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Oral Administration of Interleukin-10 and Anti-IL-1 Antibody
Ameliorates Experimental Intestinal Inflammation
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Abstract

Background: To elucidate the effects of a solution containing in-
terleukin-10 and anti-IL-1 antibody in modulating experimental
intestinal inflammation.

Methods: Colitis was induced in BALB/c mice by oral administra-
tion of dextran sodium sulphate; mice were then treated with in-
terleukin-10 plus anti-IL-1 antibody at low dosage. Transepithelial
electrical resistance of isolated mouse colon and colon lengths were
evaluated. Cytokines concentrations in organocultures supernatants
and plasma samples were evaluated by Enzyme-Linked Immuno
Sorbent Assay. Tight junction proteins were evaluated by immuno-
fluorescence, respectively.

Results: Oral administration of tested products restores intestinal
barrier function during experimental intestinal inflammation in
association with reduced levels of proinflammatory cytokines, in-
creased interleukin-10 plasma concentrations and a tight junction
architecture restoration.

Conclusion: Obtained results may contribute to modelling an in-
teresting strategy for the treatment of patients with inflammatory
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Introduction

Inflammatory bowel diseases (IBDs) are a group of chronic
systemic diseases involving inflammation of the gastroin-
testinal tract. Major forms of IBDs include ulcerative coli-
tis (UC), which affects only the large bowel, and Crohn’s
disease (CD), which can affect the entire gastrointestinal
tract. The pathogenesis of IBDs is not completely under-
stood, even if current theories hypothesize that IBD-related
mucosal inflammation results from an exaggerated reaction
of the mucosal immune system against components of the
normal intestinal flora [1, 2]. No single infectious micro-
organism has been identified to cause these diseases, and
genetic factors that confer susceptibility to IBDs are being
unravelled [3]. Conventional treatments for IBD include cor-
ticosteroids, mesalamine, and thiopurines, therapies mostly
aimed at blocking downstream inflammatory events. Bio-
logical agents, such as antitumor necrosis factor-a. (TNF-a)
agents Infliximab and Adalimumab, are currently emerging
as a highly effective therapy for both UC and CD [4]. The
addition of anti-TNF-a antibodies to the therapeutic drugs
against Crohn’s disease has been a great innovation in its
management. However, approximately 25 to 40% of patients
who initially have a good feedback from anti-TNF-a treat-
ment develop severe adverse events or loose their response
during maintenance therapy [5-8]. For these reasons, novel
agents aimed at dampening IBD-related mucosal inflam-
mation are highly advocated. Pharmacological blockade of
proinflammatory mediators and administration of molecules
with anti-inflammatory activity (for example, cytokines) are
currently considered promising therapeutic approaches for
the control of IBD-related mucosal inflammation [9], but it
might be necessary to learn how to use them with efficacy
and safety: for example, oral administration of cytokines can
avoid the deleterious consequences of systemic route, retain-
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Table 1. Treatment Scheme for Induction of the Chronic Colitis Model, in the Different Treatment Groups

Groups Group 1: Group 2: Group 3:
Pt UNTR DSS DSS + IL-10/anti-IL-1

y (10 mice) (10 mice) (10 mice)
Cycle 1 Control group: DSS 2% in water DSS 2% in water
dd1-7 only normal drinking

water C s

Interval Normal drinking water Normal drinking water
dd8-21
Cycle 2 DSS 2% in water DSS 2% in water
dd22-28
Interval Normal drinking water Normal drinking water
dd 29 - 42
Cycle 3 DSS 2% in water DSS 2% in water
dd 43 - 49
Interval Normal drinking water Normal drinking water
dd 50 - 58
Treatment Hydro-alcoholic solution Hydro-alcoholic solution 50 fg/kg GUNA interleukin-10
dd 59 - 68 vehicle vehicle plus 50 fg/kg GUNA anti-IL-1
(Twice a day) per os

ing sufficient biological activity to exert immunomodulatory
functions [10].

In a previous work [11], we have demonstrated that
very low dosages of activated solutions of interleukin (IL)-
12 and interferon (IFN)-gamma, co-delivered by oral route
to experimental asthmatic mice, are able to ameliorate their
pathological condition.

In this paper we investigate how oral administration
of very low doses of the anti-inflammatory cytokine IL-10
and an antibody raised against the pro-inflammatory cyto-
kine IL-1 alpha confers protection against experimentally-
induced inflammation in a mouse model of colitis.

Materials and Methods
Animals

All experiments were performed using BALB/c mice weight-
ing 20 - 22 g (10 - 12 weeks of age). Chronic colitis was in-
duced in mice by oral administration of 2% DSS in drinking
water for three cycles [12]. Each cycle consisted of 2% DSS
dissolved in drinking water for 7 days, followed by a 14 days
interval with normal water administration.

For studies on the effect of anti-IL-1 antibody and inter-
leukin-10 on DSS-induced chronic colitis, three groups of
10 mice/group were used. Ten days after completion of the
last DSS cycle, one group of mice received 50 fg/lkg GUNA
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interleukin-10 (GUNA s.p.a., Milano, Italy) plus 50 fg/kg
GUNA anti-IL-1 antibody (GUNA) (total volume adminis-
tered: 200 pL) per os, twice a day for 10 consecutive days;
the second group of mice received only three cycles of treat-
ment with DSS, as previously described, and no any further
treatment, apart from hydro-alcoholic solution vehicle, twice
a day for 10 consecutive days; the last group of animals (un-
treated control group) received normal drinking water only,
during the whole time of the experiment, and then the hydro-
alcoholic solution vehicle, twice a day for 10 consecutive
days (Table 1).

Evaluation of colonic inflammation

Plasma samples were collected from each mouse before
sacrifice, for IL-10 cytokine evaluation. At the end of treat-
ment the intestines of mice were excised and carefully rinsed
with saline buffer. The colon was cut close to the ileo-cecal
valve and rectum, and the length was measured in 10 mice/
group. At necropsy, the macroscopic appearance of the colon
(inflammatory score), based on the degree of inflammation
and the presence of edema and/or ulcerations, stool consis-
tence, and visible fecal blood, was scored separately on a
scale of 0-3 (intestinal bleeding score), (Table 2). Murine co-
lon specimens of 10 mice/group were fixed in 10% neutral
buffered formalin, embedded in paraffin, sectioned at 4 um
and collected on xilanized slides. Histopathological analy-
sis using hematoxylin-eosin-stained sections of the proximal
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Table 2. Scoring System for the Comparative Analysis of Intestinal Bleeding

Intestinal bleeding score

Stool consistency

Blood presence

0 Normal

1 Soft but still formed
2 Very soft

3 Diarrhoea

Negative
Positive hemoccult
Blood traces in stool visible

Rectal bleeding

and distal colon samples of mice was performed. This histo-
pathological analysis was aimed at evaluating DSS-induced
changes in the gut mucosa, such as loss of crypts and reduc-
tion of goblet cells, signs of surface epithelial regeneration,
focal ulcerations, moderate infiltration of inflammatory cells
into the mucosa, and edema in the sub-mucosa: all these pa-
rameters were defined by a histological score (scoring 0 -
4), as delineated by Table 3 [12]. Samples were observed
with a Nikon Eclipse 80i microscope, equipped with a digital
Nikon DS-L1 camera. Another set of murine colon speci-
mens (10 mice/group) were collected for organoculture, 10
mm colon samples were collected in 25 cm? flasks with 3 mL
of culture medium (RPMI 1461; 0.1% foetal bovine serum;
1% antibiotics; Euroclone) and incubated for 24 hours at 37
°C in controlled atmosphere (5% CO,).

Enzyme-linked Immunosorbent assay

We quantified the secretion of several cytokines in murine
plasma samples (IL-10) and in organocultures supernatants.
We used commercially available enzyme-linked immunosor-
bent assay kits for quantification of murine IL-12, TNF-al-
pha, IFN-gamma (all from Pierce Biotechnology, Rockford,
IL), KC (R&D Systems, Milano, Italy), IL-17 (BioLegend,
San Diego, CA) and IL-10 (Pierce-Euroclone, Pero, Italy).

Evaluation of intestinal permeability

In order to measure the colon permeability, organ segments
(5 mice/group) were mounted between the two chambers of
an Ussing System (0.125 c¢cm? opening). Both the mucosal
and serosal sides of the chamber were connected to steril-
ized circulating reservoirs containing 10 ml of oxygenated
Krebs buffer (115 mM NaCl, 8 mM KClI, 1.25 mM CaCl,,
1.2 mM MgCl,, 2 mM KH,PO,, and 225 mM NaHCO,; pH
7.35). The buffers were maintained at 37 °C by a heated wa-
ter jacket and were circulated by a gas lift column of 95%
oxygen/5% CO,. The trans-epithelial electrical potential
difference (in millivolt) across the mucosal membrane was
measured directly, while the trans-membrane resistance was
calculated indirectly as ohms x cm?, using Ohm’s law.

Immunofluorescence analysis

We performed immunofluorescence staining for occludin
and ZO-1 proteins in colon sections of 10 mice/group. Mu-
rine colon specimens were fixed in 10% neutral buffered for-
malin, embedded in paraffin, sectioned at 4 pm thickness and
collected on xilanized slides; samples were deparaffinized,
rehydrated, and incubated for 10 minutes at 37 °C in a hu-
midified chamber with protease type XIV 2 mg/mL in TrisH-

Table 3. Scoring System for Inflammation-Associated Histological Changes in the Colon

Histological score Histologic changes

0 No evidence of inflammation

1 Low level of inflammation with scattered infiltrating mononuclear cells (1-2 foci)

2 Moderate inflammation with multiple foci

3 High level of inflammation with increased vascular density and marked wall thickening

4 Maximal severity of inflammation with transmural leukocyte infiltration and loss of goblet cells
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Figure 1. Protective effects of interleukin-10/anti-IL-1 mix in chemical-induced chronic colitis. (A) Evaluation of colon resistance
(expressed as Q * cm?) by Ussing chamber analysis in different treatment groups. UNTR (untreated, hydroalcoholic solution
only); DSS (DSS 2% plus hydroalcoholic solution); DSS + IL-10/anti-IL-1 (DSS 2% + interleukin-10 IL-10 plus anti-IL-1 anti-
body). The graph represents mean values *+ S.D. (n = 10) Statistical analysis: DSS + IL-10/anti-IL-1 vs. DSS ** P = 0.0028. (B)
Evaluation of the histologic score in different treatment groups. UNTR (untreated, hydroalcoholic solution only); DSS (DSS 2%
plus hydroalcoholic solution); DSS + IL-10/anti-IL-1 (DSS 2% + interleukin-10 plus anti-IL-1 antibody). The graph represents
mean values = S.D. (n = 10) Statistical analysis: DSS + IL-10/anti-IL-1 vs. DSS ** P = 0.0062.

Cl buffer; samples were then incubated with glycine 0.1 M
for 20 minutes at room temperature, washed with TrisHCI
+ Triton X-100 0.01%, incubated with NaBH, 0.5 mg/mL
for 20 minutes at room temperature, washed with Tris HCI
+ Triton X-100 0.01%, incubated with Image-IT FX Signal
Enhancer (Invitrogen SRL, San Giuliano Milanese, Italy) for
30 minutes, blocked with 2% goat serum (Dako, Glostrup,
Denmark) for 20 minutes at room temperature and incubated
with rabbit anti-occludin or anti-ZO-1 antibodies (both from
Zymed Laboratories, San Francisco, CA) 4 pg/mL. Incuba-
tion with secondary antibody Alexa 546 (Invitrogen SRL)
goat anti-rabbit and staining of the nuclei with 4’, 6’-diamid-
ino-2-phenylindole (DAPI, Sigma-Aldrich) were then per-
formed. Samples were observed with a Nikon Eclipse 80i
microscope equipped with a digital Nikon DS-L1 camera.
In addition, acquired images of ZO-1 and occludin im-
munofluorescence reactions were used for evaluation of
structural integrity of the colon: the percentage of healthy
portions of epithelium and crypts, which maintained the
expression of tight junction protein, was calculated by the

use of the software Image Pro-Plus (version 4.5.019, Media
Cybernetics). Evaluation was performed by 3 independent
observers.

Statistical analysis

Student’s t test (paired two-tailed) and GraphPad Prism
software (Graph-Pad) were used for comparisons between
groups. Values of P less than 0.05 were considered signifi-
cant.

Results
Use of low doses of interleukin-10 plus anti-IL-1 anti-
body protects against DSS-induced alteration of colonic

permeability

We evaluated the effects of treatment with low doses of in-
terleukin 10 and anti-IL1 antibody on intestinal permeability

Figure 2. Ematoxilin-Eosin staining of colon sections in chemical-induced chronic colitis. A: histological analysis of paraffin
embedded colon sections. UNTR (untreated, hydroalcoholic solution only); B: DSS (DSS 2% plus hydroalcoholic solution); C:
DSS + IL-10/anti-IL-1 (DSS 2% + interleukin-10 plus anti-IL-1 antibody).
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Figure 3. Evaluation of cytokine secretion in chemical-induced chronic colitis. ELISA assays for concentrations of TNF-alpha
(A), IFN-gamma (B), IL-12 (C), KC (D), IL-17 (E) and IL-10 (F) in different treatment groups. UNTR (untreated, hydroalcoholic
solution only); DSS (DSS 2% plus hydroalcoholic solution); DSS + IL-10/anti-IL-1 (DSS 2% + interleukin-10 plus anti-IL-1 anti-
body); data are represented as mean values + S.D. (n = 10). Statistical analysis: A) DSS+ IL-10/anti-IL-1 vs. DSS ** P = 0.0036;
B) DSS + IL-10/anti-IL-1 vs. DSS *** P = 0.004; C) DSS+ IL-10/anti-IL-1 vs. DSS ** P = 0.0053; D) DSS + IL-10/anti-IL-1 vs. DSS
*** P =0.0001; E) DSS + IL-10/anti-IL-1 vs. DSS * P = 0.036; F) DSS + IL-10/anti-IL-1 vs. DSS *** P = 0.0001.

in the model of chronic colitis by means of Ussing Cham-
ber apparatus. As shown by Figure 1, DSS-treated mice pre-
sented a significant reduction of resistance with respect to
control animals. The Ussing chamber data demonstrated a
complete protection from the DSS-induced barrier damage
in mice receiving interleukin 10 and anti-IL-1 antibody (Fig.
1A).
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Interleukin-10 and anti-IL-1 antibody at low dosage re-
duce experimental colonic inflammation

As shown in Figure 1B and in Figure 2, in the chronic colitis
model, treatment with interleukin-10 and anti-IL-1 protect-
ed against DSS-induced colonic macroscopical and micro-
scopical inflammation. In particular, the histological score
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Figure 4. Evaluation of ZO-1 expression. Immunofluorescence anti-ZO-1 (red staining) experiments in the colon samples of
different treatment groups showed the different epithelial barrier TJ structural integrity (arrows). A relevant example for each
treatment group is shown: A (UNTR; untreated, hydroalcoholic solution only); B (DSS; DSS 2% plus hydroalcoholic solution); C
(DSS + IL-10/anti-IL-1; DSS 2% + interleukin-10 plus anti-IL-1 antibody) Bars: 20 um.

of murine colon samples, which was set at level 0 in con-
trol mice, increased to a mean level of 2.35 in DSS-treated
animals, and was reduced to 0.4 after mice treatment with
interleukin 10 and anti-IL-1 antibody mix solution. Compa-
rable results were also obtained as for intestinal bleeding: in
particular, mean score for DSS-treated mice was 2.4 (mean-
ing a very soft stool consistency and the presence of visible
blood traces in the faeces), while the mean score of group
which received interleukin 10 and anti-IL-1 antibody mix
was comparable to the control group, scoring 0 (indicating
normal stool consistency with no blood traces).

Low doses of Interleukin-10 and anti-IL-1 antibody re-
duce pro-inflammatory cytokine secretion in experimen-
tal colitis

To assess whether the treatment resulted in a modulation in
the secretion of proinflammatory mediators, organoculture
supernatants levels of IL-12, TNF alpha, I[FN gamma, KC

and IL-17 as pro-inflammatory cytokines and IL-10 as the
prototype anti-inflammatory or regulatory cytokine were
evaluated: in fact, all these cytokines have been shown to be
involved in the DSS colitis inflammatory state [13-15]. The
evaluation of the inflammatory cytokine levels in samples of
animals treated with interleukin-10 and anti-IL-1 antibody
showed a substantial reduction in the concentration of sever-
al pro-inflammatory molecules, and, in particular, of IL-12,
TNF alpha, IFN gamma, IL-17 and KC (Fig. 3). According-
ly, IL-10 plasma levels are enhanced in treated mice. Plasma
level of IL-10 is 7-fold higher than interleukin-10 adminis-
tered amount, this data allow us to exclude that circulating
IL-10 is derived from the administered pool of recombinant
cytokine, demonstrating that interleukin 10 and anti-IL-1 an-
tibody mix is able to promote an anti-inflammatory environ-
ment (Fig. 3).

Colonic epithelial barrier structures are protected by in-
terleukin-10 and anti-IL-1 antibody

Figure 5. Evaluation of occludin expression. Immunofluorescence anti-occludin (red staining) experiments in the colon samples
of different treatment groups showed the different epithelial barrier TJ structural integrity. A relevant example for each treatment
group is shown: A (UNTR; untreated, hydroalcoholic solution only); B (DSS; DSS 2% plus hydroalcoholic solution); C (DSS +
IL-10/anti-IL-1; DSS 2% + interleukin-10 plus anti-IL-1 antibody). Bars: 20 ym.
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In order to confirm the data obtained through the evaluation
of colonic permeability, we decided to analyse the expres-
sion of occludin and ZO-1, proteins belonging to the junc-
tional complexes [16], in colon tissues of different treatment
groups. The immunofluorescence analysis of occludin and
Z0-1 localization showed a down- and de-regulation of the
junctional morphological structure in DSS-treated mice. No-
tably, the immunofluorescence analysis of mice treated with
interleukin-10 and anti-IL-1 antibody mix revealed that the
expression of both TJ proteins along the colon epithelium
was maintained, in a similar manner to untreated controls,
with a continuous expression in the junctional complexes
between epithelial cells along the crypt units, outlining the
cell-cell contacts. When crypts were cut transversely, occlu-
din and ZO-1 showed the characteristic continuous honey-
comb pattern at the cell membrane. Quantitative evaluation
of structural integrity of the colon, in terms of percentage of
healthy portions of epithelium and crypts, which express the
Z0O-1 TJ protein, showed that mice treated with low doses
of interleukin 10 and anti-Il-1 antibody were comparable to
control untreated mice, in terms of maintenance of an healthy
structural state (90.23 + 10.21% and 79.78 £ 15.22% respec-
tively), while mice of the DSS group where severely dam-
aged at structural level (17.33 + 8.12% and 21.66 £+ 7.65%
respectively. DSS vs. DSS+IL-10/anti-IL-1: P = 0.0043).
The same quantitative evaluation of structural integrity
was performed for occluding expression (UNTR: 92.34 +
11.46%; DSS: 13.67 + 8.31%; DSS + IL-10/anti-IL-1: 87.72
+7.52%. DSS vs. DSS + IL-10/anti-IL-1: P=0.0149). These
data further sustain the results obtained by Ussing chamber
analysis, since they show that the maintenance of the physi-
ological epithelial barrier resistance in mice treated with low
doses of interleukin-10 plus anti-IL-1 antibody is linked to a
conserved protein expression pattern at TJ level (Fig. 4, 5).

Discussion

In this work we have shown a new potential therapeutical
strategy to treat DSS-induced experimental intestinal inflam-
mation. Our novel approach is based on the administration,
by oral route, of compounds able to modulate intestinal im-
munity at very low dosage by interacting with the mucosal
cytokine balance, such as interleukin-10 and an antibody
neutralizing IL-1. Oral delivery might offers a means of en-
gaging the cytokine network, to induce beneficial effects in
animals and humans [17, 18]; in addition oral administration
of cytokines seems to give better results with respect to other
routes [19]. The cytokines network in IBD is a complex,
dynamic system that plays an important role in regulating
mucosal and immune responses [20]; in murine IBD distinc-
tive disease-specific cytokine profiles exist, with significant
correlations to disease activity and duration of disease.

Our therapeutical approach is based on a combined in-
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terventional strategy: to use a molecule with anti-inflamma-
tory properties, together with an antibody which targets and
blocks a pro-inflammatory cytokine. We decided to admin-
ister low doses of IL-10 since we aimed to obtain efficacy
without inducing side-effects. Given that the pathological
condition considered and the molecules used were com-
pletely different from the ones used in our previous work on
asthma, the transposition of equimolar dosages to this study
was a mere starting point, since we did not have any data of
literature to support this initial choice, which therefore might
result to be wrong.

Interestingly, since we observed an increase in IL-10
plasma levels in treated animals, it could be argued that the
administration of low doses of this cytokine could stimulate
endogenous IL-10 production by the organism. In this re-
gard, recent works [21-24] have reported that therapeutical
approaches based on the stimulation of endogenous immune
response of the host are highly effective in promoting the
resolution of several inflammatory conditions.

The use of neutralizing anti-IL-1 antibody might have
decreased the levels of this cytokine at epithelial barrier level
without blocking directly IL-1 epithelial receptor. In fact the
use of IL-1 receptor blockers like Anakinra is connected with
Crohn’s disease worsening as suggested by Carter et al [25].

Since it is known that IL-1 increases the permeability of
tight junctions of intestinal epithelial cells, we have specu-
lated that the blockade of this cytokine might constitute a
potentially useful approach to counteract one of the leading
etiological events of colitis and Crohn’s disease. Previous
experiences of antibody-based therapies for Crohn’s dis-
eased have focused on anti-TNF-alpha antibodies, even if
some issues have been raised regarding short- and long-term
safety profile of this class of drugs [26, 27]. On the other
hand, anti-IL-1 antibodies have proven to be safe for clinical
use [28, 29] and effective against DSS-induced acute colitis
[30]. This was observed also in our murine models, which
did not show side effects following IL-1 antibody adminis-
tration, both at the lowest and highest tested doses. Our data
suggests that IL-1 antibody administration is effective also
I chronic models of DSS-induced colitis when co-adminis-
tered with IL-10.

It has been demonstrated in different works [31-36] that
systemic administration is not a safe and efficient way to
deliver cytokines and antibodies to specific inductive sites,
while their administration via the oral route offers an effec-
tive alternative to systemic application, for ease of dispensa-
tion. Increasing evidence suggests that oral administration
of certain cytokines and antibodies is not only safe and ef-
fective, but also avoids the deleterious consequences of sys-
temic administration, retaining sufficient biological activ-
ity to affect immunomodulatory functions beyond the local
mucosa [10]. As regards the efficacy of orally administered
antibodies, which seems to be a very interesting topic at the
moment, a recent report by Ochi et al [37] showed that oral
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was as effective as intravenous administration of anti-CD3 in
reversing established experimental autoimmune encephalo-
myelitis. Therefore, the oral route for cytokine and antibody
administration certainly represents one of the more innova-
tive aspects of our proposed novel therapy for colitis.

As the low doses of interleukin-10 and anti-IL-1 anti-
body demonstrated able to prevent the DSS-induced in-
crease in colonic permeability, in the last part of our work
we aimed to evaluate the effect of this therapy on tight junc-
tion integrity, by analysing two typical junctional proteins:
Z0-1 and occludin. The observed preservation of tight junc-
tions could be linked to anti-IL-1 antibodies. In this regard,
a previous work has demonstrated that oral administration
of an anti-IL1 antibody was successful in the elimination of
IL-1-induced junctional damage [35]. It is of note that the
preservation of tight junctions has been observed on 2 differ-
ent proteins: occludin and ZO-1. Since TJ are constituted by
multiple protein complexes, each one of which contributes to
the maintenance of the epithelial barrier in a different way,
the ability of our therapeutical approach to furnish protec-
tive activity on different molecules of these structures seems
important. In particular, ZO-1 is involved in signal transduc-
tion at cell-cell junctions, while occludin is thought to be
involved in the regulation of paracellular permeability and
cell adhesion. Future studies will be needed to analyse the
eventual protective activity of our therapy on other proteins
of TJ complexes, such as claudins and JAM-A.

The protection of epithelial integrity we have obtained
is fundamental: in fact, an emerging model of the pathogen-
esis of Crohn’s disease suggests that 3 essential factors are
involved: a breakdown in intestinal barrier function [22];
exposure of luminal contents to immune cells in the lamina
propria [38]; and an exaggerated immune response [11]. Pa-
tients with CD with clinically active disease have increased
intestinal permeability, and in patients with inactive disease,
increased intestinal permeability is predictive of clinical re-
lapse. Therefore a breakdown or impairment of the epithelial
barrier has been implicated as a critical determinant in the
predisposition to intestinal inflammation [39].

Oral administration of low doses of interleukin-10 plus
anti-IL-1 antibody mix reduced the general inflammatory
status of DSS-treated mice, as shown by reduction of TNF-
alpha, IFN-gamma, IL-12 and KC levels. This is fundamen-
tal for recovery from IBD condition, given that blockade of
proinflammatory mediators is currently considered a prom-
ising therapeutic approach for the control of IBD-related
mucosal inflammation [9]. Interestingly, we also observed
an increase of endogenous IL-10 levels following IL-10 and
anti-IL-1 administration. This might be due to the activation
of a complex immune defence system, based on the activa-
tion of DC that are able to increase the number of Treg cells,
which produce IL-10. A direct regulatory IL-10-induced
mechanism might be involved, too, as this cytokine has been
demonstrated to induce Treg polarization in vivo and in vitro
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[40, 41].

Our data demonstrate that a mix of interleukin-10 and
anti-IL1 antibody at low dosage was successful in preserving
colonic permeability, restoring TJ integrity and, at the same
moment, in creating an anti-inflammatory environment. The
proposed treatment could represent an interesting therapeu-
tic strategy to cure IBD-related intestinal inflammation.

References

1. Linskens RK, Huijsdens XW, Savelkoul PH, Vanden-
broucke-Grauls CM, Meuwissen SG. The bacterial
flora in inflammatory bowel disease: current insights in
pathogenesis and the influence of antibiotics and probi-
otics. Scand J Gastroenterol Suppl. 2001234):29-40.

2. Ohman L, Simren M. Pathogenesis of IBS: role of in-
flammation, immunity and neuroimmune interactions.
Nat Rev Gastroenterol Hepatol. 2010;7(3):163-173.

3. Shih DQ, Targan SR. Insights into IBD Pathogenesis.
Curr Gastroenterol Rep. 2009;11(6):473-480.

4. Deboer MD, Steinman J, Li Y. Partial normalization
of pubertal timing in female mice with DSS colitis
treated with anti-TNF-alpha antibody. J Gastroenterol.
2012;47(6):647-654.

5. Schwartz M, Cohen R. Optimizing conventional thera-
py for inflammatory bowel disease. Curr Gastroenterol
Rep. 2008;10(6):585-590.

6. Danese S, Fiorino G, Reinisch W. Review article: Caus-
ative factors and the clinical management of patients
with Crohn’s disease who lose response to anti-TNF-al-
pha therapy. Aliment Pharmacol Ther. 2011;34(1):1-10.

7. Fiorino G, Szabo H, Fries W, Malesci A, Peyrin-Birou-
let L, Danese S. Adalimumab in Crohn’s disease: tips
and tricks after 5 years of clinical experience. Curr Med
Chem. 2011;18(8):1230-1238.

8. Fiorino G, Peyrin-Biroulet L, Repici A, Malesci A,
Danese S. Adalimumab in ulcerative colitis: hypes and
hopes. Expert Opin Biol Ther. 2011;11(1):109-116.

9. Nakamura K, Honda K, Mizutani T, Akiho H, Harada N.
Novel strategies for the treatment of inflammatory bowel
disease: Selective inhibition of cytokines and adhesion
molecules. World J Gastroenterol. 2006;12(29):4628-
4635.

10. Rollwagen FM, Baqar S. Oral cytokine administration.
Immunol Today. 1996;17(12):548-550.

11. Gariboldi S, Palazzo M, Zanobbio L, Dusio GF, Mauro
V, Solimene U, Cardani D, et al. Low dose oral admin-
istration of cytokines for treatment of allergic asthma.
Pulm Pharmacol Ther. 2009;22(6):497-510.

12. Wirtz S, Neufert C, Weigmann B, Neurath MF. Chemi-
cally induced mouse models of intestinal inflammation.
Nat Protoc. 2007;2(3):541-546.

13. Ardizzone S, Bianchi Porro G. Biologic therapy for in-

Wwww.gastrores.org 131



Cytokines and Antibodies for IBD Therapy

Gastroenterology Research « 2013;6(4):124-133

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

132

flammatory bowel disease. Drugs. 2005;65(16):2253-
2286.

Ito R, Kita M, Shin-Ya M, Kishida T, Urano A, Taka-
da R, Sakagami J, et al. Involvement of IL-17A in the
pathogenesis of DSS-induced colitis in mice. Biochem
Biophys Res Commun. 2008;377(1):12-16.

Ogawa A, Andoh A, Araki Y, Bamba T, Fujiyama Y.
Neutralization of interleukin-17 aggravates dextran
sulfate sodium-induced colitis in mice. Clin Immunol.
2004;110(1):55-62.

Marinaro M, Boyaka PN, Finkelman FD, Kiyono H,
Jackson RJ, Jirillo E, McGhee JR. Oral but not paren-
teral interleukin (IL)-12 redirects T helper 2 (Th2)-type
responses to an oral vaccine without altering mucosal
IgA responses. J Exp Med. 1997;185(3):415-427.
Cummins JM, Krakowka GS, Thompson CG. Systemic
effects of interferons after oral administration in animals
and humans. Am J Vet Res. 2005;66(1):164-176.

Brod SA, Khan M. Oral administration of IFN-alpha
is superior to subcutaneous administration of IFN-
alpha in the suppression of chronic relapsing experi-
mental autoimmune encephalomyelitis. J Autoimmun.
1996;9(1):11-20.

Hartsock A, Nelson WJ. Adherens and tight junctions:
structure, function and connections to the actin cytoskel-
eton. Biochim Biophys Acta. 2008;1778(3):660-669.
Rogler G, Andus T. Cytokines in inflammatory bowel
disease. World J Surg. 1998;22(4):382-389.

Cai Z, Zhang W, LiM, Yue Y, Yang F, Yu L, Cao X, et al.
TGF-betal gene-modified, immature dendritic cells de-
lay the development of inflammatory bowel disease by
inducing CD4(+)Foxp3(+) regulatory T cells. Cell Mol
Immunol. 2010;7(1):35-43.

Edwan JH, Agrawal DK. FIt3-ligand plasmid pre-
vents the development of pathophysiological features
of chronic asthma in a mouse model. Immunol Res.
2007;37(2):147-159.

Edwan JH, Perry G, Talmadge JE, Agrawal DK. Flt-3
ligand reverses late allergic response and airway hyper-
responsiveness in a mouse model of allergic inflamma-
tion. J Immunol. 2004;172(8):5016-5023.

Lee SJ, Chinen J, Kavanaugh A. Immunomodulator
therapy: monoclonal antibodies, fusion proteins, cyto-
kines, and immunoglobulins. J Allergy Clin Immunol.
2010;125(2 Suppl 2):S314-323.

Carter JD, Valeriano J, Vasey FB. Crohn disease wors-
ened by anakinra administration. J Clin Rheumatol.
2003;9(4):276-277.

Allez M, Vermeire S, Mozziconacci N, Michetti P, Laha-
rie D, Louis E, Bigard MA, et al. The efficacy and safety
of a third anti-TNF monoclonal antibody in Crohn’s dis-
ease after failure of two other anti-TNF antibodies. Ali-
ment Pharmacol Ther. 2010;31(1):92-101.

Colombel JF, Sandborn WJ, Panaccione R, Robinson

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press™

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

AM, Lau W, Li J, Cardoso AT. Adalimumab safety in
global clinical trials of patients with Crohn’s disease. In-
flamm Bowel Dis. 2009;15(9):1308-1319.

Donath MY, Weder C, Brunner A, Keller, C, Whitemore
J, Der K, Zayed H, et al. XOMA 052, a potential dis-
ease modifying anti-1L-1beta antibody, shows sustained
HbA 1c reductions 3 months after a single injection with
no increases in safety parameters in subjects with Type 2
diabetes. Diabetes 2009;58: A30.

Lachmann HJ, Kone-Paut I, Kuemmerle-Deschner JB,
Leslie KS, Hachulla E, Quartier P, Gitton X, et al. Use of
canakinumab in the cryopyrin-associated periodic syn-
drome. N Engl J Med. 2009;360(23):2416-2425.
Kojouharoff G, Hans W, Obermeier F, Mannel DN, An-
dus T, Scholmerich J, Gross V, et al. Neutralization of
tumour necrosis factor (TNF) but not of IL-1 reduces in-
flammation in chronic dextran sulphate sodium-induced
colitis in mice. Clin Exp Immunol. 1997;107(2):353-358.
Barba D, Saris SC, Holder C, Rosenberg SA, Oldfield
EH. Intratumoral LAK cell and interleukin-2 therapy of
human gliomas. J Neurosurg. 1989;70(2):175-182.
Horn T, Lehmkuhle MA, Gore S, Hood A, Burke P.
Systemic cytokine administration alters the histology
of the eruption of lymphocyte recovery. J Cutan Pathol.
1996;23(3):242-246.

Merchant RE, Ellison MD, Young HF. Immunotherapy
for malignant glioma using human recombinant interleu-
kin-2 and activated autologous lymphocytes. A review
of pre-clinical and clinical investigations. J Neurooncol.
1990;8(2):173-188.

Merchant RE, McVicar DW, Merchant LH, Young HF.
Treatment of recurrent malignant glioma by repeated
intracerebral injections of human recombinant interleu-
kin-2 alone or in combination with systemic interferon-
alpha. Results of a phase I clinical trial. J Neurooncol.
1992;12(1):75-83.

Saija A, Princi P, Lanza M, Scalese M, Aramnejad E,
De Sarro A. Systemic cytokine administration can af-
fect blood-brain barrier permeability in the rat. Life Sci.
1995;56(10):775-784.

Watts RG, Wright JL, Atkinson LL, Merchant RE. His-
topathological and blood-brain barrier changes in rats
induced by an intracerebral injection of human recom-
binant interleukin 2. Neurosurgery. 1989;25(2):202-208.
Ochi H, Abraham M, Ishikawa H, Frenkel D, Yang K,
Basso AS, Wu H, et al. Oral CD3-specific antibody
suppresses autoimmune encephalomyelitis by inducing
CD4+ CD25- LAP+ T cells. Nat Med. 2006;12(6):627-
635.

Al-Sadi R, Ye D, Dokladny K, Ma TY. Mechanism of
IL-1beta-induced increase in intestinal epithelial tight
junction permeability. J Immunol. 2008;180(8):5653-
5661.

Groschwitz KR, Hogan SP. Intestinal barrier function:

www.gastrores.org



Cardani et al Gastroenterology Research « 2013;6(4):124-133

40.

molecular regulation and disease pathogenesis. J Allergy 41. Tiemessen MM, Jagger AL, Evans HG, van Herwijnen
Clin Immunol. 2009;124(1):3-20; quiz 21-22. MJ, John S, Taams LS. CD4+CD25+Foxp3+ regula-
Rutella S, Danese S, Leone G. Tolerogenic dendrit- tory T cells induce alternative activation of human
ic cells: cytokine modulation comes of age. Blood. monocytes/macrophages. Proc Natl Acad Sci U S A.
2006;108(5):1435-1440. 2007;104(49):19446-19451.

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press™ Www.gastrores.org 133



