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Summary

Chitosan is a mucoadhesive polysaccharide that promotes the transmucosal
absorption of peptides and proteins. At mucosal sites chitosan exhibits
immunomodulatory activities and stimulates the release of regulatory
cytokines. Herein we evaluated the effect of the co-administration of chitosan
in the tolerance to type II collagen (CII) using an experimental model of
arthritis. Rats were fed diluent (acetic acid), 1 mg CII, 1 mg chitosan or 1 mg
CII + 1 mg chitosan during 5 days before immunization with CII in Freund’s
complete adjuvant. Systemic effects were evaluated in draining lymph nodes
after antigenic challenge or during the clinical evolution of arthritis. Specific
antibodies, proliferation against CII and the production of interferon (IFN)-g
and interleukin-10 were assessed. Clinical signs were observed 13–15 days
after primary immunization. The CII : chitosan group presented the lowest
incidence and developed moderate arthritis, with reduced levels of immuno-
globulin (Ig)G2a anti-CII, a limited proliferation in draining lymph nodes
and a lower release of IFN-g after restimulation with CII. Our results demon-
strate that chitosan enhances the tolerance to an articular antigen with a
decrease in the inflammatory responses and, as a consequence, an improve-
ment in clinical signs.
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Introduction

Oral tolerance is a key feature of the intestinal immunity,
generating no responsiveness to ingested antigens [1,2].
The transport of antigens via afferent lymphatics into the
draining mesenteric lymph nodes is obligatory for oral tol-
erance induction [3]. The antigen characteristics, adminis-
tration protocol and primary contact with the immune
system condition the induction of tolerance [1,2,4,5].
Moreover, agents that enhance anti-inflammatory cytokine
profiles can improve the induction of oral tolerance.
Chitosan is an abundant, natural linear polysaccharide
obtained from deacetylation of chitin from crustaceans,
insects and fungi [6]. Chitosan is a non-toxic, biodegrad-
able and non-immunogenic agent used widely as biomate-
rial with an established safety profile in humans, as well as
pharmaceutical excipient, weight loss supplement [6,7] and
in a Food and Drug Administration-approved haemostatic
dressing [8]. Due to its mucoadhesive properties, chitosan
has also been explored as an adjuvant for mucosal vaccina-
tion [9]. The mechanism of chitosan enhancement is
believed to involve both retention of antigens via mucoad-

hesion and opening of cell junctions for paracellular trans-
port [10].

Rheumatoid arthritis (RA) is an autoimmune disease of
synovial joints with a prevalence of 0·5–1% in the global
population [11,12]. Although RA pathogenesis remains
unknown, type II collagen (CII) is assumed to participate
in the immune response [13]. The most common model of
RA in rats and mice is CII-induced arthritis (CIA) that elicits
both antibody and T cell responses to CII [14]. This joint-
specific antigen has been tested frequently in oral tolerance-
suppressing arthritis in animal models at 0·2–10 mg CII per
day [15,16]. Results with RA patients have not been entirely
successful [17] and the discrepancy could be due to differ-
ences in protocols, the strongly T helper type 1 (Th1)-biased
mucosal T cell response in humans [18] or treatment
with different drugs during CII clinical trials [19]. Also, it
has been largely recognized that is harder to regulate an
existing immune response than to prevent the induction
prophylactically [20].

Previously, we have demonstrated that feeding rats a single
dose of chitosan with 1 mg CII increases interleukin (IL)-10
release and IL-4 and transforming growth factor (TGF)-b
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mRNA expression at mucosal level [21]. The uptake of chi-
tosan at inductive sites is mediated by CD11b/c+ OX62+ den-
dritic cells that keep an immature phenotype. As our
findings demonstrated that chitosan acts by enhancing
the Th2/Th3 microenvironment in the mucosa [22], we
hypothesized that the activity of this mucoadhesive poly-
saccharide could improve the induction of tolerance to CII.
To test this possibility we evaluated the effect of repetitive
co-administration of CII : chitosan in the CIA model in rats.
We found that the protocol alleviated the clinical signs of
CIA, diminished immunoglobulin (Ig)G2a anti-CII levels
and reduced both the proliferative response to CII and the
release of interferon (IFN)-g. Our findings demonstrate the
ability of this polycationic polysaccharide to strengthen
tolerance towards an articular protein dampening the
inflammatory response during the development of CIA.

Materials and methods

Animals

Female Wistar rats (8–10 weeks old) were maintained at
the Animal Resource Facilities, Department of Clinical
Biochemistry, National University of Cordoba. Experi-
mental procedures were approved by the Research Ethics
Committee.

Preparation of CII and chitosan

Native bovine CII was extracted from the septum cartilage of
1-year-old animals [13,23] and dissolved in 0·1 M acetic acid
at a final concentration of 9 mg/ml. Low molecular weight
chitosan (average MW 80 kDa) 85% deacetylated (Sigma,
St Louis, MO, USA) was prepared at a final concentration of
20 mg/ml in 0·1 M acetic acid, as described previously [24].

Induction of oral tolerance to CII and immunizations

Four groups of rats were fed 200 ml of either 0·1 M acetic
acid (diluent group), 1 mg chitosan in 0·1 M acetic acid
(Ch group), 1 mg CII in 0·1 M acetic acid (CII group) or
1 mg CII + 1 mg chitosan in 0·1 M acetic acid (CII : Ch
group) every day for 5 successive days. For CIA induction,
CII at 1 mg/ml in 0·1 M acetic acid was emulsified (at a 1:1
ratio) with Freund’s complete adjuvant (CFA) at 4°C. Three
days after the last feeding, rats were immunized with 1 ml of
CFA containing 0·5 mg of CII in four sites at the base of the
tail, as described by Trentham et al. [13]. To assess cellularity
in lymph nodes, rats were immunized in the footpad with
50 mg CII in CFA in a total volume of 100 ml [25]. Seven days
later, popliteal lymph nodes were harvested to determine the
cell number and the antibody secreting cells (ASC) [26].

Evaluation of arthritis

Rats were examined daily for weight variation, disease onset
and severity of joint inflammation. Each limb was assessed

on a 0–4 scale, as follows: 0 = normal; 1 = mild inflamma-
tion: 2 = moderate arthritis; 3 = severe arthritis involving
the entire paw; and 4 = severe arthritis with loss of joint
movement [25,27]. For comparisons we calculated: the per-
centage of weight variation; the incidence as the percentage
of animals with signs of arthritis; the clinical score as the
sum of the score for each rat divided by the total number of
rats in the group; and the mean number of arthritic limbs.
Rats were killed 28 days after immunization.

Analysis of anti-CII antibodies

The frequency of ASC to CII was assessed by a cell enzyme-
linked immunosorbent assay (cELISA) [28,29]. Briefly,
96-well plates were coated overnight at 4°C with 100 mg/well
of CII in carbonate buffer pH 12, blocked with phosphate-
buffered saline (PBS)/1% bovine serum albumin (BSA) for
1 h at 37°C and washed three times with RPMI-gentamicin.
Popliteal lymph node cells (2 ¥ 104–2 ¥ 105) were added in
200 ml RPMI and incubated for 24 h at 37°C. After incuba-
tion, plates were washed three times with PBS/0·2%
Tween-20 and incubated with 1:1000 horseradish peroxi-
dase mouse anti-rat IgG for 24 h at 4°C. After thorough
washing, o-phenylenediamine was added. The reaction was
fixed with sulphuric acid and read in a Microplate Reader
(BioRad, Hercules, CA, USA) at 490 nm. As controls we
used lymph node cells from unimmunized rats. Results are
expressed as optical density. Moreover, anti-CII IgG as well as
the subclasses IgG1, IgG2a and IgG2b were determined by
ELISA in serum samples [30].

Proliferative response and cytokine production

Mononuclear cells from draining lymph nodes and spleen
from CII feed groups were cultured at 2 ¥ 105 cells/well
in quadruplicate in 200 ml of RPMI–10% fetal calf
serum (FCS), 50 mg/ml gentamicin, 2 mM glutamine and
50 mM 2-mercaptoethanol with or without 40 mg/ml CII
at 37°C–5% CO2. After 4 days cells were pulsed with
[3H]-thymidine for the last 16 h [31]. Results are expressed
as counts per minute with and without stimulus. In culture
supernatants, IFN-g release was measured by sandwich
ELISA using reagents and protocols obtained from Pharm-
ingen (San Diego, CA, USA) [21].

Flow cytometric analysis

To assess intracellular monocyte chemotactic protein-1
(MCP-1), IL-10 and IFN-g production, 1 ¥ 106 cells cul-
tured for 48 h with 40 mg/ml CII were incubated with fluo-
rescein isothiocyanate-labelled mouse anti-CD4, washed,
fixed, permeabilized with 0·1% saponine and incubated
with phycoerythrin-labelled anti-MCP-1, IL-10 or anti-
IFN-g (Pharmingen) for intracellular protein detection.
Staining was performed at 4°C in RPMI–ethylenediamine
tetraacetic acid–FCS [21,22,32]. Cells were analysed using a
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Cytoron Absolute (Ortho Diagnostic Systems, Raritan, NJ,
USA). In all experiments we included isotype controls
(Sigma).

Statistical analysis

Data are mean values � standard deviation. Statistical sig-
nificance and differences between groups were determined
by Fisher’s exact test, analysis of variance and Student–
Newman–Keuls tests; P < 0·05 values were considered
significant.

Results

Assessment of chitosan activity after
the induction of tolerance

A feature of tolerance induced by fed antigens is reduced cell
recruitment into the draining lymph nodes upon challenge
with the relevant antigen [26]. To evaluate the systemic effect
of the oral co-administration of chitosan and CII, rats fed
previously either CII or CII : chitosan were immunized at
the footpad with CII–CFA and the cell number was counted
7 days later. Groups feed diluent or chitosan were used as
controls. As shown in Fig. 1a, a decreased cellular infiltra-
tion in popliteal lymph nodes was found in the CII and
CII : chitosan groups, suggesting a comparable ability to
induce tolerance to CII in both groups that received the
articular antigen.

Using the same experimental protocol we measured
the anti-CII ASC present in peripheral lymph nodes. As
shown in Fig. 1b, a reduction in the number of anti-CII
ASC was observed in groups fed CII either alone (CII) or
co-administered with polysaccharide (CII : Ch). As the T
cell co-operation of certain T cell subsets functions in CIA
models to help antibody responses [33], the decrease
in ASC anti-CII could be related to a poorly developed
humoral response as part of the tolerance process when the
articular antigen was administered. Interestingly, although
chitosan itself was not able to dampen lymph node recruit-
ment upon challenge (Fig. 1a), polysaccharide feeding
reduced the number of anti-CII ASC suggesting that, after
mucosal contact, the polysaccharide could modulate the
T–B cell interaction.Compared with the diluent group, toleri-
zation with either protein or polysaccharide produced
a similar effect, possibly because orally tolerized T cells
display an initial inability to provide adequate B cell
help [34].

Effect of CII : chitosan administration in the
development of arthritis

The systemic activity observed in CII- or CII : chitosan-fed
groups prompted us to evaluate the effects of polysac-
charide co-administration on the clinical signs of arthritis

in the CIA model. As shown in Fig. 2a, a negative weight
variation was observed following the onset (~ day 14) in
all groups; however, only CII : chitosan-fed rats exhibited
a prompt recovery (P < 0·05). In terms of percentage of
incidence, only treatment with CII : chitosan reduced this
parameter significantly (Fig. 2b). No differences in the
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Fig. 1. Evaluation of the tolerance induction after type II collagen

(CII) : chitosan administration. Rats (n = 7–9) were fed diluent,

chitosan, CII or CII : chitosan daily for 5 days. Forty h after the last

feeding rats were immunized in the footpad with either 50 mg CII

in complete Freund’s adjuvant (CFA) or saline. Popliteal lymph node

cells were obtained 7 days later to assess (a) the total number of living

cells in lymph nodes; each rat is represented by two symbols: filled,

for the antigen injected left foot, and unfilled, for the saline injected

right foot. Lines represent the average value; (b) the number of

antibody secreting cells (ASC) in draining lymph nodes upon

challenge was evaluated by a cell enzyme-linked immunosorbent

assay (CELISA). Each rat is represented by two to three dots.

Lines represent the average value.
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clinical score were observed between those rats that
developed CIA independently of the oral treatment
(Fig. 2c). However, compared with CII-fed rats, the
CII : chitosan group showed the lowest number of affected
limbs (Fig. 2d).

Serum levels of anti-CII IgG subtypes in tolerized rats

The pathogenic mechanisms of CIA involve the synergistic
action of CII-specific T cells and anti-CII antibodies [33].
Among the three subtypes of IgG, IgG1 is reported to be
associated with anti-inflammatory actions, whereas IgG2a is
considered a mediator of inflammation that is increased
in CIA [35]. Total levels of IgG anti-CII (Fig. 3a) as well as
the isotype responses (Fig. 3b–d) were reduced significantly
28 days post-immunization in either group fed CII. Notably,
the reduction of IgG2a and IgG2b was significantly greater in
rats receiving CII : chitosan compared with those fed only
CII. This reduction in the inflammatory humoral response
against the articular antigen could explain, at least in part,
the lower severity of CIA observed in the CII : chitosan
group.

Proliferative response and production of IFN-g, MCP-1
and IL-10 in spleen and draining lymph nodes of
tolerized rats

We also studied the CII-stimulated proliferation of draining
lymph node and spleen T cells from CII-fed groups. Twenty
days after primary immunization with CII–CFA, the pro-
liferative response was significantly lower in cells from the

CII : chitosan group (Fig. 4a). We also found that the type 1
cytokine IFN-g was reduced significantly in culture superna-
tants of lymph node cells in CII : chitosan-fed rats (Fig. 4b).
In agreement, this group showed a lower percentage of CD4+

IFN-g+, with no differences in spleen cells (Fig. 4c). Consid-
ering that MCP-1 is a necessary factor for the induction
of high-dose oral tolerance and that its removal inhibits
the immune deviation seen during this phenomenon [36],
we assessed the percentage of CD4+MCP-1+ cells in the CII-
treated groups. Only in lymph nodes was the percentage
of MCP-1 cells significantly higher in rats fed the articular
antigen compared with the diluent control (Fig. 4d),
although no differences were observed between the CII-fed
groups. Both in lymph node and spleen, the chitosan-
fed group showed similar percentages than the CII and
CII : chitosan groups (data not shown).

We have demonstrated that oral administration of chito-
san triggers the recruitment of immature dendritic cells [22],
up-regulates IL-4 and TGF-b mRNA expression [21,22],
reduces IL-2 levels and increases specific IL-10 release [21]
at the inductive mucosal sites. Considering that most of
these factors have been associated with the induction of
regulatory subpopulations [21,22,30,37,38], we evaluated
the occurrence of T cells with regulatory characteristics.
Upon restimulation in vitro with the relevant antigen, both
the diluent and chitosan groups showed similar percentages
of CD4+IL-10+ cells in lymph nodes or spleen (Fig. 5 and
data not shown). The percentage of CD4+IL-10+ T cells in
lymph nodes of rats fed either CII or CII : chitosan was
similar (P = not significant) and comparable to the value of
diluent group. On the other hand, restimulation of

Fig. 2. Improvement of clinical manifestations

of arthritis in rats fed type type II collagen

(CII) and chitosan. Rats (n = 12–14) were fed

diluent (�), chitosan (�), CII (�) and

CII : chitosan (�), as described in Fig. 1, and

immunized with 0·5 mg CII in complete

Freund’s adjuvant (CFA) 2 days later. Groups

were examined daily for the onset of the disease

and severity of joint inflammation during

28 days after primary immunization. The

following parameters were evaluated: (a) the

percentage of body weight variation starting

the onset day (~ day 14) until 3 weeks after

primary immunization; (b) incidence as the

percentage of arthritic rats of the total number

studied in each group; (c) the average of the

clinical score evaluated as described in Materials

and methods; (d) mean number of arthritic

limbs affected in each group. Arrows point to

the day where the significance starts. For weight

variation and affected limbs, P versus diluent

and CII groups; for incidence, P versus diluent.
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splenocytes with CII induced a modest increase in CD4+IL-
10+ cells in the CII and CII : chitosan groups compared with
the diluent control (P < 0·05).

Discussion

Oral administration of low doses of antigen induces a form
of tolerance that can be transferred by T cells and potenti-
ated by several agents [35]. For instance, oral doses of CII
suppress experimental arthritis in various animal models
through the generation of regulatory cells that mediate
bystander suppression [39]. In the present study, we demon-
strate that the oral co-administration of chitosan with CII
prevents the clinical signs of CIA, dampens the antibody
response to CII and reduces the release and proportion of
CD3+ IFN-g+ T cells in lymph nodes.

Immune responses elicited by fed antigens differ from
responses activated at other sites [2]. Typically, antigen
feeding decreases delayed type hypersensitivity (DTH)
responses and T proliferation after immunization with the
same antigen [40]. In agreement, CII- and CII : chitosan-fed
rats showed reduced lymph node cellularity upon CII chal-
lenge, which is a clear marker of the induction of systemic
tolerance. Furthermore, both groups exhibited a lower
proportion of ASC in draining lymph nodes. Interestingly,
while the sustained contact of CII or CII : chitosan with the
mucosal immune system generated specific tolerance, chito-
san itself produced some effect on B cell function. We cannot
explain this finding fully, although the result is in agreement
with our previous reports showing that chitosan conditions,

after sustained administration, an anti-inflammatory
environment at the inductive mucosal sites [21,22]. Recently,
novel and remarkable activities of polysaccharides on
mucosal immunity have been described that include the
settlement of the T cell repertoire and the release of IL-10
[41,42]. The significance of signals triggered by polysaccha-
rides in immune homeostasis is associated with their ability
to establish a proper Th1/Th2 balance in the host [41,42].
Although the molecular mechanism(s) of polysaccharide
activity in mucosal immunity is characterized poorly, our
previous data showing the release of IL-10 and the expres-
sion of IL-4 mRNA early upon chitosan feeding could
help understanding of the reduction of serum IgG2a levels
indicative of a Th1 response in the CII : chitosan group.
In agreement, oral administration of proteoglycan isolated
from Phellinus linteus results in the reduction of CIA in mice
and is associated with decreased production of anti-CII
IgG2a antibodies, reduced secretion of TNF-a and IFN-g, as
well as some enhanced secretion of IL-10 and TGF-b [43].
Moreover, purified polysaccharide from Klebsiella oxytoca
administered orally at 125–250 mg/kg/day reduces the inci-
dence and severity of CIA as well as serum levels of anti-CII
IgG2a compared with untreated controls [44].

Chitosan’s ability to modulate oral immunity is particular.
At the same dose evaluated in this work, it reduces the enzy-
matic degradation of several proteins including CII [21,45],
recruits immature dendritic cells at the inductive sites [22],
promotes the expression of TGF-b and IL-4 mRNAs [21]
and stimulates the release of IL-10 [21,22,46]. Compounds
with modulatory properties might influence the tolerance

Fig. 3. Serum levels of anti-type II collagen

(CII) antibodies after CII : chitosan feeding.

Rats (n = 7–9) were fed diluent, chitosan,

CII and CII : chitosan and immunized as

described in Fig. 2; 28 days after the primary

immunization serum samples were obtained

and the anti-CII response was evaluated by

enzyme-linked immunosorbent assay at a

1:500 dilution; (a) total immunoglobulin

(Ig)G anti-CII; (b) IgG1 anti-CII; (c) IgG2a

anti-CII; (d) IgG2b anti-CII. Difference versus

diluent *P < 0·05; versus CII #P < 0·05.
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induction in the mucosa [47]. For instance, the delivery
of soluble peptides adsorbed to chitosan increases antigen
release and maintains a sustained production of IL-10,
facilitating tolerance induction [46]. Several inflammatory
parameters tested herein were reduced significantly after
CII : chitosan administration compared with rats receiving
only CII, suggesting the stronger tolerogenic activity of the
treatment. The intestine allows the development of tolero-
genic and immunogenic responses [2,4,48–51]. Early after
chitosan feeding, the number of immature dendritic cells
increases and the percentage of IL-10+ cells rises in inductive
sites at the same time that an articular antigen is presented to
the immune system [22]. Could these events promote toler-
ance? Whether more immature dendritic cells are accessible,
to pick up the relevant antigen in an IL-10-rich environment
the probability of a tolerogenic dendritic–T cell interaction
increases. The expansion of dendritic cells in vivo enhances
the induction of oral tolerance [52]: mice treated with the
haemopoietic growth factor Flt3 ligand to enlarge the
number of these cells have more profound tolerance to
fed antigens, with decreased DTH responses, suppressed
antigen-specific proliferative reactivity and reduced specific
total IgG, IgG1 and IgG2a serum levels [52]. Further, in

Flt3 ligand-treated mice, most freshly isolated dendritic
cells show an inactivated, resting phenotype [51,53]. In
agreement, the uptake of chitosan is mediated by CD11 b/c+

OX62+ major histocompatibility complex (MHC) II+ cells
that express constitutive levels of CD80 and CD86 molecules
upon migrating to the mesenteric lymph nodes [22].

The T cell response generated in vivo depends upon
the dose of the antigen, the route of delivery, the cytokine
environment and the characteristics of antigen-presenting
cells. Mechanisms of oral tolerance include anergy and/or
active cellular suppression mediated by regulatory T cells.
Although different T cell subsets participate in intestinal
immunity, type 1 regulatory T (Tr1) cells are pivotal in oral
tolerance. Antigen-specific Tr1 cells are induced by multiple
feeding of exogenous proteins, suppressing multiple sclerosis
and diabetes in animal models [54,55]. Greater proportions
of IL-10-producing T cells are detected in Peyer’s patches,
mesenteric lymph nodes and spleen of tolerized mice in the
CIA model [56]. While no single marker exists to track and
purify Tr1 cells [38], their distinctive ability to produce IL-10
and TGF-b can be related to the down-regulated immune
responses of naive and memory T cells [57]. A reduction in
the frequency of IL-10+ CD4+ T cells in inflamed synovium

CII

P < 0·01 P < 0·01

ChDil

4

6

8

200

300

(n
g

/m
l)

[3
H

]-
T

d
R

 (
c
p
m

 ×
 1

0
−

3
)

0

2

0

100

IF
N

Lymph nodes

Lymph nodes

7 18

3

5

7 P < 0·05 P < 0·05

P < 0·05

6

10

14

%
 C

D
4

+
 I
F

N
+
 c

e
lls

%
 C

D
4

+
 M

C
P

-1
+
 c

e
lls

1

3

2

(a) (b)

(c) (d)

Spleen Lymph nodes Spleen

Lymph nodes SpleenSpleen

CII:Ch

Fig. 4. Evaluation of cellular response in draining lymph nodes and spleen of groups receiving either type II collagen (CII) or CII : chitosan.

Mononuclear cells of draining lymph nodes and spleen (n = 7–9 rats per group) isolated 4 weeks after primary immunization were cultured for

72 h in the presence of 40 mg/ml CII. (a) Proliferative responses were assessed on the degree of [3H]-thymidine incorporation. Results are presented

as counts per minute (cpm) of antigen-stimulated cells. Grey boxes represent the range of basal [3H]-thymidine incorporation; cpm values ¥ 103

for chitosan group in lymph node 0·39 � 0·102 (basal) and 5·24 � 0·46 (CII-stimulated); in spleen 1·23 � 0·24 (basal) and 4·41 � 0·41

(CII-stimulated); (b) production of interferon (IFN)-g by enzyme-linked immunosorbent assay in culture supernatants of mononuclear cells

stimulated as described in (a); (c) percentage of CD4+ IFN-g+ cells assessed by flow cytometry after stimulation in chitosan, CII- and CII : Ch-fed

groups; (d) percentage of CD4+ monocyte chemotactic protein-1+ cells assessed by flow cytometry upon antigen stimulation in diluent, CII- and

CII : Ch-fed groups.

C. Porporatto et al.

84 © 2008 British Society for Immunology, Clinical and Experimental Immunology, 155: 79–87



and peripheral blood of patients with RA is contributing
to the loss of tolerance [54,58]. In this study, both groups
fed the articular antigen showed a similar percentage of
CD4+ IL-10+ T cells in spleen that was higher than in control
groups. In agreement, there is a greater induction of IL-10-
producing CD4+CD25+ subsets among splenic T cells in mice
fed CII before CIA induction occurs [37]. In a previous work
we demonstrated that already 16 h after feeding, at the time
where tolerance is being induced, restimulated splenocytes
of the CII : chitosan group already release more IL-10 than
CII-fed rats [21]. Perhaps, 28 days after CIA induction, the
difference between groups associated with the polysaccha-
ride administration is no longer evident. Another possibility
is that most IL-10-producing cells have reached the affected
joints where CII is accumulated from cartilage degradation
and contribute to alleviate the inflammation, as suggested
previously [37]. Frequently, oral tolerance has been
addressed in transgenic mice over-expressing specific T cell
clones [59]. To detect a significant increment in regulatory
subsets in normal rats may be difficult. However, reduced
proliferation and IFN-g production suggest that upon CII-
: chitosan administration a stronger tolerogenic response

was elicited, in agreement with the biological activity of chi-
tosan at the mucosal inductive sites [21,22,46].

Our study illustrates the ability of a polysaccharide to
improve tolerance to an articular antigen and to regulate the
outcome of the inflammatory response in arthritic outcome.
Understanding the properties of this immunomodulatory
polysaccharide will contribute to the development of new
strategies for oral tolerance to CII.
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