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Lymphocyte-macrophage co-operation during
induction of T-suppressor cell activity in rats with
adjuvant arthritis
LISE BINDERUP

From the Department ofPharmacology, Leo Pharmaceutical Products, DK-2750 Ballerup, Denmark

SUMMARY The role of macrophages and of macrophage-lymphocyte co-operation in the induction
of T-suppressor cell activity in rats with adjuvant arthritis was investigated. Macrophages from
arthritic rats had no direct effect on the induction of T-suppressor cells, but, in the presence of
arthritic rats' lymphocytes or supernatants from such lymphocytes, macrophages inhibited the
induction of T-suppressor cell activity. Addition of indomethacin during the induction of
T-suppressor cells reduced the inhibitory effects, suggesting that prostaglandins released from
lymphocyte-activated macrophages might be involved in the defective induction of T-suppressor
cell activity in rats with adjuvant arthritis.

Previous investigations have shown that rats with
adjuvant arthritis have a decreased level of
T-suppressor cell activity after induction of suppres-
sor cells in vitro with the polyclonal activator
concanavalin-A (con-A).' The appearance of
decreased T-suppressor cell activity during the
course of the disease was found to coincide with the
development of the polyarthritic lesions and the
extent of impairment of T-suppressor cell function
was positively correlated with the severity of the
lesions. This model may be of value for the investiga-
tion of suppressor cell function during chronic
inflammatory diseases and may permit more detailed
studies of drugs used in the treatment of conditions
involving impaired suppressor cell function.2

However, the mechanism by which the induction
of T-suppressor cell activity is affected during the
course of adjuvant arthritis has not been studied in
detail. Removal of phagocytic cells (of the mono-
cyte/macrophage series) from the arthritic cell sus-
pensions prior to induction of T-suppressor cells with
con-A led to a normal level of suppressor cell activ-
ity.1 These results point to an important role for the
macrophage in the immunoregulatory processes dur-
ing adjuvant arthritis. A similar role for the mac-
rophage during chronic inflammatory diseases in
man has recently been suggested.34

In the present experiments I have investigated
the ability of macrophages obtained from arthritic
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rats to inhibit the induction of T-suppressor cells,
either by direct cell-to-cell contact or via the release
of soluble factors. It was found that the macrophage
exerted its suppressive effects only in the presence of
arthritic lymphocytes. Supernatants from these lym-
phocytes could substitute for the presence of the
arthritic lymphocytes during induction. Incubation
with indomethacin partially reversed the inhibitory
effects on the induction of T-suppressor cell activity,
suggesting that prostaglandins released from mac-
rophages were involved in the observed decrease of
T-suppressor cell activity in rats with adjuvant
arthritis.

Materials and methods

Induction ofadjuvant arthritis. Adjuvant arthritis was
induced in female inbred Lewis rats (160-200 g) by
injecting 0 3 mg of Mycobacterium butyricum
(Difco) suspended in 0*1 ml of mineral oil into the
footpad of the right hind paw. Nonarthritic rats
matched for age and weight served as controls. The
severity of the disease was assessed on day 17 after
adjuvant injection by measurement of the oedema of
the injected and the noninjected hind paws, as previ-
ously described.1 Only rats developing oedema of the
noninjected hind paw of more than 0-75 ml were
used in the subsequent experiments.

Preparation of lymphocytes and macrophages.
Spleen cell suspensions were prepared from control
and arthritic rats 17 days after the induction of the
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*disease. The suspensions were adjusted to 20 x 106
nucleated cells/ml in medium RPMI 1640 (Gibco),
supplemented with 2 mM glutamine, 100 units/ml
penicillin, 100 ,ug/ml streptomycin, and 10% fetal
calf serum (Gibco). Lymphocytes depleted of
phagocytic cells were obtained by treatment with
carbonyl iron particles (20 mg/ml for 30 min at 37°C).
Residual adherent cells were removed by a further
incubation for 1 hour at 37°C in plastic Petri dishes.
The nonadherent cells obtained after these pro-
cedures (purified lymphocytes) consisted of 98-99%
lymphocytes, as assessed by Giemsa/May-Grunwald
staining. No monocytes/macrophages were detected
by staining for nonspecific membrane-associated
esterase by the method of Yam et al.5 Monolayers of
adherent spleen cells were prepared by incubating 1
ml aliquots of unseparated spleen cells (20 x 10'
cells/ml) in small plastic Petri dishes (1 hour at 37°C).
After removal of nonadherent cells the monolayers
contained 30-40% typical macrophages as assessed
by morphology and esterase staining.

Preparation ofsupernatants. Monolayers of adher-
ent spleen cells and suspensions of purified spleen
lymphocytes, prepared from 20 x 10 unseparated
spleen cells/ml, were incubated in culture medium for 24
hours at 37°C. The supernatants were removed, centri-
fuged, sterile-filtered, and used within tlie same day.

Induction and assay of T-suppressor cells.
T-suppressor cells were induced in cultures of
purified lymphocytes (20 x 10 cells/ml) from con-
trol or arthritic rats by incubation for 24 hours with 5
,ug/ml con-A, grade IV (Sigma). In some experiments
the lymphocytes were incubated with monolayers of
adherent cells prepared from 20 x 10 unseparated
spleen cells/ml. In other experiments the lympho-
cytes were resuspended in supematants obtained
either from adherent spleen cells or from- purified
spleen lymphocytes. After culture with con-A the
cells were collected, washed, treated with mitomycin
C (30 ,g/ml for 30 min at 37°C), and adjusted to
4 x 10' cells/ml. Aliquots of 50,l were added to
.cultures containing 100,u1 Lewis spleen cells and 100
,ul Lewis x Brown Norway (F1) spleen cells (MLR
cultures, 4 x 106 cells/ml in culture medium sup-
plemented with 5 x 107 M 2-mercaptoethanol).
The cultures were incubated for 96 hours, the last 4
hours in the presence of 3H-thymidine (3H-TdR, 1
,uCi/ml, 5000 mCi/mmol, the Radiochemical Centre,
Amersham, England). 3H-TdR incorporation into
cellular DNA was determined as previously
described' and expressed as disintegrations per
minute (dprn)/culture + SEM. All determinations
were performed in triplicate and Student's t test was
used for statistical analysis. Cell viability was assessed
before culture and at the end of incubation by the
eosin Y exclusion method.

Results

EFFECTS OF MACROPHAGES ON T-SUPPRESSOR
CELL INDUCTION
Purified spleen lymphocytes (depleted of mac-
rophages by treatment with carbonyl iron and by
adherence to plastic) were obtained from control rats
and from rats with adjuvant arthritis and cultured in
the absence or presence of monolayers of adherent
spleen cells from arthritic rats. T-suppressor cells
were induced in these cultures by the addition of
con-A (0 or 5 Ag/ml). Their suppressive activity was
tested 24 hours later by addition to MLR cultures
consisting of Lewis and Lewis x Brown Norway (F1)
rat spleen cells.

Fig. 1 shows that con-A induced purified spleen
lymphocytes from both control and arthritic rats
inhibited the 3H-TdR incorporation in the MLR cul-
tures to the same extent (by 52% and 43%, respec-
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Fig. 1 Effect ofadherent cells on T-suppressor cell
induction. T-suppressor cells were induced in cultures of
purified spleen lymphocytes (20 x 106 cells/ml) obtained
from control rats orfrom rats with adjuvant arthritis 17 days
after the induction ofthe disease. Halfofthese cultures were
supplemented with adherent spleen cells obtained from
20 x 106 cellslml ofunseparated arthritic spleen cells. The
induced suppressor cells were treated with mitomycin-C and
added to MLR cultures ofLewis and Lewis x Brown
Norway (FJ spleen cels. The columns show the
incorporation of 3H- TdR in the various MLR cultures as
mean dpmlculture + SEM of3 experiments. Unshaded = 0
lu.g/ml con-A, shaded = S ;Lg/ml con-A. The asterisks
indicate cultures with con-A-induced T-suppressor cell
activity significantly different from the corresponding
cultures supplemented with cells without con-A-pretreatment.
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tively). The presence of adherent spleen cells from
arthritic rats (containing 40% macrophages) did not
affect the induction of T-suppressor cells in cultures
with purified spleen lymphocytes from control rats
(47% inhibition of MLR). On the contrary, no
significant T-suppressor cell activity was induced in
cultures with both arthritic adherent spleen cells and
arthritic lymphocytes (9% inhibition of MLR). These
results show that the macrophages in the arthritic
adherent spleen cell preparations could interfere
with the induction of T-suppressor cell activity only in
the presence of arthritic lymphocytes.

Fig. 2 shows furthermore that macrophages from
control and arthritic rats, cultured in the absence of
added lymphocytes, did not release soluble inhibitors
of T-suppressor cell induction into the medium.
Supematants were collected from adherent spleen
cells after 24 hours of culture and added to purified
control lymphocytes during the induction of
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Fig. 2 Effect ofsupernatants from adherent cells on
T-suppressor cell induction. T-suppressor cells were induced
in cultures ofpurified spleen lymphocytes from control rats
(20 x 1o8 cells!ml), resuspended in medium or in
supernatant obtained from a 24-hour culture ofadherent
spleen cells. Adherent spleen cells were prepared from
suspensions ofunseparated spleen cells (20 x 106 cellslml)
from control rats orfrom rats with adjuvant arthritis 17 days
after the induction of the disease. The induced suppressor
cells were treated with mitomycin- C, adjusted to 4 x IO6
cells/ml, and added to MLR cultures. The columns show the
incorporation of 3H- TdR in the various MLR cultures as
mean dpm/culture + SEM of3 experiments. Unshaded - 0
,g/lml con-A, shaded 5 ,ug/ml con-A. The asterisks indicate
cultures with con-A-induced T-suppressor cell activity'
significantly different from the corresponding cultures
supplemented with cells without con-A pretreatment.

-T-suppressor cells with con-A. MLR cultures were
inhibited by 59% by suppressor cells from cultures
with supematant from control adherent cells and by
69% by suppressor cells from cultures with super-
natant from arthritic adherent cells. Cells from cul-
tures with no added supematant (medium alone)
inhibited MLR 3H-TdR incorporation by 65% .

EFFECTS OF MACROPHAGE- LYMPHOCYTE
-INTERACTION ON T-SUPPRESSOR CELL
INDUCTION
The effects of supematants prepared from purified
spleen lymphocytes obtained from control and arthri-
tic rats were next investigated. The supernatants
were collected after 24 hours of culture and added to
cultures of purified spleen lymphocytes from control
rats, in the presence or absence of adherent spleen
cells, during the induction of T-suppressor cells
(Table 1). No significant effects on T-suppressor cell
activity were observed when supematants from con-
trol or arthritic lymphocytes were added to cultures
of lymphocytes alone (68% and 72% inhibition of
MLR 3H-TdR incorporation, respectively). On the
other hand supematants from arthritic, but not from
control lymphocytes, decreased the induction' of
T-suppressor cell activity in the presence of either
control or arthritic adherent cells. The largest effect
was seen with cultures containing arthritic adherent
cells (4% inhibition, compared with 26% inhibition
with cultures containing control adherent cells).
Dialysis of the supernatants prior to use did not abol-
ish the observed effects, but after storage at -200C
for 1 week the activity of the supernatants was
entirely lost.
These results suggest that purified spleen lympho-

cytes from arthritic rats may, via the production of a
soluble factor, induce or 'activate' macrophages to
interfere with the normal induction of T--suppressor
cell activity.

EFFECT OF INDOMETHACIN ON T-SUPPRESSOR
CELL INDUCTION
Since macrophages are known to be able to release
prostaglandins with immunosuppressive activities Qn
interaction with a variety of stimuli, the possibility
was investigated that prostaglandins were involved in
the decreased induction of T-suppressor cell activity
during adjuvant ar-thritis. Indomethacin (1 ,g/ml)
was added to cultures of purified spleen lymphocytes
from control or arthritic rats, in the presence of
adherent spleen cells, during the induction of
T-suppressor cells with con-A. Table 2 shows that
indomethacin had no effect on T-suppressor cell
activity when added to cultures of control lympho-
cytes and.control adherent cells (54% inhibition of
MLR 3H-TdR incorporation with cells from cultures
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Table 1 Effect oflymphocyte supernatants on T-suppressor cell inducton

Cultures for Con-A 'H-TdR incorporation % Change p
suppressor cell pretreatment in MLR in 'H-TdR
induction pgIml dpmlculture + SEM incorporation

Control lymphocytes 0 100 490± 8008
+control supernatant

5 31 984±3223 -68 <0.005

Control lymphocytes 0 97 713±2901
+arthritic supernatant

5 27 475±3330 -72 <0.001

Control lymphocytes 0 74 750±8865
+control adherent cells
+control supematant 5 28 250± 1645 -62 <0.01

Control lymphocytes 0 84 714±7478
+control adherent cells
+arthritic supernatant 5 63 015±4662 -26 NS

Control lymphocytes 0 94 881±2119
+arthritic adherent cells
+control supematant 5 35 347± 5409 -63 <0-001

Control lymphocytes 0 88 547± 9007
+arthritic adherent cells
+arthritic supernatant 5 85 141±2214 -4 NS

Supematants were obtained from purified spleen lymphocytes from control or arthritic rats after 24 hours of culture (20 x106 cells/ml).
Control purified lymphocytes were resuspended in the supematants and used for the induction of T-suppressor cells (0 or 5 /kg/ml con-A) in
the absence or presence of adherent cells from control or arthritic spleens. The induced suppressor cells were treated with mitomycin-C and
added to MLR cultures. 'H-TdR incorporation in the MLR cultures was determined after 96 hours of incubation and expressed as mean
dpm/culture ± SEM of 3 experiments. p Values indicate a significant difference in 'H-TdR incorporation between cultures supplemented
with con-A-induced cells and cultures supplemented with cells without con-A pretreatment. NS=not signfficant.

Table 2 Effect ofindomethacin on T-suppressor cell induction

Cultures for Con-A sH-TdR incorporation % Change p
suppressor cell treatment in MLR in 'H-TdR
induction pgIml dpm/culture ± SEM incorporation

Control lymphocytes 0 74 224±2985
+control adherent cells

5 33 902±3813 -54 <0 005

Control lymphocytes 0 78 669± 1910
+control adherent cells
+indomethacin 5 39 507±3004 -50 <0-001

Arthritic lymphocytes 0 87 477± 7497
+arthritic adherent cells

5 80 846±6413 -8 NS

Arthritic lymphocytes 0 64 975±5526
+arthritic adherent cells
+indomethacin 5 44 864±3678 -31 <0.05

Indomethacin (1 i.glml) was added to cultures of control or arthritic purified spleen lymphocytes (20x 10' cellml) reconstituted with
adherent spleen cells. T-suppressor cells were induced with con-A (0 or 5 jAg/ml). The induced suppressor cells were treated with
mitomycin-C and added to MLR cultures. 3H-TdR incorporation in the MLR cultures was determined after 96 hours of incubation. The
results were expressed as described in the footnote to Table 1.

without indomethacin, 50% inhibition with cells
from cailtures with indomethacin). On the contrary,
addition of indomethacin to cultures of arthritic lym-
phocytes and arthritic adherent cells partially inhi-
bited the decrease in T-suppressor cell activity
observed in cultures without indomethacin (31%

inhibition with indomethacin, compared to 8% with-
out indomethacin). Indomethacin had no effect on
the induction of suppressor cells in cultures of lym-
phocytes alone, nor did indomethacin effect 3H-TdR
incorporation when added directly to the MLR cul-
tures (results not shown).
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Discussion

Adjuvant arthritis is a chronic polyarthritis induced
in susceptible strains of rats by the injection of
Mycobacterium butyricum in mineral oil. Both histo-
pathological and immunopathological parameters
suggest that this disease mimics some of the features
of rheumatoid arthritis.6 Cell-mediated immunologi-
cal reactions are thought to play an important role in
the pathogenesis of the disease,7 and previous experi-
ments have shown that the response of spleen and
lymph node cells to T-cell mitogens is depressed
during the course of adjuvant arthritis.8'-0 In addi-
tion, recent investigations have shown that con-A-
induced T-suppressor cell activity is also decreased in
rats with adjuvant arthritis.1 The potential role of
T-suppressor cells in the pathogenesis of adjuvant
disease is suggested by the findings that treatment
prior to the induction of the disease with agents
that deplete suppressor cells (such as thymectomy,
irradiation, or cyclophosphamide) enhance the sever-
ity of the disease, whereas treatment with antithymo-
cyte serum, which selectively depletes inducer
T-cells, decreases the severity of the disease.11
The present experiments deal with the role of mac-

rophages and lymphocyte/macrophage co-operation
in the induction of T-suppressor cell activity in rats
with adjuvant arthritis. Macrophages, as character-
ised by morphology, adherence to plastic, phagocytic
uptake of carbonyl iron particles, and presence of
membrane-associated esterase, were previously
found to be involved in the decreased induction of
T-suppressor cells, as removal prior to induction with
con-A resulted in a normal level of T-suppressor cell
activity.1 The present investigations show that mac-
rophages from arthritic rats did not directly, or by the
release of soluble inhibitors, interfere with the induc-
tion of T-suppressor cells. This phenomenon occur-
red only when lymphocytes from arthritic rats were

added to the cultures, and could be replaced by
supernatants obtained from such lymphocytes
but not by supematants from control lymphocytes.
The supematant activity was found to be nondialys-
able and unstable upon prolonged storage.
Lymphocyte-derived factors that exert nonspecific or

specific suppressor activity, possibly through the
activation of macrophages, have repeatedly been
described.12 These factors include lymphokines, such
as soluble immune response suppressor (SIRS),
low-molecular-weight activator of suppressor mono-
cytes (LASM), and macrophage activating/arming
factor (MAF). Imbalance in the production or activ-
ity of these factors may be involved in the
pathogenesis of a number of immunological dis-
orders, as suggested by the decrease in SIRS produc-
tion and suppressor cell activity in old NZB/NZW

mice with autoimmune murine lupus.13
Clearly the relationship between these factors and
the supematant factor(s) produced by lymphocytes
from arthritic rats merits further investigation.

If macrophages are activated or stimulated by
lymphocyte-derived factors to interfere with the
induction of T-suppressor cells, several effector
mechanisms may be envisaged. Macrophages may by
direct cell-to-cell contact with the precursor T-cells
inhibit the induction of suppressor cells, by a mechan-
ism analogous to that whereby activated mac-
rophages inhibit the growth of tumour cells in vitro."4
Activated macrophages also release a number of
soluble products such as enzymes, complement com-
ponents, oxygen metabolites, interferon, and pros-
taglandins that may interfere with lymphocyte
functions."5 Recently considerable interest has been
directed to the role of prostaglandins as mediators of
immunoregulatory functions. Prostaglandins, espe-
cially PGE2 and 6-keto-PGF,,, are released in large
amounts by stimulated macrophages.16 PGE2 may
act as an immunosuppressive agent by inhibiting
lymphocyte responses to antigens and cell-mediated
cytoxicity.17 PGE2 may also inhibit the induction of
T-suppressor cells as inhibitors of prostaglandin
synthetase have been reported to increase the con-
A-induced suppressor cell activity.18 In the present
experiments indomethacin was added to cultures of
arthritic spleen cells during the induction of
T-suppressor cells. A partial reversal of the inhibition
of T-suppressor cell induction was observed, suggest-
ing that prostaglandins released by lymphocyte-
activated macrophages may mediate some of the
observed inhibitory effects. Other mediators, how-
ever, may be involved, as complete abrogation of the
inhibitory effects was not achieved.

In conclusion, the present experiments suggest that
lymphocytes from arthritic rats produce a soluble
factor(s) that induce or activate macrophages to exert
an inhibitory effect on the generation of T-suppressor
cells, possibly through the release of prostaglandins
and/or other macrophage-derived mediators. This
model may be of value for the investigation of sup-
pressor cell activity in chronic inflammatory disease
and lends itself to the investigation of
immunoregulatory drugs. The described experimen-
tal system should enable us to distinguish between
treatments that interfere with the induction of
activating factors released by arthritic rats' lympho-
cytes and treatments that may interfere with the
effector functions of the macrophage.

The author wishes to thank Professor E. Arrigoni-Martelli for help-
ful advice and discussion. The valuable technical assistance of Ms B.
Rumler, Ms B. Hasselriis, and Ms E. Greve Petersen is gratefully
acknowledged.
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