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Up-regulation of LPS-induced iNOS activity in
dibutyryl cyclic AMP-differentiated rat astrocytes
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AIM: To study the effect of dBcAMP on
bacterial endotoxin IPS-induced NOS activity.
METHODS:  Microscopic  changes  were
observed.  Nitrite levels were measured by
fluorometric assay. NOS activity was measured
by citrulline assay. RESULTS: Within3-4h
after the addition of dBcAMP 1 mmol * L™! to
culture medium, a morphological transformation
reminiscent of in zive differentiation occurred.
Coincubation with LPS and dBcAMP 1 mmol- L~}
resulted in a marked increase in the nitrite
production as compared with LPS alone. This
increase was concentration- and time-dependent
with a maximal effect after 24 h treatment.
Nitrite production stimulated by LPS is parallel to
the degree of cell differentiation. After a 24-h
costimulation with LPS and dBeAMP, L-citrul-
line formation assay revealed a 3-fold increase in

Abbreviations used; cAMP = cyclic AMP; dBeAMP = NS, 2’- O-dibutyryl
cyelic AMP; GFAP = plial fhrillary scidic protein; LPS = lipopo-
lysaccharide; E-NAME = NC-nitro- L-arginine methyl ester; NO = nitric
oxide; NOS = nitric-oxide mynthase; PBS = phosphate-buffered saline.
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-SION:;

NOS activity over LPS treatment alone.
Simultanecus  incubation with  L-NAME,
completely inhibited the stimulation effect of
LPS/dBcAMP on nitrite production.  Cyclo-
heximide and dactinomycin also suppressed
enhancement of NOS activity stimulated by LPS/
dBcAMP, both in nitrite production and citrulline
assay, indicating that the enhancement of NOS
activity was due to the expression of inducible
NOS (iNOS) gene and protein. CONCLU-
Inflammatory  signals can  trigger
astroeytes to express substantially different levels
of iINOS depending on their degree of
differentiation.

NO, a potent and pleiotropic mediator of
many biological functions, is synthesized from
L-arginine by NOS. Three forms of NOS have
been characterized!'). The constitutive endo-
thelial and neuronal types are calcium-
dependent. The third form of the enzyme is the
calcium-independent inducible NOS (iNOS ),
which is only expressed in the presence of
bacterial toxins or cytokines. This form of the
enzyme produces high levels of NO which is used
by the macrophage to kill tumor cells as well as
invasive microorganisms including bacteria and
viruses’” . The excessive production of NO by
iNOS has also been implicated in the
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pathogenesis and tissue destruction of a growing
number of immunologic and inflammatory dis-
eases, including neurodegenerative disease’>™*).
Recent in witro studies demonstrated that
astrocytes, known to play a prominent role in the
initiation and maintenance of immunoinflamma-
tory responses in the central nervous system,
could also be induced by LPS or combinations of
the cytokines to express an iNQS which was
similar to those in other cell types(®).

The incorporation of dBcAMP into the
culture medium resulted in a pronounced
morphological and functional differentiation which
resembled the mature astrocytes found in vivo (63 ,
providing a useful system to study differentiation-
correlated changes of astrocytes in #zivo. The
present study was to examine the difference of
LPS-stimulated iNOS activity between undifferen-
tiated and differentiated astrocytes.

MATERIALS AND METHODS

Materials Newbormn Sprague-Dawley rats
(1-day-old, grade I, Certificate No 02-49-2)
were provided by Shanghai Experimental Animal
Center, Chinese Academy of Sciences.
Dulbecco’s modified Eagle’s medium, F-12
nutrient mixture, fetal bovine serum, and tissue
culture plastics were purchased from Gibcor BRL.
L[2,3,4,5°H] arginine was purchased from
Amersham. L-NAME, cycloheximide, actino-
mycin D, dBeAMP, LPS (E Coli 055:B5),
Dowex-50W, monoclonal antibodies against
GFAP were obtained from Sigma. The ABC
immunocytochemical Kit was from Sino-American
Biotechnology Company (Shanghai, China}.

Astrocyte cultures Cultures of rat cortical
type 1 astrocyles were obtained’). The
resultant cell suspension was filtered through
Nitex mesh (40 pm) and plated in a 75-cm?
flask. Before experiment, cultures were
processed by trypsinization and replanted in 12-
well plates at a seeding of 5 x 10° cells/well.
These treatments yielded a highly purified culture
of astrocytes, consisting of > 98 % astrocytes,
as determined by immunostaining for the
astrocyte-specific marker for GFAP,

Morphological observation and immuno-
cytochemistry  Changes in cell morphology
were assessed by microscopic examination. The

number of stellate astrocytes (rounded cell bodies

and several extended processes) was quantified
under phase-contrast microscopy'® . Some of
the cultures were fixed with 4 % paraformal-
dehyde, permeabilized with 0.2 % Triton X-100
and used for immunocytochemical examination.
After overnight incubation at 4 C with
monoclonal antibodies to GFAP, cells were
stained with an ABC Kit. Differentiation of
astrocytes was quantified by calculating the
percentage of stellate cells'®

Nitrite assay After the desired incubation
time, media were assayed for nitrite by the
fluorometric assay which based upon the reaction
of nitrite with 2,3-diaminonaphthalene ( DAN) to
form the fluorescent product, 1-( H )-
naphthotriazole. In brief, to 500 pL of sample,
an equal volume of double-deionized water was
added. To this, 100 pL of freshly prepared
DAN (0.05 gL~ ! in HC1 0.62 mol-L™!) was
added. After a 10-min incubation at 20 C, the
reaction was terminated with 50 pL of NaOH 2.8
mol-L-!. Formation of 1-{ H)-naphthotriazole
was measured using a fluorescence spectrophoto-
meter (650-10 S, Hitachi, Japan) at A, = 365
nm and A, = 450 nm with a gain setting at
100 % . Fresh culture media was used as the
blank and solution of sodium nitrite was used as
standard. The detection limit for nitrite mea-
surement in culture medium was 0.1 pmol-L~1.

Citrulline assay NOS activity was mea-
sured directly by production of L-[*H]ecitrulline
from L-[*H) arginine’®. In bref, cells
cultured in 35-mm Petri dish were washed 3 times
with PBS. After equilibration, the cells were
incubated in the presence of PBS 0.5 mL with
L-[2,3,4,5-°H]arginine monohydrachloride 74
MBq- L' at 37 C for 30 min. The reaction
was halted by adding 1 mL of perchloric acid 0.3
mol-L~'. Cell scrapings were neutralized with
250 uL of K;CO; 1 mol*L~!, and centrifuged at
1400 x g for 10 min. The supematant 0.5 mL
was applied to a 1 mL Dowex AG 50WX-8
column (Na* form, 100 — 200 mesh). L-[*H]
arginine was retained on the Dowex resin,
whereas L-[*H] citrulline was recovered in the
eluate and determined by liquid scintillation.
[*H] Citrulline formation was expressed as % of
the total radioactivity incorporated into the cells.
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RESULTS

Effect of dBcAMP on astrocytic mor-
phology In 5 % FBS-containing medium, the
majority of astrocytes remained flat and polygonal
and possessed few process. Within 3 — 4 h after
the addition of dBcAMP 1 mmol-L~!, a mor-
phological transformation reminiscent of in vivo
differentiation occurred. The flat and polygonal
astrocytes differentiated to process-bearing stellate
cells with enhanced GFAP immunoreactivity.
The continued presence of dBcAMP was needed
for the maintenance of the fibrous morphology.
After dBcAMP was removed, the cells returmed to
their flat and polygonal morphology (Fig 1, Plate
1). LPS alone had no effect on the morphology
or GFAP expression.

Effects of dBcAMP and LPS stimulation
on nitrite production Incubation of primary
astrocyte cultures with LPS resulted in a marked
accumulation of nitrite in the culture mediuvm in a
time-dependent manner. The nitrite accumula-
tion stimulated by LPS was augmented in
dBcAMP-differentiated astrocytes, in a time-
dependent manner. After 24-h incubation, the
levels of LPS-stimulated nitrite accumulation in
the presence of dBcAMP were about 4-times those
with LPS alone. (Fig 2)

&8

ey
=]
™

NQO;, umol/g protein
]

Control _ |
—_—

] 4 (] 12 ;6 zo 24
Incubation time, h

Fig2. NO;” production in primery culture of astrocytes
induced by LPS (1 mg-L"") or LPS+ dBcAMP (1 mmol-
L'). m=3 experiments from 3 rats. ¥ &s.

‘P <1.01 vs LPS alone,

Simultaneons incubation with L-NAME (1
mmol-L-!), an NOS inhibitor, for 24 h
completely  inhibited = dBcAMP/LPS-induced
nitrite production. The NO biosynthesis induced
by LPS/dBcAMP was also prevented by

coincubation with dactinomycin (10 mg*L~!) or
cycloheximide (10 pmol * L™'), RNA and
protein synthesis were required for the induction
of NOS activity (Tab 1).

Tab 1. Effects of dBcAMF on LPS-stimulated nitrite
formation in primary ssitrocyte cultures. Confluent cells were
incubrated with indicated agents for 24 h. n =3 experiments
from 3 rats {each in 3 wells from one rat respectively) .

Exs . “P<0,01 s control. TP <0.01 »s LPS alome.
Addition of agents Nitrite
{1mol/g protein)
Control 3.2+0.3
LPS 1 mg-L-! 11.7+1.3
dBcAMP 1 mmol- Lt 3.3:0.4
LPS+ dBcAMP 42.3+ 5,69
LPS + dBcAMP + L-NAME 1 mmol-L - 4.1:0.7
LPS+ dBeAMP + dactinomyein 10 mg-L ™' 4.0+0.6
LIPS+ dBcAMP + cycloheximide 10 mmol-L™! 3.9+0.7

Effects of dBcAMP and LPS stimulation
on NOS activity Unstimulated astrocyte had a
very low basal level of NOS activity. Addition of
dBcAMP to cultures for 24 h showed no effect on
the NOS activity, while addition of LPS increased
the NOS activity ( £ < 0.01 »s control). Fur-
thernmore, coincubation of LPS and dBcAMP for
24 h greatly augmenied NOS activity as compared
with those induced by LPS alone { P < 0.01 s
LPS alone ). Both dactinomycin (10 mg-L-1)
and cyclobeximide (10 pmol-L~!) almost com-
pletely suppressed the increase of NOS activity
stimulated by LPS plus dBcAMP. {Tab 2)

Correlation between enhanced nitrite
production with induction and differentiation
Effect of differentiation on the induction of NOS
activity by LPS, the change of nitrite in the
medium was measured as a function of dBcAMP.
With the increase of the concentration of
dBeAMP, the proportion of stellate astrocytes
raised and maximized nearly 100 % at dBcAMP
1 mmol - L-'. Meanwhile, as the number of
differentiated cells rose, the LPS-induced nitrite
production increased in parallel {Fig 3).

DISCUSSION

Evidence has accumulated for the induction
of iINOS in astrocyles in witro by inflammatory
agents such as LPS and cytokines”™. But, what
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Tab 2. Effects of dBcAMP on LPS-stinmlated NOS activity
in prinary sstrocyte cultures. Confluent cells were incubated
with indlcated agents for 24 h. » =3 experiments from 3 rats
{each in 3 wells from one et respectively). Ex s,

*P <0.01 vs comrol. "P<0.01 vs LPS alone.

1P <0.01 vs LPS + dBcAMP,

e L-citrlline
Addition of agents ( % total radicactivity)
Control 2.15+0.22
dBcAMP 1 mmol-1.-! 2.57+0.29
LP5 1 mg'L-! 5.28 + 0.46°
LPFS + dBcAMP 23.4+4,15%
LPS + dBcAMP + L-NAME ,
+ o in 10 mg+L-! 3.12+0.33
LPS + dBeAMP )
+cycl| imide 10 I'L_l 3.26+0,39
Sr d T . T 1 7110
| 100
§ %[ e production 'J
430
B I” %
| o 5
» 3
] I
g 1
i Ju #
s | j
LT Porsantage of stellats calls 420
n L L 'l 1 _.n
o 1 2 3

dBcAMP, -ig mmel-L"1

Fig 3. LPS-induced production of nitrite from dBcAMP-
differentisted astrocytes, Cells were stinmdated with LPS
1mg+L~! in the presence of dBcAMP. The mmmber of
astrocytes under each field of vidon is 20 + 4 celle firom 20
independent observation. n = 3 experiments from 3 rats.

Xxs.

is the situation iz vive? In order to gain more
information for the regulation of iNOS expression
in astrocytes in vivo, we used dBcAMP as an
inducer of differentiation to minimize the mature
astrocytes in vive . In the experiment, dBcAMP-
differentiated astrocytes yielded a higher level of
iNOS activity when induced by LPS than
undifferentiated astrocytes did. - Furthermore,
the LPS-induced iNOS activity was closely
parallel to the differentiation degree of astrocytes.
These results strongly suggested that mature
astrocytes in vvo may be more sensitive to

imnflammatory signal to express iNOS.

Although enhancement of iNOS activity by
cAMP has been shown in vascular smooth muscie
cell, glomerular mesangial cells and cardiac
m}rocytes[w], the results was controversial in
astrocytes.  Burgher e al showed that the
addition of 8-bromo-cAMP enhanced the
expression of INOS activity induced by
cytokines"),  Whereas Pahan K et al found
that forskolin, 8-bromo-cAMP and (SP)-cAIv[P
inhibited LPS- and cytokine-mediated production
of NO as well as the expression of iNOS!!2)
However, both of them had not used dBcAMP,

the only cAMP-elevating agents with the
differentiation effect on primary astrocyte
cells'™®.  Studies showed that the exposure to

dBcAMP led to the morphological differentiation
of the primary astrocyte cells, resulting in a close
resemblance to the morphology of the mature
astrocytes found in vivo™) . These changed
characters include the formation of multiple
cellular processes, the promotion of the
polymerizaiion of intermediate filaments contain-
ing GFAP, and ultrastructural characteristic
changes of astrocvtes found in vivo. Besides,
dBcAMP also induced specific biochemical
events, eg, a significant increase in glutamate
uptake''*, carbonic anhydrase, and Na*, K*-
ATPase, all of which were also the character of
the mature asuncytestlﬂ. Taken together, the
dBcAMP differentiated astrocytes may be a good
model for studying the biological events of mature
astrocytes in zivo . Our results provided the first
evidence for the up-regulation of iNOS activity
stimulated by LPS in dBcAMP-differentiated rat
cortical astrocytes.

NO is emerging as an important regulator of
a variety of physiologic processes; however,
under conditions of excessive formation, NO is
emerging as an important mediator of
neurotoxicity in a variety of disorders of the
nervous system’). As astrocytes is the predo-
minant cell in CNS, the iNOS system in
astrocytes may be the most potential reservoir of
NO in the CNS. Uncovering and understanding
the regulation of iNOS in astrocyte will hopefully
lead to a better understanding of basic
pathological process in such conditions as
inflammatory disorders of the CNS and the
development of selective therapeutic agents.
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