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Nicotine Suppresses TNF-o Expression in Human Fetal
Astrocyte through the Modulation of Nuclear Factor-xB
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Abstract

Parkinson’s disease (PD) progresses severely by a
gradual loss of dopaminergic neurons in the sub-
stantia nigra (SN). Epidemiological studies showed
that the incidences of PD were reduced by smoking
of which the major component, nicotine might be
neuroprotective. But the function of nicotine, which
might suppress the incidences of PD, is still un-
known. Fortunately, recently it was reported that a
glial reaction and inflammatory processes might par-
ticipate in a selective loss of dopaminergic neurons
in the SN. The levels of tumour necrosis factor (TNF)-
o synthesised by astrocytes and microglia are ele-
vated in striatum and cerebrospinal fluid (CSF) in PD.
TNF-a kills the cultured dopaminergic neurons throu-
gh the apoptosis mechanism. TNF-o release from
glial cells may mediate progression of nigral dege-

neration in PD. Nicotine pretreatment considerably
decreases microglial activation with significant re-
duction of TNF-oo mRNA expression and TNF-a rele-
ase induced by lipopholysaccharide (LPS) stimuia-
tion. Thus, this study was intended to explore the
role of nicotine pretreatment to inhibit the the ex-
pressions of TNF-oo mRNA in human fetal astrocytes
(HFA) stimulated with IL-1B. The results are as fol-
lows: HFA were pretreated with 0.1, 1, and 10 ug/mL
of nicotine and then stimulated with IL-1 (100 pg/
mL}) for 2 h. The inhibitory effect of nicotine on ex-
pressions of TNF-o mRNA in HFA with pretreated
0.1 ug/mL of nicotine was first noted at 8 hr, and the
inhibitory effect was maximal at 12 h. The inhibitory
effect at 1 pg/mL of nicotine was inhibited maximai
at 24 h. Cytotoxic effects of nicotine were noted
above 10 ug/mL of nicotine. Moreover, Nicotine at
0.1, 1 and 10 pg/mL concentrations significantly inhi-
bited IL-1B-induced NF-xB activation. Collectively,
these results indicate that in activated HFA, nicotine
may inhibit the expression of TNF-oo mRNA through
the pathway which suppresses the NF-kB activation.
This study suggests that nicotine might be neuro-
protective to dopaminergic neurons in the SN and
reduce the incidences of PD.
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Parkinson’s disease (PD) is a debilitating neurode-
generative movement disorder characterized by da-
mage to the nigrostriatal dopaminergic system'. Epi-
demiological studies have identified a negative corre-
Jation between smoking and the development of Par-
kinson’s disease”. The aetiology of sporadic PD, which
accounts for the majority of the disease, is still un-
known. Recently it was suggested that a glial reaction
and inflammatory processes may also participate in
the cascade of events leading to neuronal degenera-
tion in PD. Human and animal studies support the
role of neuro-inflammation in underlying pathogene-
sis of PD?. The levels of TNF-o. expressed by astro-
cytes and microglia are elevated in striatum and cere-



Nicotine Suppresses TNF-o. Expression in Human Fetal Astrocyte 107

OD (595 nm)

Nicotine concentrations (lg/ml.)

Figure 1. The effect of nicotine on human fetal astrocytes.
Human fetal astrocytes are incubated with nicotine at various
concentrations and the cellular viability is determined with
MTT assay. The results were analyzed using the Mann-Whit-
ney test and when compared with the control group, signifi-
cant differences (P < 0.05) are indicated by *.

brospinal fluid (CSF) in PD*°. Previous studies have
showed that activation of cultured astrocytes or mic-
roglia leads to increased synthesis and release of a
number of cytokines including TNF-o°. TNF-o, kills
cultured dopaminergic neurons by an apoptotic me-
chanism involving mitochondrial dysfunction, free
radical generation and activation of the transcription
factor NF-xB>. Therefore, TNF-o release from glial
cells may contribute to a cycle of events in dopamin-
~erglic neurons involving oxidative stress and mito-
chondrial dysfunction, and this may mediate progres-
sion of nigral degeneration in PD°. It was reported
that nicotine pretreatment has considerably decreased
microglial activation with significant reduction of
tumor necrosis factor (TNF)-oo mRNA expression and
TNF-o release induced by LPS stimulation?, It is well
known that NF-kappa B activates the transcription of
genes encoding proteins involved with immune or
inflammation responses’. Thus, this study was intend-
ed to explore the role of nicotine pretreatment to inhi-
bit the expressions of TNF-oo mRNA in higher pro-
liferative human fetal astrocytes'® stimulated with IL-

1[3 through the pathway which suppresses the NF-xB
activation.

Results

Cytotoxicity of Nicotine on Human Fetal
Astrocytes

Cytotoxicity of nicotine on human fetal astrocytes
showed that the concentrations of nicotine to reduce
significantly the survivability of the cell were over 10
ug/mL (Figure 1).
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Figure 2. The effect of IL-13 on TNF-o0 mRNA expression
in primary cultured human fetal astrocytes. The astrocytes are
treated with IL-10 (100 pg/mL) for the indicated time periods.

A, RT-PCRs using TNF-o and GAPDH primers are perform-
ed. B, The relative TNF-o0 mRNA expression levels are ana-
lysed using densitometer. *volume intensity count per mm?,

Expression of TNF-a mRNA after Treatment
with IL-18 in Human Fetal Astrocytes

To compare the level of TNF-o. mRNA expressions
at 1 h, 2h, 4h, 8 h, 12h and 24 h after IL-1[3 (100 pg/
ml.) treatment, primary cultured human fetal astro-
cytes were stimulated by IL-1[3 for activation. In the
cell treated only with IL-1[3, TNF-o0. mRNA expression
was induced and its level reached the most high at 2h
and afterwards decreased slowly (Figure 2) but in the
[L.-1B untreated cell, not induced (data not shown).

The Effect of Nicotine on TNF-oo mRNA
Expression in Human Fetal Astrocytes

To evaluate the effect of nicotine on the TNF-o
mRNA expression, primary cultured human fetal
astrocytes were pretreated with nicotine (0.1, 1 and
10 ug/mL) and then pre-incubated for 24 h, 12 h, 8 h,
4h and 2 h. To induce the TNF-o0 mRNA expression,
the cells were stimulated by IL.-1[3 (100 pg/mL) for 2
h.

Analysis using RT-PCRs showed different TNF-o
mRNA expressions in several concentrations of nico-
tine. In the group pretreated only with nicotine, TNF-
o. mRNA expression was not detected (data not sho-
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Figure 3. The effect of nicotine (10 ug/ml.) on TNF-00. mRNA
expression in primary cultured human fetal astrocytes. Hu-
man fetal astrocytes are treated with 10 (Lg/ml. nicotine for
the indicated time periods and then stimulated with IL-13 (100
pg/mL) for 2 h. A, RT-PCRs using TNF-a and GAPDH pri-
mers are performed. B, The relative TNF-a@ mRNA expres-
sion levels are analysed using densitometer. *volume inten-
sity count per mm?.

wn). However, in the group treated only with IL-13
(100 pg/mL), TNF-o0 mRNA expression was induced
and its level reached the most high at 2 h. Therefore,
this was considered as the control group. When com-
pared with the control group, groups pretreated with
different concentrations of nicotine showed the dif-
ferent patterns of TNF-o¢ mRNA expression accord-
ing to their pretreatment times (Figures 3, 4 and 5).

In the group pretreated with nicotine (10 ug/mlL),
the changes of TNF-o mRNA expression were detect-
ed at 12 h and 24 h after nicotine pretreatment but not
statistically significant (Figure 3). However, the groups
pretreated with nicotine 1 pg/ml. and 0.1 pg/mL
showed the significant reduction of TNF-o0 mRNA
expression at 12 h and 24 h after nicotine pretreat-

ment, respectively, in these two groups (Figures 4 and
5).

Effects of Nicotine Treatment on
IL-1B-induced NF-xB Activation

To examine the effects of nicotine treatment on IL.-
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Figure 4. The effect of nicotine (1 pg/mL) on TNF-o0 mRNA
expression in primary cultured human fetal astrocytes. Hu-
man fetal astrocytes are treated with 1 pg/mL nicotine for the
indicated time periods and then stimulated with IL-103 (100
pg/mL) for 2h. A, RT-PCRs using TNF-o. and GAPDH pri-
mers are performed. B, The relative TNF-o0 mRNA expres-
sion levels are analysed using densitometer. *volume inten-
sity count per mm?.

1B-induced NF-kB activation, primary cultured human
fetal astrocytes were pretreated with nicotine (0.1, 1
and 10 ug/mL) for 30 min and stimulated by IL-1f3
(100 pg/mL) for 30 min. And then, NF-xB activity in
nuclear protein extracts from the cells, were analyzed
by electrophoretic mobility shift assay. In the astro-
cytes not treated or treated only with nicotine, NF-xB
activity was not nearly detected (lane 2 and 3) but in
the astrocytes treated only with IL-1B, strong NF-kB
activity was shown (lane 7). In the astrocytes pretreat-
ed with nicotine and then stimulated by IL-1f3, NF-
kB activities decreased (Jane 4-6) when compared
with that of astrocytes treated only with IL-1p (lane
7) (Figure 6).

Discussion
Parkinson’s disease (PD) is characterized clinically

by rigidity, tremor and bradykinesia, which result
from the progressive death of dopaminergic neurons
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Figure 5. The effect of nicotine (0.1 ug/mL) on TNF-o
mRNA expression in primary cultured human fetal astrocytes.
Human fetal astrocytes are treated with 0.1 pg/mL nicotine
for the indicated time periods and then stimulated with IL-13
(100 pg/mL) for 2 h. A, RT-PCRs using TNF-a and GAPDH
primers are performed. B, The relative TNF-o0 mRNA ex-

pression levels are analysed using densitometer. *volume
intensity count per mm?.

in the substantia nigra. The etiology of PD is diverse
and complex'>. In PD, the levels of TNF-o. expressed
by astrocytes and microglia are elevated in striatum
and CSF*°. In the effects of TNF-ot to neurons, it is
known that TNF-a kills cultured dopaminergic neu-
rons by an apoptotic mechanism involving mitochon-
drial dystunction, free radical generation and activa-
tion of the transcription factor NF-xB>. On the basis
of these reports, it was expected that if the suppres-
sion of TNF-o expressed by astrocytes and microglia
might decrease the cell death of dopaminergic neuron.
By the way, nicotine have been recently reported to
inhibit tumor necrosis factor-o (TNF-o) production in
human macrophages as well as in mouse microglial
cultures'®. Therefore, this study was intended to eval-
uate whether in human fetal astrocytes, nicotine pre-
treatment might suppress mRNA expression of IL-
1B-induced TNF-o. To estimate the effects of nicotine
on the TNF-o0 mRNA expression, primary cultured
human fetal astrocytes were pretreated with nicotine
(0.1, 1 and 10 ug/mL) and were preincubated for se-
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Figure 6. Effects of nicotine treatment on IL-1B3-induced
NF-xB activation. Electrophoretic mobility shift analysis of
NF-xB binding activity in nuclear protein extracts from IL-
1B activated, nicotine-pretreated human fetal astrocytes. Nu-
clear extracts were incubated with *?P-end-labeled NF-xB
consensus oligonucleotide in binding reactions. The binding
complexes were analyzed on nondenaturing polyacrylamide
gels in 0.25 X TBE and visualized by autoradiography.

veral hours and then for inducing the TNF-o0 mRNA
expression, were stimulated by IL-18. TNF-oo mRNA
expression levels of the groups pretreated with lower
nicotine doses (0.1, 1 ug/mlL) were reduced when
compared with that of the control group which was
not pretreated with nicotine. This meant that the nico-
tine pretreatment inhibited TNF-o mRNA expression.
The inhibition times of nicotine on the IL-1B-induced
TNF-oo mRNA expression were the inverse correla-
tion to the concentrations of nicotine. In higher dose
of nicotine pretreatment (1 ug/mL), TNF-oo mRNA
expression was early inhibited significantly at 8 h but
in lower dose of nicotine pretreatment (0.1 pug/mkL),
was late inhibited significantly at 24 h.

For elucidating the pathway of inhibitory effect of
nicotine on TNF-o0 mRNA expression, a inflamma-
tory cytokines-closely related signaling protein, nu-
clear factor-kappaB, NF-xB was analyzed. It 1s well
known that one of several signaling proteins, NF-xB
can be activated by exposure of cells to inflammatory
cytokines such as TNF or IL-1 and activates the tran-
scription of genes encoding proteins involved with
immune or inflammation responses’. NF-kB activates
the immune cells by upregulating the expression of
many cytokines which are IL-1f, IL-2, IL-6, IL-8,
GM-CSF, TNF-o, TNFE-B, IFN-B'. On the other
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hand, it 1s known that nicotine inhibits the production
of inflammatory mediators in U937 cells through the
modulation of NF-kB activation'”. From the several
reports, it was expected that TNF-o was regulated
through the NF-xB signaling pathway in human fetal
astrocytes. This study showed that in human fetal as-
trocytes, IL-1f3 stimulation induced NF-xB activation
(Figure 6) and simultaneously increased TNF-o
mRNA expression (Figure 2). Moreover, in nicotine
pretreatment conditions, NF-kB activation and TNF-
oo mRNA expression stimulated by IL-1B were sup-
pressed depending on the nicotine pretreatments (Fig-
ures 3 and 6).

In conclusion, in human fetal astrocytes, nicotine is
capable of suppress the TNF-oo mRNA expression
and NF-xB is a possible signal mediator of TNF-o
mRNA expression.

Methods

Cell Culture

Human fetal astrocytes were obtained anonymously
as discarded tissue under a Wonju College of Medi-
cine, Yonsei University Institutional Review Board
(IRB).

Human fetal astrocytes were isolated from the brain
tissue of human fetus which were aborted for thera-
peutic purposes between 20 and 25 weeks®. The puri-
ty of astrocytes were assessed by staining for glial
fibrilary acidic protein (GFAP), an astrocyte-specific
protein’; the cultured cells were >95% GFAP posi-
tive'?. Cells were cultured in Dubecco’s modified
Eagle’s medium (DMEM; Gibco BRL, USA) supple-
mented with 10% fetal bovine serum, 2 mM gluta-
mine, 0.1 mM nonessential amino acid, 100 U/mL
penicillin and 100 pLg/mL streptomycin.

Measurement of Cell Viability MTT

Cell viability was measured by using the MTT
assay, which is based on the conversion of MTT to
formazan crystals by mitochondrial dehydrogenases'!.
Human fetal astrocytes were seeded in 96-well plates
at a density of 4 X 10* cells per well and were treated
with various concentrations of nicotine (Sigma, St.
Louis, MO) (0.1,0.5, 1, 2, 5, 10 or 20 ug/mL) at 37°C.
After incubation for up to 24 h, the medium was incu-
bated with 10 uL of 5 mg/mL 3-[4,5-dimethylthiazol-
2-y1]-2,5- diphenyltetrazolium bromide (MTT; Sigma)
solution for 4 h. Then the culture medium with MTT
was removed and 200 uL. dimethyl sulphoxide (DMSO)
was added to each well to dissolve the formazan.
Absorbance was measured with ELISA reader (read
at 595 nm; Multiskan EX, Thermo Electron Corpora-

tion, France).

Induction of the Expression of TNF-o mRNA
in Human Fetal Astrocytes with IL-13

Cultured human fetal astrocytes were detached with
0.25% trypsin and were seeded in 6-well plates at a
density of 2 x 10° cells per well and were cultured in
DMEM supplemented with 10% fetal bovine serum
for 24 h. Afterwards, the medium was changed with
serum free DMEM. In the nicotine pretreatment gro-
up, several concentrations of nicotine were pretreated
for 2, 4, 8, 12, and 24 hours and in control group,
serum free DMEM was treated. At 1, 2, 4, 8, 12 and
24 hours after 100 pg/mL of IL-1B (R & D systems,
Minneapolis, MN, USA) treatment for 2 hours, RNAs
were isolated from the each group.

RNA Isolation

Total cellular RNAs were isolated by Trizol reagent.
Briefly, cells were washed once in phosphate buftered
saline (PBS) and lysed directly in culture dishes. RNAs
were extracted using 1 mL of Trizol reagent per 1 X
10° cells and the amount of RNA was determined by
spectrophotometery. RNAs of human fetal astrocytes

were 1solated at O, 2, 4, 8, 12 and 24 hours.

cDNA Synthesis and PCR

Reverse transcriptions of total RNA 2 g 1solated
from human fetal astrocytes were performed with 1
ig oligo-dT primer (Promega, Madison, WI) tollowed
by the addition of a reaction mixture containing buf-
fer, 40 U RNase inhibitor (Promega), 200 U MMLV
reverse transcriptase (Promega), and 1 mM dNTP mix
in a final volume of 25 uL.. The mixture was incubat-
ed at 42°C for 1 hr and terminated at 95°C for 5 min:
cDNAs were synthesized. To quantitate the concen-
tration of TNF-o induced by IL-13, TNF-a PCR pro-
duct was amplified after 95°C for Smin for 30 cycles,
at 94°C for 30 sec, at 60°C for 30 sec, and at 72°C for
1 min, followed by 7 min extension at 72°C and ter-
minated at 4°C. The primer sets were TNF-o primers
(sense 5S'-GACTGACAAGCCTGTAGCCCATGTTGT
AGCA-3’, antisense 5'-CAATGATCCCAAAGTAG-
ACCTGCCCAGAC-3") and GAPDH primers (sense
5-ACCACAGTCCATGCCATCAC-3’, antisense 5'-
TCCACCACCCTGTTGCTGTA-3%). All of the PCR
products were viewed under ultraviolet light after 1
% agarose gel electrophoresis and staining in ethidium
bromide. The semi-quantification results were ana-
lyzed using the Quantity One software (Bio-Rad, He-
cules, CA, USA).

Preparation of Nuclear Extracts
Human fetal astrocytes were stimulated with IL-1[3
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(100 pg/mL) for 2 hours®, and the nuclear extracs were
prepared'?. Briefly, cells were harvested by scraping
and then pelleted. Next the cells were resuspended in
1 mL of buffer A (10 mM HEPES, pH 7.9, 1.5 mM
MgCl,, 10 mM KCI, 0.5 mM DTT, 0.1 mM EDTA,
0.1 mM EGTA, 1 mM dithiothretol, 0.5 mM PMSF
and 10 ng/mL of leupeptin and aprotinin), and incu-
bated on ice for 10 min. The cells were then lysed
using 0.6% Nonidet-P 40, and a nucleus pellet was
obtained. The nucleus pellets were resuspended in 30
UL of hypertonic buffer C (20 mM HEPES, pH 7.9,
100 mM KCl, 20% glycerol, 0.2 mM EDTA, 0.5 mM
DTT, 0.5 mM PMSEF, 1 ug/mL of leupeptin and apro-
tinin) and the solution was shaken at 4°C for 15 min.
After centrifugation of the solution, the supernatant
was collected and stored at —70°C until use, and pro-
tein concentrations were determined using a Bradford
protein assay (Bio-Rad, Hecules, CA, USA).

Electrophoretic Mobility Shift Assay (EMSA)

NF-kB activation was determined by electrophoret-
ic mobility shift assay using the method described by
Chaturvedi et al.®"?, Briefly, 8 ug of nuclear extracts
were incubated for 20 min at room temperature with
or without a competitor in the binding buffer (20 mM
HEPES, pH 7.9, 50 mM KCI, 1 mM EDTA, 5 mM
DTT and 1 pg of poly dI/ dC (Amersham, Little Chal-
font, UK)). **P-end-labeled double stranded NF-xB
binding oligonucleotide (5'-AGTTGAGGGGATTT-
CCCAGGC-3"), was added to the reaction mixture
and incubated on ice for an additional 30 min. The
reaction mixtures were then resolved by 6% non-
denaturing polyacrylamide gel electrophoresis. After
electrophoresis, dried gel was exposed to X-ray film
(KODAK) at —70°C for over 12 hours, and the speci-
ficity of binding was examined by competition with
the unlabeled oligonucleotide.

Statistical Analysis
Results of cellular viability in several concentra-

tions of nicotine treatment were analyzed by the
Mann-Whitney U-test.
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