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Cyclosporin A protects pancreatic islet cells from nitric oxide-dependent
macrophage cytotoxicity
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1t has been shown earlier in an in-viiro model of' inflammatory islet cell death thal actvated inacrophages lyse islet cells via Lthe release of nitric
oxide. Here we report Lhat eyelosporin A suppresses mucrophage cyteloxicity, Control experiments showed that the immunosuppressive drug does
nol improve the defences of islet cells against nitric oxide but inhibits the release of nitric oxide from LPS-stimulated maerophages. This property

of cyclosporin A may contribute to the preservation of # ¢ell fungtion seen in cyelosporin A-treuted patients wilh recent onset type | dlabetes.
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1. INTRODUCTION

The progressive desiruction of insulin-producing §
cells during the develoepment of type [ diabetes has been
discussed to result trom the attack of cytotoxic T-cells
as well as [rom toxic products of inflammatory macro-
phages such as interleukin I, oxygen radicais and nitric
oxide [1-4]. The largely T-cell specific immunosuppres-
sant cyclosporin A was found to extend the remission
phase {3,0] and to preserve f# cell function [5] in patients
with recent onset diabetes.

In the present study we tested the hypothesis that
cyclosporin A may not only interfere with T-cell reac-
tions but also act on islet-toxic macrophages. For this
purpose we used an in-vitro model of islet cell lysis by
activated macrophages [7]. In this model islet cell death
is due to the release of nitric oxide by macrophages [4).
We describe here that the addition of cyclosporin A to
the incubation system inhibits macrophage cytotoxicity
towards pancreatic islet cells.

2. MATERIALS AND METHODS

2.0 bslet cells

Pancreatic islets were isolated {rom 3- to 4-months-old Wistar rats
of our own colony by dustal injection of collagenase {Serva, Hei-
delbera, Germany), density gradient centrifugation and handpicking
as deseribed previously (7], Single eell suspensions were prepared by
trypsin treatment followed by 18 h cultured ai 37°C/5% CQ, for
recovery in enriched RPM1 1640 containing 4 mM gluceses, ampicillin
25 myl, penieillin 120 mg/], streptomycin 270 mg/, sodium pyruvate
I mM, L-glulamine 2 mM, non-essential amino acids 1=, NaHCO, 2
g/l HEPES 2.38 wland 10% FCS (Gibco BRL, Heidelberg) [71.
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2.2 Muacrophages

Periloneal macrophages were activaled by injection of Corpne-
bacteriun parvion suspension (Wellcome, Burgwedel, Germany) i.p.
8 duys prior Lo isolation [7]. Mucrophiapes were enriclied by udherence
10 FCS-coated Pelridishes, washes and detachment by Ca®/Mg*'-free
HBSS at 4°C. As determined earlier by immunocytochemistry and
clectron microscopy, between 92-956 of the adherent cells could be
positively identified as macrophages [7.8], For the unalysis of indueible
NO production 10° macrophages were seeded in 100 g4 per well in
round-botlom Y6-well microtiter plites. Serial dilutions ol eyclosporin
A (30 l, Sandimmun, Sundoz, Basel, Switzerland) were udded, In
set of sumples macrophages were slimulated with 50 ul lipopolysuc-
charide solution (LS from Exchierichia coli 026:B6, Sigma, final con-
cantration 1 ng/ml). Afer 20 h at 37°C/5% CQ., 150 41 of the super-
nalants were collected and the accumulated nitrile delermined by the
Griess reaction [9). The resulting extinciions were converied 10 NO3-
concentrations using u standard curve obtlained with NaNQ.,

2.3, Cprenoxicity assays

For mucraphage-islel cell co-culture experiments islel eells were
lubelled by [*H]leucine for 20 h as deseribed [7]. Radiolabelled islet
cells (5 x 10 cells in 100 4l) were mixed with 100 ul of macrophages
(5 % 10* —~ 2 % 10° ¢elis) and incubated in round-botlom 95-well mi-
crotiter plates Tor 16 h at 37°C/5% CQ,. The radiolubel was deler-
ined in 100 4l of supernatunt. The spontaneous release ol *H was
less than 30% and subiracied [rom all experimenial values, As shown
before, the release of radiolibel correlutes closely with lysis ol islet
cells, as determined by electron micrescopy (7).

For the analysis of NO 1oxieity islet cells were seeded in half area
round botiom microtiter plates at 2 5 10 ¢ells/120 ] per well. Alter
preincubalion for 3 h the NO-donor nitroprusside (Merck, Darms
stadl, Germuny) or S-nitroso-N-ucetyl-penicillumine (SNAP) (kind
gilt al Prof. E. Noack, University of Disseldorf, Disseldorf, Ger-
many) were added. “yanide ions released by nitroprusside were sciv-
enged by the addition of 8 U rhodanese (Sigima, Steinheim, Germany)
and 5 mM Na,5.0,. Aller ineubation for 16 h at 37°C/5% CQ, cell
viability determined by Trypan blue exclusion. Ai least 200 cells per
well ware counted [10].

2.4. Starlstics
Dilterences between meun values were analysed by Student’s r-test,
Wwo sided,
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3. RESULTS

The lysis of islet cells seen after co-culture with acti-
vated macrophages was dependent on the tar-
gevrifecior el sasio yielding $49% lysis o 4 TE ratie
of 20 {Fig. 1). The addition of ¢vclosporin A to the
incubation mixture inhibited islet cell lysis, A concen-
tration of | 4g/ml was effective at all TSE ratios while
adose of 0.2 #g/ml] was only inhibitory at the T.E ratios
of 1:10 and 1:20 (Fig. 1). The addition of the NO syn-
thase antugonist N%-monomethyl-L-arginine completely
inhibited islet cell lysis, demonstrating that macrophage
toxshLy Jowaros iHe1 s depends on e azHimne-—Ni-
tric oxide pathway. [n conirols no effect of cyclosporin
A on the viability of the macrophages could be detected.
Even at a concentration of 5 ug/ml cyclosporin A the
Trypan blue exclusion assay revealed 97.7 = 0.2%
(mean i 8.1, from three experiments} living cells after
16 h of incubation. This corresponds to the survival rate
of aulreatad cells (984 = (441,

Next we tested whether the protective action of cy-
closporin A oceurs on the feve] of the isfet cell, {slet cells
were preincubated for 3 h with cyclosporin A and subse-
quently exposed to chemical NO-donors. No protection
from NO-toxicity was noted in the presence of cy-
Camrpnim A vk 38 Bl wareranrations (R, 2L

In a third series of experiments it was determined
whether cyclosporin A interferes with the arginine de-
pendent cytotoxicity pathway of macrophages. As
shown in Fig. 3 incubation of peritoneal macrophages
with LPS for 20 h stimulated the release of nitrite which
was inkititable by cyclospoerin A and vy NS-mauno-
methvl-L-arginine.

As shown in Figs. | and 2 the conecentrations of the
NO-donors nitroprusside and SNAP were chosen to
yield similar amounts of lysis as obtained from macro-
phages, However, ihe hitrite concentration in the super-
natant of macrophages cannot be directly compared
with the concentration of chemical NQ-donors. Our
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Fig. 1. Inhibition of macrophage eytoloxicity lowards islet gells by

cyelosporin A or N-methyl-arginine. Shown are mean values = 5.D.

(n = 4), Statistical differences between isiel cell [ysis in the absencs or

presence of pharmugologicul inhibitors are indicated as *P < 0.05;
R < (0l 2 P<(.001.
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Fig. 2. Cxlosporin A does not inhibit NO tozicity in islet cells. Islel
eells were incubated for 16 b with medikm (control), 0.5 mM nitro-
prusside or 0.4 mM SMAP. Shown are mean values £ 5.0 (1 = 4).

own unpublished observations and resulis from Feel-
isch et al. {11] showed that the concentration of an
NO-donor may not correlate with its NQ-releasing ca-
pacity. Furthenmore, depending on the NO-generating
substance, highly variable amounts of NO may be oxi-
dized to nitrite. On the other hand, macrophage prod-
ucts may influence the formation of nitrite from NO.

4, DISCUSSION

The immunosuppressive drug cyclosporin A hus been
shown earlier to interfere with a calcium-sensitive T-cell
signal transduction pathway involving calcineurin
[12,13]. In additioi, cyclosporin A inhibits macrophage
accessory function which also may suppress T-cell acti-
vation [14].

The data presented here indicate that cyclosporin A
at pharmacological doses interferes with the arginine-
dependent cytoloxicity pathway of macrophages, This
conclusion is based on two different observations. First,
cyclosporin A suppresses the cytotoxic action of acu-
vated macrophages against pancreatic islet cells. The
arginine-dependence of the lytic event has been previ-
ously demonsirated [4] and is confirmed here by the
protection of islet cell lysis in the presence of the NO
synthuse inhibitor N°-monomethyl-L-arginine. Second
the accumulation of nitrite in the supernatant of LP5-
stimulated macrophages is reduced in the presence of
cyclosporin A, indicating the suppression of arginine-
dependent NO formation. On the other hand. cy-
closporin A failed to prevent islet cell lysis induced by
chemical NO donors in the absence of effector cells.
This finding also indicates, that the drug does not act
by protecting islet cells from NO toxicity but suppresses
the N mediated cytotaxic activity of macrophages.
Since the macrophage cell suspension contained a negli-
gible quantity of T-cells it is reasonable to assume that
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Fig. 3. Inhibition of nitrile relesse Mtom activiated macrophuges by
cyclosporin A or A-methyl-arginine, The incubation with LPS induced
3.22 nmol = 0.33 of nitrite per 10* macrophages per well (1 = 4)
(background nitrite levels subtracted) in the axperiments with cyclo=
sporin A and 7.47 nmol ® 328 in the experiments with N%-
monemelhyl-L-arginine (NMA), Shown are moeun values = S.D.

(n=4)

the suppressive effect of cyclosporin A is due to direct
interaction with the macrophage.

Interestingly, FK306, an immunosuppressive agent
with similar mechanisms of action as cyclosporin A
[15,16], was found to exert comparable effects in a
model of allograft rejection. FK 3506 prolonged the sur-
vival of allogeneic grafts [17] obviously by inhibiting
NO-formation from macrophages infiltrating the graft
[17,18].

The production of NO by macrophages requises prior
activation by appropriate stimuli such as LP8 1o cause
synthesis of the inducible NO synthase [19]. Similar as
in T-cells, cyclosporin A may prevent the activation of
specific transcription factors. Another stimulant in-
duced response of macrophages, the phorbol ester-de-
pendent respiratory burst also was found reduced in the
presence of cyclosporin A [20]. Furthermore, cy=
closporin A was found to inhibit the acquisition of tu-
mioricidal properties by macrophages activated with ei-
ther macrophage activation factor in combination with
lipopolysaccharide or the calcium ionophore A23187
{21]. A recent report described the inhibition by cy-
closporin A of stimulant induced superoxide produc-
tion from polymorphonuelear leukoeytes {22]. Taken
together, these data imply that cyclosporin A may inter-
fere with signal transduction pathway also in other leu-
kocytes than T-cells.

The suppression of arginine-dependent macrophage
eytetoxicity may account in part for the preservation of
beta cell function seen in patients with acute type I
diabetes receiving cyclosporin A [5). Islet cells have been
shown previously to have a poor defence against free
radicals [23] and to be highly susceptible to the arginine-
Jdependent lytic activity of inflammatory macrophages
[4.7]. Interference by cyclosperin A with NO und oxy-
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gen radical production from islet infiltrating inflamma-
tory macrophages can be expected to support £ cell
survival,
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