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ABSTRACT

Objective: Celiac disease is an immune-mediated disease of the intestine triggered by gluten.
Gluten elicits, in genetically susceptible individuals, cytokine responses that are then transmitted
to the immunocompetent cells. Vegetables and fruit have anti-inflammatory and antioxidant prop-
erties with a protective effect on intestinal epithelium. Kiwifruit is known to have beneficial effects
on the intestinal tissues, and it is the only plant food containing the peptide kissper, with anti-
inflammatory properties. The aim of this study was the evaluation of the kissper effect on the
gluten-induced inflammation in celiac disease.

Methods: We used an in vitro model of intestinal culture explant from celiac disease patients and
non-celiac disease patients, cultured for 24 hours with the toxic gliadin peptide P31-43 and kissper
preincubation.

Results: Our data showed HLA-DR and TG2 reduction in the celiac disease mucosa pretreated
with kissper, as well as a reduction of COX-2 in two patients. No differences we observed for the
TGF-b1 and IL-15 levels in supernatants upon kissper pretreatment.

Conclusions: The preliminary results suggest that kissper has a potential anti-inflammatory role in
celiac disease.
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Introduction hyperexpressed in intestinal epithelium and lamina propria
of untreated celiac patients compared with healthy controls
and patients who follow a gluten-free diet (6).

Transforming growth factor beta (TGF-f1) signaling also
increases, counteracting the proinflammatory signals. TGF-f1
seems to have an important role in the control of mucosal
inflammation in CeD, as well as in inducing oral tolerance
and mucosal immunoglobulin (Ig) A responses (7, 8).

Some food components, including plant polyphenols,
vitamins, and fatty acids, may have a role in the nutritional
therapy of gut inflammation (9, 10). Among plant foods,
kiwifruit is one of the best sources of antioxidants, such as
vitamin C, polyphenols, and superoxide dismutase (SOD)-
like activity component (11). In fact, it seems that the con-
sumption of a kiwifruit (100-150g) is sufficient to provide
the entire daily dosage of antioxidants recommended for the

Celiac disease (CeD) is a food-intestinal disease frequently
observed in Western countries (1%). The disease occurs in
genetically predisposed people positive for either human
leukocyte antigen DQ2 or human leukocyte antigen DQ (1).
The disease is related to the intake of gluten, contained in
wheat, rye, and barley. The gluten contains the soluble glia-
dins and the insoluble glutenins. As reported, “The extracel-
lular matrix enzyme tissue transglutaminase 2 (TG2)
selectively modifies gliadin peptides, through deamidation
inducing the adaptative immune response. These modified
peptides have an elevated affinity for human leucocyte anti-
gen (HLA) DQ2 and DQS8 molecules that cause the T cell
activation and finally the mucosa damage (2, 3). In our in
vitro study, however, we use the P31 -43 peptide (from
alpha-gliadin) which induces the inflammation through the

innate immune response pathway in mucosal explants from
celiac patients, as already shown in several previous studies”
(4). During the inflammatory process, the intestinal surface
expresses proteins such as human leukocyte antigen-antigen
D related (HLA-DR) and cyclooxygenase 2 (COX-2) and the
interleukin-15 (IL-15) production increases, delivering sig-
nals that drive chronic inflammation (5). In fact, IL-15 is

human diet. Several health-promoting effects have been
associated with kiwifruits, such as anticancer and antimicro-
bial activity (12), protection against DNA damage (13), car-
diovascular protective properties (14), and antidiabetic
function (15). Kiwifruit is a plant food displaying some
molecular peculiarities. In fact, kiwifruit also contains pro-
tein molecules not reported in other fruits so far. For
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instance, the nutraceutical peptide kissper (16) has been
detected in green kiwifruit only. Kissper is a 39-residue
peptide deriving from the proteolytic processing of the pre-
cursor kiwellin, a two-domain protein (17) found in very
high amounts in kiwifruit (18, 19). The protease actinidin
7catalyzes the kiwellin processing, thus producing KiTH and
kissper, corresponding to the C-terminal and N-terminal
domains, respectively (20). The kissper showed antioxidant
and anti-inflammatory activities in experiments carried out
in human models such as cultured intestinal cells and ex
vivo colonic tissues from subjects suffering from Crohn’s
disease (21). However, the effect of kissper in Crohn’s dis-
ease was impressive and we hypothesized it might work also
in more site of the gut and possibly also in a different type
of inflammation. As matter of fact, the kissper, like other
dietary components, may exert some effects on inflamma-
tion in the gut by a nonspecific mechanism. Other substan-
ces (cranberry, for example) have a similar nonspecific effect
(9-16). The hypothesis is made that a modification of nutri-
tion, adding a nutraceutical food, may be useful in any gut
inflammatory condition, such as inflammatory bowel disease
(IBD) and celiac disease.

In this study, we aimed to investigate the effect of the
kiwifruit peptide kissper in controlling the inflammation in
CeD intestinal mucosa. For this purpose, the capacity of
kissper to counteract the gluten-related inflammation was
investigated in duodenal mucosa from CeD patients and
non-CeD patients by immunodetection of the level of spe-
cific molecular markers of inflammation.

Materials and methods
Kissper purification from green kiwifruit

Kissper was purified from green kiwifruits (Actinidia deli-
ciosa) available on the market. Several batches were pur-
chased, and the concentration of this peptide was analyzed
in each one. A fruit batch containing a significant amount
of kissper was selected and used for its purification, which
was obtained following the already reported procedure (16)
with a few modifications. Briefly, 300g of kiwifruits was
homogenized by a household blender. The centrifugate
supernatant was dialyzed against 10 mM Tris-HCl, pH 8.0,
and loaded onto a DE52 (Whatman, Brentford, UK) column
(2.5 x 18 cm) equilibrated in the same buffer. The column
was eluted with increasing ionic strength using 0.5M NaCl
in the equilibrating buffer and aliquots (0.2ml) of the col-
lected 3-ml fractions were analyzed by reverse-phase high-
performance liquid chromatography (RP-HPLC) (16).

The fractions containing kissper were dialyzed against
10mM Tris-HCI, pH 8.0, and then the peptide was further
purified by fast protein liquid chromatography (FPLC)
(Amersham-Pharmacia, Milan, Italy) carried out on a
Mono-Q HR 10/10 column (Amersham-Pharmacia), equili-
brated in the same buffer. The column was eluted with a
linear gradient from zero to 0.3M NaCl, at a flow rate of
3 ml/min, recording the absorbance at 280 nm, collecting 3-
ml fractions (16). The fractions from Mono-Q were analyzed
by RP-HPLC by loading 0.1ml of fractions showing

absorbance at 280nm, and those containing kissper were
dialyzed against 2mM NaCl and concentrated to 1 mg/ml by
ultrafiltration on Ultracel 3K Amicon Ultrafilters (Millipore,
Carrigtwohill, Ireland).

Analysis of the kissper preparation purity

The peptide preparation was considered pure and therefore
suitable for the functional studies when it appeared free of
any contaminant molecule. The purity of the peptide prepar-
ation was analyzed by RP-HPLC and N-terminal amino acid
sequencing. The RP-HPLC separation showed a single peak
in the chromatographic profile, thus indicating the absence
of contaminant molecules. Amino acid sequencing of the N-
terminal region of the purified kissper was performed with
an Applied Biosystems Procise 492 automatic sequencer
(Applied Biosystems, Foster City, CA), equipped with online
detection of phenylthiohydantoin amino acids (16). Briefly,
a peptide solution at the concentration of 1mg/ml was
diluted 1:1 with distilled water. Four microliters, containing
2 g of kissper, was picked up from the 0.5mg/ml peptide
solution and loaded on the automated amino acid sequen-
cer. Ten sequencing cycles, based on Edman degradation
chemistry, were run and the following amino acid sequence
was obtained: ISSCNGPCRD. This sequence allowed the
unequivocal identification of kissper. In fact, the homology
search performed using the sequence ISSCNGPCRD and the
BLAST algorithm, on the expasy website www.expasy.org),
showed that the only kiwifruit protein molecule having this
N-terminal sequence was kissper. In addition, the results
obtained from the automated sequencing showed the
absence of contaminant amino acids. Hence, they also con-
firmed the purity of kissper preparation.

Patients and ex vivo organ culture

After informed consent, 10 patients with suspected celiac
disease (positive serology) on a gluten-containing diet (25
(m+7.039), range 16-41 years) (CeD group) and 4 patients
complaining gastro-oesophageal reflux (24.2 (m*4.85),
range 18-29 years) (non-CeD group) underwent endoscopy
and multiple biopsies in the second and third part of the
duodenum. After excision, each biopsy was placed in a tube
with NaCl 0,9% and then analyzed using a dissecting micro-
scope for a correct orientation. Five duodenal fragments
were collected from each patient. Two fragments were ori-
ented on Whatmann paper for routine histology. The
remaining 3 fragments were placed in the ice-cold tissue-
culture medium within 20 minutes. After that, each biopsy
was sliced into 3 approximately equal sized pieces using a
scalpel. The piece was placed on a stainless-steel mesh, posi-
tioned over the central well of an organ culture dish
(Falcon, USA) with the villous surface of the biopsies upper-
most. The well was then filled with culture medium at 37°C
so as to just reach the cut surface of the biopsies. Twenty
milliliters of culture medium consisted of DMEM F12
(16 ml), fetal calf serum (3ml), penicillin at 50,000 IU, and
streptomycin at 5000 IU. The dishes were placed in a sterile
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anaerobic jar, which was gassed with 95% oxygen/5% carbon
dioxide for 30 minutes before being sealed and incubated at
37°C (22, 23) Biopsies were incubated in medium with the
addition of bovine albumin solubilized in 2mM NaCl
(10 pg/ml), P31-43 (1 mg/ml), which is a non-immunodomi-
nant peptide derived from digestion of the gliadin (known
to induce small intestine damage in celiac disease) and with
and without the addition of kissper at a final concentration
of (10 pg/ml). After 24hours in culture the tissue was snap
frozen in liquid nitrogen and stored at —-80°C. All subjects
gave their informed consent for inclusion before they par-
ticipated in the study. The study was conducted by the
Declaration of Helsinki, and the protocol was approved by
the Ethics Committee of Campania Sud (n_63 r.p.s.o. 19/
10/2015).

Immunostaining of tissues

Five-micrometer-thick cryostat mucosal sections were fixed
in acetone for 10 minutes. The sections were incubated indi-
vidually for 2hours at room temperature with the following
antibodies: human tissue transglutaminase 2 (TG2,
clone + CUB7402; NeoMarkers, Fremont, CA) and HLA-DR
(BD, Becton, Dickinson, Milan, Italy). Antigen expression
and distribution were visualized using a donkey anti-rabbit
IgG conjugated to Alexa Fluor 488 for 60 minutes at room
temperature. Subsequently, tissue sections of culture explants
were incubated for 5 minutes with DAPI (Invitrogen, diluted
1:1000 with deionized water) and then mounted with
Mounting media (using glycerol and phosphate-buffered
saline [PBS] at 5:1 v/v ratio).

Data were analyzed under fluorescence examination using
an epifluorescent Leica DM4000B microscope. Images were
captured using a Leica DFC300 FX camera (obj. 20x) and
imaging software. The filters used are Filter cube A: MicFilt:
A; Exci: UV, Excitation Filter BP 340-380; Dichromatic
Mirror: 400; SuppressionFilter LP425. Filter cube 13: MicFilt
13; Exci: blue; Excitation Filter BP 450-490; Dichromatic
Mirror 510; Suppression Filter LP515. In our experiments,
we used DAPI, a blue-fluorescent dye with excitation ideally
suited to 405nm and Alexa Fluor 488 for TG2 and HLA-
DR; this dye is a bright, green-fluorescent dye with excita-
tion ideally suited to the 488-nm laser line.

Evaluation of immunofluorescence intensity

The intensity of immunofluorescence was scored from 0 to
3 for each one of the markers analyzed as reported (24).
Intensity score of HLA-DR was based on the cellular local-
ization of its expression (0, no expression; 1, expression in
the basolateral membrane; 2, expression in the basolateral
membrane and cytoplasmic compartment; 3, expression in
basolateral membrane, cytoplasmic compartment, and apical
membrane). Therefore, the higher the score, the higher is
the expression (and quantity) of the marker examined. The
evaluation of HLA-DR expression focused on villous entero-
cytes at time point 3 hours and on crypt enterocytes at time
point 24 hours, respectively. The intensity score of TG2 was
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based on the expression of this marker below the basement
membrane (along with the villous or along the crypt or
around mucosal vessels). For each of the markers, the chal-
lenge was considered positive when the intensity score in
gliadin-exposed samples was at least 1 unit higher than the
intensity score in blank samples. For example, the challenge
was considered positive if the intensity score was 0 in the
blank sample and 1 or higher in the gliadin-exposed sample.
The intensity score was graded 1 in the blank sample and 2
or higher in the gliadin-exposed sample. On the other hand,
the challenge was considered negative if the intensity score
was 0 in the blank samples and the gliadin-exposed sample,
as well as if the intensity score was 1 in the blank sample
and 1 or lower in the gliadin-exposed sample, and so on
(25). The evaluation of immune staining was independently
analyzed in a blinded manner by two observers (IR and
CDG); the results were compared afterward (24).

Western blotting analysis

The intestinal explants specimen were lysed in buffer
(50 mmol/L Tris-HCl, pH 8.0), with 150 mmol/L NaCl, 0.1%
sodium dodecyl sulfate (SDS), 1% NP40, supplemented with
protease and phosphatase inhibitors (CalbioChem). The pro-
teins present in the supernatants were quantified with the
Bradford method assay (Biorad). Samples of 40 g total pro-
teins from intestinal biopsy preparation were applied to 10%
sodium dodecyl sulfate/polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred onto nitrocellulose mem-
brane (Biorad). Blotting membranes were incubated with
blocking solution with 5% nonfat dried milk powder dis-
solved in Tris-buffered saline Tween-20 (TBST) buffer (pH
7.5, 10mmol/L Tris-HCl, 150mmol/L NaCl, and 0.1%
Tween20) for 1hour at room temperature, washed 3 times,
and then incubated with mouse monoclonal antiTG2,
(Novus Biologicals, cat. NB100-79920; 1:5000 dilution) and
COX-2 (Life Technologies, 1:1000) in TBST, overnight, at
4°C. After 3 washes with TBST buffer, the membranes were
reincubated for 1hour with horseradish peroxidase-linked
goat anti-mouse secondary antibody (Immunoreagents, Inc.,
1:2000 dilution). Internal control was carried out using
p-actin rabbit antibody (ABM, catalogue number Y080025;
1:1000 dilution). The membranes were then processed by
using Chemidoc (Bio-rad, Laboratories S.r.l., Segrate, MI)
and treated with enhanced chemiluminescence Western
blotting detection reagents (Clarity Western ECL Substrate,
Biorad, catalogue number 170-5060). The films were
scanned, and the band’s densitometry analysis was
performed by using the Image] software for the relative
level of the protein quantification (Image ] 1.4r free
Internet version).

Enzyme-linked immunosorbent assay (ELISA)

IL-15 was measured using the Boster Biological Technology
(Abingdon, UK) by the manufacturer’s instructions. TGF-f1
was measured using the Elabscience kit (Houston, TX).
Protein concentrations of whole-culture supernatants were
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Figure 1. HLA-DR expression in the intestinal culture explant (immunofluorescence assay) from 1 representative experiment of CeD patient and 1 non-CeD patient.
(A, B, C) CeD patient: (A) HLA-DR expression (green) (medium condition); (B) HLA-DR expression in the presence of P31-43; (C) HLA-DR expression after pretreatment
with kissper at 10 ng/ml and P31-43. DAPI nuclear counterstains, blue. (D-E-F, non CeD patient): (D) HLA-DR expression (green) (medium condition) in non CeD
patient; (E) HLA-DR expression in the presence of P31-43; (F) HLA-DR expression after pretreatment with kissper at 10 pg/ml and P31-43. DAPI Nuclear
Counterstains, blue. (G, H, 1) CeD patient: (G) TG2 expression (green) (medium condition); (H) TG2 expression in the presence of P31-43; (I) TG2 expression after pre-
treatment with kissper at 10 pg/ml and P31-43. DAPI nuclear counterstains, blue. (J, K, L) Non-CeD patient: (J) TG2 expression (green), in medium condition; (K) TG2
expression in the presence of P31-43; (L) TG2 expression after pretreatment with kissper at 10 mg/ml and P31-43. DAPI nuclear counterstains, blue.
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Figure 2. Fluorescence intensity scores of HLA-DR and TG2 expression in CeD patients and non-CeD patients during medium condition, treatment with P31-43 and
pretreatment with kissper at 10 mg/ml and P31-43. The intensity scores of fluorescence expression for HLA-DR and TG2 during mucosal duodenal challenge with
P31-43 significantly decrease with the preincubation with kissper in CeD patients compared to non-CeD patients (repeated-measure ANCOVA, with intensity scores
of duodenal mucosa incubated with the medium only as covariate, p < 0.01). Values are expressed as mean + SD; asterisk indicates p values were considered statis-

tically significant when lower than 0.05.

measured using the Tecan Sunrise RC. Proteins levels were
normalized to standard protein concentrations.

TGF-f1 assay characteristics included reactivity: human
detection; range: 31.25-2000 pg/ml; and sensitivity: 18.75pg/
ml. The optical density (OD value) of each well was deter-
mined at once with a microplate reader set to 450 nm. TMB
reaction followed the incubation at 37°C for 15-20 minutes
(Bradford assay). The IL-15 assay characteristics were reactiv-
ity of human detection, range 15.6 pg/ml-1000pg/ml, and
sensitivity <3 pg/ml. TMB reaction followed the incubation at
37°C for 15-20 minutes. Then the OD absorbance at 450 nm
in a microplate was read (spectrophotometric detection.).

Statistical analysis

Categorical and continuous variables were expressed as fre-
quency and mean*SD, respectively. The comparisons
between CeD patient and non-CeD patient groups were

assessed using different inflammatory markers during the
P31-43 treatment and P31-43 + kissper treatment of duodenal
mucosa using a repeated-measure analysis of covariance
(ANCOVA) model (26). The value of the intensity score
obtained from duodenal mucosa incubated with medium only
was used as the covariate to account for the potential effects of
differences between the two groups (25). The p values were
considered statistically significant when lower than 0.05.

Results

Evaluation of HLA-DR and TG2 expression in the
intestinal tissues of CeD and non-CeD patients

Experiments carried out on CeD patients’ duodenal mucosa
showed that the expression of HLA-DR, highlighted by the
green fluorescence, increased after the treatment with the
gliadin peptide P31-43 (Figure 1B), compared to CeD
patients’ duodenal mucosa incubated with the medium only
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Table 1. Intensity Scores of HLA-DR, TG2, IL-15, and TGF- 1 in Medium Condition, After P31-43 and P31-43 + Kissper.

CeD patients

Non-CeD patients

HLA-DR (n = 10) Medium P31-43 P31-43 + kissper
1.05 + 0.15 2.52 £ 0.39 153 + 048

TG2 (n = 10) 1.05 £ 0.15 2.48 + 0.36 161 £0.38

IL-15 (n = 8). pg/ml 272 £ 1.4 2.78 £ 1.25 2.60 + 0.82

TGF- 1 (n = 6). pg/ml 2021 + 193.00 1929.3 + 188.8 2033 + 196.05

HLA-DR (n = 4) Medium P31-43 P31-43 + kissper
1.05 £ 0.15 1.03 £ 0.075 1.07 £ 0.15
TG2 (n = 4) 1.05 + 0.10 1.055 + 0.1 1.1 +£0.20
II-15 (n = 3) 0.6 = 0.00 0.6 = 0.00 0.6 = 0.00
TGF- 1 (n = 4) 1877.25 + 159.91 2071.0 £ 201.0 2002.25 + 108.7

Note. Data are expressed as mean + SD.
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Figure 3. Western blot analysis of COX-2 and TG2 in intestinal culture explants:
(1) Stimulation only with the culture medium; (2) stimulation with P31-43; (3)
pretreatment with kissper and P31-43 stimulation. Representative data from a
single CeD patient.

(Figure 1A). The HLA-DR expression induced by the gluten
challenge with P31-43 strongly decreased when Kissper
(10 pg/ml) was added. Specifically, Figure 1C shows that the
green fluorescence intensity decreased in villous enterocytes
and crypt epithelial cells.

Similarly, the expression of TG2, highlighted by the green
fluorescence, increased after treatment with the gliadin pep-
tide P31-43 (Figure 1H), compared to CeD patients’ duo-
denal mucosa incubated with the medium only (Figure 1G).
Figure 1I shows that preincubation with kissper (10 pg/ml)
caused a reduction of duodenal mucosa TG2 expression. In
particular, a high increase in staining of TG2 after P31-43
stimulation was seen within the subepithelial region of the
lamina propria, extracellular matrix, and enterocytes, and
this staining decreased after the preincubation with kissper.
Figure 1 (parts D, E, F: HLA-DR; and parts ], K, L: TG2)
shows the HLA-DR and TG2 expression in non-CeD
patients in which we did not see differences between duo-
denal mucosa treated with P31-43 and the duodenal mucosa
treated with P31-43 after preincubation with kissper. We
added also the treatment with kissper alone and albumin,
which are presented as supplemental material.

See the Materials and methods section for the score
interpretation.

Comparisons of HLA-DR and TG2 expression
between groups

In the comparisons between groups, the intensity scores of
fluorescence expression for HLA-DR and TG2 during muco-
sal duodenal challenge with P31-43 significantly decrease
with the preincubation with kissper compared to non-CeD
patients (repeated-measure ANCOVA p<0.01), shown in
Figure 2 (A and B) and Table 1.

Evaluation of TGF- i1 and IL-15 levels in the
supernatants of intestinal tissues from CeD and non-
CeD patients

Experiments carried out on CeD patients’ duodenal mucosa
showed that there were no differences in TGF-f1 and IL-15
concentration levels of supernatants among CeD patients’
duodenal mucosa incubated with the medium only, CeD
patients’ duodenal mucosa challenged with P31-43, and
those challenged with P31-43 preincubated with kissper
(10 pg/ml).

Similarly, non-CeD patients did not show any differences
in TGF-f1 and IL-15 concentration in duodenal mucosa
incubated with medium only, treated with P31-43, and
treated with P31-43 after preincubation with kissper.

Comparisons of IL-15 and TGF-f1 levels between groups

In the comparison between groups the intensity score of IL
15 is significantly higher in CeD patients compared to
non-CeD patients during mucosal duodenal challenge with
P31-43 and during the preincubation with kissper (repeated-
measure ANCOVA p<0.04, with a significant difference
also among groups for medium only, p <0.001). On the
converse, no difference was found between groups in the
level of TGF-f1 in CeD patients compared to non-CeD
patients during mucosal duodenal challenge with P31-43
and during the preincubation with kissper (repeated-meas-
ure ANCOVA p=0.07, with a significant difference among
groups for medium only p < 0.01).

Evaluation of COX-2 and TG2 expression by
Western blot

Western blot analysis of TG2 and COX-2 was conducted in
3 of the 10 patients examined in our study. Patient 1
showed a reduction of 19% of TG2 and no significant
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reduction in the COX-2 expression with kissper pretreat-
ment in comparison with treatment with P31-43. Patient 2
showed a reduction of 30% of TG2 and a reduction of 75%
of COX-2 expression with kissper pretreatment compared to
treatment with P31-43 (Figure 3). Patient 3 showed a reduc-
tion of 40% of TG2 and a reduction of 54% of COX-2 in
the presence of kissper pretreatment in comparison with
P31-43 treatment.

Discussion

A gluten-free diet represents, at this moment, the best treat-
ment for patients suffering from CeD (27). Most CeD sub-
jects find relief from their symptoms and their intestine
begins to heal within a few weeks after the application of
the gluten-free diet. Nevertheless, recovery speed varies
among patients, and sometimes a long time, even years, is
required to achieve healing. It can also happen that the
intestine never fully recovers from the damage due to CeD
even if the patient remains on a strict gluten-free diet.
However, we know that many dietary components may con-
tribute to improve the intestinal health and speed its heal-
ing, counteracting the inflammatory processes. For example,
kiwifruit and some other fruits and vegetables have shown
an effect on the immunological mechanisms (28).

The study here reported suggests that kissper, a peptide
naturally occurring in the green kiwifruit, is a nutraceutical
molecule that can contribute to reducing inflammation in
the mucosa of CeD subjects. The data were obtained using a
model representing a good approximation to in vivo studies,
consisting of cultured biopsy tissues where all the anatom-
ical connections are retained, and all the cell types interact
in their natural environment. In these experimental condi-
tions, kissper showed the ability to control the inflammation
induced by a fragment of alfa2-gliadin, the so-called “toxic”
peptide P31-43, which has been reported to induce the
innate immune response in celiac subjects (29). In fact, the
gluten-induced overexpression of specific markers, such as
HLA-DR (30, 31), TG2 (32), and COX-2 (33), was counter-
acted by the pretreatment with kissper. The results reported
in this article highlight that kissper can affect the function
of this receptor, inducing a significant decrease in its expres-
sion of HLA-DR and TG2 in villous enterocytes and crypt
epithelial cells. HLA-DR is an MHC class II cell surface
receptor consisting of an alpha chain and a beta chain, both
anchored in the membrane, and binds and presents peptides
derived from extracellular proteins (34). COX-2 is an
enzyme produced by monocytes and macrophages that
increase in the inflammatory conditions (35). These proteins
and the TG2 enzyme, localized in the mucosa, increase. Two
different methodologies, one immunochemical and the other
immunohistochemical, were applied to the investigation of
the kissper effect on the TG2 concentration in the tissue
treated with P31-43. Both the methodologies highlighted a
decrease of this enzyme responsible for the deamidation and
crosslinking of the gliadin fragments that activate the
immune response in celiac disease. The pretreatment with
kissper caused in all patients a significant reduction of HLA-

DR and TG2 (36). However, we failed to demonstrate the
changes in TGF-f1 and reducing IL-15 release in the gluten
challenge of CeD mucosa, likely due to the small number of
samples (37). Moreover, variable results were obtained for
the expression of the inflammation marker COX-2 after
stimulation with P31-43, which in 1 patient showed a
75% reduction.

Altogether, our data indicate that kissper may exert a
protective role, eliciting a “repair response mechanism” by
the reduction of proinflammatory proteins, implicated in
CeD. Different bioactive molecules have the potential cap-
ability to regulate the chronic intestinal inflammation by
inducing the reduction of inflammatory mediators. In fact,
they can affect cell signaling and gene expression, causing a
decrease of the damaging effects of oxidants and improving
the gut barrier function. Vitamins, such as vitamin C and
vitamin E contained in plant foods, can also exert antioxi-
dant activity and have a positive effect on the immune
response dysregulation associated with several pathologies
by acting on the leukocyte function and lymphocyte (38,
39). Therefore, we hypothesized that at least some health-
promoting activities of kiwifruits might be associated with
this molecule. Kissper displays pH-dependent and voltage-
gated pore-forming activity, with anion selectivity and chan-
neling in artificial planar lipid membranes having a compos-
ition similar to that of the human intestine (14). In
conclusion, kissper should be seen as a molecule with a
potential role favoring the recovery of the histologically and
functionally damaged intestine in CeD patient. This food
molecule is likely resistant to the gastrointestinal proteases
(19), although to our knowledge it is not known for how
long the kissper resists in the intestine. However, if kissper
will have a future as “protection” against gluten damage, we
believe that it would be possible to administer kissper in a
pill that gradually releases it on the mucosal surface. The
data here described prompt further investigations to under-
stand whether the consumption of kiwifruit or the integra-
tion of diet with an appropriate amount of kissper can
control the symptoms of CeD subjects due to the ingestion
of low amounts of gluten present as contamination of foods.
Also, it is of great interest to investigate whether the kiwi-
fruit peptide kissper has the characteristics of a
“pharmacological molecule” useful for the treatment of
inflammatory gut pathologies.

Conclusions

Our results point to the identification of a potential thera-
peutic agent, a kiwifruit peptide, to control inflammation in
CeD. Our preliminary results suggest that kissper has in
CeD a potential role as an anti-inflammatory molecule in
the presence of the toxic gliadin peptide P31-43, due to the
modulation of the levels of different mediators of inflamma-
tion. Obviously, other studies are required to demonstrate
that kiwi itself, or some other kiwifruit extracts like the kiss-
per peptide, may be a valuable support in the diet of CeD
patients. Our data support the idea that kissper may perhaps
protect from trace gluten contamination of the diet.
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