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CD8" cells suppress oil-induced arthritis
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SUMMARY

Oil-induced arthritis is a genetically restricted polyarthritis that develops in the DA rat after injection of
the mineral oil Freund’s incomplete adjuvant. Here, we investigated the role of the potentially disease-
limiting cell populations CD8™ T cells, v T cells, natural killer (NK) cells and NK T cells in inguinal
lymph nodes for the development of this adjuvant-induced arthritis. Flow cytometry analysis before and
at disease onset revealed a higher proportion of lymph node T cells expressing NKR-P1 in the disease-
resistant LEW.1AV1 compared with the disease-susceptible DA strain, suggesting that NK T cells might
be disease protective. However, prophylactic in vivo administration of an anti-NKR-P1 MoAb (clone
10/78) did not consistently affect the disease course. The proportion of CD8" T cells and the ratio
CD4%/CD8™ T cells in inguinal lymph nodes did not differ significantly between DA and LEW.1AV1
rats before or at disease onset. Nevertheless, prophylactic in vivo depletion of CD8™ cells by the OX8
MoAb in the DA strain resulted in an earlier disease onset compared with the control group,
demonstrating that CD8™ cells regulate arthritis development. In vivo depletion of y8 T cells by the
V65 MoAb did not alter the disease course, indicating that the disease-suppressive CD8" cells are a8 T

cells or NK cells.
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INTRODUCTION

Inflammatory joint disease with clinical and genetic similarities to
rheumatoid arthritis (RA) can be induced in susceptible rat strains
by hydrocarbons, such as squalene [1], pristane [2] and Freund’s
incomplete adjuvant (FIA) [3,4], which activate the immune
system non-specifically. The mechanisms whereby these adju-
vants trigger joint-restricted inflammation are unknown, but
determining the role of different cell types for arthritis develop-
ment can give clues to the pathogenesis. Oil-induced arthritis
(OIA) develops in the susceptible DA rat after one intradermal
injection of the mineral oil FIA, and has been demonstrated to be
mediated by a8 T cells [4] expressing CD4 [5].

However, knowledge about cell populations that limit OIA is
currently lacking. Such knowledge can be gained both from
descriptive comparisons of cell populations in arthritis-resistant
and -susceptible strains, and from in vivo depletion of distinct cell
types before disease induction. Cell populations that have been
reported to have disease down-regulating effects in various
experimental autoimmune diseases are y6 T cells [6], natural
killer (NK) cells [7-9], NK T cells [10] and CD8™ cells [11-13].
Moreover, recent genetic studies have highlighted the interest in
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the latter cell types in OIA, since the NK gene complex and the
CDS8 genes are located on chromosome 4 within a major
quantitative trait locus determining susceptibility to OIA [14—
17]. In addition, the arthritis-prone DA rat has a defect NK
alloreactiviy mapped to the NK gene complex [15].

The aim of the present study was to determine the role of
potentially disease-limiting cell populations in OIA. We focused
our study on inguinal lymph nodes draining the injection site,
since cell transfer studies have previously demonstrated these
lymph nodes to be involved in disease development [5]. We
determined the proportions of y8é T cells, NK cells, NK T cells
and CD8™ T cells in inguinal lymph nodes from oil injection to
disease onset, thus comparing the arthritis-susceptible DA rat with
the resistant LEW.1AV1 to enable detection of changes associated
with disease development. Finally, we performed a prophylactic
in vivo depletion/modulation of TCRy8", NKR-P1* and CD8™"
cells to determine the importance of these cells for OIA
development.

MATERIALS AND METHODS

Animals

The inbred MHC identical (RT1®') rat strains DA and
LEW.1AV1 were originally derived from Zentralinstitut fiir
Versuchstierzucht (Hannover, Germany). They were bred and
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maintained at the animal departments at the Biomedical Centre
(Uppsala, Sweden) and at the Centre of Molecular Medicine,
Karolinska Institute (Stockholm, Sweden). They were free from
rat pathogens as tested for in a health-monitoring programme at
the National Veterinary Institute in Uppsala. They were kept in a
12-h light/12-h dark cycle and housed in polystyrene cages
containing aspen wood shavings and autoclaved rodent chow
(Lactamin R3; Vadstena, Sweden). All animal procedures were in
accordance with national regulations on animal experiments.
Female rats, 10—19 weeks of age, were used.

Induction and evaluation of arthritis

Rats were anaesthetized and intradermally injected with FIA
(Difco, Detroit, MI) at the base of the tail. The animals for the
flow cytometry analysis received 150 wl FIA emulsified with
150 ul 0-1 M acetic acid, while the depletion animals received
200-300 wl FIA. The two different induction protocols resulted
in a comparable arthritis. Paws were visually inspected, and
arthritis in individual paws was evaluated in a blinded manner
according to a scoring system where 0 =no signs of arthritis, 1
=one type of red and swollen joint, 2 =two types, 3 = three
types, and 4 = the whole paw red and swollen. Thus, each rat was
assigned a score between 0 and 16.

Flow cytometry analysis
For two-colour flow cytometry analysis, DA and LEW.1AV1 rats
were killed on days 4, 7, 11 and 15 post-mineral oil injection. The
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Days after FIA injection

draining inguinal lymph nodes were dissected out, passed through
a steel mesh, washed three times in PBS and resuspended in PBS
supplemented with 2% fetal calf serum (FCS). Cells (5 x 10°/
sample) were stained with MoAbs at saturating concentrations.
First, cells were incubated with biotinylated anti-rat CD3 (clone
G4.18; PharMingen, San Diego, CA) together with either direct-
conjugated antibody FITC anti-rat TCRa 3 (clone R73; Serotec,
Oxford, UK), FITC anti-rat TCRyé (clone V65; PharMingen),
FITC anti-rat CD4 (clone OX35; PharMingen), FITC anti-rat CD8
(clone OX8; PharMingen) or FITC anti-rat NKR-P1 (clone 3.2.3;
Serotec) for 30 min at 4°C. They were washed once with PBS/2%
FCS, and thereafter incubated with streptavidin—PE (Becton
Dickinson, Mountain View, CA) for 30 min at 4°C. After a final
wash, cells were fixed in PBS/1% paraformaldehyde. Simultest
Control y,/7y,, (Becton Dickinson) were used as negative control.
Cells were also incubated with streptavidin—PE alone to exclude
unspecific staining from this reagent. Finally, 50 000 events per
sample were acquired on a FACSsort flow cytometer (Becton
Dickinson) and analysed using CellQuest software (Becton
Dickinson). A wide lymphocyte gate was set to include also the
NK cells.

Monoclonal antibody treatment

The hybridomas 10/78 and V65 were kind gifts from Dr T. Hiinig
(Wiirzburg, Germany). 10/78 produces IgGl MoAb that recog-
nizes NKR-P1 [18], an activating NK receptor expressed on NK
cells, a subset of T cells and granulocytes [19]. The V65
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Fig. 1. Proportions of (a) a8 T cells, (b) y8 T cells, (c) natural killer (NK) T cells and (d) NK cells in inguinal lymph nodes of arthritis-
susceptible DA rats (@) and resistant LEW.1AV1 (O) from induction of oil-induced arthritis (OIA) (day O untreated animals) to disease
onset (day 15), determined by flow cytometry analysis. Significant differences between the two strains were observed in (a) at day 7
(P = 0:02), in (b) at day 7 (P = 0-02) and in (c) at day 4 (P = 0-004), day 7 (P = 0-002), day 11 (P = 0-03) and day 15 (P = 0-03). The
figure depicts pooled data from two similar experiments (n = 7-9/group on days 0, 4 and 7, n = 3—4/group on days 11 and 15).
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Fig. 2. Proportions of (a) CD4" T cells and (b) CD8" T cells in inguinal lymph nodes of arthritis-susceptible DA rats (®) and resistant
LEW.1AV1 (O) from induction of oil-induced arthritis (OIA) (day O untreated animals) to disease onset (day 15) as determined by flow
cytometry analysis. (c) Ratio CD4™" T cells/CD8" T cells calculated from (a) and (b). There are significant differences between the groups at
all time points in (a): P = 0-009 on day 0, P = 0-009 on day 4, P = 0-03 on day 11 and P = 0-02 on day 15 (n = 5).

hybridoma produces IgG1l MoAb against the yé T cell receptor
[20]. Anti-CD8 MoAbs (IgG1) from the OX8 hybridoma were
also used [21], and an anti-TNP MoAb, clone C1406D10 (D10)
[22], served as an isotype-matched control antibody. Antibodies
were affinity-purified from cell culture supernatants on Hi-Trap
rProtein A column (Amersham, Pharmacia Biotech, Uppsala,
Sweden), dialysed against PBS, sterile filtered and stored at
—70°C. The concentration was determined by absorbance
measurements at 280 nm.

For prophylactic in vivo administration, 1 mg purified MoAb
was injected intraperitoneally under anaesthesia 2 days before
injection of FIA. Control animals received 1 mg D10 MoAb.

Statistical analysis

The Mann—Whitney U-test was used throughout the study to test
the null hypothesis that no differences existed between two
groups, except from the analysis of disease course where the
survival analysis log rank test was used. P < 0-05 was regarded as
significant.
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Fig. 3. Percentage healthy animals over time, after prophylactically
having received a depleting dose of anti-CD8 MoAb (- — — —, clone
OX8, n = 14) or isotype-matched control MoAb ( , clone D10,
n = 14) before induction of oil-induced arthritis (OIA). There is a
significant difference between the two groups (log rank test, P = 0-005).
The figure depicts pooled data from two similar experiments.

RESULTS

Comparison between susceptible and resistant strains in lymph
node cell populations

Flow cytometry analysis before and at arthritis onset revealed a
difference from day 4 and thereafter in the proportion of lymph
node T «cells expressing NKR-P1, the arthritis-resistant
LEW.1AV1 having a larger NK T cell population than the
susceptible DA strain (Fig. 1c).

For a3 and yé T cell populations no long-lasting differences
between strains were detected, although a difference on day 7 was
observed (Fig. 1a,b).

The two strains had similar frequencies of NK cells in the
lymph nodes throughout the study, but both strains had an
increased proportion of NK cells on day 4 compared with day O
(Fig. 1d).

In a separate experiment, the proportions of CD4™ T cells and
CD8" T cells in inguinal lymph nodes during arthritis develop-
ment were analysed (Fig. 2). The percentage of CD4 " T cells was
significantly higher in LEW.1AV1 compared with DA at all time
points (Fig. 2a). Neither the proportion of CD8" T cells nor the
ratio CD4" T cells/CD8" T cells differed significantly between
the two strains at any time point (Fig. 2b,c).

In vivo depletion/modulation of distinct cell populations before
disease induction

In vivo administration of 0-5 mg OX8 MoAb, recognizing CDS,
has been reported to eliminate completely CD8-expressing cells in
spleen and lymph nodes for at least 2 weeks, as determined by
immunohistochemistry [11]. This was confirmed by injection of
1 mg OX8, which eliminated CD8™" T cells from inguinal lymph
nodes and spleen for at least 10 days as determined by flow
cytometry analysis (data not shown). Injection of 1 mg of OX8
into DA rats 2 days before disease induction resulted in an earlier
onset of disease in OX8-treated animals compared with animals
receiving the isotype-matched control antibody D10 (Fig. 3,
Table 1). The two groups had significantly different disease
courses as determined by the survival analysis log rank test
(P = 0-005; Fig. 3). Day of disease onset differed significantly
between the two groups as determined by the Mann—Whitney U-
test (P = 0-0005), the OX8-treated group having a median of
11 days and the control group 14 days (Table 1). A difference in
the day of maximal arthritis score was also observed (P = 0-037),

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 120:532—-536



CDS8" cells suppress oil-induced arthritis 535

Table 1. Modulation of oil-induced arthritis (OIA) by in vivo administration of an anti-CD8 monoclonal antibody

Day of maximal

Maximal

Treatmentt Incidence Day of onseti arthritis score: arthritis score:: Sum scored
D10 12/14 14% 20%* 6 46
0X8 13/14 11%* 145 6 67

F1 mg anti-CD8 MoAb (clone OX8, n = 14) or isotype-matched control MoAb (clone D10, n = 14) was administered to
DA rats 2 days before induction of OIA. Each group represents pooled data from two experiments.

#Median value of affected animals.

*Significant difference between the two groups, P = 0-0005.
**Significant difference between the two groups, P = 0-037.

the median being 14 days for the OX8 group and 20 days for the
control group (Table 1). No difference in maximal arthritis score
could be detected (Table 1).

In vivo administration of 1 mg V65 MoAb against the yd
TCR deleted the CD3 " a8~ cell population from lymph nodes for
at least 10 days as determined by flow cytometry (data not
shown). Injection of this dose 2 days before disease induction did
not affect disease development compared with the isotype-
matched control MoAb D10 (data not shown).

Flow cytometry analysis and a standard 4-h 3'Cr-release assay
on spleen cells after in vivo administration of anti-NKR-P1 MoAb
clone 10/78 suggest that this antibody has a limited capacity to
deplete NK cells (data not shown). Prophylactic in vivo admin-
istration of 10/78 MoAb did not reproducibly modulate arthritis
development, but a significantly different disease course was
observed in the group receiving 10/78 compared with the control
group in one experiment out of three, as determined by survival
analysis (log-rank test, P = 0-048; Table 2). Incidence, day of
onset, day of maximal arthritis score, maximal arthritis score and
sum score did not differ significantly between the two groups in
any of the three experiments (Table 2).

DISCUSSION

The aim of this study was to identify cell populations that can
suppress the development of arthritis induced by non-specific
activation of the immune system. We here demonstrate that CD8"

cells can be down-regulatory, since in vivo depletion of these cells
results in an earlier onset of OIA. This is in contrast to the
classical Mycobacteria-induced adjuvant arthritis, which has been
reported not to be affected by OX8 treatment [23,24]. Reports of
clinical effects on other adjuvant-induced arthritides are lacking,
but the antigen-induced streptococcal cell wall-induced arthritis
demonstrates a more chronic and rapid disease course after CD8
depletion [13].

Analysis of CD4" and CD8™ T cells in inguinal lymph nodes
revealed no difference between the arthritis-prone DA rat and the
disease-resistant MHC congenic LEW.IAV1 rat in CD8" T cell
numbers. This suggests that the susceptibility of the DA rat is not
associated with a deficiency in influx and expansion of CD8™
cells in draining lymph nodes. Instead, the results might be
explained by a difference in CD8 cell function between the
susceptible and the resistant strain.

We here describe an expansion of the NK T cell population in
inguinal lymph nodes in the OIA-resistant but not in the
susceptible strain, suggesting a protective role for NK T cells.
In vivo administration of anti-NKR-P1 MoAb did not consistently
change the disease course. However, our preliminary data indicate
that the 10/78 MoAb has a limited capacity to deplete NK cells
in vivo, and the action of the MoAb in terms of NK T cell activity
is unknown. NKR-P1 is expressed at a lower level on NK T cells
than on NK cells [25], favouring the hypothesis that the MoAb
might not deplete the NK T cells. Moreover, it has been reported
that signalling through NK1.1 (an activating NK receptor on mice

Table 2. Modulation of oil-induced arthritis (OIA) by in vivo administration of an anti-NKR-P1 monoclonal antibody, clone 10/78

Day of

maximal Maximal
Treatment Experiment Incidence Day of onset# arthritis scoref arthritis scoref Sum scored Log rank test§
D10 1 516 12 17 5 52 NS*
NKR-P1 1 6/7 14 18 6 41
D10 2 1 12 20 7 57 0-048
NKR-P1 2 5/7 14 18 6 61
D10 3 517 14 20 4 19 NS
NKR-P1 3 6/7 13 17 5 30

+1 mg anti-NKR-P1 MoAb (clone 10/78) or isotype-matched control MoAb (clone D10) was administered to DA rats 2 days before induction of OIA.

F#Median value of affected animals.

§P value when testing the null hypothesis that there is no difference between the groups when taking the whole disease progress into account, using the

survival analysis log-rank test.
*Not significant.
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NK cells and NK T cells), induced by in vivo administration of a
MoADb against this molecule, triggers NK cell death but induces
IL-4 production by NK T cells [26]. Such activation of NK T cells
could promote a type 2 immune response, which has been reported
to be disease down-regulatory in other experimental arthritides
[27,28]. Further studies are necessary to address a role for NK
cells and NK T cells in the regulation of OIA.

Our data indicate that yé T cells are not involved in the
development of OIA, in line with a report on yé T cell depletion
in Mycobacteria-induced classical adjuvant arthritis, where no
clinical effect was observed, although microscopic aggravation of
joint destruction was reported [6].

In conclusion, we describe a disease-counteracting role for
CD8" cells in OIA. Since depletion of v T cells did not result in
a significant aggravation of the disease, we suggest that the
protective CD8™ cells are of the TCR a8 subtype or NK cells.
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