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Influence of CD4 or CD8 deficiency on collagen-induced arthritis
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SUMMARY

The role of T cells in the mouse collagen-induced arthritis (CIA) model for rheumatoid arthritis is
not clarified, and different results have been reported concerning the role of CD4 and CD8 T cells.
To address this issue, we have investigated B10.Q mice deficient for CD4 or CDS. The mice lacking
CD4 were found to be less susceptible to disease, but not completely resistant, whereas the CD8
deficiency had no significant impact on the disease. No difference in the development of late
occurring relapses was noted. Interestingly, the CD4-deficient mice had a severely reduced response
to the glycosylated form of the immunodominant type II collagen (CII) 256-270 peptide whereas
the response to the non-glycosylated peptide was not significantly different. Furthermore,
CD4-deficient mice had lower antibody responses to CII, explaining the lower disease susceptibility.
In comparison with previously reported results, it is apparent that the lack of CD4 molecules has a
different impact on CIA if present on different genetic backgrounds, findings that could possibly be

related to the occurrence of different disease pathways of CIA in different mouse strains.

INTRODUCTION

The main genetic association of rheumatoid arthritis (RA) is to
the major histocompatibility complex (MHC) class 11, and
particularly human leucocyte antigen (HLA)-DR alleles with
the shared epitope DRB1*0401."* In the mouse collagen-
induced arthritis (CIA), an RA model, the MHC association
has been shown to be mediated by the class IT molecule H2-A9,
a molecule that binds the same type II collagen (CII) peptide
region as the DR4 (DRB1*0401) molecule.>’” These associa-
tions to the MHC class II complex suggest involvement of a
T-cell-mediated autoimmune recognition of joint-specific
antigens,*®? and that CII, being the major protein component
of articular cartilage, is one of the possible candidates.

The finding that susceptibility to CIA is associated with
MHC and furthermore in fact linked to a specific class II

Received 15 August 2000; revised 9 March 2001; accepted
30 March 2001.

Abbreviations: RA, rheumatoid arthritis; MHC, major histo-
compatibility complex; CIA, collagen-induced arthritis; CII, type 11
collagen; TCR, T-cell receptor; FC, flow cytometry; DMEM,
Dulbecco’s modified Eagle’s medium; FCA, Freund’s complete
adjuvant; FIA, Freund’s incomplete adjuvant; Con A, concanavalin
A; SEA, Staphylococcus aureus enterotoxin A; SB, staining buffer; ISB,
intracellular staining buffer; EAE, experimental allergic encephalo-
myelitis; IL, interleukin; IFN, interferon; TNF, tumour necrosis factor.

Correspondence: Dr R. Holmdahl, Medical Inflammation
Research, 111 BMC, Lund University, Solvegatan 19, S-22184 Lund,
Sweden. E-mail: rikard.holmdahl@inflam.lu.se, http://net.inflam.lu.se/

© 2001 Blackwell Science Ltd

molecule, strongly suggests a role for class II restricted T cells
in the disease. Further evidence is provided by observations
that treatment with anti-CD4 antibodies before the disease
onset partially prevents onset of arthritis'®"'? and that mice
lacking of T cells are completely protected from the disease.'®
It is likely that one important role of the CII-reactive T cells is
to activate B cells to produce pathogenic anti-CII anti-
bodies.'*!> The role of T cells in the later phases of the
disease is still unclear, as treatments with antibodies to CD4 or
T-cell receptor (TCR) often have no or sometimes reversed
effects if given after B-cell priming.'®!”

On the other hand, therapeutic effects have been shown by
blockage of T-cell costimulatory molecules,'® and treatment
with antibodies to the TCR on autoreactive T cells.'® T cells
may however, play different roles, as ClI-reactive CD4 ™" T cells
have been shown to protect against established disease,?’
whereas under other circumstances they may induce mild
arthritis.?!??

Recent studies have however, questioned whether there is
any role of CD4% T cells in CIA. In one study using DBA/I
mice deleted of CD4, no reduction in CIA incidence, clinical
course or severity could be demonstrated.?® In another study, it
was observed that recombinase activating gene (RAG)-deleted
DBA/1 mice, lacking T and B cells, develop arthritis after
immunization with CII.>*

The role of CD8* T cells in inflammatory diseases is also
unclear, and in CIA, there are some possibly contrasting
observations.>>? It has been shown that CD8 " T cells play a
role in the onset of diabetes in the non-obese diabetic (NOD)
mouse,”’ experimental myasthenia gravis,”® experimental
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allergic encephalomyelitis?®*° and autoimmune myocarditis.*’

In the CIA model, depletion of CD8* T cells has been reported
not to have any significant effects™ in the rat, but to suppress
arthritis in the mouse.>* Moreover, it has been shown that CII
could be recognized by class I restricted T cells.>>** It has been
suggested that CD8" T cells regulate arthritis,”*>* possibly
through an effect on tolerance induction.*

To clarify these issues, we have bred CD4- and CDS-
targeted deleted genes into a well-defined genetic background,
the B10.Q, which is normally susceptible to CIA. We found
that deletion of CD4 clearly suppressed disease susceptibility,
lowered the anti-CII antibody responses, and dramatically
reduced the T-cell response to the immunodominant glyco-
sylated CII256-270 peptide.

MATERIALS AND METHODS

Mice
The CD4- and CD8-deficient mice were originally obtained by
inserting a neomycin resistance gene (neoR) into the CD4 or
CDS8 gene using homologous recombination, thus disrupting
the gene,*®*” and were generously provided by Ahnders Ohrn
at Karolinska Institutet, Stockholm, Sweden, when they were
backcrossed to C57Bl/6. The mice have subsequently been
backcrossed up to 10 generations to the B10.Q strain in our
animal facility. During backcrossing to the B10.Q background,
the mice were screened for presence of the neoR gene using the
polymerase chain reaction (PCR) technique. NeoR */CD4™"
and NeoR "/CD8" mice were intercrossed once or twice to
yield homozygous wild type, heterozygous, or homozygous
deficient mice. Heterozygous mice were then intercrossed with
deficient littermates in order to yield either heterozygous or
homozygous deficient mice.

The mice were screened for CD4 and CDS expression using
a flow cytometry (FC) technique. One or two drops of blood
were collected from a tail vein in each mouse. The blood was
suspended in polystyrene tubes (Becton Dickinson, San Jose,
CA) containing 300 ul FC medium (phosphate-buffered saline
(PBS) + 0-5% bovine serum albumin (BSA)+0-02% NaN3) and
25 ul heparin (Lévens, LeoPharma, Malmo, Sweden; 5000 TU/
ml). The erythrocytes were lysed in a buffer containing 0-84%
NH,4Cl at pH =74 for 3-5 min. The remaining cells were then
washed in Dulbecco’s modified Eagle’s medium (DMEM), and
then washed in FC medium before staining with antibodies.
The monoclonal antibodies used for CD4 staining were
phycoerythrin (PE)-conjugated H129 (Pharmingen, La Jolla,
CA) and for CD8 staining FITC-conjugated 53-6.7 (Pharmin-
gen). Each sample of cells was incubated for 25 min at 4° in the
dark, with a solution consisting of 100 ul FC medium and an
appropriate concentration of antibodies. After washing in FC
medium, the cells were resuspended and fixed in 400 ul PBS
containing 1% formaldehyde. The cells were then analysed on a
FACSort using the CellQuest software (Becton-Dickinson).

All mice were kept in polystyrene cages with wooden
shavings at the specific pathogen-free animal facility of the
Medical Inflammation Research, at Lund University, Sweden.
They were fed standard rodent chow and water ad libitum.
They were also routinely screened for pathogens, and found
negative for Sendai virus, mouse hepatitis virus, pneumonia
virus of mice, and mycoplasma. For a detailed report, see
http://net.inflam.lu.se/.

Induction of arthritis

Arthritis was induced using native rat collagen type II prepared
from a rat chondrosarcoma, as previously described.*® It was
dissolved in 0-1 M acetic acid, and resuspended 1:1 in Freund’s
complete adjuvant (FCA, Difco, Detroit, MI) to a final
concentration of 1 mg/ml. This solution was homogenized, and
100 ul of the homogenate was injected intradermally at the
base of the tail of both male and female mice on day 0.
The mice were boosted on day 35 with a 50-ul injection
intradermally at the base of the tail with a homogenate
containing 50 pug collagen type II resuspended in Freund’s
incomplete adjuvant (FIA, Difco), and prepared as described
above. On day 90, four to five mice of each type (female, male,
heterozygous and deficient) were selected for a second booster.
The selected mice had had severe arthritis, which had
ameliorated to a minimum. The booster consisted of a 100-ul
injection intradermally at the base of the tail with a
homogenate containing 100 pg collagen type II resuspended
in FTA. Animal experiments were approved by the local ethical
committee.

Anti-CII serum titre measurements

Serum samples were collected from the mice on day 35 after
immunization. Enzyme-linked immunosorbent assay (ELISA)
plates (Costar Corporation, Cambridge, MA) were coated over
night in room temperature with native rat collagen (10 pg/ml)
dissolved in 0-1 m acetic acid with 0-02% NaNj3. The plates were
kept in a moisture chamber at 4° until used for ELISA.

Serum samples were diluted in PBS to an appropriate
concentration, and 50 ul was added in duplicates to the plates.
50 ul of anti-collagen type II antiserum of known titre was
added to the plates in duplicate, and was used as standard.
A 1:10 serial dilution of the samples and standard was
performed, and the plates were incubated at 4° in a moisture
chamber over night.

After washing in a Tris-Tween buffer (0-13 m NaCl,
0-01 m Tris—HCI, 0-1% Tween-20), goat-anti-mouse immuno-
globulin G (IgG)(Fc) antibodies (Jackson Immunoresearch
Laboratories, Inc., Westgrove, PA), conjugated with alkaline
phosphatase, were added. The plates were then incubated at
room temperature in a moisture chamber for 2 hr. After
washing in Tris-Tween buffer, bound enzyme was detected by
adding disodium paranitrophenyl phosphate (Sigma 104 phos-
phatase substrate tablets, Sigma Aldrich, St Louis, MO) at a
concentration of 1 mg/ml in 9:7% diethanolamine containing
0-5 mm MgCl,. The plates were stored in the dark until ana-
lysed at 405 nm using a Titretek Multiskan Plus spectrophoto-
meter. Anti-CII titres were calculated as described elsewhere.*

Evaluation of arthritis and statistical analyses

The mice were checked three times per week for macroscopic
signs of arthritis, i.e. swelling and erythema, using both a
detailed variant and the originally described scoring protocol.*°
Briefly, a score of 1 point was given for each swollen toe.
Metatarsal swelling yielded an additional 0-5 points depending
on severity, and involvement of the heel and ankle/wrist
another 0-5 points. This results in a maximum of 15 points per
paw. The score for each paw was summed up, to give an
arthritic score of maximally 60 points for each mouse. The
original protocol gives one point for the first swollen joint, two
points for metatarsal involvement and three points for a
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completely swollen paw, giving a maximum of 12 points per
mouse. Any mouse with an arthritic score greater than 0,
persisting for more than a week, was considered arthritic.

If inflammation in a joint decreased and after five days or
more increased again, it was considered as a relapse. Relapse
percentage (relative relapse) in a certain paw was calculated
according to the following equation:

rel. relapse =[(max score in a paw during relapse) — (min. score
in between relapses)]/[(max score before relapse) — (min score in
between relapses)]

P-values for arthritis incidence and relapses were calculated
using the x> test, whereas both the Mann—Whitney rank sum
test and Student’s unpaired #-test were used for analysing the
anti-CII antibody titres and the day of onset. The severity was
evaluated using the maximum score obtained by each arthritic
mouse. The severity scores in the groups were evaluated with
the Mann-Whitney rank sum test.

T-cell assays and interferon-y assays

Age matched mice deficient for CD4 and CD8 were immunized
in the hind foot pads with 60 pg rat CII mixed 1:1 with
complete H37 Ra adjuvant (Difco). Popliteal lymph nodes
were removed 10 days after immunization, and single-cell
suspensions were prepared in DMEM supplemented with
1% fresh mouse serum, HEPES, penicillin, streptomycin and
B-mercaptoethanol.

To measure the antigen-specific proliferative response, the
lymph node cells were put in cultures in flat-bottomed 96-well
plates (Nunc, Roskilde, Denmark), stimulated with antigen for
72 hr before pulsing with *H-TdR, and harvested 15 hr later in
a Filtermate® cell harvester (Packard Instruments, Meriden,
CT). The antigens used were mycobacterial purified protein
derivative (PPD), lathyritic CII, the CII peptide 256-270
lacking post-translational modifications and a monoglyco-
sylated peptide (GalCII256-270) (i.e. galactose bound to hydro-
xylysine). PPD was used at a concentration of 10 pg/ml and
all other antigens at 50 ug/ml. Peptides were a kind gift from
Prof. J Kihlberg, Umea University, Umed, Sweden. The
incorporation of *H-TdR was determined in a matrix 96 Direct
Beta Counter (Packard). All experiments were performed with
triplicate cultures.

Before harvesting the cell cultures, 75 pl supernatant was
removed from each well. Interferon-y (IFN-y) concentrations
were determined using a sandwich ELISA with the rat-anti-
mouse [FN-y R46-A2 antibody as capturing antibody and
the biotin-conjugated rat-anti-mouse AN-18.17.24 antibody
as detecting antibody. Both antibodies were purified from
culture supernatants and by affinity chromatography on protein
G-Sepharose and conjugated. Alkaline phosphatase-conju-
gated Extravidin (Sigma) was added to the wells at 0-5 pg/ml,
and bound enzyme was detected in the same manner as the
serum anti-CII antibody concentrations described above.

Cytokine assays

Lymph node cells from untreated heterozygous and deficient
mice and from CII-immunized deficient mice were suspended in
DMEM supplemented with HEPES, penicillin, streptomycin,
glutamine and 10% fetal calf serum (cell medium). 1-5 x 10°
cells/ml were cultured in vitro for 6 days at 37°, 5% CO, in cell
medium containing either the lectin concanavalin A (Con A,
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5 ug/ml, Pharmacia, Uppsala, Sweden) or the superantigen
Staphylococcus aureus enterotoxin A (SEA, 175 ng/ml, kindly
provided by Annette Sundstedt at Pharmacia, Lund, Sweden).
The cells were re-stimulated with phorbol 12-myristate
13-acetate (PMA) 50 ng/ml and ionomycin 1 pg/ml for six
hours in the presence of 3 um of the protein transport inhibitor
monensin (all from ICN Pharmaceuticals, Costa Mesa, CA)
before staining. The cells were washed and resuspended in
staining buffer (SB) containing 0-5% BSA (Sigma) and 0-01%
NaNj in PBS. Cells (1-2 x 10°) were stained for CD4, CD8
and B220 for 20 min at 4°. The following antibodies were
used: anti-CD4-PE (H129-19) and anti-CD8-fluoroscein
isothiocyanate (FITC; (53.6.7, Pharmingen); anti-B220
(RA3-6B2)-Tricolor (TC), anti-CD4-TC (CT-CD4), anti-
CD8-TC (CT-CDS8) (all three from Caltag Laboratories,
Burlingame, CA). An anti-FcyRI1/111e(2.4.G2) purified mono-
clonal antibody (mAb) was used to inhibit antibody binding to
the Fcy receptors. For the intracellular staining of cytokines,
the cells were fixated in 1% formaldehyde/PBS over night at 4°.
For permeation, and to inhibit unspecific antibody binding, the
cells were incubated with 5% normal rat serum/1% saponin
(Sigma) in SB for 30 min at 4°. The cells were washed in
intracellular staining buffer (ISB) containing 0-025% digitonin
(Sigma), 1% saponin, 2% BSA, 0-01% NaNj, PBS before
intracellular staining. Intracellular staining was performed in
ISB at 4° for 20 min, using the following antibodies: anti-IFN-
v-FITC (AN-18.17.24 and R46-A2), anti-interleukin (IL)-
2-FITC (S4B6) all three purified and conjugated; anti-IL-4-PE
(11B11) and anti-IL-10-PE (JES5-16E3), both purchased from
Pharmingen. FITC- and PE-conjugated monoclonal antibodies
with the same isotype as the anti-cytokine antibodies were
used as negative controls. CD3g (145-2C11) (purified and con-
jugated) was stained intracellularly after blocking of surface
expressed CD3e as a positive control for the intracellular
staining procedure. To further ensure the specificity of the
staining procedure CD3¢ binding was blocked by molar excess
of pure anti-CD3¢ antibody before the conjugated antibody
was added. The cells were washed twice with ISB and once with
SB and resuspended in PBS before analysing them in a FACSort
(Becton-Dickinson) using the CellQuest software. The results
were analysed statistically by Student’s unpaired #-test.

RESULTS
CIA susceptibility in CD4-deficient mice

Heterozygous (B10.Q-CD4 1/ ™) mice were mated with homo-
zygous CD4-deficient mice to yield 50% CD4™/~ and 50%
CD4~'~ mice, both of which were immunized with rat CIIL.
Three independent experiments were performed. Arthritis
development was followed for 66-99 days and added together
(Figs 1 and 2). Mice were bled and boosted on day 35. Males
were in general more susceptible than females as has been
earlier observed,*' the results are therefore shown separated for
the sexes. Both male and female mice deficient for CD4 were
less susceptible to arthritis, in that fewer mice developed
arthritis as compared with their heterozygous littermates
(Table 1, Table 2). Furthermore the severity was lower
in CD4 deficient males (Fig. 2a, Table 1). A few arthritic
mice with minimal residual inflammation were selected for
reimmunization on day 90 and then followed for another
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Figure 1. Incidence of CIA in CD4 "/~ and CD4~'~ male (a) and female (b) mice, and in CD8*/~ and CD8 '~ male (c) and female
(d) mice. The mice were immunized with 100 pg rat collagen type II in Freund’s complete adjuvant, and given a booster injection of
50 ug rat collagen type II in Freund’s incomplete adjuvant on day 35. (a) A significantly (P <0-05) lower disease incidence could be
seen in the CD4 '~ male mice on day 66 (large symbols, solid lines). Results from three independent experiments were pooled. One
experiment observed until day 99 presented for reference (small symbols, dashed lines). (b) A decrease in incidence (P <0-05) could be
seen also in the female CD4 ™'~ mice (large symbols, solid lines). Results from two independent experiments were pooled. One
experiment observed until day 99 included for reference (small symbols, dashed lines). (¢, d) There were no significant differences
between the CD8 '~ and CD8*'~ mice in either day of onset, severity or incidence.

90 days. Arthritis reappearing in previously swollen joints as
well as arthritis in previously healthy joints was observed.
Relapses occurred in both groups (Table 3). The anti-CII
antibody serum titres on day 35 of the experiment differed
significantly (P <0-001) between the CD4-deficient and hetero-
zygous mice (Tables 1 and 2). We also noted that both
heterozygous and CD4-deficient male mice, the antibody titres
at day 35 were significantly correlated to disease incidence.

Arthritic male heterozygous mice (#=27) had a mean anti-CII
titre (+SD) of 246+208 pug/ml serum whereas non-arthritic
mice (n=30), had 109+216 ug/ml serum (P<0:001). The
pattern was similar in CD4-deficient males and in heterozygous
females (data not shown). This suggests that an elevated
antibody titre may contribute to development of disease at a
later stage, and also further supports a role for the CD4
molecule in CIA.
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Figure 2. Mean arthritis score in afflicted CD4*'~ and CD4~'~ male (a) and female (b) mice, and in CD8 ™/~ and CD8 ~/~ male
(c) and female (d) mice. The sharp decrease in the CD4 '~ male mice on day 31 was a result of an increase in incidence, but with low
scores, thus lowering the average. The CD4 '~ female mice did show a tendency to have a lower severity index than the control group,
although it could not be shown to be statistically significant, as too few mice had the disease. (c) Although the disease seemed to
decline somewhat faster in CD8 ~/~ male mice, this was not a statistically significant difference. (d) Among the female mice, disease in
CD8 '~ did not decrease over time.

Table 1. CIA experiment in male CD47~, CD8~ and their heterozygous littermates

Incidence Mean anti-CII titre d35
Strain (%) Mean day of onset Mean maximal severity (ug/ml serum)
CD4+" 46 (n=>57) 44 4-6 104
CDh4 ™™ 24 (n=50)* 44 3-2% 32-8%**
CD8*" 82 (n=23) 38 22 248
CD8™~ 78 (n=18) 50 16 173

The mean maximal severity for the CD4 " animals are calculated using a 12-graded scoring system, whereas it was calculated using a 60-graded scoring
system for the CD8 " animals. The CD4-deficient mice differ from the control group in incidence and severity as well as anti-CII antibody titres.
*(P<0-05); ***(P<0-001).
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Table 2. CIA experiment in female CD4~'~, CD8 '~ and their heterozygous littermates

Incidence Mean anti-CII titre d35
Strain (%) Mean day of onset Mean maximal severity (1g/ml serum)
CD4+/~ 19 (n=37) 39 23 191
CD4~'~ 2:5 (n=40)* 62 10 5-08%#*
CD8*/— 33 (n=21) 53 77 382
CD8 '~ 43 (n=21) 51 12 368

The mean maximal severity for the CD4 '~ animals are calculated using a 12-graded scoring system, whereas it was calculated using a 60-graded scoring
system for the CD8 ~/~ animals. The CD4-deficient mice differ from the control group in incidence as well as anti-CII antibody titres, as compared to the

control group.
*(P<0:05); **(P<0-01); ***(P<0-001).

Table 3. Difference in relapses between male CD4” and CD8 mice and their heterozygous littermates

Mouse type Mean relapse™® startf Relapse incidencei Mean relative relapse$ Mice w/new inflammation
CD4* (n=4) 35 25% 33% 50%

CD4 (n=5) 23 20% 10% 40%

P (no diff.) 0-10

CD8* (n=5) 21 80% 18% 60%

CD8 (n=4) 35 25% 6.3% 25%

P (no diff.) 0-13 0-099 0-76

*Increased swelling in a joint at least five days after amelioration was considered a relapse.
tAverage number of days after second reimmunization before relapses were observed.

1The frequency of mice with relapses.

8The severity of the new inflammation compared to swelling before amelioration as outlined in Materials and Methods.

4 The frequency of mice with swelling in previously unaffected joints.

The relapse start, relapse incidence and relative relapse do not differ significantly. The small delay in relapse start and lower relapse incidence in CD8”~ may

indicate an activating role for the CD8 molecule in CIA.

CIA susceptibility in CD8-deficient mice

Heterozygous (B10.Q-CD8 /) mice were mated with homo-
zygous CD8-deficient mice to yield 50% CD8*/~ and 50%
CD8/~ mice, which were immunized with rat CII. Arthritis
development was followed until day 99 (Fig. 1c,d) and severity
was assessed using a detailed scale (Fig. 2¢,d). Compared to the
control group, the CD8-deficient mice did not differ in arthritis
susceptibility or severity (Tables 1 and 2). There was no
significant difference in disease onset (P=0-06 as evaluated
by the Mann-Whitney rank sum test) between CD8*'~ and
CD8 '~ mice, although a trend towards later disease onset was
noted (P=0-03 as evaluated with Student’s unpaired z-test).
Mice were selected for reimmunization using the same criteria
as for the CD4 mice. No significant difference was found after
the boosting of the mice or in the late occurrence of arthritis
relapses (Table 3). The anti-CII antibody titres were not
different in the CD8-deficient mice as compared to the controls
(Tables 1 and 2). As with the CD4-deficient and hetero-
zygous mice, the anti-CII antibody titres on day 35 correlates
positively with disease by the end of the experiment for the
CD8-heterozygous mice (data not shown).

The T-cell response

In order to test the T-cell response, we first investigated
whether the CD4- and CD8-deficient mice had a skewed T-cell
cytokine response. Coreceptor deficient mice were immunized
and draining lymph nodes were excised 10 days later. Lymph

nodes were also taken from non-immunized mice. Cells were
cultured in vitro with Con A or SEA. After culture the cells
were stained and the number of cytokine-producing cells were
enumerated (Figs 3 and 4). The major difference noted was
that the CD8-deficiency led to an increase of CD4" T cells
producing 1L-4 and IL-10, which is unusual in the B10.Q
background.*” Only a minority of cells produce these
cytokines. It is also obvious that CD4* cells are the major
source of IL-2 in our system and that CD8 " cells produce IFN-
v to a large extent. Therefore, in order to compare the T-cell
response to CII we selected to measure the IFN-y secretion
and proliferation. Mice were immunized with rat CII in the
hind paws and cells from the popliteal lymph nodes were
analysed for CII specific immune reactivity by assays of pro-
liferation (Fig. 5) and IFN-y secretion (Fig. 6) after stimula-
tion with the immunodominant CII peptides in vitro. The
immunodominant CII256-270 epitope is variably glycosylated
through the hydroxylysine at position 264, which is also the
major TCR recognition site. Here, both glycosylated and non-
glycosylated forms of the peptide were tested in addition to CII.
CDS8-deficient lymph node cells and control cells proliferated
equally well to the antigens tested. The CD4-deficient lymph
node cells had a lower proliferation to the glycosylated peptide
but not to the unmodified form (Fig. 5). Furthermore the
IFN-y response was lower to the glycosylated form in CD4-
deficient mice. Overall IFN-y responses appeared weaker both
by ELISA and flow cytometry in CDS§-deficient mice but effects
were not significant either on arthritis or T-cell responses. On
the other hand CD4-deficent mice had a lower incidence of
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Figure 3. Cytokine production in lymph node cells after ConA
stimulation in vitro. Single-cell suspensions were made from lymph
nodes from unimmunized CD4"/~, CD4~/~, CD8*'~ and CD8 '~
mice and from CII-immunized CD4 '~ and CD8 /'~ mice. Cells were
cultured for 6 days in Con A-containing medium and were restimulated
with PMA and ionomycin before for intracellular staining. Positive
cells given in percent +SD. (a) IL-2-positive cells; (b) IL-4-positive
cells; (c) IL-10-positive cells; (d) IFN-y-positive cells.

arthritis and the disease was milder. These mice had a reduced
response to the immunodominant glycopeptide.

DISCUSSION

Our study supports a role for CD4-expressing T cells in CIA, as
mice deficient for CD4 were less susceptible to arthritis, had a
lower anti-CII antibody response, and a lower response to the
immunodominant CII glycopeptide than their heterozygous
littermates. Possibly because of a lack of statistical power, we
were unable to find an influence by CD8 on acute or chronic
arthritis, in contrast to earlier studies.”® Based on our results we
cannot, however, exclude an influence on CIA exerted by the
CDS8 molecule, especially as there seemed to be a trend towards
later onset in the CD8-deficient mice. Thus, our conclusions
concerning the role of CD4 and CDS in CIA in the B10.Q
strain differ from the work by Tada et al.?* who found that
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Figure 4. Cytokine production in lymph node cells after SEA
stimulation in vitro. Single-cell suspensions were made from lymph
nodes from unimmunized CD4"/~, CD4~/~, CD8"/~ and CD8 '~
mice and from CII-immunized CD4 '~ and CD8 '~ mice. Cells were
cultured for 6 days in SEA-containing medium and were restimulated
with PMA and ionomycin before for intracellular staining. Positive
cells given in percent +SD. (a) IL-2-positive cells; (b) IL-4-positive
cells; (c) IL-10-positive cells; (d) IFN-y-positive cells.

CD8-deficient DBA/1 mice had less initial arthritis but
pronounced relapses after CII boosting, whereas no effect
was found by CD4 deficiency. Our studies were comparable in
that CD4-deficient mice were not resistant, and some mice
could develop severe arthritis and high antibody responses to
CII. A similar situation was found in the experimental allergic
encephalomyelitis (EAE) model for multiple sclerosis, which is
unquestionable a T-cell dependent disease. These findings show
that CD4 is dispensable in the activation of pathogenic T cells.
Rahemtulla et al. have shown that CD4 /CD8 /TCRaB ™" cells
in CD4 deficient mice are more mature than their counterparts
in CD4 " mice, and that these cells have helper T cell activity.*
The CD4 molecule plays a role in signal transduction via the
p56-F protein, and also stabilizes the TCR—-MHC-II-peptide
complex, thus prolonging the signalling through CD3.**%
However, these CD4 functions may not always be critical for
T-cell activation. In fact, Tada e al.?® elegantly demonstrated
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Figure 5. T-cell stimulation index in male CD4~'~, CD8 '~ and wild-type mice. Error bars indicate + 1 SD. The different deficient
mice responded in a similar way to different antigens, with one exception: The CD4-deficient mice responded to a significantly lower
extent (P <0-05) to the GalCII256-270 peptide than the control mice. Single-cell suspensions were made from popliteal lymph nodes
of CII-immunized mice. Cells were cultured for 3 days, and T-cell proliferation measured by *H-TdR incorporation. Background was

less than 1000 c.p.m.
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Figure 6. IFN-y response in T cell stimulation cultures from male CD4 ~/~, CD8 ~/~ and wild-type mice. Error bars indicate + 1 SD.
As with the T-cell proliferation response, the CD4-deficient mice secreted significantly less IFN-y (P <0-05) in response to the Gal
CI1256-270 peptide than the control mice. Background was 8 U IFN-y/ml in the CD4~'~ and less than 3 U in the other groups.

that CD4 negative T cells could be ClII-specific and MHC class
IT restricted. There are several important differences between
our experiment and previous ones that may have important
influence on the results. In most previous studies, the DBA/1
mouse has been used for induction of CIA. Although DBA/1
is highly susceptible for CIA, the reason for its high suscep-
tibility may be that it partly develops a different type of CIA
than other mouse strains, like B10.Q. A genetically dependent
tendency of the DBA/1 to spontaneously develop enthesopathy
in the joint, a pathologic process that is macroscopically similar
to the development of autoimmune arthritis, may contribute
to this strain difference.***” Interestingly, the spontaneous
development of enthesopathy is not dependent on T cells and is
then most likely unaffected by CD4.*” The same conditions
that promote the development of spontaneous enthesopathy
also promote arthritis after immunization with CII. The
development of CIA in B10.Q, as well as in other strains, is
a complex process since it contains different disease pathways

involving for example immune complexes, T cells and protease-
secreting mesenchymal cells. A similar situation is apparent in
the rat, in which the DA rat develops a different type of
arthritis after injection of type II collagen emulsified in mineral
oil than after injection of mineral oil only.*® If the rat does not
respond well to CII, it may get mineral oil-induced arthritis
instead of collagen-induced arthritis. In addition to the
possibility that enthesopathic responses cause a clinical disease
reminiscent of CIA, there are genetic differences between DBA/
1 and B10.Q that may show dramatic difference in a situation
where CD4 or CDS are lacking. For example, the B10.Q mice
have a lower CD4/CDS lymph node cell ratio than DBA/I in
particular after activation with T-cell mitogens.** Clearly, there
are several loci outside MHC that affect the disease outcome,
as shown by a comparative study on CIA susceptibility in
DBA/1 and B10.Q.*° Such a genetically based discrepancy has
been demonstrated in studies of arthritis and EAE in mice
deficient for several other important genes such as tumour
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necrosis factor-o. (TNF-o), IFN-y and IL-4.° In our study
T-cell activation was lower in CD4-deficient mice. Both
proliferation and IFN-y secretion were diminished. This
lowered T helper activity probably caused the lower antibody
response. Both these effects are likely to act in synergy causing
the diminished incidence and severity of disease observed.
There was a tendency towards a later onset in the CDS-
deficient mice. This could be due to lower production of
proinflammatory cytokines such as IFN-y. The antibody
response was an important factor because a positive correlation
was found between antibody titre and incidence. The effects
from antibody response did not override the protective effect
of oestrogen seen in female mice. To sort out the precise role
of the CD4 and CD8 molecules in a complex process such
as arthritis requires more detailed studies both on disease
pathways and their specific polygenic control. As a simplified
conclusion based on the present and previous findings, it is
however, reasonable to postulate that CD4-expressing T cells
play an important role in the development of collagen induced
arthritis.
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