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Increased limb involvement in murine collagen-induced arthritis following
treatment with anti-interferon-gamma
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SUMMARY

We have tested the effect of administering H22, a hamster neutralizing MoAb to murine interferon-
gamma (IFN-y) in collagen-induced arthritis. Mice were immunized with human type II collagen in
adjuvant on day 1 and boosted with soluble collagen on day 21. H22 was administered (250 Pg,
intraperitoneally) either during the induction of arthritis (on days 0, 6, 13 and 20) or around the time
of disease manifestation (on days 21, 28, 35 and 42). Control mice received either an isotype-matched
non-neutralizing MoAb or saline. Both treatment regimes gave similar results. Treatment with H22
did not significantly affect the incidence of arthritis, time of onset, degree ofoedema, histopathologi-
cal severity, or level of anti-type II collagen IgG. However, a highly significant increase (P < 0-01) in
the number of limbs affected by arthritis was observed in the H22-treated group, irrespective of
whether the antibody was administered during the induction of arthritis, or during the time ofclinical
manifestation of disease. From these results it was concluded that anti-IFN-y treatment caused an
increase in the number of arthritic lesions, but did not affect the severity of each individual lesion.
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INTRODUCTION In the first of these studies, higher incidence, earlier onset and
Much of the research that has been carried out into the roles increased severity of arthritis were demonstrated in mice given
played by cytokines in chronic inflammatory conditions such as footpad injections ofrecombinant IFN-y [5]. On the other hand,
rheumatoid arthritis (RA) has focused on the identification of systemic administration of IFN-y was found to inhibit the
these molecules in affected tissues, and on the in vitro properties development of arthritis [6]. We describe the effect of adminis-
that they exhibit. It is important to establish, however, which of tering anti-IFN-y MoAb systemically to heterologous type II
these properties are important in vivo, since this information is collagen-immunized DBA/ I mice. Our results suggest that IFN-
critical for the development of therapeutic strategies based on y plays a disease-limiting role in collagen-induced arthritis
the modulation of cytokine activity. For example, on the basis which is manifest not only during the induction of arthritis but
of in vitro studies, a wide range of both pro- and anti- also around the time of disease expression.
inflammatory properties have been described for interferon-
gamma (IFN-y) [1], but it is not known which of these properties MATERIALS AND METHODS
is pathologically relevant. One potentially useful approach to
the study of the pathological importance of cytokines in vivo is Mice
to administer cytokine-specific neutralizing antibodies in par- Male DBA/ I mice were purchased from Olac Ltd (Bicester, UK)
ticular disease situations. For example, the role of tumour and used at 10-12 weeks of age.
necrosis factor in collagen-induced arthritis was established by
administering MoAbs specific for this cytokine [2,3]. Type II collagen

Collagen-induced arthritis demonstrates marked similarities Type II collagen was extracted from human articular cartilage
to human RA with respect to both clinical and histological by limited pepsin digestion [7]. Briefly, femoral head cartilage
findings [4] and can therefore be used to study the effects of was powdered in a liquid nitrogen freezer mill, then suspended
administering cytokines or agents capable of neutralizing in a solution of 4 M guanidine-HCl/0 05 M Tris (pH 7-5) in order
cytokines in vivo. For example, two studies have recently been to remove proteoglycans. After washing, cartilage collagens
published on the effect oncollagen-induced arthritis ofadminis- were solubilized by pepsin digestion (1 mg/mI in 0-5 M acetic
tering recombinant IFN-y to collagen-immunized DBA/l mice. acid) for 24 h at 4°C. Type II collagen was then precipitated

Correspondence: Richard Williams, Kennedy Institute of Rheuma- from solution by salt fractionation, and redissolved in 0-05 M
tology, 6 Bute Gardens, London W6 7DW, UK. Tris/0-2 M NaCi (pH 7 4) for 24 h at 4°C, in order to inactivate

323



324 R. 0. Williams et al.

Table 1. Effect of anti-IFN-y treatment during the induction of collagen-induced arthritis

H22 L2-3D9 PBS

Incidence of arthritis 7/9 10/10 8/10
Day of onset (mean+ s.d.) 29 + 5 31 +4 30+ 5
Median clinical score (range) 8-5 (2-9)* 4 0 (3-8) 3 0 (2-9)
Median clinical score/limb (range) 3 0 (2-3) 3 0 (2-5-3) 3 0 (2-3)
Anti-collagen IgG (arbitrary units; mean + s.d.) 38 + 8 36 + 7 33+9

Mice were immunized with type II collagen/Freund's complete adjuvant (FCA) on day 1 and
given H22 (anti-IFN-y; 250 gig, intraperitoneally) on days 0, 6, 13 and 20. Controls received L2-3D9
or PBS.

* H22-treated group significantly higher than control groups (P < 001).

residual pepsin. Following removal of salts by dialysis, the nyl phosphate; Sigma) was added and allowed to develop for
collagen was lyophilized and stored at - 20'C in a desiccator. approximately 1 h. Optical densities were read at 405 nm on a
No contaminating proteins were detected by SDS-PAGE. microplate autoreader (Biotek Instruments Inc., Winooski,

VT).
Anti-IFN-y MoAb
The hamster anti-murine IFN-y MoAb used in these experi- Histology
ments was an IgG1 antibody designated H22. This antibody Affected feet were removed at post mortem, fixed in 10%
possesses potent IFN-y-neutralizing properties, as demon- buffered formalin, then decalcified in EDTA in buffered
strated by its ability to inhibit 100% ofboth the antiviral activity formalin (5 5% w/v). The feet were then embedded in paraffin,
and the macrophage-activating properties of the culture super- sectioned and stained with haematoxylin and eosin.
natant of the 24/G1 T cell hybridoma [8]. A control hamster
MoAb of the same isotype, L2-3D9, was a non-neutralizing RESULTS
antibody to IL-2. Both monoclonals were generously provided
to us by Dr R. D. Schreiber (Washington University Medical Anti-IFN-y treatment before the onset of arthritis
School, St Louis, MO) in conjunction with Celltech Ltd The aim of this experiment was to determine whether treatment
(Slough, UK). with MoAb to IFN-y during the induction of collagen-arthritis

influenced the incidence and/or severity of subsequent disease.
Induction of arthritis Mice were immunized with type II collagen/FCA on day 1, then
Human type II collagen was dissolved in 0 I M acetic acid (1 mg/ boosted with type II collagen alone on day 21. H22 was
ml) and emulsified in an equal volume of Freund's complete administered (250 yg in PBS, intraperitoneally) to one group of
adjuvant (FCA; Difco Laboratories, East Molesey, UK). The mice on days 0, 6, 13 and 20. Another group received L2-3D9
emulsion (0-2 ml) was injected intradermally at the base of the (250 pg in PBS, intraperitoneally) and a third group was given
tail on day 0. On day 21 mice were given a booster injection of PBS alone. Each group contained 9-10 mice.
type II collagen (100 yg; intraperitoneally). Mice were inspected The time of onset of arthritis varied from day 20 to day 41
for arthritis and the clinical severity of disease was assessed post-immunization (mean = day 30) and was characterized in all
using a scoring system where 0= normal, 1 = slight swelling and/ groups by redness and swelling in one or more limbs. There was
or erythema, 2 = oedematous swelling, 3 =joint rigidity. Each a highly significant increase in the clinical scores at day 45 in the
limb was graded in this way, giving a maximum score of 12 per H22-treated mice, compared with those treated with L2-3D9 or
animal. In addition, the degree ofoedema in each affected hind- PBS (P <0-01, Mann-Whitney U-test; Table 1). However, the
paw was monitored by measuring paw thickness using calipers. scoring system that was used took account of the number of
Results were expressed as the percentage increment in paw arthritic limbs/mouse as well as the severity of arthritis in each
width relative to paw width at day 0. limb (see Materials and Methods). When the clinical scores of

the individual mice were corrected for the number of arthritic
Measurement of anti-collagen II antibodies limbs per mouse, no significant differences were found between
The amount of type II collagen-specific IgG contained in the the groups (Table 1). On day 45, the median number of arthritic
sera on day 45 post-immunization was estimated using an limbs per mouse in the IFN-y-treated group was 3 0 (range 2-4).
ELISA. Microtitre plates were coated overnight at 4°C with This was significantly higher (P< 0-01; Mann-Whitney U-test)
type II collagen dissolved in 0-05 M Tris-buffered saline, pH 7-4 than the number of arthritic limbs per mouse in the L2-3D9-
(5 ,ug/ml). The plates were blocked with casein in PBS (2% w/v) treated group (median 1 5; range 1-3) or the PBS-treated group
before incubation of test sera diluted in PBS containing Tween (median 1-5; range 1-3). No differences were seen between the

20(0-05%, v/v). Apositive standard consisting ofpooled serum L2-3D9-treated group and the PBS-treated group, indicating
from arthritic DBA/l mice was included on each plate. Follow- that hamster IgGl did not modify disease outcome non-
ing washing, goat anti-mouse IgG-alkaline phosphatase conju- specifically. Figure 1 shows the progressive involvement of limbs
gate (1: 1000; Sigma, Poole, UK) was incubated for 2 h at room over the observation period and demonstrates that the increased
temperature. After further washing, the substrate (p-nitrophe- limb involvement in the H22-treated group was evident consis-
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4 iug, intraperitoneally) or saline. There were 9-10 mice per group.
C As in the previous experiment, mice were immunized with type

E 3 _ 1II collagen in adjuvant on day 1, then boosted with soluble
) * * collagen on day 21. The mean time of onset of arthritis was 31

days after immunization (range 27-45 days). Administration of
=2 - / H22 yielded similar results to those obtained in the previous

experiment. No significant differences in the incidence or time of
._ ,4 / onset of arthritis were found between the three groups (Table 2).
0 /I// The progression of arthritis, in terms of swelling, was similar for
Z the three groups over the observation period (Fig. 3). Further-

0 more, no histopathological differences were seen between the
10 20 30 40 50 groups, and the levels of anti-type II collagen IgG were similar in

Days after immunization all three groups (Table 2). However, it can be seen from Fig. 4

Fig. 1. Increased limb involvement in arthritic mice treated with anti- that, as in the previous experiment, the number of limbs per
IFN-y (H22) during the induction of collagen-induced arthritis. Mice mouse affected by arthritis was higher in the H22-treated group
were immunized with bovine type II collagen on day 1 and boosted on (median 3; range 2-4) than in the L2-3D9-treated group
day 21. Intraperitoneal injections of H22, L2-3D9 or PBS were given on (median 1; range 1-3) and the PBS-treated group (median 2;
days 0, 6, 13 and 20. *P<005 (Mann-Whitney U-test; H22-treated range 1-3). This difference was highly significant (P<0-01;
versus L2-3D9-treated groups). 0, PBS; ',L2-3D9; 0, H22. Mann-Whitney U-test). From these results it was concluded

that treatment with H22 caused an increase in the number of
arthritic lesions/mouse, but did not affect the clinical or

60 - pathological severity of individual lesions. Similarly, time of
onset of arthritis and level of circulating anti-collagen IgG were

C 50 not affected by anti-IFN-y treatment.

40-4

a 301- 1/ ONYX;;> DISCUSSION
o30-

A number oflines ofevidence point to the involvement ofCD4+
4i 20 T cells in the pathogenesis of both murine collagen-induced

arthritis and human RA. First, CD4+ T cells may be found in
10 ~ / the affected joints ofmice with collagen-induced arthritis [9] and

0 2 30 patients with RA [10]. Second, treatment with anti-CD4 MoAb
l0 20 30 40 50 inhibits the development of collagen-induced arthritis [11] and

Days after immunization may be beneficial in RA [12]. In view of the marked localized up-

Fig. 2. Mean footpad swelling in arthritic mice treated with H22 (anti- regulation of class II MHC expression that is seen in RA [10,13]
IFN-y) from day 0 to day 20. Mice were immunized with type II and collagen-induced arthritis [9], it has also been proposed that
collagen/Freund's complete adjuvant (FCA) on day I and boosted with T cell-derived cytokines, particularly IFN-y, contribute to both
soluble collagen on day 21. No differences were observed between H22- disease processes, since MHC expression, as a marker of up-
treated group and L2-3D9-treated group. 0, PBS; *, L2-3D9; 0, H22. regulated antigen-presenting function, is thought to be an

important factor in the development of autoimmunity [13,14].
In support of this hypothesis, it has been demonstrated that
thyroid epithelial cells, which are normally MHC class II

tently from soon after the onset of arthritis until termination of negative, not only express MHC class II antigens but are also
the experiment. capable of presenting antigens if derived from patients with

Administration of H22 did not influence the number ofmice Graves' disease [15,16]. Furthermore, the ectopic expression of
which developed arthritis, or the time of onset of disease (Table either IFN-y or class II MHC molecules in the insulin-producing
1). Furthermore, no differences between the groups were pancreatic f cells of transgenic mice resulted in the development
observed with respect to the degree ofoedema, as determined by of insulin-dependent diabetes mellitus [17]. Subsequent studies
the mean increase in paw thickness (Fig. 2). Histological showed that diabetes induced by ectopically expressed IFN-y
examination oflimbs from samples of four mice per group, all of was immune-mediated, involving inflammatory cell infiltration
which had demonstrated clinical arthritis for the same number and destruction of pancreatic islets by lymphocytes, suggesting
of days, revealed similar patterns of synovitis, cartilage/bone that IFN-y may alone provide the stimulus necessary for the
erosion, and fibrosis in all three groups. Levels of anti-type II initiation of autoimmune disease [18]. In collagen-induced
collagen IgG in the sera collected from mice on day 45 were arthritis, IFN-y injected locally into the footpads of collagen-
measured by ELISA. No differences between the groups were immunized DBA/I mice resulted in (i) enhanced MHC ex-
found (Table 1). pression in the synovium, and (ii) increased incidence and

severity of arthritis, providing further evidence for the local role
Anti-IFN-y treatment after the onset of arthritis of IFN-y and MHC expression in autoimmune disease [5].
To determine the effect of anti-IFN-y treatment on ongoing In the light of these observations, we have determined the
arthritis, H22 was injected (250 dig, intraperitoneally) on days effect of in vivo systemic administration of a neutralizing
21, 28, 35 and 42. Control mice were injected with L2-3D9 (250 antibody to IFN-y on the outcome of collagen-induced arthritis.
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Table 2. Effect of anti-IFN-y treatment on ongoing arthritis

H22 L2-3D9 PBS

Incidence of arthritis 9/10 9/10 8/9
Day of onset (mean + s.d.) 29 +4 33 + 7 33 + 6
Median clinical score (range) 9 0 (6-12)* 3-0 (2-9) 4-5 (3-9)
Median clinical score/limb (range) 3-0 (25-4) 3-0 (2-3) 2-75 (2-3)
Anti-collagen IgG (arbitrary units; mean + s.d.) 33 + 12 36 + 8 33 + 9

Mice were treated with MoAb (250 jug, intraperitoneally) on days 21, 28, 35 and 42.
* H22-treated group significantly higher than control groups (P < 0 01).

50 - The number ofarthritic limbs/mouse is an important marker
of disease severity, and our results provide evidence in favour of

a, 40 - a disease-limiting role for IFN-y in collagen-induced arthritis. A
| X \ similar result has been reported in another experimentally

,3 30 induced autoimmune disease, experimental allergic encephalo-
myelitis, where administration of anti-IFN-y was found to cause

c 20 pronounced exacerbation of disease [19]. Our results are also
consistent with the finding that systemic administration of IFN-

10 y to mice before the onset of collagen-arthritis inhibited the
development of arthritic lesions, and treatment after the onset of

0 a clinical disease prevented new lesion development, but did not
10 20 30 40 50 affect existing lesions [6]. Such observations may have impor-

Days after immunization tant implications for the therapy of human RA, since this
Fig. 3. Lack of effect on footpad swelling of H22 (anti-IFN-y), disease, like collagen-induced arthritis, is often characterized by
administered around the time of clinical manifestation of collagen- a period of disease establishment, during which time progressive
induced arthritis. Antibodies were given on days 21, 28, 35 and 42. joint involvement is common. It is possible, therefore, that the
0, PBS; *, L2-3D9; 0, H22. most appropriate time for IFN-y therapy is during this early

phase of the disease, as this may limit the number ofjoints that
subsequently become involved.

The mechanism by which anti-IFN-y may be acting so as to
increase limb involvement is unknown, but in view of the
disease-promoting properties of locally active IFN-y, the dis-

@3 A ) ease-suppressing properties are likely to involve systemic fac-
tors. IFN-y is a highly pleiotropic cytokine, having a number of
properties capable of acting systemically to inhibit the develop-

2 ment of arthritis. For example, IFN-y has an antiproliferative
effect on a variety of cell types, including lymphocytes [20].

0 IFN-y is also inhibitory for prostaglandin E2 and collagenase
Z synthesis [21], but promotes the synthesis of C1 inhibitor, an

important inhibitor of the complement system [22]. Further-
o0 r more, IFN-y inhibits the secretion of pituitary-derived hor-
20 30 40 50 mones, such as adrenocorticotropin, growth hormone, as well as

Days after immunization prolactin [23], which is believed to play a role in murine
Fig. 4. Increased limb involvement in arthritic mice treated with anti- collagen-induced arthritis [24]. Increased lesion development
IFN-y MoAb (H22) during the time of disease manifestation. Anti- appeared to occur independently of antibody-mediated mech-
bodies were given on days 21, 28, 35 and 42. *P<0.05 (Mann-Whitney anisms, since levels of anti-collagen IgG were unaffected by
U-test; H22-treated versus L2-3D9-treated groups). 0, PBS; *, L2-3D9; treatment, although we cannot rule out the possibility that a

qualitative change in the antibody response had occurred, such
as a shift in the relative proportions ofdifferent immunoglobulin

Treatment took the form of weekly intraperitoneal injections of isotypes or a change in the kinetics of the response.
H22, given either during the induction of arthritis (days 0-2 1) or Pro- and anti-inflammatory properties have been attributed
during the time of disease manifestation (days 21-42). Anti- to both IFN-y and anti-IFN-y in murine arthritis. For example,
IFN-y treatment resulted in increased limb involvement, irres- in one report the effect of systemic administration of either
pective ofwhether the antibody was administered early or late in recombinant IFN-y or anti-IFN-y MoAb was tested in the rat
the disease. Timing of arthritis, incidence, swelling and histolo- adjuvant arthritis model. Administration of IFN-y 1 day before
gical severity were not significantly affected by anti-IFN-y immunization caused exacerbation of arthritis, but administra-
treatment. tion 1-2 days after immunization caused suppression of disease.
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Administration ofanti-IFN-y MoAb, up to day 8 after immuni-
zation, suppressed arthritis, but administration from day 12 to
day 24 resulted in increased severity [25]. In another report,
systemic administration of this same anti-IFN-y MoAb was
shown to inhibit the development of arthritis, but the beneficial
effects were dose-dependent, with high doses causing exacerba-
tion of disease [26]. It is concluded from these findings that the
timing, dosage and especially the route of administration are of
critical importance in determining the effects of IFN-y or anti-
IFN-y treatment on arthritis. It is possible that at sites of
inflammation the pro-inflammatory properties of IFN-y pre-
dominate, whereas critical concentrations of circulating IFN-y
are anti-inflammatory. It is interesting to note, for example, that
systemic administration of IFN-y to DBA/1 mice resulted in
inhibition ofcollagen-arthritis [6], whereas injection into the feet
caused increased incidence and severity of arthritis, particularly
in the limbs into which the cytokine had been injected [5].

It is apparent that IFN-y is a cytokine capable of both up-
regulating and down-regulating the pathogenic processes
involved in collagen-induced arthritis and that it is possible
experimentally to manipulate circulating levels of the cytokine
and so affect the outcome of disease. However, the difficulty in
predicting the outcome of IFN-y/anti-IFN-y treatment calls for
caution with respect to the application of this particular
therapeutic approach to human disease. Further research will be
required if we are to elucidate the precise roles played by IFN-y
and other cytokines in vivo, but such research may prove vital to
our understanding of the function of these molecules and to our
understanding of the pathogenesis of collagen-arthritis and
perhaps of RA.

ACKNOWLEDGMENTS
We would like to express our gratitude to Dr Robert Schreiber, of the
Washington University Medical School, St Louis, MO, and Celltech
Ltd (Slough, UK) for providing us with the MoAbs H22 and L2-3D9.
The work was supported by the Arthritis and Rheumatism Council of
Great Britain.

REFERENCES
1 Browning J. Interferons and rheumatoid arthritis: insight into

interferon biology? Immunol Today 1987; 8:372-4.
2 Thorbecke GJ, Shah R, Leu CH, Kuruvilla AP, Hardison AM,

Palladino MA. Involvement ofendogenous tumour necrosis factor a
and transforming growth factor /3 during induction of collagen type
II arthritis in mice. Proc Natl Acad Sci USA 1992; 89:7375-9.

3 Williams RO, Feldmann M, Maini RN. Anti-tumour necrosis factor
ameliorates joint disease in murine collagen-induced arthritis. Proc
Natl Acad Sci USA 1992; 89:9784-8.

4 Stuart JM, Townes AS, Kang AH. Collagen autoimmune arthritis.
Annu Rev Immunol 1984; 2:199-218.

5 Mauritz NJ, Holmdahl R, Jonsson R, Van der Meide PH, Scheynius
A, Klareskog L. Treatment with y-interferon triggers the onset of
collagen arthritis in mice. Arthritis Rheum 1988; 31:1297-304.

6 Nakajima H, Takamori H, Hiyama Y, Tsukada W. The effect of
treatment with interferon-y on type II collagen-induced arthritis.
Clin Exp Immunol 1990; 81:441-5.

7 Miller EJ. Structural studies on cartilage collagen employing limited
cleavage and solubilization with pepsin. Biochemistry 1972;
11:4903-9.

8 Schreiber RD, Hicks U, Celada A, Buchmeier NA, Gray PW.
Monoclonal antibodies to murine y-interferon which differentially
modulate macrophage activation and antiviral activity. J Immunol
1985; 134:1609-18.

9 Holmdahl R, Jonsson R, Larsson P, Klareskog L. Early appearance
of activated CD4+ T lymphocytes and class II antigen-expressing
cells in joints of DBA/l mice immunized with type II collagen. Lab
Invest 1988; 58:53-60.

10 Janossy G, Duke 0, Poulter LW, Panayi G, Bofill M, Goldstein G.
Rheumatoid arthritis: a disease of T-lymphocyte/macrophage im-
munoregulation. Lancet 1981; ii:839-42.

11 Ranges GE, Sriram S, Cooper SM. Prevention of type II collagen-
induced arthritis by in vivo treatment with anti-L3T4. J Exp Med
1985; 162:1105-10.

12 Herzog CH, Walker CH, Pichler W et al. Monoclonal anti-CD4 in
arthritis. Lancet 1987; 1i: 1461-2.

13 Feldmann M, Kissonerghis AM, Buchan G et al. Role ofHLA class
II and cytokine expression in rheumatoid arthritis. Scand J Immunol
1988; 76(Suppl.):39-46.

14 Bottazzo GF, Pujol-Borrell R, Hanafusa T, Feldmann M. Role of
aberrant HLA-DR expression and antigen presentation in induction
of endocrine autoimmunity. Lancet 1983; ii: 1115-9.

15 Londei M, Lamb JR, Bottazzo GF, Feldmann M. Epithelial cells
expressing aberrant MHC class II determinants can present antigen
to cloned human T cells. Nature 1984; 312:639-41.

16 Londei M, Bottazzo GF, Feldmann M. Human T cell clones from
autoimmune thyroid glands: specific recognition of autologous
thyroid cells. Science 1985; 228:85-89.

17 Sarvetnick N, Liggitt D, Pitts SL, Hansen SE, Stewart TA. Insulin-
dependent diabetes mellitus induced in transgenic mice by ectopic
expression of class II MHC and interferon-gamma. Cell 1988;
52:773-82.

18 Sarvetnick N, Shizuru J, Liggitt D et al. Loss of pancreatic islet
tolerance induced by 1 cell expression of interferon-y. Nature 1990;
346:844-7.

19 Billiau A, Heremans H, Vandekerckhove F, Dijkmans R, Sobis H,
Meulepas E, Carton H. Enhancement of experimental allergic
encephalomyelitis in mice by antibodies against IFN-y. J Immunol
1988; 140:1506-10.

20 Trinchieri G, Perussia B. Immune interferon: a pleiotropic lympho-
kine with multiple effects. Immunol Today 1985; 6:131-6.

21 Wahl LM, Corcoran ME, Mergenhagen SE, Finbloon DS. Inhibi-
tion of phospholipase activity in human monocytes by IFN-y blocks
endogenous prostaglandin E2-dependent collagenase production.
J Immunol 1990; 144:3518-22.

22 Heda GD, Mardente S, Weiner L, Schmaier AH. Interferon-y
increases in vitro and in vivo expression ofC I inhibitor. Blood 1990;
75:2401-7.

23 Vankelecom H, Carmeliet P. Heremans H, van Damme J, Dijkmans
R, Billiau A, Denef C. Interferon-y inhibits stimulated adrenocorti-
cotropin, prolactin, and growth hormone secretion in normal rat
anterior pituitary cell cultures. Endocrinology; 126:2919-26.

24 Whyte A, Williams RO. Bromocriptine suppresses postpartum
exacerbation of collagen-induced arthritis. Arthritis Rheum 1988;
31:927-8.

25 Jacob CO, Holoshitz J, Van Der Meide P. Strober S, McDevitt HO.
Heterogeneous effects of IFN-y in adjuvant arthritis. J Immunol
1989; 142:1500-5.

26 Wiesenberg I, van der Meide PH, Schellekens H, Alkan SS.
Suppression and augmentation of rat adjuvant arthritis with
monoclonal anti-interferon-y antibody. Clin Exp Immunol 1989;
78:245-9.


