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Abstract. In vitro gangliosides exert inhibitory effects on
cellular immune responses, largely relying on an impairment of the IL-2/IL-2 receptor interaction. In a previous
study we have demonstrated synergistic effects of gangliasides and cyclosporin A (CyA) in the inhibition of the
generation of in vitro allospecific immune responses in
humans. To evaluate the possibility of using these drugs in
immunosuppressive therapy in organ transplantation, we
investigated the effects of the combination of a gangliasides mixture (GAMIX) and suboptimal doses of CyA on
rat skin allografts in vivo. Sprague-Dawley rats were implanted with skin grafts from Lewis rats and treated for
21 days by intraperitoneal administration of either
GAMIX or CyA or a combination of the two drugs. Untreated, GAMIX-treated or CyA-treated rats rejected
skin allografts. In contrast, when a combined GAMIX
CyA treatment was administered, successful grafting
could be obtained in 8 rats out of 10 tested. Cells derived
from spleens on day 21 post graft were stimulated in vitro
with PWM mitogen. We found that cells from transplanted rats, untreated or treated with low-dose CyA or
GAMIX alone, showed comparable responses to PWM.
Cells from rats treated with the combination of the two
drugs were found to be virtually unresponsive to stimulation by PWM mitogen. Taken together, our results indicate that GAMIX potentiate in vivo and ex vivo immunosuppressive effects of low-dose Cy A.
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The discovery and characterization of the pharmacological effects of cyclosporin A (CyA) has represented a
major advance in the immunosuppressive treatment in
clinical organ transplantation. CyA therapy reduced both
number and severity of acute rejection episodes, thus marOffprint requests to: G. Sconocchia, Istituto CNR "Tipizzazione Tissutale e Problemi della Dialisi," c/o Ospedale S. Eugenio, Piazzale
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kedly increasing the success rates in bone marrow, heart,
pancreas, liver, and kidney transplants [2, 6, 9]. A major
limitation in the clinical use of Cy A, however, is represented by its toxicity [5, 6]. It is thus of interest to evaluate
the possibility of potentiating the immunosuppressive effects of Cy A by taking advantage of less toxic compounds.
Gangliosides are complex glycosphingolipids that have
been reported to play a role in the control of cell proliferation and differentiation [1, 3] possibly related to an inhibition of protein kinase C activation by endogenous diacylglycerols [7], or mediated through the action of discrete
ganglioside metabolites [4]. Furthermore, gangliosides
have been shown by several authors, including ourselves,
to exert immunosuppressive effects in vitro [8, 10, 12],
largely due to an alteration in the binding of IL-2 to its receptors [10].
Considering the emerging clinical need for low-dose
Cy A immunosuppressive regimens, we previously investigated the synergic effects of these two drugs in in vitro inhibition of allostimulated cellular immune responses. We
found that GAMIX, combined with low doses of Cy A, can
significantly potentiate the inhibitory effects of CyA on
MLC and CfL generation. Furthermore, GAMIX and
CyA efficiently synergize in inhibiting the production of
IFN gamma induced in MLC [13].
In this study we sought to explore the possibility of
combine gangliosides and suboptimal doses of Cy A to obtain synergistic immunosuppression in rat skin allografts
in vivo. We found that gangliosides potentiate the immunosuppression exerted by low doses of Cy A both on skin
rejections and on proliferative responses induced bymitogens in spleen lymphocytes from rats treated with the
combined immunosuppressive therapy.
Materials and methods

Animals
Fortyh-three inbred strain Sprague-Dawley rats (Charles
River, Italy) were used as recipients while inbred strain
Lewis rats were used as skin graft donors. All animals
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Table 1. Effects of CyA and GAMIX immunosuppressive therapy
on skin allograft rejection*

Results

Groups Treatment

Effects of CyA and GAM/X therapy
on skin allograft rejection

Skin rejections/
no. rats

0/5
Skin autograft
15115
Skin allograft
015
Skin allograft+ CyA 2 mg/kglday
Skin allograft+ CyA 1 mglkglday
619
Skin allograft+ CyA 0.5 mg/kg/day
5
13114
919
Skin allograft+ GAM IX 30 mglkg/day
6
Skin allograft+ GAMIX 30 mglkg + CyA 115
7
1 mg/kg/day
Skin allograft+ GAMIX 30 mg/kg + CyA 2/10
8
0.5 mglkg/day
* P < 0.001, group 2 vs group 7; P < 0.0001, group 2 vs group 3 and
group 8

1

2
3
4

were male with a mean age of 3-4 months and a mean
weight of 300 g. The animals were maintained under
standard laboratory conditions.

Surgical procedures
The rats were anesthetized intraperitoneally with ketamine, 30 mg/kg. The cervicodorsal area was prepared to
obtain the graft or to implant it. A 2 cm 2 skin patch was
removed by a full-thickness incision that included dermis
and epidermis. The graft was then implanted and sutured
in the cervicodorsal area of the recipient. Post-operatively
the animals were kept in separate cages to avoid any
possible damage to the graft.

Immunosuppressive treatment
)

Drugs. Cy A (Sandoz, Basel, Switzerland) was dissolved in
ethanol and further diluted in saline. Cy A was injected intraperitoneally at doses ranging between 0.5 and 2 mg/kg
per day. Bovine brain ganglioside mixture, here after
referred to as GAMIX (Cronassial, FIDIA, Abano
Terme, Italy), was composed as follows: GM121 %, GD1a
40%, GD1b 16% and GTlb 19% weight/volume.
GAMIX preparations were dissolved in saline and injected intraperitoneally at 30 mg/kg per day. Table 1 reports the experimental groups under study. The drugs
were administered 5 days/week for a period of 3 weeks.
Proliferation studies. All rats were killed 21 days after the
beginning of treatment and splenectomized. Spleen cells
were resuspended at 1 x 106 in RPMI medium supplemented with glutamine (2 mM), 10% FCS and antibiotics (complete medium) and cultured in 96 flat-bottom
microwell trays (Nunc, Denmark) in triplicate samples in
the presence or absence ofPWM (Sigma) for 3 days in humidified 5% C02 atmosphere. Proliferation was assessed
by 3H-thymidine incorporation following a 18-h pulse.
Statistical analysis. The significance of the differences of
the means was analyzed by the one-tailed Student's t-test.
The significance of the differences in skin rejections was
analyzed by Fisher's exact test.

Table 1 reports the data concerning the different groups
of animals under study, the immunosuppressive treatments, the number of animals for each group, and the
number of skin rejections recorded. In group 2 with no immunosuppressive therapy, group 5, treated with suboptimal doses of CyA, and group 6, treated with GAMIX
alone, graft rejection was observed in all animals. The
number of rejections was significantly (P < 0.001) lower in
rats treated with CyA 2 mg/kg (group 3) or, more interestingly, in rats treated with GAMIX 30 mg/kg plus CyA
1 mg/kg (group 7) or GAMIX 30 mg/kg plus CyA
0.5 mg/kg (group 8).

Effects ofCyA and GAM/X immunosuppressive therapy
on mitogen induced spleen-cell proliferation
The effects of the combination of CyA and GAMIX were
then studied on lymphocyte proliferation induced by
PWM. Spleen cells from the different groups of animals
under treatment were stimulated in vitro with an optimal
dose of PWM (5 ).lg/ml). Table 2 shows the proliferation of
spleen cells from group 2 - skin-recipient rats, group 5 skin-recipient rats treated with CyA, group 6- skin-recipient rats treated with GAMIX, or group 8 - skin-recipient rats treated with a combination of the two drugs.
The data are reported as the mean of cpm ±SO values of
spleen cell cultures from each rat (five animals in each
group). Spleen cells from untreated or skin allografted
animals showed an optimal proliferative response to
PWM stimulation. Similarly, spleen cells from rats treated
with CyA or GAMIX alone optimally proliferate following mitogen stimulation. In contrast, the proliferation of
spleen cells from animals treated with a combination of
CyA and GAMIX was significantly reduced compared to
that of spleen cells from group 2 animals (P < 0.03). The
proliferation induced by PWM was also significantly reduced (P < 0.0001) in spleen cells from rats treated simultaneously with CyA and GAMIX in comparison with
spleen cells from animals treated with Cy A alone.
Discussion
The data reported in this investigation indicate that gangliosides can augment in vivo the immunosuppression induced by low doses of Cy A in skin-grafted rats. Indeed, in
Table 2. Effects of CyA and GAMIX immunosuppressive therapy
on PWM-induced spleen-cell proliferation*
Groups Treatment

2
5
6
8

Untreated rats
Skin allograft
Skin allograft+ CyA 0.5
Skin allograft+ GAMIX 30
Skin allograft+ GA~IX 30 + Cy A 0.5

JH-Tdr
incorporation
(cpm x I0- 3 ± SD)
40.4 ± 6.4
42.2 ± 31.4
27.3 ± 9.4
35.5 ± 30.7
5.1 ± 6.8

* P < 0.03, group 2 vs group 8; P < 0.001, group 5 vs group 8
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the group of rats treated with a combination of the two
drugs, at the lowest dose of Cy A used, a significant reduction in skin rejections could be observed. Moreover,
spleen cells from animals treated with both drugs showed
significantly decreased proliferative activity upon stimulation by PWM mitogen in vitro. These results are in accordance with our previous findings on the potentiation of
immunosuppressive effects between CyA and GAMIX,
in vitro, in the generation of allospecific immune response
in man [13].
Still unclear is the nature ofthe mechanisms underlying
this potentiation. As already reported [10, 12], gangliasides do not affect IL-2 production in vitro, in contrast to
CyA, which exerts typical, dose-dependent, inhibitory effects. However, GAMIX can down-regulate IL-2 production in MLC performed in the presence of low doses of
CyA. GAMIX does not influence Tac expression in MLC
blasts, while again CyA shows dose-dependent inhibitory
effects [13]. Considering the autocrine nature of IL-2
production [11 ], one suggestive hypothesis to explain the
potentiation exerted by GAMIX on CyA-induced
immunosuppression is that GAMIX might exert the immunosuppressive effects by inhibiting the interaction of
IL-2 with its receptor [10] and thus prevent further IL-2
production. This mechanism might be of relevance in the
presence of low-dose CyA, unable per se to efficiently inhibit IL-2 production.
It is also of interest that GAMIX alone, at the dose
used, does not inhibit ex vivo the proliferation of spleen
cells activated by PWM, thus suggesting that gangliosides
are immunosuppressive in vivo only in combination with
other drugs such as Cy A.
In conclusion these findings might suggest a possible
use of the association of CyA and GAMIX in immunosuppressive therapy in human transplantation. More information, however, is required on the in vivo renal and hepatotoxicity of this combined therapy, together with new
insight into the molecular mechanisms of the immunosuppression exerted by CyA and GAMIX.

Acknowledgements. This work was supported in part by a FIDIA spa
grant and by CNR grants, special projects "Biotecnologie e Biostrumentazioni," and "Applicazioni Cliniche della Ricerca Oncologica."

References
1. Bremer E, Schlessinger J, Hakomori SI (1986) Gangliosidemediated modulation of cell growth. J Bioi Chern 261: 2434-2440
2. Cohen DJ, Loertscher R, Rubin MF, Rubin MF, Tilney NL, Carpenter CB, Strom TB (1984) Cyclosporine: a new immunosuppressive agent for organ transplantation. Ann Intern Med 101:
667-{)81
3. Hakomori S (1981) Glycosphingolipids in cellular interaction,
differentiation and oncogenesis. Ann Rev Biochem 50: 733-764
4. Hannun YA, Bell RM (1989) Functions of sphingolipids and
sphingolipids breakdown products in cellular regulation. Science
243: 500-505
5. Kahan BD, Flechner SM, Lorber MI, Jensen C, Golden D, Van
Buren CT (1986) Complications of cyclosporine therapy. World
J Surg 10:348-355
6. Kahan BD (1989) Cyclosporine. N Eng! J Med 321: 1725-1738
7. Kreutter D, Kim JY, GoldenringJR, Rasmussen H, Ukomadu C,
DeLorenzo RJ, Yu RK (1987) Regulation of protein kinase C activity by gangliosides. J Bioi Chern 262: 1633-1637
8. Marcus DM (1984) A review of the immunogenic and immunomodulatory properties of glycosphingolipids. Mol Immunol21:
1083-1091
9. Morris PJ (1984) The impact of cyclosporine on transplantation.
Adv Surg 17:99-115
10. Robb RJ (1986) The suppressive effects of gangliosides upon IL2 dependent proliferation as a function of inhibition of IL-2- receptor association. J Immunol136: 971-976
11. Smith KA (1988) Interleukin-2: inception, impact, and implications. Science 240: 1169-1176
12. Spagnoli GC, Ausiello CM, Sconocchia G, Antonelli G, Amici C,
Casciani CU (1990) Polymorphic effects of exogenous gangliasides on antigen-induced lymphoproliferation and generation of
MHC unrestricted cell mediated cytotoxicity. IntJ Immunopharmacol7: 713-720
13. Spagnoli GC, Ausiello CM, Sconocchia G, Adorno D, Casciani
CU (1991) Gangliosides potentiate cyclosporine A -induced
suppression of allospecific immune responses. Transplant Proc
23:342-345

