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Interleukin-18 induces the expression of an isoform of nitric oxide
synthase in insulin-producing cells, which is similar to that observed in
activated macrophages
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The suppressive and eytatoxic effeets af interleukine 18 (1L« 18) on rodent inswlin-producing cells abserved in vitro are probably mediated through

formation of nitric axide (NO). In this study we demaonstrite that [l 1sinduced NO farmution in isalated rag islets and insulin-preducing HIT cells

i mare sensitive (0 inhibition by A%-ponomethyl-l-urginine than <o inhibition by A“-nitra-L-usginine, thus suggesting that IL-1-exposed insulin.

producing eclls express un isoform of nitrie oxide synthiude similar to thit present in uetivated macrophages, Furthermore, 1L-18 murkedly incredsed
the MRNA levels of the inducible mucrophage form: of nitrie oxide synthase in HIT cells,

Interleukin-}f: Nitrie oxide: Nitric oxide syathuse: Panereatie islet; HIT cell: Insalinsdependent diubeies mellitus

. INTRODUCTION

Following the original description of the suppressive
und cytotoxic effects of the cytokine interleukin-1 (1L-1)
on rodent pancreutic B-cells (1], thera has been u comtin-
uous effort to unveil the mechanisms behind these ac-
tions of IL-1 [2]. Recent duta suggest that the actions of
the cytokine initiutes with binding to membrane recep-
tors [3.4], induction of gene transcription and protein
translation [5.6). This is followed by a progressive accu-
mulation of the radical nitric oxide [7-10]. which may
impair the activity of the Kreb's cycle enzynie uconitase

{8) and thus lead to a deerense in mitochandrial funetion

and ATP production [11.12}.

There are different isoforms of the enzyme NO syn-
thase in distinet tissues [13], The best characterised
isoforms are the cnes present in endathelial cells/neu-
rons [14] or in activated macrophages ({5.16]. They dif-
fer in their sensitivity to inhibition by arginine ana-
loguer, cofactor requirements and parts of their de-
duced amino acid sequence [13-16). It still remains to
be determined which form of NO synthase that is pres-
ent in pancreatic islets. [n the present study we at-
ternpled to answere this question by studying the inhib-
itory effects of two different N%-substituted arginine
derivatives on IL-1-induced nitrite generation, an end
preduct of NQ, in rat islets and in the clonal insulin
secretory line HIT-T 1S cells (HIT cells) [17]. Moreover,
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we also characterised the expression of mRNA for an
inducible form of nitric oxide synthase, recently cloned

in murine mucrophages [15,16), in IL-18-exposed HIT
cells,

2. EXPERIMENTAL

2.1, Maicrials

Human recombinunt 1118 (r1L-8) was kindly provided by Dr, K,
Bendieen. Luboraiory of Medicul Immunology., Righospilaie,
Copenhugen, Denmark. The cytokine was prodused by Immunex
(Seuttle, WA and had a biological selivity of 50 U/ng, as compured
wilh un interim internutjonul standurd rIL-8 preparation (NIBSC,
London, UK) (18]. The chemicals were purchased from the followiag
sources: A®hniire-Larginine and N%monomathyl-t-arginine from
Siginu Chemizals Co (St. Louis, MO, USA); FustTriack mRNA Lsola-
tion Ki1 from Invitrogen Corp, (San Diego, CA, USA): Muliiprime
DNA labelled system and [2-PP]aCTP from Amersham Iaternational
(Amersham, UK), MagnuGraph Nyloa Transfer Membrane from Mi-
cron Separations Inc. (Westboro, MA, USA). All othier chemiculs of
snalytieal gride were oblained from E. Merek (Durmastadl, Ger-
many).

2.3 Methods

Panereatic islets were isolated by eollagenase digestion from adult
male Sprugue~Dawley rats bred in a local colony (Uppsala, Sweden),
The ¢lonul hamster insulin-seeraiory cell line HIT-T 1§ (HIT cells) [17]
was originally abiained from Dr, 8.J. Asherofl, Qxford, UK, The rat
islets were cultured free-floating in medium RPMI 1640 containing
11.1 mM glucose and supplemented with 10% (volval) FCS for 4-5
days befare exposure ro riL-13 [19]. Growing HIT cglls were trypsi-
nized and subculiured in RPMI 1640 supplemented with 10% (vol/val)
FCS, as previously deseribed [20),

Exposure of rat islets or HIT cells to rlL-14 und/or the differen
arginine snalogues wus performed for 6, 12 or 24 h in medium RPMI
1640, as described above, Following rlL-15 exposure, aliguots of the
culture medium (80 g1} were deproieinized and the nitrite content
deterpined as recently described [8).
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For Northern blot analysis, poly¢A) was isolwied from 10 HIT
cells wxing 4 FuniTrack mRNA isolwtion kit. Following isolatian, the
polytAY simples {5 2g) were slevtrophoressd onun sgirese gel. trins-
ferred onle 4 nylon membrane [21]. and hvbridized to @ *Plabelled
<DNA prabe coding fer the inducible lfarm of nitriv axide symhuse,
recently claned from a murine macrophage celt tine {1 5}, Hybridization
wind autonidiogruphy were peformed s previousty deseribed {21,

Dita are prexented ux maun values 2 S.E.M., i graups of data
were compareed using puired or unpaired Student's r-text ax appropri-
nte,

3. RESULTS AND DISCUSSION

As previously demonsirated [7-=10], nitrite pradsc-
tion by rat pancreuatic islets wias strongly induced by
r[L-18 (Tuble I). The islet nitrite production in the ab-
sence of 1L-18 was low. and was not affected by expo-
sure to either 0.1, 1.0 or 2.0 mM A%.monomethyl-i-
arginine (CHy-A} or A%pitro-L-arginine (NQ,-A) (duta
not shown). NO»-A, in concentrations up to 2 mM,
fuiled to signilicantly decrsuse nitrite production in-
duced by rIL-18 (Tuble 1), On the othar hand. the eytok-
ine-stimuluted nitrite accumulation wus dose-depen-
dently inhibited by CHy-A. When the effects of the N©-
inhibitors were assessed by recnleuliting the data as %
of control (100% being nitrite production by rat islets
exposed ta rlL-18 alone), CHy-A showed a significantly
higher inhibitory action than NO~A (Fig. 1). It has
been previously shown thit NO,-A displayed u striking
selectivity for inhibition of bruin and endothelial cell
NO synthesis {22,23], while CFl A was mostly effective
against NO production by stimulated macrophages
[22,23). Thus, the ubove described data suggested that
the IL-18-responsive form of NO synthuse present in rat
islets wus similar to that observed in eytokine-uctivated
macrophages.

The islets of Lungerhans contuins an heterogencous
cell population. Even considering that the prolonged
preculture (4-5 days) before rlL-18 treatment may elim-
inate mosi of the non-endocrine cells in the islets, it can
not be excluded that tIL-18 induces NO generation by
non-endocrine islet cells. Indeed, it has been recently
suggested that the main source of cytokine-stimulated
NO generution in pancreatic islets are endothelial cells,
fibroblusts and/or resident macrophages [10). To fur-
ther study this issue. we tested the effects of rIL-18
and/or different NO synthase inhibitors on insulin-pro-
ducing HIT cells. This cell line hus been previously
shown to posses IL-1 surfuce receptors and to be sensi-
tive to the inhibitory cffects of the cytokine [3]. We
observed that 1 ng/ml riL-18 induced a 40-50% de-
crease in insulin accumulation into the medium of HIT
cells after 12-24 h (duta not shown). As observed with
rat islets, rIL-18 induced a marked increase in nitrite
accumulation over 12 h (Table [}, This observation.
together with recent data showing that r[L-18 also in-
duces nitrite production by the rat insulinoma cell line
RINmSF [24], suggest that insulin-producing cells can
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Fig. 1. tahibition af pitrite sccumulation by M-substituted urginine

amidogs in mt pancreatic islets exposed 1o rll-18. [slets were ¢o-

trented with rll- 158 und the indicated concentrations of arginine ana-

lags, and the nitrite ueewmulation into the medium meazured ulter 12

h. Results ure means £ SEM. of 4-8 cxperiments. "2 < 0,05 and
P < 0,001 when comparing to islets to NO,=A,

be, at least in part, the source of islet NQ generation
following exposure to rIL-18. The basal preduction of
nitrite wus not uffected by NO,-A or CH,-A (data not
shown). but bath drugs inhibited in a dosc-dependent
wity 1L-18-induced nitrite preduction (Table [1). As ob.
served in rat islets, CHyA was more potent thun NO,-A
in inhibiting the effects of tIL-18 on nitrite accumula-
tion (Fig. 2}.

[t has been previously suggested that rIL-18-induced
NO generation by pancreatic islets was secondary to
uctivation of gene transcription [3.8). Thus, we dater.
mined whether rlL-183 could induce gene expression of
the macrophage form of NO synthose [15.16] in HIT
cells. As shown in Fig. 3, 6 or 24 h exposure of HIT cells
to the cytoking induced a marked expression of this
mRMNA. The trunseript was 5.0 kb in length, similar to
observitions in activated macrophages [1 5], The finding
that alter 4 h (not shown) or 6 h (Fig. 3) of rIL-18

Tuble [

Eifects of ril-10 und/or two different arginine unnlogues on it islet
nitrite production

rll-1f  AM-menamelbyl-  A%-nitro-t-argin-  Nitrite preduc-

(ngiml)  Learginine (mM) ine anivl) tion (pmol islet x
12 h)

0 0 Q 0.72£025"
1.0 V] 0 2062 1,04
1.0 0 0.l 954+ 127
1.0 Q 1.0 %46 £ U9

1.0 4] 20 572+ 1.09
1.0 0.1 0 740+ 061
1.0 1.0 0 4.04 £ 0.30°
1.0 20 0 0.13 2008

Rt islets in groups of 100 were cultured for 12 h with or without

rll- 18 and different nrginincannlogues, und ilie mediuin subseyuenily

tuken for measurements of aitrite production. Resulls are exprassed

of meuwn t S.E.M. of 4-8 experiments, " amd ** denote £ < 0.0} and
£ <0401 when comparing vs. islcts expesed to IL-17 alons.
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Fig. 2. Inhibition of aitrite accumulation by Mhsubstituted arginine

analogs in HIT cells expased ta rlL-18. HIT cells were costreated with

rlL-17 and the indicated consentrations of urginine analogs. und the

nitrite accumulation into the medium measured afler 12 h, Resulis are

means + S.E.M. of 46 experiments. "2 < 0.0 and ™ P2 2 0.0t when
gompuring to HIT cells expased 10 NOyA,

exposure there was already induction of the mRNA,
correlates well with the time-course of [L«15-induced
nitrite production in isolated rat islets (8], Control islets,
or istets exposed to a non-specific stimulus (12-0-
tetradecanoylphorpbol 13-ucetate, TRPA). did not show
detectable levels of the NO synthase mRNA. In another
series of experiments (not shown}, we also hybridized $
HAg of poly(A)" obtained from HIT cells or from rat
brain tissue with a cDINA encoding the brain form of
nitric oxyde synthasz {17} (the cDNA probe was g kind
gift of Dr. 8. H. Snyder, John Huopkins Medical [nstitu-
tiens. MA, USA). In these experiments we observed a
clear expression of the mRNA in the brain, but not in
the HIT cells. As u whole, this and the above described
data suggest that rIL-18 induces in insulin-producing
cells the expression of a form of nitric oxyde synthase
similar to that observed in activated macrophages. The

Table 11

EfTects of rlL-18 und/or two different urginine analogues on HIT-selis
nilrite pradustion

riL.1g NE.monomelhyl- N.nitre.L-argin- Nitrite
{ng/ml) Learginine (mM) ine {mM) produstien
{praol/10* islet =
12 h}
0 0 0 226 % 0.29™
1.0 v 0 15.64 £ 2.02
1.0 0 0.1 10,18 £ 1.10°
1.0 o 1.0 696 £ 0.90"
1.0 v] 20 4,08 £0.27"
1.0 0.l a 7.27 £ 092"
1.0 1.0 ¢ 179 £ 136"
1.0 20 0 0.52 £0.24™"

HIT cells (10* cells) were eultured for 12 h with or without riL-18 and

different arginine analogues. and the medium subsequently (aken for

meusurement al nitrite praduction. Resulls are expressed as means

S.E.M. of 4=6 experiments, °, ™ and **" denote raspeciively P < 0.08,

£ <00l and P<0.00] when comparing vs. HIT cells exposed to
rIL-18 alune.

FEBS LETTERS

August 1992

tig. 3. EfTeets of rlL-12 exposure an mRMNA contents of the masro-

phage form of nitric oxide synthase in HIT cells. HIT cells were

cxposed lar 6 ar 12 h to | ng/ml riL-15, or for 6 h to 100 ng/ml TPA

und then harvested for poly(A)* extruction, Lane |, control; lane 2,

iL-1 6 h;lane 3, 1L-1 24 by lane 4, TPA 6 h. The figure is representative
of 2 sepurate experiments.

subsequent NO accumulation will lead to impairment
in 8-call mitcchondriat function [11,12), and eventually
to cell damage [2].

Recent reports suggest that inhibitien of nitric oxide
generation may prevent induction of streptozotocin-in-
duced diabetes in mice {25,26]. The present characterisa-
tion of the NO synthase form present in pancreatic
B-cells may raise new possibilities for an early treatment
for insulin-dependent diabetes mellitus ADDM). This
could be achieved by the development of specific inhib-
itors of the macrophage/f-cell farm on NO synthase,
able to decrease cytokine-induced fS-cell damage with-
oul interfering with bleod pressure control or neuro-
transmission [24]. Clearly, extensive studies on the ef-
fects of currently available inhibitors of NO generation
on the evolution of spontaneous IDDM in rodents must
be perfarmed, in order to validate this hypathesis,
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