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Polyclonal Thl cells transfer oil-induced arthritis
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SUMNIMARY

T-cells play a critical role in oil-induced arthritis (OIA) in DA rats. The present study focuses on

the involvement of CD4/CD8 T cells in OIA by using adoptive transfer. Mitogen-activated T cells
from DA rats previously injected with incomplete Freund's adjuvant (IFA) were depleted of
CD4+ T cells or CD8+ T cells before transfer to irradiated naive receipients. The results indicate
that CD4+ T cells are essential for the induction of passively induced OIA. However, in vitro
blocking experiments with monoclonal antibodies (mAb) to the CD4 molecule of the T cells
before transfer did not affect the passive OIA. Neither was passive OIA inhibited by treating the
CD4+ T cells with mAb to intracellular adhesion molecule-l (ICAM-1) in order to block cell-cell
interactions or migration. The arthritogenic CD4+ T cells were sensitive, however, to in vitro
treatment with mAb to the interleukin-2 receptor, which inhibited the disease or delayed the onset
of passive OIA in recipients. The arthritogenic CD4+ T cells were also analysed for expression of
specific T-cell receptor (TCR) variable (V),B chains, critical for recognition of autoantigen, by
utilizing VB gene-specific polymerase chain reaction (PCR). The results show a heterogeneous
expression of VB segments of the TCR, indicating a polyclonal origin of the pathogenic cells.
Moreover, an investigation of the T helper (Th) l/Th2 status of the CD4+ T cells, defined by
cytokine expression, was made at the mRNA level by using in situ hybridization. High numbers
of interleukin-2 (IL-2) mRNA expressing cells and also interferon-y (IFN-y) and tumour necrosis
factor-oa (TNF-ac)-expressing cells could be identified. We conclude from this study that non-

immunogenic IFA triggers polyclonal, IL-2-dependent Thl cells which induce arthritis. The
contribution of the CD4 or ICAM-1 molecules for arthritis induction seem to be of minor
importance.

INTRODUCTION

Oil-induced arthritis (OIA) in DA rats is an experimental
model for autoimmune arthritis and is characterized by an
inflammatory synovitis with degradation of the articular carti-
lage and subchondral bone. OIA is a T-cell mediated disease,1-3
influenced both by major histocompatability complex (MHC)
genes4 and by non-MHC genes.5 It is induced with a single
intradermal injection of mineral oil or mineral oil-derived
products"16 and can be classified as an adjuvant-induced
arthritis model. As with mycobacterial adjuvant arthritis (AA),
OIA can be transferred to naive irradiated recipients with
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mitogen-activated T cells from OIA immunized animals indi-
cating that, regardless of the immunogenic status of the
arthritogen, T cells are important in the initiation of arthritic
disease.2

To explore the possibility that a differential CD4/CD8
T-cell involvement could account for the passively induced
OIA, we investigated T cells from OIA immunized rats
depleted of CD4+ or CD8+ cells by magnetic cell separation
(MACS) for induction of arthritis in naive recipients. In the
present report we demonstrate the involvement of CD4 +
T cells in the induction of passive OIA.

In vivo administration of monoclonal antibodies (mAbs)
to the CD4 molecule, interleukin-2 receptor (IL-2R) or to the
intracellular adhesion molecule-l (ICAM-1) has earlier been
used to assess the importance of these cell surface antigens in
AA, with the finding that it prevents or suppresses adoptive
transfer of AA.7'9 However, with this treatment protocol not
only the transferred cells are targeted but also host-derived
immune cells which according to van de Langerijt et al."0 are
crucial for arthritis induction in the adoptive transfer system.
Therefore, by blocking CD4, IL-2R and ICAM-1 with mono-
clonal antibodies in vitro, we only wanted to investigate the
role of these cell surface components on the transferred CD4+
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arthritogenic T cells in the initiation of adoptive tansfer of
OIA.
A characterization of the T-cell receptor (TCR) usage of

the CD4' T cells mediating passive transfer of OIA would
allow identification of clones specific for target antigens. By
transcriptional analysis of TCR genes we analysed the
expression of specific TCR variable (V) # chains by using
primers specific to each rat Vf3 family.

The CD4' T cells were also characterized by identifying
their expression of T helper (Th) 1/Th2 cytokines. The
expression of IL-2, interferon-y (IFN-y), tumour necrosis
factor-s (TNF-ox) and interleukin-4 (IL-4) mRNA was investi-
gated by in situ hybridization.

MATERIALS AND METHODS

Animals
200 g DA rats of male sex were used. The animals were kept
and bred at the animal unit of the Karolinska hospital and
were originally obtained from the Central Institute for
Laboratory Animal Breeding, Hannover, Germany. The
animals were fed rodent chow and water ad libitum. The rat
colonies were screened for pathogens and were determined to
be free from common pathogens.

Donor rats
Donor rats were immunized intradermally with 200 p1 incom-
plete Freund's adjuvant (IFA; Difco, Detroit, MI) at the base
of the tail. 13-15 days after injection, popliteal, inguinal,
axillary and brachial lymph nodes were removed. For in situ
hybridization experiments lymph nodes from unimmunized
DA rats were also used.

Mitogen-activated T cells
Single cell suspensions were prepared by passing the lymph
nodes through a stainless-steel mesh. Lymph node cells (LNC)
from several rats were pooled and cultured at 0 5-1 x 107
cells/ml with 3 ,ug/ml Concanavalin A (Con A) in Dulbecco's
modified Eagle's medium (DMEM) supplemented with 2 mM
glutamine, 100 pg/ml streptomycin, 100 /ml D-penicillin, 2M
HEPES, 0 1 M f-mercaptoethanol and 10% fetal calf serum.
The cells were cultured at 370 in a humidified 6% CO2
atmosphere for 48 hr. The mitogen-activated LNC were there-
after washed in phosphate-buffered saline (PBS) and put on
a nylon wool column to separate the T cells.

CD4 and CD8 cell depletions
CD4+ or CD8+ cells were depleted from the T-cell fraction
using a magnetic cell separation system MACS (Miltenyi
Biotec, Bergish Gladbach, Germany), as described earlier."
Briefly, cells were incubated with biotin-labelled anti-
CD4 mAb (W3/25) or biotin-labelled anti-CD8 mAb (Ox8)
(Serotec, Oxford, UK) at 50 pg/ml to 5 x 107 T cells for 10 min
at 4°. After washing in PBS-1% bovine serum albumin (BSA)
the cells were incubated with streptavidin-conjugated paramag-
netic microbeads (Miltenyi-Biotec) at 10 p1/107 cells for 10 min
at 40. After washing in PBS-l% BSA the cell suspension was
passed over an ironwool column within a magnetic field. The
magnetic-bead labelled cells (positive fraction) were retained
on the column and the unlabelled cells (negative fraction)
passed through and were collected. The negative fraction was

washed in PBS, counted and transferred to recipients. In each
transfer experiment the purity of the resulting CD4 or CD8
depletion was assessed by flow cytometry. The purity ofCD4+,
TCR ael cells was between 91 and 98% with 0-0-1% contami-
nating CD8+ cells and the purity of CD8+, TCR a43 was
between 73 and 87% with 0-1-4-9% contaminating CD4+ cells.

Adoptive transfer and evaluation ofarthritis
Naive DA rats were irradiated with 600 rad and 24-48 hr later
injected intravenously with 0-9-7-5 x107 viable CD4+ or
CD8+ T cells in 0-4-2 ml PBS. The recipients were sub-
sequently inspected five times per week for clinical signs of
arthritis. Severity of arthritis was graded from 0 to 4 for each
extremity as previously described,' giving a maximum score
of 16.

In vitro blockage of CD4, ICAM-1 and IL-2 receptor
Before transfer, CD4+ T cells from IFA-immunized DA rats
were either incubated with 3 pg/ml anti-CD4 mAb (W3/25),
20 pg/ml anti-ICAM-l mAb (IA29) or 10 pg/ml anti-IL-2
receptor mAb (0x39) (Serotec) for 30 min at 4° and thereafter
washed in PBS. Antibody binding was verified by fluorescence-
activated cell sorting (FACS) analysis in each experiment.

Polymerase chain reaction (PCR) analysis
Total RNA was prepared from Con A-stimulated T cells
obtained from IFA-immunized DA rats. Cells were lysed in
guanidinium thiocyanate and extracted with phenol.12 The
isolated RNA was used to synthesize cDNA as template for
the PCR reactions, as described elsewhere.'3 Briefly, cDNA
was made with a CB-specific primer and subsequent PCR
reactions were set up with a radioactive-labelled C/I-primer,
internal to the one used in the cDNA synthesis, and one of
22 different V/I-specific primers. The PCR products were

separated in an acrylamide gel and an X-ray film was exposed
to the gel. With aid of the X-ray film the bands were excised
and the radioactivity measured by liquid scintillation. The
signal from each band was expressed as a percentage of the
total signal.

In situ hybridization
Slides with freshly isolated CD4+ T cells or mitogen-activated
CD4+ T cells from IFA-injected DA rats and mitogen-
activated CD4+ T cells from unimmunized rats were prepared
by cytocentrifugation. 1 x 105 cells were loaded per slide and
centrifuged at 80 g for 3 min. Thereafter the cells were fixed
for 1 min in 4% paraformaldehyde in PBS at 4°. Slides were

stored in 70% ethanol in diethylpyrocarbonate (DEPC)-
treated distilled water at 40 until assayed.
RNA probes for TNF-ae, IFN-y, IL-2 and IL-4, described

previously,'4 and labelled by a-35S-uridine triphosphate (UdT)
were used. The RNA-RNA in situ hybridization was per-

formed as described in Mulssener et al.'4 Briefly, the slides
were washed in 2 x saline sodium citrate (SSC) and acetylated
for 10 min with 0 25% acetic anhydride. After rinses in 2 x SSC
and PBS, slides were incubated in 1 M Tris-HCl/1 M glycine
for 30 min. After additional washes in 2 x SSC, slides were

transferred to 50% formamide-2 x SSC at 550, before the
probe was added. Hybridization of cRNA was performed for
16 hr at 520 in a humidified chamber, with one microlitre of
35S-labelled cRNA probe, mixed in 50%/o formamide, 2%
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dextran sulfate, 2 x SSC, 100 mm dichlorodiphenyltrichloroe- of five rats rec

thane (DDT), 1 ,ug/pl Escherichia co/i tRNA, 0 5 ,ug/,ul sheared T cells from D
herring sperm DNA, 10 mm vanadyl ribonuclease inhibitor (Table 1). Artl
and 2 jg/pl nuclease-free BSA. Slides were thereafter rinsed in transfer with ]
50% formamide-2 x SSC/10 mm DTT, kept at 56°, and then (Fig. 1). The re
rinsed in 2 x SSC. Single-stranded RNA was digested by T cells develop
100 yg/ml RNAse A and 1 ,ug/ml RNAse Tl at 370 for 30 min. arthritic score c
After rinsing in 2 x SSC, the slides were rinsed in 50% than 70 days (c
formamide-2 x SSC at 52°, rinsed again in 2 x SCC, dehy-
drated in ethanol, and air dried. The slides were covered with
NTB-2 nuclear track solution (Eastman-Kodak, Rochester, 8
NY), and developed after 20-25 days exposure. Hybridized
cells were counterstained with Giemsa and cells expressing
numerous grains were coded as positive. The results were

expressed as numbers of labelled cells per 1 x 105 plated cells. 6 -

Sense probes were used as controls and never gave signal
above background.

0

Co 4

RESULTS AND DISCUSSION

Transfer of CD4+ and CD8+ T cells

We have previously reported that lymph node cells (LNC) or 2-
enriched T cells from lymph nodes of IFA-injected DA rats
can transfer OIA to naive recipients.2 A high disease frequency
in recipients was achieved by injecting a minimum of 107 Con
A-activated LNC or T cells into irradiated animals. The arthri- 0

togenic potential of the transferred cells was activated by Con 0
A since non-mitogen (freshly harvested) LNC from IFA-
injected DA rats did not transfer arthritis.

In the present study, Con A-activated T cells from IFA- Figure 1. Time

immunized DA rats were depleted of CD4' or CD8+ T cells, A-activated, IFA

using the MACS system, before transfer into irradiated naive score in recipient

recipients to elucidate the role of T-lymphocyte subsets in the T cells (n = 2).
induction of OA. Passive OIA could be induced in five out A-stimulated IF}

Table 1. Incidence of arthritis in irradiated naive DA rats receiving Con A-activated CD4'
14 days previously

ceiving 3 5-4-0 x 107 mitogen-activated CD4'
)A rats injected with IFA 14 days previously
hritis developed within 5-12 days after cell
highest arthritic score ranging from 2 to 7
ecipient receiving the highest number of CD4+
)ed the most severe arthritis, with the highest
of 7, which became chronic and lasted for more
data not shown).

10 20 30 40
Day after transfer

course of passively transferred OIA in irradiated
mean arthritic score in recipients of 3-5 x 107 Con
D-sensitized CD4+ T cells (n= 2). (A) mean arthritic
Ls of 3 6 x I07 Con A-stimulated, IFA-sensitized CD4+
(0) arthritic score in recipient of 4 x 1O' Con
A-sensitized CD4 +T cells (n = 1).

or CD8 + T-cells from DA rats immunized with IFA

No. of cells CD4+, CD8+, No. arthritic/ Day of Highest
T-cell Exp. transferred TCRc,3+ TCRafl+ total no. arthritis score of
subset no. x 107 (%) (%) recipients onset arthritis

CD4 1 3 5 91 2/2 9; 12 4; 4
2 36 97 2/2 7; 5 2; 3
3 4-0 98 1/1 8 7

CD8 4 0 9 84 0/1
5 1 3 80* 0/1
6 25 85 0/1
7 4 0 87 1/1 27 7
8 6-1 73 0/1
9 7.5 75 0/1

Controlt 7/7 12t 8§
Control¶ 0/2

*Only CD8 determined.
tActively induced OIA. DA rats receiving 200 pl IFA i.d.
tMean day of arthritis onset.
§Mean highest score of arthritis.
¶Irradiated DA rats receiving 200 pl IFA i.d.
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Transfer of mitogen-activated CD8+ T cells from IFA-
injected DA rats in doses of 0 9-7 5 x 107 cells induced arthritis
in one out of six rats. The development of arthritis in the
animal receiving 4 x 107 CD8+ cells was not apparent until 27
days after transfer. In this experiment, however, 4-9% of the
total cells transferred were positive for CD4. Since none of
the other rats receiving CD8+ cells, although in high numbers,
developed arthritis, the high contamination of CD4+ T cells,
which could expand in the recipient, might most likely account
for the development of arthritis in the one rat receiving
CD8+ Tcells.

Our observations that the CD4+ subset of T cells are
essential for passive OIA is analogous to adoptive transfer of
adjuvant arthritis and collagen induced arthritis, in which the
CD4+ cells have been discerned as mediators for disease
induction.15-'7 Also, prophylactic treatment with monoclonal
antibodies to the CD4 molecule on active collagen induced
arthritis and adjuvant arthritis have demonstrated that CD4+
cells are involved in the induction phase of experimental
arthritic disease.718

Blockade of CD4, ICAM-1 and IL-2 receptor on CD4+ T cells
prior to transfer

We investigated if blockade of the CD4 molecule could inhibit
the adoptive transfer of OIA since CD4' T cells mediated the
disease. Interestingly, the arthritogenic CD4' cells were insen-
sitive to in vitro treatment with mAb to the CD4 molecule
and induced arthritis in three out of three recipients after
transfer with 4 x 107 CD4+ T cells after prior incubation with
W3/25 mAb (Table 2). Mean onset of disease was 7 days after
cell transfer with a maximal clinical score of 4. Blockage of
ICAM-1 had a minor effect on arthritis development, in that
three out of four rats developed arthritis with an average onset
of 9 days and highest arthritic score of 5 after transfer with
4 x 107 CD4' T cells from IFA-immunized rats incubated with
IA29 before transfer. When similar numbers of arthritogenic
CD4' T cells were treated instead with mAb to the IL-2
receptor before transfer, there was a lower incidence of disease
(although not statistically proven) with a delayed onset in the
two out of five rats that developed arthritis. Mean day of
arthritis onset was 23 days after transfer with a mean maximal
clinical score of 3-5. Six control rats receiving 4 x 107 arthrito-
genic CD4' T cells without any prior treatment all developed

Table 2. Transfer of4 x 107 untreated or mAb treated Con A-activated
CD4' T cells from IFA-injected DA rats to naive irradiated recipients

Treatment No. arthritic/ Mean day of Arthritis
(mAb) total no.rats onset severity*

None 7/7 8 3-6
Anti-CD4 3/3 7 4
(W3/25)

Anti-ICAM-1 3/4 10 2-3
(IA29)

Anti-IL-2- 2/5 23* 3.5
receptor (Ox 39)

*Data are expressed as mean of the maximal clinical scores of
arthritic rats.

*P< 0 05 versus control group, Student's t-test.

arthritis. The initial signs of arthritis were evident 9 days after
transfer, reaching a mean maximal clinical score of 3-8.

The absence of inhibition of passive OJA by blocking the
CD4 molecule or ICAM-l may be explained thus:' the mono-
clonal antibodies dissociate when the cells enter the receipients
circulation; or' the arthritogenic process is not dependent on
the CD4 molecule or ICAM-1. We believe that the former is
not very likely because the mAb W3/25 against CD4, or IA29
recognizing ICAM-l have earlier been used successfully in vivo
for adoptive transfer of adjuvant arthritis.7'9 However, our
results may differ due to that in our experiments only the
transferred cells and not the recipients were treated with W3/25
or 1A29. Inhibition of passive OIA by treating the cells
with mAb to the IL-2 receptor also indicates that the mAb
has not dissociated in vivo.

It is possible that simultaneous blockade of additional
adhesion molecules to ICAM-1 may be neccessary for
inhibiting transfer of arthritis, but again 1A29 used in vivo
alone has earlier been reported to suppress passive AA.9
Knowing that adhesion molecules are a prerequsite for the
leucocytes to attach to endothelium and extravasate into
inflammatory foci, our results may indicate that the arthritog-
enic cells do not themselves migrate to joints and initiate
arthritis there. This has also been postulated and studied more
directly in adoptive transfer of adjuvant arthritis by van de
Langerijt et al'0 who reported that transferred cells localized
to liver, spleen and lymph nodes but not to joints.

The inhibition of passive OIA with blockade of the IL-2
receptor suggests that the CD4 + T cells are dependent on IL-2
for survival in the recipient. Our results of the in vitro
IL-2 receptor-directed treatment parallels the in vivo treatment
of IL-2 receptor in passive AA which prevents disease.'

Cytokine mRNA expression in CD4+ arthritogenic T cells

The next issue was focused on identifying the involvement of
Thl and/or Th2 subsets of T helper cells in the passively
induced OIA based on their lymphokine expression patterns.
By using in situ hybridization, Con A-activated IFA-sensitized
CD4' T cells expressed mRNA for 11-2, IFN-y and TNF-ca
but not IL-4 (Table 3) (Fig. 2). IL-2 was markedly expressed
followed by IFN-y and TNF-cx mRNA expressing cells.
Without prior in vitro stimulation of Con A, CD4' T cells
from IFA-immunized rats also exhibited a Thl-like cytokine
proffle expressing IFN-y mRNA, although fewer positive cells
could be detected compared to control cells stimulated with

Table 3. Cytokine mRNA expression in CD4' T cells isolated from
lymph nodes of unimmunized or IFA-immunized DA rats 14 days
after immunization. The data are depicted as numbers of cytokine

expressing cells per 1 x I05 CD4+ T cells

Source of Con
CD4' T cells A-activation TNF-a IFN-y IL-2 IL-4

Unimmunized Yes 5 21 116 3
rats

IFA-injected No 0 22 0 0
rats

IFA-injected Yes 300 500 1750 0
rats
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Figure 2. Expression of T-cell receptor Vfl chains in Con A-activated
CD4' T cells from DA rats immunized with IFA 14 days previously
and analysed by polymerase chain reaction using 22 Vfl-specific
primers.

Con A (Table 3). This indicates that the selective expansion
of this subset of T cells had already occurred in vivo and was
not due to mitogen stimulation.

As a comparison to Con A-activated IFA-sensitized CD4'
T cells, mitogen-activated CD4' T cells from non-immunized
DA rats were analysed, and although very few cells were
analysed, IL-4 mRNA was additionally detected (Table 3).
The number of cells expressing IL-2, IFN-y and TNF-@i were
also about 10-fold lower than in mitogen-activated CD4+
T cells obtained from IFA-immunized rats. These findings
demonstrate that non-immunogenic mineral oil in the form of
IFA selectively activates a Thl-like subset of T cells in the
DA rat.

TCR V,/ repertoire of CD4+ arthritogenic T cells

To assess if Con A may also serve to expand populations of
T cells with critical antigenic specificities we investigated the
TCR repertoire of the mitogen-activated T cells from OIA
immunized rats. The TCR V: population was studied by PCR
amplification using 22 different V/I-specific primers corre-
sponding to all known VB-genes in rat. As depicted in Fig. 2,
amplified products revealed extensive heterogeneity of TcR
V/I, demonstrating a polyclonal VB population of the arthrito-
genic T cells. This means that the arthritogenic cells are not
reactive with a single autoantigen or that just a small subpopul-
ation (about 2-8%) of the disease inducing cells recognize a
specific target antigen. Concerning T-cell reactivity in OIA to
joint candidate autoantigens, earlier studies have failed to
demonstrate any reactivity against collagen type II, proteo-
glycans or 65 000 MW heat shock protein.'

The polyclonal picture of arthritogenic T cells in OIA is
well in agreement with what has been reported recently in
another model of mineral oil-induced arthritis in mice, namely

pristane-induced arthritis (PIA).'9 In this study it was observed
that the T- and B-cell responses in PIA are to a wide range of
targets (multiple joint components).

Altogether, our results indicate that the arthritogenic pro-
cess in DA rats in response to non-immunogenic adjuvant oil
requires the interaction of CD4' T cells, although the CD4
molecule seems to be of minor importance for the induction
of arthritis. An IL-2 dependancy of the arthritogenic T cells
was noted, demonstrated by the high expression of IL-2 and
the importance of the IL-2 receptor. The observed chronic
phase of passive OIA may also be facilitated by the high
number of IL-2 expressing cells. In a previous report we have
demonstrated that expression of IL-2 in lymph nodes can be
observed in DA rats with homologous CIA, which is a chronic
disease, but not in lymph nodes from DA rats with non-
chronic, actively induced OIA.14

The development of arthritis in recipients after transfer
with polyclonal T cells expressing Thl cytokines, without
disturbance of blockade of ICAM-1 in vitro, indicates that
passive OIA is mediated by cytokine-secreting T cells which
may activate, recruit or interfere with T cells or macrophages
in the receipient, leading to induction of arthritis.

Since the specific antigen that triggers the autoreactive
T-cell response in rheumatoid arthritis remains unknown, this
study illustrates that autoimmune arthritis need not necces-
sarily be triggered by T cells recognizing a specific autoantigen.
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