ISSN (253-9756  Acta Pharmacol 3in F B # B £H 1999 Mar; 20 (3}, 271 - 275

htip: //www_simm. ac cn;

www ., chanainfo . gov. cn/ petiadical 271 -

Inhibitory effects of nitric oxide and interleukin-10 on production
of tumor necrosis factor o, interlevkin-1p, and interleukin-6

in mouse alveolar macrophages

QIU Hai-Bo', CHEN De-Chang, PAN Jia-Qi*, LIU Da-Wei, MA Sui
( Department of Critical Care Medicine , * Department of Hematological Medicine , Peking Union Medical
College Hospital, Chinese Academy of Medical Sciences. Beijing 100730, China)

KEY WORDS  nitric oxide; alveolar macro-
phages; interlenkin-1;
leukin-6; interleukin-10; tumor necrosis factor;
lipopolysaccharides; enzyme-linked immunosorb-
ant assay

inflammation ; inter-

ABSTRACT

AIM: To observe the effects of nitric oxide and
intedeukin-10 (IL-10) on inflammatory reaction
in mouse alveolar macrophages ( AM ).
METHODS: AM from mice were stimulated by
lipopolysaccharides { LPS) 10 mg+ L~ and nitric-
oxide synthase inhibitor, S-methylisothiorea
sulfate { SMT) or nitric-oxide donor, S-nitroso-
N-acetyl-D, L-penicillamine { SNAP ).  The
production of tumor necrosis factor o ( TNFa),
IL-18, IL-6, and IL-10 by AM were measured by
ELISA. RESULTS: After 1PS-stimulation,
TNFa, IL-183, and IL-6 peaked at 6, 12, and 24
h, respectively by AM. SMT inlubited LPS-
induced nitric oxide release and increased IL-13
and [L-6 secretions in AM, but the TNF« levels
remained unchanged. SNAP had inhibitory
effects on I-13 and II-6 secretions in a
conceniration-dependent manner, but exerted no
effect on TNFa release. TNFa, IL-13, and IL-6
secretions were inhibited by recombmant IL-10,
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but the cytokines release was upregulated by anti-
IL-10 monoclonal antibody. CONCLUSION;
Both endogencus and exogenous nitric oxide and
[L-10 bhad inhibitory effects on the LPS-induced
TNFa. IL-1B. and IL-6 secretions in mouse AM.

INTRODUCTION

The inflammatory response is a crucial part
of the normal host defense mechanism and, as
such, has a protective role("’ .
this response is excessive or uncontrolled,
pathological consequences may occur 23 Inap-
prociate  inflammatory response has  been
implicated as the causal mechanism in the adult
respiratory distress syndrome ( ARDS).  Tumor
necrosis factor « { TNFa), interleukin-18 (IL-
18), and IL-6 are the important proinflammatory
mediators of the inflammaiory response directly
inducing  neutrophil influx and  capillary
endothelial cell permesbility®’. To control the
overproduction of the proinflammalory cytokines
may be beneficial to modulate the inflammatory
Tesponse.

IL-10 was formerly known as cytokine
synthesis inhibitory factor. A human form was

soon identified to have a regulatory role on
[4.5]

However, when

inflammatory response Endogenous nitric
oxide was first identified as a vasodilating factor
in vascular endothelial cells, served an important
wle in hmg as a regulator of pulmonary
circulation® .  Nitric oxide has regulatory effects
on coagulation and inflammatory response'® .
But the effects of nitric oxide and 1[-10 on the
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inflammalory response have not been clearly
elucidated .

The current study was to hwestigate the
effects of mitric oxide on the production of
inflammatory cytokines and the role of IL-10 in
the proinflammatory cytokines release in alveolar
macrophages (AM).

MATERIALS AND METHODS

Kunming mice (3. n=160, 18 -22 g)
were obtained from the Experimental Animal
Institute of Chinese Academy of Medical
Sciences, Grade [[. Certificate No 0t-3001.
AM were obtained by bronchoalveolar lavage,
which was performed by repeated instillation with
total 15 ml of Mg**- and Ca’*-free Hanks’
solution containing edetic acid 0.6 mmol * L™'.
Isolated cells were pooled and washed twice with
RPMI-1640 ( Gibco) containing 5% fetal calf
serum lo remove edetic acid.  Washed cells
were suspended in culture medium ( RPMI- 1640,
10 % fetal calf serum, L-glutamine 2 mmol -
L~"', Pen/Strep). The isolated cells { >95 %
AM by acid phosphatase staining, >95 % wiable
by trypan-blue siaining) were plated in 24-well
plates ( Nunc) at a cell concentration of 5 x 10°
cells in I mL culture medium and cultured for 24
h with lipopolysaccharides ( LPS, E coli 0127,
BS8. Sigma} with or withoul mdicated concentra-
tions of the nitric-oxide synthase inhibitor, S-
methylisothiourea sulfate ( SMT, Sigma), or
S-nitroso- N-acetyl-D, L-
penicillamine (SNAP. Sigma). The cells were
also cultured for 24 h with recombinant mouse II-
10 ( Biosource Co, USA) or ral anti-mouse IL- 10
monoclonal antibody ( Biosource Co, USA).
The culture medium was collecied, centrifuged
(2000 x g, 4 °C, 10 min), divided in aliquots,
and stored at — 20 °C until assay.

TNFa, IL-13, IL-6, and IL-10 in culture
supematants were measured by FLISA ( TNFe,
IL-1R3. 1L-6. and IL-10 ELISA kit were obtamed

nitric-oxide  donor,

from Biosource Co, USA). Nitile in culture
supernatants was measured by a colorimetrie
assay based on the Griess reaction ( Nitrite kit
from Biotin Co, Beijing) .

Cytotoxicity of cullure procedures was
analyzed by trypan-blue inclusion. Brefly, 5
x 10° AM were plated in microtiter plate and
culured in |-mL culture medium with various
concentrations of LPS with or without SMT 250
pmol = L' Following 24-h culture, cultured
medium was removed, Hanks' solution t mL and
0.1 % trypan-blue 10 pl. were added 1o the
wells. The plate was observed under microscope
and the necrosis cells was calculated.

Data were expressed as ¥ £ s and compared
with ANOVA.

RESULTS

Effects of LPS on cytokine and nitric
oxide release The levels of TNFa, IL-13, and
IL-6 peaked at 6, 12, and 24 h after AM were
stimulated by LPS 10 mg+ L™'. The nitrile
levels maintained increase at 24 h after LPS-
stimulation {Fig t) .
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Fig 1. Nitrite and cytokine releases after LPS-
stimulation. n# =7 mice. T x5,

Effects of nitric-oxide synthase inhibition
on cytokine production SMT mhibited nitrite
production in a conceniration-dependent marner

in LPS-stimulated AM (Tab I).



http://www.cqvip.com

ISSN 02539756 Acta Pharmacol S0 & B3 R348 1999 Mar; 20 (3)

E-mail aps@ server.shene. ac, on

Phn/Fax 86-21-6474-2629 - 273 -

Tab 1. Effects of S$-methylisopthiourea sulfate
(SMT) on nitrite production by LPS-stimulated
alveolar macrophages, #=7 mice. ¥ <£s.

' <0.05 vs SMT 0 pmol-L~'.

SMT/emol - L Nimmite levels/pumol < 1.7

0 6l + 16
I 57+ 15
10 47+ 14
100 B0
250 17+ 5
500 12+5
1000 945t

Inhibition of nitrite production by SMT 250
1mol* L' led to a marked increase of IL-13 and
[L-6 production by AM stimulated by 1.PS 10 mg*
L~"at 24 h, IL-10 production decreased, but the
levels of TNFe in medium were not affected ( Tab
2). No differences were observed in the cellular
viability .

Tab 2. Effects of S-methylisothiourea sulfate
{SMT') and S-nitroso-N-acetyl-D, L-penicillamine
(SNAP) on cytokine produection by LPS-stimulated
alveolar macrophages. r =4 mice. x ts.

®P <0.05 vs LPS 10 mg-L !,

Cytokines levels/ng L~

TNFu 113 1L-6 -1
Saline 104 + 24 o 368 £ 172° 013
ﬁﬂ?. 12126110 632297 35902921 1500£139
Erﬁziﬂl 16642505 10942437 SIS +1005 960115
ﬂ:ﬁf‘,}, 1 M0 + 62 W36t 154603 B2 1%

Effects of SNAP on cytokine production
SNAP 10 - 1000 nmol+ L™! inhibited the in-
creases of II-If and IL-6 productions in a
concentration-dependent manner, when the LPS-
induced production of endogenous nitric oxide
was blocked by SMT 250 pumol -1~ 1.
no effect on TNFe production (Fig 2},

There was
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Fig 2. Effects of S-nitroso-N-acetyl-D, L-
penicilamine { SNAP) on LPS-induced cytokine
production. n=4 mice. X 5. "P<0.05 ys
SNAP 0 nmol-L~1.

LPS 10 mg- L~ " stimulated AM with SNAP
50 pmolL™'.  Compared with LPS control, the
levels of IL-13, IL-6, and IL-10 decreased
markedly, TNFa  concentration
unchanged (Tab 2} .

Effects of IL-10 on LPS-stimulated
cytokine production Addition of IL-10 led to a
marked decrease of TNFa, IL-I3, and IL-6
production by AM upon stimulation with LPS 10
mg*L~! at 24 h, while IL-10 antibody led to a
marked increase of TNFa, I-I3, and IL-6
production by AM (Tab 3} .

remained

DISCUSSION
The present siudy showed that LPS-
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Tab 3. Effects of recombinant IL-10 and IL-10
antibody on LPS-stimulated cytokine production.
n=4 mice. ¥xs.

®P <0.05 vs LPS 10 mg L.

Drugy Crtokines levels/ng L™

gt L7 TNFa IL-1p IL6
s 10 1212110 632+97 4 300:698
IL-10 0.0 586 + d9b 100367 2601 £ 460"
Ant-IE-10 0015 1689 €364 12002253 52691127

stimulated IL-13. and IL-6 production was
increased by nitric oxide synthase inhibitor,
SMT. and the
concentration-dependent manner by addition of

effects were reversed in a
nitrie oxide donor. SNAP, at the same time in
AM. SMT had no effect on AM wiability,
indicating that SMT did not decrease viability.
These observations suggested that endogenous
nitric oxide might serve as an endogenous
antiinflammatory mediator in LPS-stimulated AM.

Furthermore, addition of SNAP had an
inhibitory effect on LPS-induced IL-18 and IL-6
release by AM. confirming that the production of
I-18 and IL-6 was attenuated by exogenous
nitric oxide .

In our study, nitric oxide had no effect on
LPS-induced TNFa production, that was different

-9 The apparent dis-

from other reports
crepancy between these reports and our results
might depend on differences in experimental
setting such as type of stimulus, dose of LPS,
animal species, time of TNFa assay.

The mechanism of SMT-induced upregula-
tion of IL-18, and IL-6 production was unclear.
NF-kB binding sequence (kB)} is a common
structural characteristics of  proinflammatory
cytokines { eg, IL-1f and IL-6) in the 5'-
flanking region at DNA level, which plays a
critical role in the regulation of many early
response genes associated with the host response

to infection and tissue damage“ﬂ] . Nitric oxide

increased the mRNA expression of TkBa ( NF-kB
inhibitor) and stabilized the mRNA of IkBa*.
IkBa inhibited NYF-kB action by binding with
NF-kB. and then inhibited gene expression of the
proinflammatory cytokines.
inhibition of nitric
proinflammatory eytokine synthesis through the
upregulation of NF-kB activation.

Our results showed that 1L-10 had inhibitory
effects on TNFa. IL-IB. and IL-6 production by
LPS-stimulated AM, while IL-10 antibody
increased the proinflammatory cytokines. It
IL-10  could reduce the
inflammatory response in this situation and lead
to the speculation that increased levels of IL-10
would be beneficial. Thus. IL-10 might be
important in autoregulation of proinflammatory

It is possible that

oxide may upregulate

suggested  that

cytokine production.
The present study demonstrated that in witro
[PS-stimulated AM  not  only  produced

proinflammatory mediators ( such as TNFa, IL-
I8, and IL-6), but also released endogenous
antiinflammatory mediators ( IL-10 and nitric
oxide). But the time course was different.
After LPS-stimulation, TNFa, IL-13, and IL-6
peaked at 6, 12, and 24 h. but nitrite peaked at
24 h later in our study. IL-10 peaked at 48 h by
LPS-stimulated monocytesm. It suggested that
the production of antiinflammatory mediators was
later than that of proinflammatory mediators,
addition of nitric oxide and IL-10 at earlier stage
of inflammatory response or ARDS may be
effective to control the overproduction of
proinflammatory mediators.

Interestingly, the present study showed that
both SNAP and SMT had inhibitory effects on
LPS-induced IL-I0 production. But its
mechanism is less clear.

This work demonstrates that both nitrie
oxide and IL-10 exhibit an inhibitory effect on
inflammatory cytokines in AM, nitric oxide and
IL-10 added exogenously may be beneficial to
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control overproduction of proinflammatory medi-

ators.
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