TRANSPLANT-

Transplant Int (1992) 5 (Suppl1]: S460-S461

International
©Springer-Verlag 1992

Prolongation of heart allograft survival in rats by interferon-specific
antibodies and low dose cyclosporin A
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Interferons (IFNs) are important cytokines which exhibit
antiviral, antitumor, anticellular, as well as immunoregulatory activities [1]. Among these multiple activities, IFNs
are potent inducers of MHC antigen expression of a great
variety of cells [2-4], helper and maturation factors in
B-cell antibody production [5], and macrophage function
[6]. IFNs may therefore play a critical role in triggering
antigen recognition and allograft rejection.
Cyclosporin A (CyA) is a potent immunosuppressor
which selectively inhibits helper T-lymphocyte proliferation in response to alloantigen presentation [7, 8]. CyA
has been reported to inhibit interleukin 2 and IFNy production by helperT lymphocytes [9-11]. In addition, CyA
may induce monocyte production of prostaglandin E2
[12], which then reduces MHC class II expression on endothelial cells, monocytes, and macrophages [13].
However, the clinical use of Cy A is plagued by its toxic
(in particular nephrotoxic) side-effects. These toxic effects are clearly dose-related. It may be very important to
develop new products which can act synergistically with
CyA to inhibit lymphokine production. The aim of this
study was to investigate the effects of combined IFN-specific antibodies and low dose CyA on cardiac allografts in
inbred strains of rats.
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Material and methods
Adult male Lewis (Lew, RTll) and brown Norway (BN, RTln) rats
weighing 200--250 g were purchased from CNSEAL (Orleans La
Source, France). Rats were operated on under clean but not sterile
conditions. Heterotopic intraabdominal heart transplantations were
carried out according to the techniqueofOno and Lindsey [14]. CyA
(Sandimmunc, Sandoz, Basel) was administered to rate by gavage
via an oro gastric tube. Polyclonal sheep antimousc IFNwp, prepared
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and purfied as described previously [15], had a neutralizing titer of
6.4 x 106 against 8 units of mouse IFNwp when assayed on mouse
L929 cells [16] and a titerof2000 against 5 units of rat IFNwp. Polyclonal sheep antirat IFNywas a gift of H.Schellekens (Rijsnijk, The
Netherlands) and had a neutralizing titer of 8000 against 16 units of
rats IFNy. These antibodies were administered intravenously via the
dorsal penile vein. In the BN into LEW combination, heart allografts
were performed, and 5 experimental groups of 10 rats each were constituted. In group 1, rats were treated by 0.5 ml of polyclonal sheep
antirat IFNyantibodies on days --4, -- 1, + 2, + 5, + 8, and + 11. Rats
of group 2 were treated by 0.5 ml of polyclonal sheep antimouse
IFNwp antibodies on the same day schedule. In group 3, anti-IFNy
therapy was associated with low dose Cy A (2.5 mg/kg body weight on
day 0 and then every day). Group 4 consisted of rats treated only by
CyA (2.5 mg/kg daily) and group 5, of heart allografts. The survival
time of heart allografts was assessed by daily palpation. Rejection
time was the moment of cessation of beating. At that time, the recipient was autopsied to detect technical complications. Heart allografts were excised and processed for conventional and immunohistochemical examination. A peroxidase-antiperoxidase method using
mouse monoclonal antibodies to rat MHC antigens (F 16.4.4 for
class I and MRC 0 x 17 for class II MHC A g) was carried out as previously described [17]. Results were expressed as mean survival time
± standard error of the mean (MST ± SEM). Student's t-tcst was
used for comparing the means of the different groups.

Results
In the BN into LEW combination of inbred rats (Table 1),
the survival of heart allografts was significantly (P < 0.05)
prolonged in rats of group 1 (treated by anti-INFy antibodies; mean survival time, MST ± SEM = 9.7 ±0.2 days),
in rats of group 2 (treated by anti-IFNa/~ antibodies;
MST ± SEM = 8.0 ± 0.2 days),. and in rats of group 4
(treated by low dose CyA; MST ± SEM = 9.4 ± 0.2 days)
when compared with control heart allografts (group 5;
MST ± SEM = 6.8 ± 0.7 days). The observed prolongation
was more important when Cy A was associated with antiIFNy antibodies (group 3; MST ± SEM = 14.6 ± 0.4 days).
Immunohistochemical analysis of the control heart aHagraft revealed induction of the expression of MHC class I
antigens on the myocardial cells. To the contrary, no expression was observed on the myocardium of anti-IFNtreated heart allografts.
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Table 1. Rejection time of BN cardiac allografts into LEW recipients
MST±
Graft survival (days)
ll
Group
SEM (days)
1
(Anti-IFNy)

10

8, 9, 9, 10, 10, 10, 10, 10, 10, 11

9.7 ± 0.2'

2

10

7, 7,8,8,8,8,8,8,9,9

8.0 ±0.2'

10

12, 13, 14, 14, 15, 15, 15, 16, 16,16 14.6 ±0.4 ..

(Anti-IFNa/~)

3
(Anti-IFNy
+CyA)

9.4 ± 0.2'
4
10 8, 9, 9, 9, 9, 9, 10, 10, 10, 11
(CyA)
5
10 6,6,6,7,7,7,7,7,7,8
6.8±0.7'"
(Control)
·Difference between groups 1, 2, 4 significant (P < 0.05) and "between groups3 and 5 significant (P < 0.001) BN, brown Norway rats:
LEW, Lewis rats: MST, mean survival time

Discussion
IFNy is mainly released by helper !.lymphoc~tes u~on ~c
tivation by alloantigens and is a en tical cytokme which IS a
potent inducer of MHC antigen expression on a great variety of cells [2-4] and an activator of monocyte-macrophage functions [6]. Previous studies have de~o~strated
that antibodies to IFNy may delay allograft reJection [18,

19].
Our results confirm these studies and show that low dose
Cy A and antibodies to IFNymay act synergistically to delay
heart allograft rejection in the rat. I~ fact, CyA ha~ been
shown to inhibit lymphokine product ton [9-11] and m particular to reduce IFNyproduction in mice [11] and in man
[10]. In addition, CyA may reduce cytokine production by
macrophages [20] and class I I MH C Ag expression on macrophages [12, 13]. In our study, we observed the absence of
the induction of expression ofMHC class I antigens on rejected myocardial cells after treatment by antibodies to
IFN. In conclusion, IFNy-specific antibodies mayrepresent
an useful reagent to potentiate low dose Cy A therapy,
probably by MHCexpression down-regulation.
References
1. Bloom BR (1980) Interferons and the immune system. Nature
284: 593-595
2. Heron I, Holland M, Berg K ( 1978) Enhanced expression of ~2
mieroglobulin and HLA antigens on human lymphoid cells by interferon. Proc Natl Acad Sci USA 77:6215

3. Lindahl P, Gresser I, Leary L, Tovey MG ( 1976) Interferon treatment of mice: enhanced expression of histocompatibility antigens on lymphoid cells. Proc Nat! Acad Sci USA 73: 1284
4. Skoskicwicz MJ, Colvin RB, Schneeberger EE, Russel PS ( 1985)
Widespread and selective induction of major histocompatibility
complex-determined antigens in vivo by yintcrferon. J Exp Med
162: 1645
5. Sonnenfeld G, Mandel AD, Mcrigan TC (1978) Time and dosage, dependence of immunocnhancement by murine type II interferon preparations. Cell Immunol40: 285-293
6. Rabinovitch M. Manejras RE, Rosso M, Abbey EE (1977) Increased spreading of macrophages from mice treated with interferon inducers. Cell Immunol 29: 86-95
7. Kupicc-Weglinski JW, Filho MA, Strom TB, Tilncy NL (1984)
Sparing of suppressor cells: a critical action of cyclosporine.
Transplantation 38: 57
8. Shevach EM (1985) The effects of cyclosporinc A on the immune system. Annu Rev lmmunol3: 397
9. Bishop GA, Hall BM (1988) Effects of immunosuppressive
drugs on functions of activated T lymphocytes: cyclosporine inhibition of gamma interferon production in the presence of interleukin 2. Transplantation 45: 967
10. Kalman VK, Klimpel GR (1983) Cyclosporin inhibits the production of gamma interferon (IFNy) but docs not inhibit production of virus-induced IFNa/~. Cell Immunol78: 122-129
11. Reem GH, Cook LA, Vilcek 1 (1983) Gamma interferon synthesis by human thymocytes and T lymphocytes inhibited by cyclosporin A. Science 221:63-65
12. Whitlcr RL, Lindsey JA, Proctor KVW, Morisaki N, Cornwell
DG (1985) Characteristics of cyclosporine induction of increased
prostaglandins levels from human peripheral blood monocytes.
Transplantation 38: 377
13. Snyder DS, Beller DI, Unanuc ER ( 1982) Prostaglandins modulate macrophage Ia expression. Nature 299: 163
14. Ono K, Lindsey E (1969) Improved technique of heart transplantation in rats. 1 Thorac Cardiovasc Surg 57: 225
15. Gresser I, Morcl-Marogcr L, Chatelet F, ct a!. ( 1979) Delay in
growth and the development of nephritis in rats treated with interferon preparations in the neonatal period. Am 1 Pathol 95:
329-346
16. Gresser I, Tovey MG, Bander MT, Maury C, Brouty-Boye D
( 1976) Role of interferons in the pathogenesis of virus diseases in
mice as demonstrated by the usc of anti-interferon serum. 1 Exp
Med 144: 1305-1315
17. Fabiani B, Astarcioglu I, Gugenheim 1, et al. (1989) Expression
of major histocompatibility complex antigens on vascular endothelium of spontaneously tolerated liver allografts. Transplant
Proc 21: 407-408
18. Landolfo S, Cofano F, Giovarelli M, et al. (1985) Inhibition of interferon y may suppress allograft reactivity by T lymphocytes in
vitro and in vivo. Science 229: 176-179
19. Didlake RH, Kim EK, Sheehan K, Schreiber RD, Kahan BD
(1988) Effect of combined anti-gamma interferon antibody and
cyclosporine therapy on cardiac allograft survival in the rat.
Transplantation 45: 222-223
20. Benson A, Ziegler H (1989) Macrophages as targets for inhibition by cyclosporine. Transplantation 47:696

