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Antigen inhibition of collagen-induced arthritis is associated with up-regulation of
IL-4 mRNA and induction of Ox40 on T cells in draining lymph nodes
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SUMMARY

The addition of a foreign antigen to an inoculum completely inhibits the development of collagen-
induced arthritis (CIA). However, the mechanism of this phenomenon, antigen -inhibition, is incom-
pletely understood. Previous studies have demonstrated that the inhibition of arthritis is not mediated
through suppression of the antibody response to cartilage antigens. In this paper we investigated cytok-
ine mRNA levels in lymph nodes cells recovered 3, 7 or 16 days from animals immunized with either
collagen I in IFA or OVA + collagen II in IFA. At day 7, but not at other time-points, IL-4 mRNA was
up-regulated in the lymph nodes of OVA-inhibited non-arthritic animals compared to control animals
which all developed arthritis. No significant differences between the two groups could be detected when
expression of IFN-y, IL-2, TNF-¢, IL-1f8 or IL-10 mRNA was analysed. Flow cytometry analysis of
draining lymph node cells demonstrated that the T cell marker Ox40 was up-regulated in the OVA-
inhibited group. Our results indicate that the complete inhibition of CIA caused by addition of OVA to
the collagen II inoculum is due to the presence of a TH2 environment resulting from an increased pro-
duction of IL-4 mRNA and a parallel increase in Ox40* T cells.
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INTRODUCTION

Collagen-induced arthritis (CIA) is an organ-specific autoim-
mune disease with many similarities to human rheumatoid arthri-
tis (RA), which is inducible in susceptible rodent and primate
animal strains [1,2]. The disease is dependent on both the activa-
tion of T cells [3] and on anticollagen antibody production [4,5].
Induction of disease is associated with a strong activation of
proinflammatory cytokines in the draining lymph nodes before
disease onset [6]. Activation of type 2 cytokines has been associ-
ated with amelioration [7,8] and resistance to arthritis [9].

An immune response to unrelated antigens can interfere with
the development of CIA in DA rats. The effect is especially strong
when the antigen is included in the inoculum of IFA and Collagen
IT (CII). The inhibition is effective using a number of foreign anti-
gens, whereas self-antigens such as rat serum albumin (RSA)
have comparatively little effect on preventing arthritis develop-
ment [10]. A similar phenomenon of antigen inhibition has been
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studied in another model of autoimmunity, in which activation of
an immune response to keyhole limpet haemocyanin (KLH)
inhibited the development of EAE [11].

The mechanism of antigen inhibition is incompletely under-
stood, especially in light of the particularly strong effect this has
on the development of arthritis. Previous investigations of the
inhibition of CIA demonstrated that the antibody response to CII
was not affected in antigen-inhibited animals compared to control
CIA rats 28 days after disease induction [10]. This suggested that
there are mechanisms other than changes in the humoral
response that mediate the inhibitory effect. The fact that the
inhibited animals had a T cell-dependent IgG antibody response
to CII indicates that they have a functional antigen presentation
of collagen that results in generation of T and B cell responses to
CIL

We have now investigated further the mechanism of antigen
-inhibition of CIA. The anticollagen antibody response was stud-
ied initially, and in accordance with previous studies it was little
affected. We then investigated the kinetics of the production of
cytokine mRNA in OVA-inhibited and control CIA animals.
Furthermore, the differences in cellular populations were
studied, with particular emphasis on the activation state of T cell
populations.
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MATERIALS AND METHODS

Animals

In all experiments female Dark Agouti (DA) rats of age 8-
10 weeks were used. All experiments, approved by the Ethical
committee of Stockholm North, were performed according to
local ethical regulations.

Collagen II preparation

Bovine CII (bCII) dissolved in 0-1 M acetic acid was used in all
experiments and was prepared from calf nose cartilage, as
described previously [12,13].

Immunizations

Rats were immunized intradermally in the base of the tail with
300 ul of an emulsion of either bCII + IFA + PBS or bCII +
IFA + OVA.The inoculate was prepared by first emulsifying bCII
(75 pl per rat) and IFA (150 ul per rat) (Difco, Detroit, MI, USA)
and subsequently adding and emulsifying the PBS, BSA (Sigma,
St Louis, MO, USA) or OVA, respectively (75 ul per rat) (Sigma,
St Louis, MO, USA). Each rat thus received 150 ug bCII and
150 pl TFA and in the antigen-inhibited rats, 112 ug OVA (in PBS)
or 10 ug BSA (in PBS) was included in the inoculate. In a separate
experiment the control group IFA/OVA was added, the rats
receiving an emulsion of acetic acid, OVA and IFA mixed as
described above.

Evaluation of arthritis

Rats were scored blindly by two independent investigators
according to a previously described procedure [14]. In brief, 1
point signifies swelling of one group of joints [for example meta-
tarsophalangeal (MTP), metacarpophalangeal (MCP) joints or
proximal interphalangeal (PIP) joints], 2 points signifies two
groups of swollen joints, 3 points signifies three groups of swollen
joints (for example PIP, MCP and wrist or ankle joints), and 4
points signifies swelling of the entire paw. The maximum score for
each rat was 16.

Quantification of anti-bCII antibodies
Individual sera were collected days 21 and 30 post-immunization
(p-i.) from bCII/TFA immunized rats with either PBS or OVA in
the inoculate. The sera were stored at —20°C until the total IgG
anti-CII levels were analysed according to a previously described
ELISA procedure [15]. A pool of sera from bCII immunized rats
was used as standard. The 1:50 dilution of this standard serum
was defined arbitrarily to contain 2 units of anti-bCII antibody.
Determination of anti-bCII IgG isotypes IgG1, IgG2a and
IgG2b was performed by ELISA as described previously [16].

Cytokine quantification
The inguinal lymph nodes were dissected from the rats at days 3,
7 or 16 p.i. Lymph nodes were frozen after dissection and kept at
—70°C until RNA preparation. Extraction of RNA and synthesis
of cDNA was performed as previously described [7].
Quantitative PCR analysis of cDNA was performed using the
Tagman™ methodology (Perkin Elmer, Norwalk, CT, USA),
according to the manufacturer’s instructions. Cytokine values for
each animal were normalized against the housekeeping enzyme
GAPDH. Primers and probes were designed, using the software
Primerexpress™, to span over introns in order to avoid amplifi-
cation of genomic DNA. The primers and probes used are

described elsewhere [17] except for GAPDH (sense: TCAACTAC
ATGGTCTACATGTTCCAG:; antisense: TCCCATTCTCAGC
CTTGACTG; probe: FAM-TGACTCTACCCACGGCAAGT
TCAACG-TAMRA).

Flow cytometric analysis

For three-colour flow cytometric analysis, OVA-treated and nor-
mal CIA rats were sacrificed on days 7 or 30 p.i. The draining
inguinal lymph nodes were dissected, passed through a steel
mesh, washed twice in PBS and resuspended in PBS supple-
mented with 2% FCS; 5x 10° cells/sample were incubated with
monoclonal antibodies at saturating concentrations for 30 min at
4°C. The antibodies used were: biotinylated Ox40 (Pharmingen,
San Diego, CA, USA), antirat TCR o-FITC (clone R73, Serotec,
Oxford, UK), FITC antirat CDS8 (clone OXS8, Pharmingen), anti-
rat CD25-PE (clone Ox-39, Pharmingen), antirat CD45RC-FITC
(clone Ox-22, Serotec), antirat CD62L-FITC (clone HRL-1,
Pharmingen), antirat CD4-Cy chrome (clone Ox-35, Pharmin-
gen) and antirat NK-RP1-FITC (clone 10/78, Serotec). For stain-
ings in which one of the primary antibodies was biotinylated
Ox40, cells were washed once with PBS/2% FCS, and incubated
thereafter with streptavidin-PE (Becton Dickinson, Mountain
View, CA, USA) for 30 min at 4°C. After a final wash, cells were
fixed in PBS/1% paraformaldehyde. Simultest™ Control y/p,
antibodies (Becton Dickinson) were used as negative control.
Cells were also incubated with streptavidin-PE alone to exclude
non-specific staining from this reagent.

Finally, 10-50 000 events per sample were acquired on a FAC-
Ssort flow cytometer (Becton Dickinson, San Jose, CA, USA) and
analysed using CellQuest software (Becton Dickinson). A wide
lymphocyte gate was set to also include NK cells and monocytes.

Statistics
The arthritis score values were analysed using the nonparametric
Mann-Whitney U-test for two-group analysis. The antibody titres
were analysed using Student’s 7-test.

Cytokine mRNA production and cell populations were anal-
ysed using non-parametric analysis as above, i.e. Mann—-Whitney
U-test.

RESULTS

Antigen inhibition of bovine CIA using irrelevant antigen

In a number of experiments we could inhibit completely the bCII-
induced CIA with an unrelated antigen (Table 1) using either
OVA or BSA. The inhibition was complete, i.e. no arthritis was
observed, whereas the incidence was nearly 100% in all simulta-
neously performed control experiments when bCII + IFA was
injected without the presence of foreign antigen. Inhibition was
effective with as little as 10 ug BSA/rat.

Anti-CII levels in antigen-inhibited rats

Serum levels of anti-bCII antibodies were determined in sera
recovered at day 21 or 30, respectively (Table 1). Total levels of
anti-bCII IgG were not significantly different between groups at
either time-point. The individual antibody isotypes were also
determined. As previously reported [18] the IgG2a anti-bCII
response was dominant, with IgG1 and IgG2b accounting for only
a fraction of the total IgG anti-bClII. There was no consistent dif-
ference between the two groups for any of the three isotypes
IgG1, IgG2a and IgG2b (data not included).

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 131:241-247
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Table 1. Unrelated antigens can inhibit bovine CIA: effects on antibody

Table 2. Analysis of the cytokine production in inguinal lymph nodes at

levels® days 3,7 and 16"
Incidence Maximum o-CII IgG  o-CII IgG CIA OVA
Exp. Inhibitor n (%) score day 21 day 30
Mean s.e.m. Mean s.e.m.
1 OVA 5 0 0 n.d. 0-23+0-20
none 5 100 2:6 n.d. 0-37£0-08 (a) Day 3
2 OVA 5 0 0 1-4£12 nd IL-4/GADPH 100 34 113 24
none 5 100 66 076 £0-79 n.d. IFN-YGADPH 100 25 81 22
3 BSA 7 0 0 n.d. n.d. IL-10/GADPH 100 10 78 13
none 7 85 84 n.d. n.d. (b) Day 7
1L-4/GADPH 100 17 228% 22
*The number of animals in each treated group () is indicated in one IFN-yGADPH 100 18 % 15
. IL-10/GADPH 100 17 83 6
column. The values for maximum score are mean values. The total o-CII
. . IL-13/GAPDH 100 18 59 8
IgG value was determined relative to a standard serum that was set to the
. L TNF-o/GAPDH 100 10 77 5
arbitrary value of 2. The values indicated are mean * s.d. None of the
values for o-CII IgG are statistically significant (c) Day 16
& v Se : IL-4/GADPH 100 56 65 6
IFN-yGADPH 100 17 78 9
IL-10/GADPH 100 13 88 9

Cytokine analysis of lymph node cells before and after the onset
of arthritis

Cytokine mRNA expression was determined in the draining
lymph nodes at different time-points before and after the onset of
disease, at days 3, 7 or 16 after CII immunization. The relative
value for each cytokine mRNA is expressed as the quantity of the
respective cytokine mRNA in the OVA-treated animals com-
pared to the control CIA immunized animals (as percentage)
(Table 2). IL-4 mRNA increased in treated as compared to con-
trol immunized animals at day 7 p.i. This result was confirmed in
a second set of experiments. No significant differences in IL-4
mRNA between treated and control groups was recorded at other
time-points and no statistically significant differences could be
detected in IFN-y, TNF-¢, IL-1/ and IL-10 levels at any of the
time-points analysed.

In a separate experiment the up-regulation of IL-4 mRNA
in antigen-inhibited animals was compared to a second control
group immunized with OVA/IFA alone. Compared to CIA in ani-
mals receiving OVA/FIA the IL-4 mRNA expression was up-
regulated (198% + 60 (mean + s.e.m.) relative to the group CIA)
but not to the same extent as in CIA/OVA animals (563% + 215
relative to the group CIA that was set to 100% +21).

FACS analysis of changes in cell populations after antigen
inhibition

On day 7 p.i., the fraction of afTCR*CD3"* T cells of total lym-
phocytes in the inguinal lymph nodes was lower in the OVA-
treated group than in the control CIA group (Fig.1a). This
decrease was reflected in both the CD8" and the CD4"* compart-
ments, as both these populations were decreased in the OVA-
inhibited animals (Fig. 1b,c).

These cellular populations were also analysed in animals at a
later time-point in the disease process (day 30) but no differences
between the treated and untreated groups were observed (data
not included). The total number of cells in the inguinal lymph
nodes was also estimated and no significant differences could be
detected between treatment groups at any time-point analysed
(data not included).

The frequency of NKT cells or CD3"afTCR™ cells, which
include the y3 cell population, was not significantly different on
day 7 or day 30 p.i. (data not included).

“The individual values for each cytokine were determined from a stan-
dard curve of either a plasmid construct or control cDNA prepared from
ConA stimulated cells. The cytokine value for each animal was normalized
to the housekeeping enzyme GAPDH. The resulting mean value for the
control group for each cytokine was set to 100. Since RNA preparation,
c¢DNA synthesis and PCR experiments were performed in different exper-
iments for each day and cytokine, only OVA-treated and CIA animals can
be compared. *P < 0-05 using Mann—-Whitney U-test.

FACS analysis of changes in T cell phenotypes

Since some T cell populations may regulate autoimmunity, differ-
ent phenotypes of the CD4" T cell population were investigated
with respect to activation markers. On day 7 a marker often used
to assess T cell activation, CD25, had similar expression levels in
the two treatment groups (Fig. 2a). Later in the disease (day 30
p-i.) expression of this receptor was higher in the arthritic CIA
control animals (Fig. 2a).

On day 7, the T cell activation marker Ox40 was up-regulated
in the OVA-inhibited group, 20-2 + 1-1% (mean + SEM) versus
139+ 0-7% of CD4* af-TCR* lymphocytes (Fig.2b). However,
the levels of Ox40" cells in the CD4"¢-TCR" T cell population
were not significantly changed between the two groups at day
30 (Fig.2b).

In a separate experiment the increased frequency of Ox40" T
cells in antigen-inhibited animals was compared to a second con-
trol group immunized with OVA/IFA alone. The Ox40 expression
on CD4*o-TCR* T cells was slightly higher in animals receiving
OVA/IFA (149% *1-5, mean * s.e.m.) than in animals receiving
CIIIFA (132% % 0-9) but not up-regulated to the to the same
extent as in CIA/OVA/IFA animals (17-3% + 0-8).

FACS-analysis of Ox40" T cells
In order to investigate further the phenotype of the Ox40* popu-
lation, two other markers previously associated with regulation of
autoimmunity, CD62L (L-selectin) and CD45RC [19,20], were
investigated at day 7 p.i.

In rats, CD4 is expressed on T cells (CD4'TCR") or
macrophages/monocytes (CD4*TCR"). However, 7 days after
immunization with bCII/IFA/PBS or bCII/IFA/OVA, very few

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 131:241-247
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Figure 1. Proportions of o T cell populations in OVA-inhibited (n =5)
and control CIA (n=>35) animals at day 7 after immunization, as deter-
mined by flow cytometry. (a) The total T cell population defined by CD3*
of-TCR" cells was lower in the OVA-inhibited group (P <0-01) using
Student’s r-test. This decrease was reflected in both the (b) CD8" CD3*
population (P < 0-01) and in the (¢) CD4* CD3" population (P < 0-01). This
experiment was repeated once with similar results. A, OVA; [, CIA
control.

(1-0%) CD4" CD3" cells were detected in LN cell preparations. In
addition, in the experiment depicted in Fig.2b only 2-0% of the
CD4" Ox40" cells were o TCR™. Thus, in this experimental set-up
it was sufficient to use only CD4" as a marker for CD4" T cells.
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Figure 2. Proportions of CD4*af* T cells expressing the activation mark-
ers CD25 (a) or Ox40 (b) in the OVA-inhibited (n =5) and control CIA
animals (n = 5) at days 7 and 30 after immunization, as determined by flow
cytometry. The proportion of CD4*af" T cells with CD25 was higher in the
CIA control group (P < 0-01) at day 30 p.i. (a). The proportion of CD4* o3
T cells expressing Ox40 was higher in the OVA-inhibited group (P < 0-01)
at day 7 p.i. (b). This experiment was repeated once with similar results.
A, OVA; [, CIA control; O, normal.

When analysing the CD4* Ox40" cell population on day 7, we
observed a difference between OVA-inhibited and control CIA
animals in the CD62L" but not in the CD62L" population
(Fig. 3a). Similarly, in the CD4" Ox40" cell population, there was
a difference between the treated and untreated groups in the
CD45RC but not in the CD45RC* population (Fig. 3b).

DISCUSSION

In this study, we confirmed that an immune response to unrelated
antigens completely inhibited CIA induced with CII [10]. Our
most significant findings were that antigen inhibition was associ-
ated with an up-regulation of IL-4 mRNA and an increased fre-
quency of Ox40" CD4* T cells in the draining lymph nodes 7 days
after immunization.

Co-inoculation of the unrelated antigen OVA with CII did
not cause any significant change in either the total serum levels of
IgG anti-CII or of the respective isotype compared to animals
inoculated with CII alone. Thus the dramatic effect of antigen-
inhibition on disease is not reflected by any change in the humoral
immune response to CII.

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 131:241-247
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Figure 3. The analysis of the CD4" Ox40" population co-expressing (a)
CD62L or (b) CD45RC phenotypes by flow cytometry at day 7 p.i. (a) The
proportions of the CD4*Ox40*CD62L" and the CD4*Ox40"CD62L" popu-
lations were compared. The difference between OVA-inhibited (n = 5) and
control CIA (n=35) is significant in the CD4'Ox40*CD62L" population
(P<0:01). (b) The proportions of the CD4'Ox40'CD45RC  and the
CD4"0Ox40"CD45RC" populations were compared. The difference
between OVA-inhibited (n=5) and control CIA (n=35) is significant in
the CD4*Ox40"'CD45RC population (P < 0-01). A, OVA; [J, CIA control.

Cytokine patterns have been used as important determinants
of whether or not an autoimmune immune response becomes
pathogenic [9], which prompted us to investigate which cytokines
were most affected by OVA inhibition.

There was generally little difference in cytokine mRNA
expression between OVA-inhibited and CIA animals. The reason
for this may be that in this animal model it is only possible to mea-
sure the total expression of cytokines and not that of CII-specific
T cells. The fact that we analysed lymph node cells and not the tar-
get organ may also make it more difficult to distinguish differ-
ences in a specific pathogenic T cell population.

IL-1B has been implicated strongly as one of the determinants
of CIA development [21,22], especially when present in the joint.
The fact that the average value of this cytokine mRNA is reduced
(although not statistically significant) by OVA treatment may
reflect the importance of this cytokine in arthritis development.

Nevertheless, in this study the cytokine that was most affected
by OVA-inhibition was IL-4 at day 7 after immunization.

Previous studies have demonstrated that the production of many
cytokines is increased at this time-point [6]. Indeed, up-regulation
of IL-4 has been associated previously with amelioration [7,23] or
resistance [9] of arthritis. In addition, administration of IL-4 has
an ameliorating effect on CIA [24,25]. Thus, the beneficial effect
of an unrelated antigen in CIA may be mediated via an increase
of IL-4 production. This conclusion is compatible with observa-
tions of other autoimmune models. In the study by Falcone et al.,
in which an immune response to KLH inhibited MBP-induced
EAE, there was an increased IL-4 production in MBP-specific T
cells from KLH-inhibited animals compared to uninhibited con-
trol EAE animals [11]. The authors suggested that the mechanism
for protection was immune deviation towards a type 2 immune
response acting in the regional lymph node and not in the periph-
eral tissue.

The total IL-4 mRNA production was slightly higher in ani-
mals receiving OVA/IFA than in those receivingCII/IFA, indicat-
ing that OVA is a stronger TH2-inducing antigen than is CII.
However, because IL-4 mRNA production was even higher in
OVA/CII/IFA immunized animals there was probably also a con-
tribution from ClI-specific T cells or due to the fact that these ani-
mals had a higher total antigenic load.

There are many descriptions in the literature of lymphocyte
populations with autoimmune regulatory capacity. It was
therefore our aim to study if antigen inhibition activated a T cell
population that had been described previously as regulatory.
Mason and coworkers have described autoimmune regulating
populations in the peripheral T cell pool with the phenotype
CD4'CD25'CD45RC™ and CD62L" [19,26]. In our study there
was no expansion of the CD25"CD4" subset in association with
antigen inhibition, nor did we find any increased frequencies
of y0 T cells or NKT cells in antigen-inhibited animals,
populations which may also have autoimmune regulatory
function [27,28]. The T cell populations that are elevated by inhib-
iting antigen in our study (TCRf'CD4'0Ox40'CD45RC and
TCRf'CD4"0x40"CD62L") have not been described previously
as autoimmune regulatory cells.

On day 7 after immunization the CD4"o5-TCR* T cells from
OVA-inhibited animals had increased expression of the activation
marker Ox40, which is up-regulated transiently on activated CD4*
T cells [29]. When the antigen dependence of this Ox40 up-
regulation was investigated in animals receiving OVA, CII or
OVA + (]I, respectively, the group receiving OVA alone had an
intermediate expression level of Ox40. This suggests that both CII
and OVA-specific T cells contribute to increased Ox40 expres-
sion. In the literature, there are suggestions that Ox40" T cells may
be involved in mounting a type 2 immune response in vitro [30,31]
and in vivo [32]. However, it has also been demonstrated recently
that Ox40" T cells can also mount a Th1 response [33] in an exper-
imental model of colitis.

Our data suggest that the Ox40" population that differs
between treated and untreated animals has the phenotype
CD45RC and CD62L". T cells that are recent thymic emigrants
are CD45RC* and upon activation they convert to CD45RC™
[34,35]. Expression of CD62L (L-selectin) on T cells is important
in mediating homing to lymph nodes [36,37]. Loss of CD62L may
also be a sign of activation [36]. This indicates that the Ox40*
CD4" T cells associated with antigen-inhibition of CIA have phe-
notypical signs of active non-naive T cells.

The introduction of a competing immune response (in this
case against OVA) abolishes the arthritogenic immune response.
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Despite the fact that the anti-CII antibody response is unchanged,
the anti-OVA immune response is dominant, at least in determin-
ing the Th1/Th2 type of the immune response. This strategy, trying
to induce a dominant, unrelated immune response that interferes
with the pathological immune response, has also been demon-
strated using live foreign microorganisms [38].

This is the first study investigating changes in lymphocyte
populations and cytokine production as a result of an unrelated
antigen inhibition of collagen-induced arthritis. We suggest
that the modulation of the CIA by antigen inhibition is due
to an increased production of IL-4 in the draining LN. This is
also the first description of an association between protection
of autoimmunity and expansion of the T cell phenotype
TCRof*CD4"0Ox40". This phenotype is thus interesting to inves-
tigate in further studies.
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