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Summary

Literature reports describe kiwi fruit as a food with significant effects on
human health, including anti-oxidant and anti-inflammatory activity. Fresh
fruit or raw kiwi fruit extracts have been used so far to investigate these
effects, but the molecule(s) responsible for these health-promoting activities
have not yet been identified. Kissper is a kiwi fruit peptide displaying pore-
forming activity in synthetic lipid bilayers, the composition of which is
similar to that found in intestinal cells. The objective of this study was to
investigate the kissper influence on intestinal inflammation using cultured
cells and ex-vivo tissues from healthy subjects and Crohn’s disease (CD)
patients. The anti-oxidant and anti-inflammatory properties of kissper were
tested on Caco-2 cells and on the colonic mucosa from 23 patients with CD,
by challenging with the lipopolysaccharide from Escherichia coli (EC-LPS)
and monitoring the appropriate markers by Western blot and immunofluo-
rescence. EC-LPS challenge determined an increase in the intracellular con-
centration of calcium and reactive oxygen species (ROS). The peptide kissper
was highly effective in preventing the increase of LPS-induced ROS levels in
both the Caco-2 cells and CD colonic mucosa. Moreover, it controls the
calcium increase, p65-nuclear factor (NF)-kB induction and transglu-
taminase 2 (TG2) activation inflammatory response in Caco-2 cells and CD
colonic mucosa. Kissper efficiently counteracts the oxidative stress and
inflammatory response in valuable model systems consisting of intestinal
cells and CD colonic mucosa. This study reports the first evidence support-
ing a possible correlation between some beneficial effects of kiwi fruit and a
specific protein molecule rather than generic nutrients.
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Introduction

Kiwi fruit is widely reported as a functional food and a
nutraceutical source. Green kiwi fruit (Actinidia deliciosa) is
the most well-known species in the genus Actinidia; the
spread of other species, such as A. chinensis (gold kiwi fruit)
and A. arguta, is now gradually increasing. Among the
effects associated with the consumption of green kiwi fruit,
laxation activity is probably the most popular. Human trial
data support the public belief that this fruit is a safe and
effective dietary intervention for the treatment of constipa-
tion [1,2]. Kiwi fruit had already been used in ancient times
in some Asian geographical areas where Chinese traditional
medicine succeeded in treating different types of cancers,
especially cancers of the digestive system and of the

mammary gland, by kiwi therapy [3]. More recently, many
studies have been performed on different species of kiwi
fruit and have suggested that this food is endowed with
some additional health-promoting properties that may
influence human wellness. For instance, anti-allergic activ-
ity in ovalbumin-sensitized murine models has been
reported for extracts obtained from A. arguta [4,5]. Results
obtained by Abe and co-workers [6] suggest that green kiwi
fruit may exert beneficial effects against diabetes via its
ability to regulate adipocyte differentiation and function.
High levels of in-vitro anti-oxidant activity and protection
against oxidative DNA damage or oxidative stress have also
been described for green and gold kiwi fruit [7–9]. In addi-
tion, the anti-inflammatory properties of extracts from gold
and green kiwi fruit in in-vitro models comprising
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lipopolysaccharide (LPS)-stimulated macrophages or intes-
tinal epithelial cells have been reported recently [9].

Generally, the health-promoting effects of kiwi fruit have
been investigated using the whole fruit, and very little atten-
tion has been paid so far to the small peptides naturally
occurring in kiwi fruit and to their possible biological
effects on humans.

Kissper is a 4 kDa peptide found in variable amounts in
green kiwi fruit [10,11]. It derives from the proteolytic
cleavage of the precursor kiwellin, one of the most abun-
dant protein components of this fruit [12]. Kiwellin is a
20 kDa protein that may undergo in-vivo proteolytic pro-
cessing originating kissper and KiTH, corresponding to the
N- and C-terminal regions of the protein, respectively [13].
Actinidin, a thiol protease present in very high amounts in
green kiwi fruit, is responsible for the processing of kiwellin.
It was reported that kiwellin is an allergenic molecule.
However, immunoglobulin (Ig)E binding activity was
observed for KiTH, the C-terminal domain, and for the
entire molecule [13,14]; no IgE binding activity of the
peptide kissper has been observed so far. The functional
characterization demonstrated that kissper is endowed with
pH-dependent and voltage-gated pore-forming activity
characterized by anion selectivity and channelling in model
synthetic planar lipid membranes [10]. The capacity of
kissper to form channel-like pathways in a lipid bilayer
similar to that found in intestinal cells suggests a possible
influence of this food molecule on human gastrointestinal
physiology.

The study described here is within the framework of a
research programme focused on the analysis of possible
effects of the kiwi fruit peptide kissper on human health.
Our specific objective was the investigation of a possible
involvement of kissper in the modulation of oxidative stress
and inflammation of the gastrointestinal tract. The chronic
intestinal inflammatory disease objective of the present
investigation is Crohn’s disease (CD), characterized by a
chronic, segmental and recidivant inflammation of intestine
with ulceration and fissuration [15].

Oxidative stress modulation plays an important role in
the pathogenesis of inflammatory bowel diseases (IBD),
including CD [16]. High levels of reactive oxygen species
(ROS) induce activation of the redox-sensitive nuclear tran-
scription factor kappa-B (NF-κB) which, in turn, triggers
the inflammatory mediators [17,18].

The experimental system chosen to test the kissper func-
tion included human intestinal epithelial cells and cultured
biopsies of colonic mucosa from patients with CD.

Materials and methods

Kissper purification from green kiwi fruit

Kissper was purified following the already described proce-
dure [10], with few modifications. Briefly, ripe kiwi fruits

(A. deliciosa) were homogenized in water (1:1, w/v) by a
household blender. After centrifugation, the supernatant
was dialyzed against 10 mM Tris-HCl, pH 8·0, and loaded
onto a DE52 (Whatman, Brentford, UK) column equili-
brated in the same buffer. The column was eluted with
0·5 M NaCl in the equilibrating buffer, and aliquots of the
collected fractions were analysed by reverse-phase–high-
performance liquid chromatography (RP–HPLC). The
fractions containing kissper were dialysed against 10 mM
Tris-HCl, pH 8·0, and then loaded onto a Mono-Q HR
10/10 column, equilibrated in the same buffer. The column
was eluted by a linear gradient from zero to 0·3 M NaCl.
The fractions from Mono-Q were analysed by RP–HPLC,
and those containing kissper were concentrated by
ultrafiltration.

Chromatographic separation by RP–HPLC

Separation of the protein fractions by RP–HPLC was per-
formed on a Vydac C8 column (0·21 × 25 cm) using a
Beckman System Gold apparatus (Fullerton, CA, USA).
Elution was accomplished by a linear gradient of eluent B
(0·08% trifluoracetic acid in acetonitrile) in eluent A (0·1%
trifluoracetic acid) at a flow rate of 1 ml/min. The eluate
was monitored at 220 and 280 nm. The separated fractions
were collected manually and analysed as needed.

Amino acid sequencing

Amino acid sequencing of the N-terminal region of the
purified fraction of kissper was performed with an Applied
Biosystems Procise 492 automatic sequencer (Applied
Biosystems, Foster City, CA, USA), equipped with online
detection of phenylthiohydantoin amino acids. Protein
sequence analyses were performed using software available
on the ExPASy Bioinformatics Resource Portal (http://www
.expasy.org).

Kissper stability to the simulated gastric and
intestinal digestion

In-vitro gastric digestion of the purified peptide was per-
formed as described by Moreno et al. [19]. Kissper was
solubilized in simulated gastric fluid (SGF) (0·15 M NaCl
adjusted to pH 2 with 1 M HCl) before the addition of
pepsin (porcine pepsin; Roche Diagnostics GmbH,
Mannheim, Germany) at the enzyme/substrate ratio of 1:20
(w/w). The digestion was performed at 37°C. Aliquots were
taken at 0 and 120 min and analysed by RP–HPLC. Diges-
tion was stopped by raising the pH to 7·4 by addition of
50 mM Na-phosphate buffer pH 7·4.

For intestinal digestion, porcine trypsin and bovine
chymotrypsin (Roche Diagnostics GmbH) were used.
Simulated intestinal fluid (SIF) was prepared as described
in the United States Pharmacopeia [20], and consists of
a mixture of trypsin and chymotrypsin in 0·05 M
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K-phosphate buffer pH 6·8. Digestions were performed at
37°C, at an enzyme/substrate ratio of 1:50 (w/w), both for
trypsin and chymotrypsin. Aliquots of the digested samples
were withdrawn at 0 and 120 min and then loaded onto a
Vydac (Deerfield, IL, USA) C8 column for RP–HPLC analy-
sis using a Beckman System Gold apparatus.

Cell lines

Caco-2 cells, a human colonic epithelial cell line, were cul-
tured as recommended by the American Type Culture Col-
lection (ATCC, Manassus, VA, USA). Experiments were
initiated on days 14–15 after seeding and continued for
24–72 h, as the cells progressed through more mature stages
of differentiation.

Cell cultures

Cells were seeded onto 12-well plates at a density of
2–3 × 105 cells/cm2, then pretreated with kissper (10 μg/ml)
for 6 h and finally stimulated with Escherichia coli (EC-LPS,
1 μg/ml) for 24 h. The viability of the cells was estimated by
examining their ability to exclude Trypan blue using Coun-
tess® Automated Cell Counter (Invitrogen, Carlsbad, CA,
USA), according to the manufacturer’s instructions.

Patients and ex-vivo organ cultures

After informed consent, biopsy specimens were taken from
uninflamed colonic mucosal areas immediately next to
inflamed tissues of 23 patients with CD (mean age of
patients 25 years, range 16–41) some of whom also partici-
pated in a previous study [16]. The primary site of involve-
ment was ileocolonic in 13 patients and colonic in 10
patients. Normal controls (mean age 22·4 years, range
18–29) included mucosal samples, taken from six patients
with uncomplicated diverticular disease and six patients
with rectal bleeding due to haemorrhoids. Two to four
specimens from each patient were used for histology; the
other samples were cultured in vitro for 6 and 24 h with
medium alone, EC-LPS (1 μg/ml E. coli serotype O127: B8
lipopolysaccharide; Sigma-Aldrich, Milan, Italy) in the pres-
ence or absence of kissper 10 μg/ml.

Immunoblot

Experiments were carried out as described by Luciani et al.
[21]. Briefly, cells were washed in ice-cold phosphate-
buffered saline (PBS) and lysed with NP-40 lysis buffer (1%
NP-40, 150 mmol/l NaCl, 50 mmol/l Tris, pH 7·4,
10 mmol/l NaMoO4) at 4°C for 30 min. Protease inhibitors
were added to NP-40 lysis buffer to a final concentration of
1 μg/ml leupeptin, 2 μg/ml aprotinin, 50 μg/ml Pefabloc,
121 μg/ml benzamidine and 3·5 μg/ml E64. Cell lysates were
centrifuged at maximal speed in an eppifuge at 4°C, and

supernatants were collected. Cell lysates (50 μg) were
loaded, separated onto 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to nitrocellulose. After blocking for 2 h with
Tris-buffered saline (TBS)/Tween supplemented with 5%
non-fat dry milk, blots were incubated with trans-
glutaminase 2 (TG2) (clone CUB7402; NeoMarkers,
Fremont, CA, USA) and actin (rabbit polyclonal IgG; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) The primary
antibodies were counterstained using a horseradish
peroxidase-conjugated anti-IgG antibody (Amersham, Little
Chalfont, UK) for 60 min at room temperature. Proteins
were visualized by chemiluminescence (ECL Plus;
Amersham, GE Healthcare, Milan, Italy) and exposed to
X-OMAT film (Eastman Kodak, Rochester, NY, USA).
Protein concentrations were determined using a Bio-Rad
(Hemel Hempstead, UK) protein assay to ensure equal
protein loading prior to Western blot analysis.

Immunolocalization

Human tissue sections. Five-μm-thick cryostat sections were
fixed in acetone for 10 min. The sections were incubated
individually for 2 h at room temperature with the following
antibodies: human TG2 (clone CUB7402; NeoMarkers,
Fremont, CA, USA), phospho-p65(Ser536) (rabbit poly-
clonal; Cell Signaling Technology, Danvers, MA, USA),
cyclooxygenase-1 (COX-2) (rabbit polyclonal; Cell Signa-
ling Technology) and intercellular adhesion molecule 1
(ICAM-1) (rabbit polyclonal; Santa Cruz Biotechnology).
Antigen expression and distribution was visualized using a
donkey anti-rabbit IgG conjugated to Alexa Fluor 488 for
60 min at room temperature. Isotype control antibodies
(IgG1 or IgG2), isotype-matched non-immune Igs or
isotype-matched antibodies against inappropriate blood
group antigens were used as specificity control. Data were
analysed under fluorescence examination using a Leica fluo-
rescence microscope. COX-2 or ICAM-1-positive mononu-
clear cells (MNC) were counted per mm2 of mucosa.
Epithelial cells with nuclear p65 localization were counted
per 100 epithelial cells. Data were examined in a blind
fashion by two independent reviewers (I. R. and C. C.),
completely unaware of the culture conditions for prevent-
ing any bias in their observation.

In-situ detection of TG2 enzymatic activity

TG2 activity was performed by preincubating live cells with
biotin-MDC for 1 h at 37°C and then analysed by fluores-
cence examination using a Leica fluorescence microscope.

Calcium imaging

The cells were loaded with Fura-2 (30 min at 37°C) in
calcium imaging buffer, in accordance with the manufactur-
er’s instructions (Invitrogen, Molecular Probes, Monza,
Italy) [22].
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ROS detection. The cells or 5-μm cryostat sections
were pulsed with 10 μmol/l 5-(and-6)-chloromethyl-
2′7′-dichlorodihydrofluorescein diacetate acetyl ester
(CM-H2DCFDA) (Invitrogen, Molecular Probes). CM-
H2DCFDA, a ROS-sensitive probe, was used to track
changes in the cellular redox state. The cells were analysed
with a Wallac 1420 multi-label Counter (PerkinElmer,
Waltham, MA, USA) and detected by Leica fluorescence
microscopy.

Enzyme-linked immunosorbent assay (ELISA). Tumour
necrosis factor (TNF)-α secretion was measured using the
BD OptEIATM ELISA kit II (BD Biosciences, San Jose, CA,
USA), and transforming growth factor (TGF)-β1 was meas-
ured using the Boster Biological Technology (Abingdon,
UK) ELISA kit in accordance with the manufacturer’s
instructions. Protein concentrations of whole-cell lysates
were measured using the Bio-Rad Dc protein assay (Bio-
Rad). TNF-α and TGF-β1 levels were normalized to stand-
ard protein concentrations [23].

Statistical analysis

All the experiments were performed in duplicate and were
repeated at least three times. Group data from all experi-
ments are presented as means ± standard error (s.e.). One-
way analysis of variance (anova) was used for all the
statistical analyses among multiple groups. In another data
set, paired two-tailed Student’s t-test was used for statistical
analyses. Groups were compared by post-hoc Tukey–Kramer
test. A P-value of <0·05 was considered significant.

Results

Kissper purification from green kiwi fruit

Several ripe kiwi fruit batches were analysed in order to
assess the concentration of the peptide kissper in the
protein extracts. Analysis of the kissper content in the kiwi
fruit protein extracts was performed by RP–HPLC chroma-
tographic separation. The fruits containing high amounts of
peptide were selected and used as starting material for
kissper purification, following the procedure described in
the Materials and methods section. The purity of the prepa-
ration was checked by RP–HPLC analysis and N-terminal
amino acid sequencing. The absence in the HPLC profile of
peaks different from that of kissper suggested high purity of
the peptide preparation, confirmed by N-terminal amino
acid sequencing showing a single sequence.

Treatment of kissper with gastrointestinal proteases

Peptide kissper was treated with SGF and SIF. Analysis by
RP–HPLC of all the aliquots taken at 0 and 120 min of

incubation showed a single peak eluted at the retention
time of the native peptide, thus indicating that kissper was
resistant to the treatment with pepsin, trypsin and
chymotrypsin. The absence of proteolytic cleavages was also
confirmed by N-terminal amino acid sequencing analysis of
the aliquots taken at 120 min of incubation, where only the
N-terminal sequence of the native peptide was obtained.

Kissper effect on oxidative stress in Caco-2 cell lines
and CD colonic mucosa

Caco-2 cells were pulsed with EC-LPS and 10 mmol/l
CM-H2DCFDA in the presence or absence of kissper. ROS
levels were monitored after 24 h of challenge (Fig. 1a). We
observed a decrease of intracellular ROS levels in Caco-2
cells in the presence of kissper. Figure 1b shows that in
Caco-2 cells calcium concentration was significantly differ-
ent before and after EC-LPS treatment, indicating a possible
mitochondrial damage. The addition of kissper modulates
intracellular calcium increase in Caco-2 cells. We also evalu-
ated the cell viability with or without kissper treatment. We
observed a 72·3% of viability for the cells treated with
medium only (7·2 × 105 total number of cells), 84% of
viability for the cells treated with kissper and 75% of viabil-
ity for cells treated with mock peptide (5·31 × 105 and
5·4 × 105 total number of cells, respectively). No significant
difference was noted among the sets of experiments. Also,
CD colonic mucosa before challenge showed higher ROS
levels than controls. EC-LPS challenge led to an increase in
ROS levels after 24 h of incubation in CD colonic mucosa,
but not in controls (Fig. 2a). Moreover, treatment of CD
colonic mucosa with kissper was highly effective in prevent-
ing EC-LPS-induced ROS levels (Fig. 2a).

Kissper effect on ROS-mediated NF-kB activation in
CD colonic mucosa upon challenge with EC-LPS

We investigated the effect of kissper in controlling NF-kB
activation in CD colonic mucosa. Increased levels of p-65
nuclear localization were observed in EC-LPS-treated CD
colonic mucosa. Pretreatment of cultured biopsies (Fig. 2b)
with kissper was highly effective in controlling EC-LPS-
induced p-65 nuclear localization. To determine whether or
not kissper is able to switch off the mucosal inflammation
in human EC-LPS-stimulated CD colonic mucosa, we also
analysed the release of proinflammatory cytokines, such as
TNF-α and COX-2 or ICAM-1 expression, by mucosal
mononuclear cells. After 24 h of incubation, EC-LPS also
induced an increase of ICAM-1 and COX-2 expression in
CD colonic mucosa compared with samples cultured in
medium alone. The proinflammatory cytokine TNF-α
release and increased expression of ICAM-1, COX-2 follow-
ing challenge with EC-LPS was controlled efficiently by
kissper in CD colonic mucosa (Fig. 2c,d). Minimal TNF-α
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up-regulation and release, ICAM-1 and COX-2 were
observed in controls after challenge with EC-LPS (data not
shown).

Effect of kissper on TG2 expression in Caco-2 cell lines
and CD mucosa

We evaluated the effect of kissper in controlling ROS-
mediated TG2 activation. Immunofluorescence experiments
carried out on CD colonic mucosa treated with EC-LPS
show a decrease of TG2 protein expression. In fact, the
increase of TG2 protein and activity in CD colonic mucosa
was lowered by the addition of the kissper peptide (Fig. 3a).
Also, Western blot analysis showed a decrease of TG2
protein expression in the presence of kissper, not observed
in the control sample where the kiwi fruit peptide was
absent (Fig. 3b). Moreover, we observed a decrease of
TNF-α levels in Caco-2 cells (Fig 3c) and an increase of
TGF-β1 levels in the supernatant of organ and cell cultures.
In particular, our results demonstrate a 31% increase of
TGF-β1 levels (pg/ml) in the supernatant of cells treated
with kissper compared to that observed in cells treated with
medium alone. The result was confirmed, although with a
lower magnitude, in the organ culture, where we observed a
6% increase of TGF-β 1 levels in the supernatant of colonic
biopsies treated with kissper compared with those not
treated.

Discussion

The isolation and characterization of molecules associated
with the specific biological effects of kiwi fruit appears to be

an important goal, which might enlarge our knowledge
about a possibly safe pharmacological use of naturally
occurring drugs. Many studies indicate kiwi fruit as a
health-promoting food and generally correlate the ascribed
positive effects on human health to the high content of
anti-oxidant compounds such as ascorbic acid, polyphenols
and fibres [1,2,8,24]. Recently, the anti-inflammatory prop-
erties of kiwi fruit extracts on LPS-stimulated macrophages
or intestinal epithelial cells were reported [9]. Raw kiwi fruit
extracts were used for these experiments, therefore the mol-
ecule(s) responsible for the anti-inflammatory effect remain
unknown.

To our knowledge, this study represents the first evidence
supporting the hypothesis that some beneficial effects of
kiwi fruit could be correlated with a specific protein mol-
ecule, rather than to nutrients such as vitamins or to generic
classes of compounds, namely polyphenols and fibres. The
strong resistance to gastric and intestinal proteolysis sug-
gests that kissper could travel safely through the digestive
system. This observation adds further support to the
hypothesis that this molecule could affect human gastroin-
testinal physiology.

The inflammatory response is a complex event involving
different cell types interacting within their natural environ-
ment. The ex-vivo colonic mucosa culture model is a useful
tool to investigate inflammatory conditions and potential
strategies to modulate the inflammatory response [25,26].
The models used in this study represent a good approxima-
tion to in-vivo studies, as in cultured biopsy tissues all the
anatomical connections are retained and all the cell types
(epithelial, myeloid, lymphoid) interact in their natural
environment.
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Fig. 1. Kissper controls calcium release

and reactive oxygen species (ROS)

production in intestinal epithelial cells.

(a) Immunofluorescence of intracellular ROS

[chloromethyl-2′7′-dichlorodihydrofluorescein

diacetate acetyl ester (CM-H2DCFDA, top

panel] or a Wallac 1420 multi-label counter (a,

bottom line) DCF, 5-(and-6)CM-H2DCFDA).

Values are means ± standard error (SE), n = 6.

Asterisks indicate that means differ from

samples cultured with medium. *P < 0·05. (b)

Caco-2 cells were loaded with Fura-2AM.

[Ca2+] imaging pseudocolour ratiometric

images. Colours correspond to the scale of

[Ca2+]i increase. Red, high [Ca2+]i contents.

(b, bottom line) Quantification of results from

three independent experiments is shown in the

histogram. Values are means ± standard error

(s.e.). Asterisks indicate that means differ from

samples cultured with medium alone. *P < 0·05.
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At the molecular level, the inflammatory process includes
up-regulation of the cellular concentration of ROS, calcium
ions and specific molecules, such as TNF-α, TG2, COX-2
and ICAM-1, as well as activation of the transcription factor
NF-κB by means of the phosphorylation of the p65
subunit. These molecules have been used as markers to
monitor the capacity of the kiwi fruit peptide to counteract
the EC-LPS-induced inflammatory response in Caco-2 cells
and human colonic tissues.

The calcium and ROS signalling systems are integrated,
such that calcium-dependent regulation of components of
ROS homeostasis might influence intracellular redox status
and vice versa [27–29]. Transcription factor NF-κB is the
most extensively studied intracellular pathway, being a
target of ROS and oxidative stress [30]. This factor is found
in cytoplasm and is bound to IkB, which prevents it from
entering the nuclei [31]. When cells are stimulated, specific
kinases phosphorylate IkB, causing its rapid degradation by

proteasomes [31]. The activation of NF-κB acts on genes
for proinflammatory cytokines, chemokines, enzymes that
generate mediators of inflammation, immune receptors and
adhesion molecules that play a key part in the initial
recruitment of leucocytes to the sites of inflammation. One
of the results reported here shows that kissper can control
the calcium content in EC-LPS stimulated Caco-2 cells, thus
suggesting that this food molecule could play a role in the
modulation of the pathway linking oxidative stress, activa-
tion of NF-kB and inflammation.

Kissper efficiently counteracted the ROS increase in a
context of cell and biopsy model after EC-LPS challenge,
used as trigger of ROS overproduction. Similarly, it was able
to control the levels of TG2, the expression of which can be
considered a link between oxidative stress and inflamma-
tion. TG2 plays an important role in mitochondrial physiol-
ogy, and increased tissue levels of this protein have been
described in a number of human diseases [32–35]. The
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Fig. 2. Effect of kissper in the control of

mucosal inflammation. (a) Reactive oxygen

species (ROS) levels in control (n = 12) and

Crohn’s disease (CD) colonic mucosa (n = 23)

before challenge and after challenge with

medium alone, medium with Escherichia

coli-lipopolysaccharide (EC-LPS) or EC-LPS

with kissper. Values are means ± standard

deviation (s.d.). Asterisks indicate that means

differ from control samples, *P < 0·05 versus

control by analysis of variance (anova). (b)

Number of epithelial cells with p65 nuclear

localization per 100 epithelial cells in control

(n = 12) and CD colonic mucosa (n = 23) before

and after challenge with medium alone,

medium with EC-LPS or EC-LPS and kissper

following 24 h of incubation. Values are

means ± s.d. *P < 0·05 versus control by anova.

(c) Tumour necrosis factor (TNF)-α protein

after challenge with medium alone, medium

with EC-LPS or EC-LPS with kissper following

24 h of incubation. Values are means ± s.d. of

three experiments. *P < 0·05 versus control by

anova. (d) Immunofluorescence of

cyclooxygenase 2 (COX-2) and intercellular

adhesion molecule 1 (ICAM-1) and number of

COX-2- and ICAM-1-positive lamina propria

cells per mm2 of mucosa in CD colonic mucosa

(n = 23 after challenge with medium alone,

medium with EC-LPS or EC-LPS and kissper

following 24 h of incubation. Scale bar, 10 μm.

Values are means ± s.d. of three experiments.

*P < 0·05 versus control by anova.
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present study demonstrates that this kiwi fruit peptide
determines a decrease of TG2 protein and activity
expression in EC-LPS-stimulated Caco-2 cells and CD
colonic mucosa. In addition, kissper reduces NF-kB p65
phosphorylation and release of proinflammatory cytokines,
such as TNF-α and COX-2 or ICAM-1, by mucosal
mononuclear cells, thus restoring the pattern observed in
their controls after challenge with EC-LPS of CD colonic
tissues. Similarly, pretreatment with the kiwi fruit peptide
controls ROS-mediated NF-kB p65 activation and induces
an increase of TGF-β1 levels in colonic mucosa and intesti-
nal epithelial Caco-2 cells after challenge with EC-LPS.

In conclusion, the data reported here suggest a beneficial
effect of this kiwi fruit peptide on the physiology of human
intestine. It is important to underline that the present study

provides convincing data concerning the non-toxicity and
the protective effect of kissper, and in-vivo studies can
be planned safely. Therefore, kissper appears to be a
novel molecule that deserves attention and stimulates the
implementation of further studies to define more clearly its
anti-inflammatory effect on the physiological and patho-
logical conditions of the gastrointestinal tract, as well as to
evaluate a possible pharmaceutical use of this molecule in
the therapy of intestinal inflammatory diseases.
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Fig. 3. Kissper modulates transglutaminase 2

(TG2) expression in Crohn’s disease (CD)

colonic mucosa and Caco-2 cells. (a)

Immunofluorescence analysis of TG2 protein

(green) and activity (red) expression in CD

colonic mucosa challenged for 6 h and other

24 h with Escherichia coli-lipopolysaccharide

(EC-LPS) in the presence or absence of kissper.

Incubation with kissper reduces the TG2

expression and activity in EC-LPS-challenged

CD biopsies. (b) Immunoblot analysis of TG2

in Caco-2 cells after 24 h of challenge with

EC-LPS. β-actin was used as loading control. (b,

bottom line) Densitometric analysis of the band

intensity. Values are means ± standard deviation

(s.d.) of three experiments. (c) Tumour necrosis

factor (TNF)-α protein after challenge with

medium alone, medium with EC-LPS or

EC-LPS with kissper following 24 h of

incubation. Values are means ± s.d. of three

experiments. *P < 0·05 versus control by analysis

of variance (anova).
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