-induced bleeding score
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and colonic mucosa destruction in mice with ulcerative
colitis;>' (iii) cationic steroid antimicrobial 13 (CSA13)
administration ameliorated colitis-associated intestinal
fibrosis in mice by interacting with FPR2. Interestingly,
CSA13 displays a nature and function similar to that of
antimicrobial peptides such as Hp(2-20).>> Taken
together, these reports suggest that FPR ligands,
including fMLF, which is the main agonist to FPRs,
might be useful in the development of efficient thera-
peutic agents against chronic intestinal inflammatory
diseases.*

The evidence that Hp(2-20) accelerates colonic muco-
sal healing may partially explain the inverse association
between H. pylori infection and IBD. In fact, a large
amount of published data show that there is a low inci-
dence of H. pylori infection in patients with IBD com-
pared with normal controls.*** These data would have
greater value if proven by further epidemiological stu-
dies, especially in newly diagnosed patients with IBD.
The low incidence of infection in fact may partly be
due to the use of metronidazole and/or ciprofloxacin in
patients with IBD, especially in the setting of CD.

The armamentarium in the treatment of IBD
includes several drugs such as mesalazine, corticoster-
oids, antibiotics and immunosuppressive drugs. More
recently, biologic agents have been shown to be able to
lead to mucosal healing, an important target of IBD
therapy. Biologic agents are costly, however, and are
not completely without side effects. Therefore, it is
highly auspicious to search for agents that alone or in
combination with already known agents may prove of
use in treating IBD patients. We recently demonstrated
that a nutraceutical consisting of a polyphenol extract
from apple accelerated the healing of colonic damage
brought about by TNBS in rats.*® We here provide
evidence that a product deriving from a bacterium
that is harmful to the stomach exerts beneficial effects
in an inflammatory condition of the gastrointestinal
tract, decreasing mucosal damage both at the macro-
scopic and microscopic level and downregulating the
expression of inflammatory mediators. These results
increase our knowledge of the pathophysiological
mechanisms by which bacterial products accelerate
the reparative processes of gastrointestinal mucosa
and lead us to postulate that an FPR-dependent path-
way may be involved in the repair of inflamed colonic
mucosa, thus representing a possible target of interven-
tion. We may therefore envision the possibility that
Hp(2-20) in conjunction with other known agents
may have a therapeutic role in IBD.
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