Legends for figures:

Fig. 1 The experimental schedule.

Fig. 2 TNF- is requircd for the iNOS-mcdiated nitration of proteins and imi)a'i_ﬁjncnt of
mcmory induced by Afas.ss. At different time points after the i.c. v-injoction of Aﬁ:ns (Day 0)
in micc, the mRNA cxpression levels of TNF-(x and iNOS in thc.-.sﬁiﬁﬁbscampus WCre
investigated by using rcal-time RT-PCR. A: APjs.3s induced a slxmp.gm&régéc of TNF-x and
INOS mRNA in two hours after ‘injcction, the cx’prcssio'n of the former was stronger than that

of the latter. Data were presented as the mcan +: S.E. (n=4). ¥ p <0.05 vs. control. B:

TNF- (-/-) prevented the increasc of iNOS mRNA which was induced by Afas.ss in WT mice.

Data were presented as the mean + S.E. (n=4). * p <0.05 vs. control. C-D: Either the selective
inhibition of iNOS activity by AG or TNF-x (-/-) prcvented the Afas.;s-induced nitration of
proteins in the hippocampus (Day 7) and 'the imipairment of» ﬁovel object recognition memory
(Day 8-10). Data were g{@gclitcd"as themecan £ S.E., (n=4 for C, n=10 for D), *p <0.05 vs.
control, "n <().<)15_,,,§-s94[;§§s.35; TNF«x: tumor nccrosis factor-alpha; iNOS: induéiblc nitric
oxidc ssnthaso, WT wild typc; TNF <t (-/-): TNF«x knock out; " AG: aminoguaniding;
ABisas: Anu;-'floiq bevta peptide (25-35).

Fig. 3 Thalidomidc supprcsscd the incrcasc -of TNF-tx. mRNA induced by AP
Thalidomide (2(f111g/kg') was adnlinistratcd p.o. one hour before the i.c.v: -injéction of Afypin

micc. A-D: Two hours after the injeétion of AR, .4, the mRNA le_vels\ol' TNF«x, iNOS, BDNF,
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and GDNF in the hippocampus were investigated by using rcal-timc RT-PCR. Thalidomide

suppresscd the increasc of TNF-t and iNOS mRNA induced by Afy . The mRNA levels of

"BDNF and GDNF in the hippocampus were not changed cither by APy injcction or
thalidomidc trcatment. Data worc presented as the mcan + S.E., n=4, *n <0.08 vs.'g_c:mtrol,
n <005 vs. AP TNF-(l:A tumor nccrosis factor-alpha; iNOS: indicible nitric oxidc->
synthasc; GDNF: glial ccll-dcﬁvcd ncurotrophic factor; BDNF: b‘ra_iu=dcr‘ivcd ncurotrophic
factor; APy_aa: Amyloid beta peptide (1-40). DMSO:; diuieth_yl; sulfoxide.

Fig. 4 Thalidomidc pr;:ycntcd the nitration of pr_ot(’:insﬁ and thc impairment of memory
induccd by AB. A-B: = Thalidomide (2()ﬁ1g/kg) WﬂSﬂdﬁlil.liSﬂ'ﬂth p.o. daily until Day 3 aftcr
theA i.c.v-injection of APasas or Afia (Day 0). An anti-TNF-ox antibody ((t-TNF-tx)
(10mg/mousc) was i.c.v -in.jcctcd 15 n1i'11i1_§cs prior to thc mjcction of Afasas or APy.so. Either
the daily trcgtmc'nt with thalidoinidg or the i.c.v:-injcction of «-TNF-x antibody prevented the

. nitration of protcins in _t.hé, ﬁippocampus (Day 7) and thc impairment of novel object

rccognition memory (Day 8-10) induced. by Afzs.as or APy Data were presented as the

mcan SiE.-,-.:(_nffl‘"for E, n=10 for F), *» <0.05 vs. control; “p <0.05 vs. ABas.ss or AByaa;

-TNF-u: anti-TNF-u z;lxltibdd}f; ABisas: Amyloid beta pé_ptide (35-25). ABQ@Z Ampyloid beta

peptide (1-40).
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vaccination against IL-17 may therefore be an attractive therapeutic
alternative, which could allow more patients access to an effective
therapy that acts at an earlier stage of disease.
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Fig. 8. IL-1p induces IL-17 production by microglia. Microglia were stimulated
with various concentrations of IL-1g for 72 h. IL-18 induced IL-17 mRNA
expression (A) and increased cytoplasmic IL-17 levels in microglia (B). The
- values shown are the means+S.D. *P<0.05 and **P<0.01 compared with
untreated microglia. The data represent typical samples performed in triplicate in
three independent experiments.

production in unstimulated microglia or in IL-23-stimulated mi-
croglia (data not shown). Stimulation with both IL-6 (100 ng/ml)
and TGF-B (10 ng/ml) also failed to enhance the level of IL-17
produced by IL-23-stimulated microglia (data not shown).

4, Discussion

IL-17 has been associated with various autoimmune
diseases, .although its regulation and functional roles remain
to be clanﬁed Antlbodles specific for IL-17 reportedly inhibit
chemokine' éxpression in the brain during EAE, whereas
overexpression of IL-17 in lung, epithelia results in chemokine
produiction and’leukocyte- infiltration. Thus, IL-17 expression
characterizes a.unique T helper lineage that regulates tissue
inflammation (Park et al., 2005). Here we have evaluated the
effects of IL-17 on neural cells in vitro. In the CNS, microglia
and astrocytes express IL~17 receptors, whereas neurons do not.
We then examined the effects of IL-17 on microglia—the
antigen-presenting effector cells that can induce autoimmune
inflammatory processes in the CNS. Because both IL-4 and
IFNy negatlvely regulate the production of IL-17 by T helper
cells dr T 'ng the effector phase, Th17 cells may have roles that

are distirict from those of Th1 and Th2 cells. The effects of [L-
17 on microglia, however, are similar to those of Th1 cytokines;
IL-17 enbanced inflammatory cytokine and chemokine produc-
tion by microglia. IL-17 did not affect IFNy-induced MHC
class Il antigen expression by microglia, whereas it increased
the IFNvy-induced expression of adhiesion molecules by these
cells. IL-17 by itself did not induce iNOS expression or NO
production, although it enhanced both of these phenomena in
LPS-stimulated microglia. In rodent astrocytes, it has been
shown that IL-17 enhances IFNy-induced iNOS expression,

which is suppressed by inhibitors of NF-kB or p38 MAP kinase
(Trajkovic et al, 2001). Thus, IL-17 functions as a proin-
flammatory cytokine that works synergistically with other
inflammatory stimuli in the CNS.

In addition to the proinflammatory effects on mlcrogha IL-
17 also enhanced the expression of neurotrophic factors by
microglia, We.and other groups have previously shown that
proinflammatory cytokines or inflammatory stimuli induce the
expression of neurotrophic- factors in microglia (Suzumura
et al,, 2006; Bessis et al., 2007). This may contribute to anti-
inflammatory defense mechanisms in the CNS and implies that
microglia may have multiple functions.

Previous cDNA microarray and immunohistochemical studies
have suggested that astrocytes produce IL-17 (Meeuwsen et al.,
2003; Li et al., 2005). In this study, we showed for the first time'
that microglia produce IL-17 in response to IL-23 or IL-18.
Although IL-1p and IL-23 induced IL-17 mRNA expression in -
microglia, we did not detect IL-17 in the supernatant of these cells.
It is possible that IL-1p and IL-23 stimulate microglia to produce
very low amount of IL-17 that cannot be detected with a
commercially available ELISA kit, or that microglia may require
another stimulatory signal before they release IL-17.

The same stimulus, however, did not induce the expression
of IL-17 mRNA and protein in astrocytes. Thus, other stimuli
may induce astrocytes to produce IL-17. Alternatively, this
result may be due to differences between the species. As we and
other groups have shown, IL-1p and IL-23 are produced by
microglia in the CNS (Sonobe et al., 2005; Suzumura et al., -
2006; Li et al., 2007). Therefore, it is possible that IL-1B and
IL-23 may function as autocrine mediators that induce IL-17
expression by microglia. ,

Both Thl and Th2 cytokines negatively regulate the
differentiation of IL-17-producing T cells (Iwakura and
Ishigame, 2006). In contrast, recent studies suggest that TGF-
B derived from regulatory T cells induces an upregulation of IL-
23 receptor expression and differentiation of Th17 cells in the

. presence of IL-6 (Ivanov et al., 2006; Valdhoen et al., 2006).

Neither TGF-B nor IL-6, however, affects IL-17 production in
microglia. Treatment of IL-23-stimulated microglia with both
TGF-B and IL-6 also failed to enhance IL-17 production. These
results suggest that different regulatory mechanisms control IL-
17 production in microglia and Th17 cells.

Microglia play a pivotal role in the pathogenesis of inflamma-
tory autoimmune diseases-in the CNS. Thus, therapeutic targeting -
of the microglial production of IL-_17 might be a useful strafegy to
treat MS. Because IL-17 deficiency has been  demonstrated to
ameliorate EAE in mice (Konuyama et al. » 2006), induction of
neutralizing antibodies that target the IL- 23/[L 17 immune axis in
microglia may provide a novel thempeutlc approach for the
treatment  of MS. Indeed, taxgetmg IL-23 with neutralizing
antibodies ameliorates EAE and reduces serum levels of IL-17
(Chen et al., 2006). Moreover, a previous study demonstrated that
blocking IL-17 with neutralizing antibodies induced by an active
vaccination efficiently delays the onset of disease and reduces the
severity of EAE (R6hn et al., 2006). Inflammatory autoimmune
diseases such as MS, however, are chronic in nature, and treatment
of these diseases with autoantibodies is extremely costly. Active
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Fig. 5. The effects of IL-17 on the expression of neurotrophic factors in microglia. Microglia were treated with IL-17 for 72 h. IL-17 dose-dependently induced the
expression of NGF, BDNF, and GDNF. The values shown are the means+S.D. *P<0.05 and **P<0.0] compared with untreated microglia. The data represent typical

samples performed in triplicate in three independent experiments.

3.3. Production of IL-17 by microglia

IL-17 is reported to be a T cell-specific cytokine (Yao et al.,
1995). A study that analyzed human astrocytes using cDNA
microarrays, however, suggested that CNS cells produce IL-17
(Meeuwsen et al., 2003). Thus, we assessed IL-17 production in
glial cells. Although unstimulated microglia did not express
mRNA coding for IL-17, IL-23 induced IL-17 mRNA
expression in microglia in a dose-dependent manner. Because
ELISAs failed to detect IL-17 in the supernatant of IL-23-

- stimulated microglia, we measured the cytoplasmic levels
of IL-17 in IL-23-stimulated microglia. IL-23 (=1 ng/ml)
significantly increased the cytoplasmic level of IL-17 in a
dose-dependent manner (Fig. 7). IL-1@ (=1 ng/ml) also in-
duced the expression of IL-17 mRNA and increased the cyto-
plasmic level of IL-17 in microglia; maximum induction was

MHC ~
classll -~

1CAM-1
VCAM-1

GAPDH

1L-17 (ng/ml)
IFNy (1 ng/mi)

Fig. 6. The effects of IL-17 on the expression of mRNA encoding MHC antigen
and adhesion molecules. Microglia were stimulated with IFNy for 48 h in the
presence of various concentrations of IL-17. IL-17 enhanced ICAM-1 and
VCAM:1 mRNA expression in INFy-stimulated microglia, whereas it did not
affect MHC class II antigen mRNA levels in these cells.

observed at 10 ng/ml (Fig. 8). On the contrary, stimulation
with IL-23 or IL-23 and IL-1B did not induce IL-17. mRNA
expression in astrocytes (data not shown). In the presence of
IL-6, TGF-B derived from regulatory T cells induces upre-
gulation of IL-23 receptor expression in Th17 cells (Ivanov
et al., 2006). Neither IL-6 nor TGF-B, however, énhanced IL-17
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Fig. 7. IL-23 induces IL-17 production by microglia. Microglia were stimulated
with various concentrations of IL-23 for 72 h. IL-23 dose-dependently induced
IL-17 .mRNA expression (A) and increased cytoplaémic IL-17 levels in
microglia (B). The values shown are the means+8.D. *P<0.05 and **P<0.01
compared with untreated microglia. The data represent typical samples
performed in triplicate ini three independent experiments.
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Fig. 3. The effects of IL-17 on NO production and iNOS expression in LPS-
stimulated microglia. Microglia were stimulated with LPS for 48 h in the presence
of various concentrations of IL-17. IL-17 enhanced iNOS mRNA expression (A)
and NO production (B). The values shown are the means+S.D. *P<0.05
compared with LPS-stimulated microglia in the absence of IL-17. The data
represent typical samples performed in triplicate in three independent experiments.

using a microtiter plate reader. Nitrite concentrations were
calculated from a NaNO, standard curve.

2.5. Production of IL-17 by glial cells

Microglia and astrocytes were cultured for 72 h in 6-well

plates at a concentration of 1 x 10° cells/ml with various doses

of IL-23 (1-100 ng/ml). The culture supernatants ‘were then
collected and stored at —80°C until they were assessed. IL-17
production was measured using an ELISA kit specific for
murine IL-17 (R&D). Total cellular RNA was extracted from
the remaining cells using an RNase Mini Kit (Qiagen). cDNAs

" encoding mouse IL-17 were amplified using RT-PCRs as
described above and the specific primers shown in Table 1.
In some experiments, cytoplasmic levels of IL-17 in the
microglia were also assessed as follows: stimulated microglial
cultures were washed four times in cold PBS, the cells were
lysed using sonication in ice-cold PBS containing protease
inhibitors (complete mini EDTA-free; Roche, Mannheim,
Germany), and the lysates were assayed for cellular IL-17
using ELISAs.

3. Results
3.1. Expression of the IL-17 receptor

Increased levels of IL-17 have been observed in the
cerebrospinal fluid from patients with active MS as well as
in the CNS of EAE mice. Thus, we assessed the expression
of IL-17 receptor in CNS cells. RT-PCR demonstrated that
neonatal microglia and astrocytes along with splenic T cells and

peripheral macrophages expressed IL-17 recéptor mRNA,
whereas embryonic neurons did not (Fig. 1). Western. blot
analysis demonstrated that neonatal microglia and astrocytes
along with splenic T cells and peripheral macrophages ex-
pressed IL-17 receptor protein, whereas embryonic neurons did
not (Fig. 1).

We next compared the expression of IL-17 receptor mRNA
and protein in. adult brain with that of neonatal brain. The
expression of mRNA for IL-17 receptor in adult brain was lower
than that of neonatal, but protein level of IL-17 receptor was
almost identical in these 2 samples (Fig. 1, left panel).

3.2. Effects of IL-17 on miicroglia

We then assessed the effects of IL-17 on microglia. IL-17
induced the mRNA expression of the inflammatory cytokines
IL-6 and MIP-2 with maximum induction observed at 10 ng/ml
(Fig. 2A). IL-17, however, did not significantly induce the
expression of mRNA encoding IL-1B or TNFa. Upregulation
of the expression of IL-6 and MIP-2 protein by IL-17 was
confirmed with ELISAs; IL-17 at a concentration of 10 ng/ml or
greater significantly increased the production of IL-6 and MIP-2
by microglia (Fig. 2B), whereas IL-18 and TNFa were not
detected in the supernatants (data not shown). Although IL-17
by itself did not induce the expression of iNOS mRNA and NO
production in unstimulated microglia, it enhanced iNOS mRNA
expression and NO production in LPS-stimulated microglia; the
maximum increase was observed with 10 ng/ml IL-17 (Fig. 3).
In addition, IL-17 dose-dependently upregulated the expression
of neurotrophic factors NGF, BDNF, and GDNF (Figs. 4 and 5).
IL-17 itself did not induce the expression of mRNA encoding
class I major histocompatibility complex (MHC) antigen or cell
adhesion molecules (data not shown). On the other hand, the
expression of intercellular adhesion molecule ICAM)-1 and
vascular cell adhesion molecule (VCAM)-1 mRNA was
upregulated in INFy-stimulated microglia following treatment
with IL-17, whereas it did not affect the expression of class II
MHC antigen in these cells (Fig. 6). In contrast to the
proinflammatory effects, IL-17 increased the expression of
neurotrophic factors in microglia, which may contribute to anti-
inflammatory defense mechanisms in the CNS and implies that
microglia have multiple functions:

.NGF

BDNF

GDNF

GAPDH
IL-17 (ng/ml) 0 1 10 100
Fig. 4. The effects of IL-17 on the expression of mRNA coding for neurotrophic

factors in microglia. Microglia were treated with IL-17 for 72 h. IL-17 dose-
dependently induced the expression of NGF, BDNF, and GDNF mRNA.
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B-actin .
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Tcell M® Mi Ast neuron adult neonatal
brain brain

Fig. 1. Expression of IL-17 receptor mRNA and protein in neural cells. Microglia
and astrocytes along with splenic T cells and macrophages express IL-17 receptor
mRNA and protein, whereas neurons do not. M®, macrophages; Mi, microglia;
Ast, astrocytes (left panel). The mRNA expression of IL-17 receptor in adult
brain was lower than that of neonatal, but protein level of IL-17 receptor was the
same as neonatal (right panel). ’

1:5000 dilution of peroxidase-conjugated, anti-rat IgG second-
ary antibody (Amersham Bioscience) followed by an additional
rinse. IL-17 receptor was detected by ECL (Amersham
Bioscience). The molecular weight of IL-17 receptor was
determined by running molecular weight markers (Invitrogen)
in an adjacent lane. Spleen cells served as a positive control.

2.4. Effects of IL-17 on the production of cytokines, neurotrophic
Jactors and NO by microglia

- Microglia and astrocytes were cultured in 24-well plates at a
concentration of 1% 10° cells/ml with or without 1 png/ml LPS
for 24 to 72 h in presence of various doses of [L-17 (1-100 ng/
ml). The supernatants were then collected and stored at - 80 °C
until they were assessed. Total cellular RNA was extracted from
remaining cells using an RNase Mini Kit (Qiagen). cDNAs
encoding mouse TNFa, IL-1B, IL-6, iNOS, MIP-2 (the
functional analogue of human IL-8), Nerve growth factor
(NGF), glial cell line-derived neurotrophic factor (GDNF),
brain-derived neurotrophic factor (BDNF) and IL-17 were
generated and amplified in RT-PCRs as described above using
the specific primers shown in Table 1.

Cytokine production was measured using ELISA kits
specific for TNFo, IL-6 (Techne), MIP-2, and IL-17 (R&D).

Cellular levels of NGF and BDNF in the microglia were also
assessed as follows: stimulated microglial cultures were washed
four times in cold PBS, the cells were lysed using sonication in
ice-cold PBS containing protease inhibitors (complete mini
EDTA-free; Roche, Mannheim, Germany), and the lysates were
assayed for cellular NGF and BDNF using ELISA kits specific
for NGF and BDNF (Promega, W1, USA). Cytoplasmic GDNF
content was measured by an enzyme immunoassay (EIA) as
described (Nitta et al., 1999). The EIA system for GDNF was
based on the method originally developed for the EIA of NGF,
BDNF, and NT-3 (Furukawa et al., 1983; Kaechi et al., 1993;
Nitta et al,, 1999; Nitta et al., 2004). Antibodies against GDNF
were produced by immunizing rabbits with purified human
recombinant GDNF. GDNF protein (0.5 mg) in phosphate-
buffered saline (PBS; 5 ml) was emulsified with an equal

volume of Freund’s adjuvant and injected intradermally into
rabbits four times at 2-week intervals, Animals were exsangui-
nated 1 week after the final injection. To affinity purify the
antibody, antiserum (1 ml) first was loaded onto a GDNF-linked
column (1-ml bed volume; Affi-Gel 10; Bio-Rad, Hercules,
CA). After extensive sequential washing with three buffers,
0.1 M Tris—HC1 (pH 7.4) containing 0.9% NaCl, 0.05 M borate
buffer (pH 8.0), and 0.05 mM sodium acetate buffer (pH 5.0),
the bound antibodies were eluted with a 0.1 M glycine—HCl
buffer (pH 2.0). A part of the purified anti-GDNF antibody
preparation was eluted and biotinylated. The detection limit of
the EIAs was as low as 1 pg/ml. _

NO production was determined using the Griess reaction as
described (Pollock et al., 1991). Briefly, 50-ul aliquots of the
supernatants were mixed with an equal volume of Griess
reagent (0.1% N-ethylenediamine dihydrochloride, 1% sulfani-
lamide, and 2.5% phosphoric acid) and incubated for 5 min at
room temperature. The absorbance at 540 nm was measured
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Fig. 2. The effects of IL-17 on cytokine production by microglia. Microglia were
treated with IL-17 for 48 h. (A) At concentrations greater than 1 ng/ml, IL-17
induced the expression of IL-6 and MIP-2 mRNA. Similar results were obtained
for IL-6 (B) and MIP-2 (C) protein using specific ELISAs. The values shown are
the means+S.D. *P<0.05 and **P<(.01 compared with untreated microglia.
The data represent typical samples performed in triplicate in three independent
experiments.
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IL-17 levels have been shown to be significantly higher in
the cerebrospinal fluid of patients with active optico-spinal MS
(Ishizu et al., 2005) and in the CNS of EAE mice (Hofstetter
et al,, 2005). The effécts of IL-17 on CNS cells, however, are
unclear. In order to uncover the contribution of IL-17 to
inflammatory demyelination in the CNS, we have examined the
effects of IL-17 on microglia, which function as antigen-
presenting cells and effector cells in the CNS during inflamma-
tory demyelination.

2. Materials and methods
2.1, Reagents

Lipopolysaccharide (LPS), human recombinant transform-
ing growth factor (TGF)-B, and mouse recombinant IL-17 and
IL-23 were obtained from Sigma-Aldrich (St. Louis, MO,
USA). Mouse recombinant IL-18, TNFa, and IFNy were
purchased from Techne (Minneapolis, MN, USA). Sulfonyla-
mide, N-(1-naphthyl)ethylenediamine, and phosphate for Griess
reagent (Ignarro et al., 1987) were also purchased from Sigma-
Aldrich.

2.2. Cell culture

The protocols for the animal experiments were approved by
the Animal Experiment Committee of Nagoya University. All
primary cultures were prepared from C57BL/6J mice (Japan
SLC, Hamamatsu, Shizuoka, Japan). Microglia were isolated
from primary mixed glial cell cultures prepared from newbomn
mice on day 14 using the “shaking off” method as previously
described (Suzumura et al., 1987); the purity of the cultures was
almost 100%, as determined by immunostaining with anti-
CD11b antibodies. The cultures were maintained in Dulbecco’s
modified Eagle’s minimum essential medium (Sigma-Aldrich)
supplemented with 10% fetal calf serum (JRH Biosciences,
Lenexa, KS, USA), 5 pg/ml bovine insulin (Sigma), and 0.2%
glucose.

Astrocyte-enriched cultures were prepared as described
previously (Kuno et al., 2006). Briefly, the mixed glial cell
cultures were trypsinized after the microglia were collected, and
replated in Petri dishes. After this procedure was repeated three
times, the cultures that had undergone four passages were used
as the astrocyte-enriched cultures. The purity of the cultures
were more than 80% as determined by immunostaining with
anti-glial fibrillary acidic protein (GFAP). Peritoneal macro-
phages were collected from mice intraperitoneally injected with
thioglycolate 48 h prior to collection. T cell-rich lymphocytes
were separated from mouse spleens. Neuronal cultures were
prepared from mice at embryonic day 17 as described pre-
viously (Takeuchi et al., 2005). Briefly, cortices were dissected
and freed of meninges. Cortical fragments were dissociated into
single cells using dissociation solution, and they were
resuspended in Nerve-Cell Culture Medium (serum-free condi-
tioned medium from 48-h rat astrocyte confluent cultures based
on Dulbecco’s modified Eagle’s minimum essential medium/F-
12 with N2 supplement, Sumitomo Bakelite, Akita, Japan). The

purity of the cuftures was more than 95% as determined by
NeuN-specific immunostaining.

2.3. Expression of IL-17 receptors

The mRNA expression of the IL-17 receptor was examined
using reverse transcription-polymerase chain reactions (RT-
PCRs). Microglia, astrocytes; or neurons were cultured for
3 days before total cellular RNA was extracted using an RNase
Mini Kit (Qiagen). cDNA encoding the IL-17 receptor was
examined by RT-PCR analysis using SuperScript I (Invitro-
gen), AmpliTaq DNA polymerase (Applied Biosystems), and
the specific primers shown in Table 1. Amplification within the
linear range using 5 pl of each cDNA sample was achieved
following 30 cycles in a DNA thermal cycler under conditions
that were optimized for each set of primers.

The protein level of IL-17 receptor expression was examined
using Western blot analysis. Samples (20 pg/well) were
electrophoresed on 7.5% SDS-polyacrylamide gels (Invitrogen)
according to the Laemmli method (Laemmli and Favre, 1973).
After electrophoresis, proteins were transferred from the gels to
nitrocellulose membranes (Amersham Bioscience, Buckin-
ghamshire, UK) using standard procedures (Towbin et al.,
1979). Nonspecific binding was blocked with 5% nonfat dry
milk in TBST buffer (5 mM Tris—HCI, pH 7.6, 136 mM NaCl,
0.05% Tween 20) for 1 h. Blots were incubated for 12 h at 4 °C
with rat anti-mouse IL-17 receptor anfibody (R&D Systems)
(1:1000 dilution). Blots were washed four times in TBST: the
first time for 20 min and 10 min each time thereafter, We then
incubated the washed blots for 1 h at room temperature with a

Table 1
Primer sequences used for RT-PCR analysis

GAPDH sense, 5'-ACTCACGGGAAATTCAACG

GAPDH antisense, 5'-CCCTGTTGCTGTAGCCGTA

IL-17R sense, 5'-CTAAACTGCACGGTCAAGAAT

IL-17R antisense, 5'-ATGAACCAGTACACCCAC

TNFa sense 5'-ATGAGCACAGAAAGCATGATCCGC
TNFa antisense 5'-CCAAAGTAGACCTGCCCGGACTC
IL-1B sense, 5’-ATGGCAACTGTTCCTGAACTCAACT
IL-1P antisense, 5'-CAGGACAGGTATAGATTCTTTCCTTT
IL-6 sense, 5'-ATGAAGTTCCTCTCTGCAAGAGACT

IL-6 antisense, 5'-CACTAGGTTTGCCGAGTAGGATCTC
MIP-2 sense, 5'-CCGGCTCCTCAGTGCTG

MIP-2 antisense, 5'-GGTCAGTTAGCCTTGCCTTT

IL-17 sense, 5'-CAGGACGCGCAAAACATGA

IL-17 antisense, 5'-GCAACAGCATCAGAGAGACACAGAT
iNOS sense, 5-CCCTTCCGAAGTTTCTGGCAGCAGC
iNOS antisense, 5'-GGCTGTCAGAGCCTCGTGGCTTTGG
NGF sense, 5'-CATAGCGTAATGTCCATGTTGTTCT

NGF antisense, 5'-CTTCTCATCTGTTGTCAACGC

BDNF sense, 5'-AGCCTCCTCTGCTCTTTCTG

BDNF antisense, 5'-TTGTCTATGCCCCTGCAGCC

GDNF sense, 5'-ATTTTATTCAAGGCCACCATTA

GDNF antisense, 5'-GATACATCCACACCGTTTTAGC
MHC class 1T antigen sense, $'-AAGAAGGAGACTGTCTGGATGC
MHC class II antigen antisense, 5-TGAATGATGAAGATGGTGCCC
ICAM-1 sense, 5'-TTCACACTGAATGCCAGCTC

ICAM-1 antisense, 5'-GTCTGCTGAGACCCCTCTTG
VCAM-1 sense, 5'-ATTTTCTGGGGCAGGAAGTT

VCAM-1 antisense, 5'-ACGTCAGAACAACCGAATCC
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Abstr_act

Interleukin (IL)-17-producing helper T cells may play a pivotal role in the pathogenesis of multiple sclerosis. Here, we exan}ined the effects of
IL-17 on microglia, which are known to be critically involved in multiple sclerosis. Treatment with IL-17 upregulated the microglial production of
IL-6, macrophage inflammatory protein-2, nitric oxide, adhesion molecules, and neurotrophic factors: We also found that IL-17 was produced by

microglia in response to IL-23 or IL-1B. Because microglia produce IL-1p and IL-23, these cytokines may act in an autocrine manner to mduce
IL-17 expression in microglia, and thereby contribute to autoimmune diseases, such as MS, in the central nervous system,

© 2007 Elsevier B.V. All rights reserved.

Keywords: Cytokine; 1L-17; EAE; MS; Microglia

1. Introduction

Multiple sclerosis'(MS) is a chronic inflammatory demye-
linating disorder that affects the central nervous system (CNS).
Although the etiology of MS is not fully understood, T helper 1
(Th1) cells and the cytokines that they produce are thought to
play a role in the development of MS. Recently, interleukin
(IL)-17 producing helper T (Th17) cells play important roles in
the induction of autoimmune diseases including MS and the
corresponding animal model—experimental autoimmune
encephalomyelitis (EAE) (Hofstetter et al., 2005, .Ishizu
et al., 2005, Iwakura and Ishigame, 2006). It has been shown
that IL-17 mRNA levels are high in both the cerebrospinal fluid
and plaques of MS patients (Matusevicius et al., 1999, Lock
et al,, 2003). IL-17 is a T cell-derived proinflammatory
molecule that stimulates epithelial, endothelial, and fibroblas-
tic cells to produce other inflammatory cytokines and

* Corresponding author. Department of Neuroimmunology, Research Institute
of Environmental Medicine, Nagoya University, Furo-cho, Chikusaku, Nagoya
464-8601, Japan. Tel.: +81 52 789 3881; fax: +81 52 789 3885.

E-mail address: suzumura@riem.nagoya-u.ac.jp (A. Suzumura).

0165-5728/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/.jneuroim.2007.11.006

chemokines, including IL-6, macrophage inflammatory protein
(MIP)-2, granulocyte-colony stimulating factor (G-CSF), and
monocyte chemoattractant protein (MCP)-1 (Aggarwal and
Gumey, 2002; Yao et al., 1995; Kennedy et al., 1996; Fossiez
et al., 1996; Linden et al., 2000; Cai et al., 1998; Jovanovic
etal., 1998; Laan et al., 1999). IL-17 also synergizes with other
cytokines such as tumor necrosis factor (TNF)a and IL-18 to
further induce chemokine expression (Jovanovic et al., 1998;
Chabaud et al., 1998). Although the precise mechanisms that -
control Th17 cell development have yet to be elucidated, Th17
cells are thought to develop from naive T helper (ThO) cells via
a pathway that is different than the pathways that lead to the
development of Thl and Th2 cells. In the absence of interferon
(IFN)y and IL-4, IL-23 has been shown to maintaining Th17
phenotype in a manner that is not dependent on the trans-
cription factors STAT1, T-bet, STAT4, and STAT6 (Aggarwal
et al., 2003; Harrington et al., 2005; Park et al., 2005; Bettelli
et al., 2006). Interestingly, a recent study revealed that IL-27 is
a critical regulator of IL-17 production. IL-27 receptor-
deficient mice were found to generate more IL-17-producing
T helper cells and were hypersusceptible to EAE, suggesting
that IL-27 negatively regulates the development of Th17 cells
(Batten et al., 2006).
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Allicin inhibits cell growth and induces apoptosis through the
mltochondnal pathway in HL60 and U937 cells .
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Abstract

In this article, the effects of allicin, a biological active compound of garlic, on HL60 and U937 cell lines were examined. Allicin induced
growth inhibition and elicited apoptotic events such as blebbing, m:tochondnal‘membrane depolanzatlon cytochrome c release into the
cytosol, activation of caspase 9 and caspase 3 and DNA fragmentation. Preireaunent of HL6O cells with cyclosporine A, an inhibitor of the
mitochondrial permeability transition pore (mPTP), inhibited alhcm-treated \c?ell death HL60 cell survival after 1 h pretreatment with
cyclosporine A, followed by 16 h in presence of allicin (5 uM) was ~80% compared to allicin treatment alone (~50%). Also N-acetyl
cysteine, a reduced glutathione (GSH) precursor, prevented cell death The effects of cyclosporine A and N-acetyl cysteine suggest the
involvement of mPTP and intracellular GSH level in the cytotox1clty Indeed, alficin depleted GSH in the cytosol and mitochondria, and
buthionine sulfoximine, a specific inhibitor of GSH synthesis;’ mgmﬁcantly augmented allicin-induced apoptosis. In HL60 cells treated with
allicin (5 uM, 30 min) the redox state for 2GSH/oxidized glutathxone sh:fted from Eggy —240 to —170 mV. The same shift was observed in
U937 cells treated with allicin at a higher concentration for\a longer’ penod of incubation (20 uM, 2 h). The apoptotic events induced by
various concentrations of allicin correlate to mtracellular GSH 1eggls in the two cell types tested (HL60: 3.7 nmol/10° cells; U937: 7.7 nmol/
108 cells). The emerging mechanistic basis for the a.ntlprohferatlve function of allicin, therefore, involves the activation of the mitochondrial
apoptotic pathway by GSH depletion and by changes in the mtracellular redox status.
© 2007 Published by Elsevier Inc. :"‘\ N

1. Introduction

Allicin, diallyl ﬂlfssulﬁna&’ is the main biologically
active compound denved ﬁ'om garlic. It is produced by the
interaction of the. enzyme e alliinase (alliin lyase; EC 4.4.1.4)

with its substrate allnh' ~(S-allyl-L-cysteine sulfoxide) [1].

\\_\ ~/f' ’;

Abbreviations: BSO, p,L-buthionine S,R-sulfoximine; CsA, Cyclosporin
A; DTNB, 5,5'-dithiobis-(2-nitrobenzoic acid); GGCS, +y-Glutamyl-L-
cysteine synthetase; GSH, Reduced glutathione; GSSA, S-allylmer-
captoglutathione; GSSG, Oxidized glutathione; mPTP, Mitochondrial
penneability transition pore; NAC, N-acetyl-L-cysteine; XTT, 2,3-Bis
(2-methoxy-4-nitro-5-sulfopheny!)-2H-tetrazolium-5-carboxanilide sodium sait.
* Corresponding author. Tel.: +972 8 9343627; fax: +972 8 9468256.
E-mail address: talia.miron@weizmann.ac.il (T. Miron).

0955-2863/3 - see front matter © 2007 Published by Elsevier Inc.
doi:10.1016/.jnutbio.2007.06.009.

Since alliinase and alliin are enclosed in different compart- 33
ments within the garlic clove cells, intact garlic cloves do not 34
contain allicin. When the garlic clove is crushed, alliin and 35
alliinase interact, to form allicin, pyruvic acid and ammonia 36
(Scheme 1). Allicin became an object of interest due to its 37
potential to confer a vast spectrum of health beneficial effects 38
including: anti microbial, antifungal and antiparasitic [2], 39
antihypertensive [3], cardioprotective [4—6], anti-inflamma- 40
tory [7] and anticancer activities [2,8,9]. 4

In vitro studies of allicin’s effect on human mammary 42
MCF-7 cancer cells revealed that its antiproliferative activity 43
is accompanied by accumulation of cells in the regulatory 44
checkpoints, Go/G; and G/M, of the cell cycle [9]. 45
Interestingly, also other ally sulfur compound cause similar 46
effects [10]. Allicin was shown to induce apoptosis in gastric 47
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Alliinase fl
2HzC=CH-CHz-S—CHZ-CH-COO' ~—— H3C=CH-CH2-S-S5-CH-CH=CHy + 2CH3~C-C00~ + 2NH4+
&33* H20
Alliin . Allicin Pyruvicacid Ammonia
Scheme 1.

cancer SGC-7901 cells. The cause of apoptosis was related cells, reduced glutathione (GSH) is the major free thiol 89

to decreased telomerase activity, an enzyme which allicin participating in cellular redox mmﬂoﬁs and mixed disulfide 9
inhibits in a time- and dose- dependent manner [11]. Allicin formation. GSH is therefore the main gellular target of allicin 91
induces apoptosis in human cervical cancer SiHa cells and reaction (Scheme 2). Both allicin and its glutathione 92

mouse fibroblast-like L-929 cells, manifested through the derivative, S-allylmercaptoglmathlgﬁe (GSSA) can prevent g3
appearance of characteristic apoptotic morphological the formation of free radlcals GSSJA is similar in this 94
changes in apoptotic bodies, through DNA fragmentation, preventive capacity to GSH bo{h beirig 1éss effective in this 95

and activation of caspases 8, 9 and 3 [12]. Allicin was also antioxidant activity than alhcm [19-21]. Allicin can 9
shown to induce apoptosis in human epithelial carcinoma scavenge the cham—caxrymg peroxyl radicals of the sub- 97
through a caspase-independent pathway, mediated by the strates by transfe{'nng its” allyhc hydrogen to the oxidized 98
release of apoptotic-inducing factor (AIF) from mitochon- substrate. This~ #Eenders it a-stronger antioxidant than its 99
dria and protein kinase A (PKA) activation [13]. More derivatives [22] \\\/ 100
results describing the effects of allicin or other garlic-derived Allicin is 3§ short-hved compound, which rapidly reacts 101

products on various proteins participate in the apoptotic with free mtracellular thiol groups [18,19,22]. It was found 102
process have already been reported [14]. However, the to. dlsmtegrate in ‘the blood a few minutes after its 103
mechanism underlying the induction of cell death by allicin admm1$trat10n ,both in vitro in human blood [23] and in 104
has not been fully elucidated. Ao in'rats [24] Therefore, the therapeutic effect of allicin 105

Apoptosis is an ordered cascade of events that . a\\drmmstered/ orally may be restricted to targets that are 106
culminates in cell death. Two main pathways of apoptosis” *’_;_‘ close~ to the gastrointestinal tract. However, its main 107
have been characterized. The extrinsic pathway is mmated’ ™ \ox1dat10n products, S-allylmercapto-glutathione and S- 108
through ligand stimulation of the cell surface death’ all}:/lmercapto-cysteme could exert their action in more 109
receptors such as TNFR or CD95R. In this pathway, cell ¢, remote sites within the body because they are more stable. 110
death is executed via a cascade of proteolytic events with.._ / The rapid disappearance of allicin can be exploited in 111
the sequential activation of caspase 8 and caspase 3/ Th\ -~ tumor cells targeting. We previously showed that allicin 112
intrinsic pathway is triggered by mltochogdrlal stres; y kills tumor cells in vitro [25,26] and also in vivo if 113

caused by various factors such as DNA défmage oxldanve generated on their surface by conjugating alliinase to 114
stress and heat shock (reviewed [15]):.This” pathway is monoclonal antibodies directed to specific cell-surface 115
initiated through the release o%ngnalLfmtggs from receptors, such as ErbB2, overexpressed in breast and 116
mitochondria as a consequence of nutochondnal\/membrane ovarian cancer [25]; CD20, a receptor expressed at high 117
permeability transition. Such. changes l¢ad>to translocation levels in human B chronic lymphocytic leukemia and other 118
of pro- and antiapoptotic protems across the ‘mitochondrial B-ceil lymphomas [26]. 119
membranes [16,17]. Among:tl th\ese protelhs is cytochrome The redox environment of a cell reflects the sum of the 120
¢, which is released from the’ mltochondna to the cytosol products of the reduction potential and the reducing capacity 121
and participates with other molecules in the formation of a of the linked redox couples operating within the cell [27,28] 122
complex that actlvates\caspas} 9, “which in turn activates Glutathione is considered to be the major thiol-disulfide 123

caspase 3. The achva%n}of }/hese caspases. leads to the redox buffer of cells [29]. The redox state of the 2GSH/ 124
final fragmenta’aon\ of nuclear DNA, with the typical oxidized glutathione (GSSG) redox couple depends on their 125

apoptotic morpholog1ca1 Inanifestations. molar ratio. Upon reacting with GSH, allicin causes a 126
Allicin easxly dlffuses/ through cell membranes (diffusion decrease in free GSH concentration and an increase in 127
coefficient 5x107% cm?s™') [18] and exerts its biological mixed-disulfide glutathione products, which leads to an 128
effects by reacting with free thiols within the cell. In living increase in the reduction potential values. Allicin also reacts 129
0
H)C=CH~CH)~S-S-CH3-CH=CHy + 2GSH "'—’. 2G-S-S-CHp-CH=CH; + Hj0
Reduced
Allicin Glutathione S-Allylmercaptogiutathione

Scheme 2.
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with other free SH-bearing molecules in the cell, such as extracted from cells by ethanol precipitation of the phenol/ 182
cysteine and SH residues in proteins, yet their relatively low chloroform extract [32]. After electrophoresis (5—10 pg 183
concentrations contribute only little towards changing the DNA/lane) on an agarose (2.5%) gel, DNA was visualized by 184
reduction potential of the cell upon oxidation. The reduction ethidium bromide staining, 185
potential of cells was proposed to reflect their growth cycle. Mitochondrial membrane potential was measured by 186
Accordingly, the reduction potential of proliferating cells using the fluorescent dye, Mito Tracker Red CMXRos 187
(pH 7.0) is Egsy —240 mV. Increased values (Egsy (Molecular Probes, Eugene, OR, USA) that accumulates 188

—200 mV) represent differentiation, and a further oxidative selectively in active mitochondria. Cells were washed with 189
shift to a higher value (Egsy —170 mV) elicits apoptosis medium, incubated with Mlto-Trackér Red CMXRos for 30 190
[27]. In this study, we aimed to examine the initial events min at 37°C, washed with PBS\and ‘examined under 191
leading to apoptosis upon allicin treatment and the fluorescence microscopy (OlympUS\Tokyo) 192
dependence of the apoptotic pathway on the reduction Mitochondria were prepared from\ Cultured cells (5— 193
potential of cells. 10x107) as described elsewhére\ [33] /Cells were harvested 194

and washed with PBS (600 g,\7\ mm) Cell pellets were 195

suspended in 0.5 ml cold HIM buffer (200 mM mannitol, 70 196

2. Materials and methods mM sucrose, 1| mMEGTA{10 mM HEPES-KOH buffer, pH 107
7.5) containing pro’leas\e 1n1ub1tors incubated 30 min on ice 198

Alliin was synthesized from L-cysteine and allyl bromide and homogeniZed, by multrple passages through a 25-gauge 199

followed by H,0, oxidation [30]. Allicin (purity ~98%) was needle (5/8/11{ )\Nucle?\and unbroken cells were removed 200
produced by applying synthetic alliin onto an immobilized (1300 g, 8 min. 3 4°C) Protein and free SH were determined 201
alliinase column and its concentration was determined by in the cytosol supematant (10,000 g, 30 min at 4°C) and in 202
high-performance liquid chromatography, as previously the’ rmtochondna-ennched fraction (pellet, dissolved in HIM 203
described [31]. buffer cont?umng 1% Triton X-100). Protein assay was done 204

2,3-Bis (2-methoxy-4-nitro-5-sulfophenyl)-2 H-tetrazo- ¢ w1th the\eret Reagent [34] or the BCA protein assay kit 205

lium-5-carboxanilide (XTT) sodium salt; p,L-buthionine S, .
R-sulfoximine (BSO); cyclosporin A (CsA); N-acetyl-L<",
cysteine (NAC); 5,5'-dithiobis-(2-nitrobenzoic acid
(DTNB); metaphosphoric acid; phenazine methosulfate
(PMS) and 2-vinylpyridine were purchased from Slgma s
Chemical (St. Louis, MO, USA).

~ (Prerce Rockford IL, USA). 206
‘\f:?“

22 Cell cycle analysis 207
PN

" HL60 cells were pretreated with CsA (5 pM, 1 h) and then 208
cultured further for 20 h in the presence or absence of allicin. 209
7 After harvesting, washing and resuspending in 0.25 ml PBS, 210

an equal volume of 0.005% propidium iodide solution 211
containing 0.01% heated-RNase A and 0.3% Triton X-100 212
was added. Cells were analyzed by flow cytometry using 213
fluorescence-activated cell sorting (Becton Dickinson 214
FACScan Instrument using CellQuest software (BD 215
Bioscience, San Jose, CA, USA). 216

2.1. Cell culture, cell viability and morphologtcal studtes~
HL60 human promyelocytic leukemra-denved ccllsjand
N
U937 human myelomonocytic cell§, were\r\pamtamed in
RPMI-1640 supplemented with 2 mM: L-glutamme 10% (v/
v) fetal bovine serum and antrblotlcs Cellwrabrhty was
measured using the XTT assay, fbased on* the teduction of
tetrazolium salt to soluble formazan compounds by mito-
chondrial enzymes. Cells/(lS 000—20 000 cells/well) were
seeded in a 96-well plate\ After 16—h incibation with allicin, Cell pellet was resuspended in lysis buffers A or B [32]. 218
in the presence or absence of NAC (O 1-1.0 mM) or after 16 Lysis buffer A (2xPBS, 0.1% sodium dodecyl sulfate (SDS), 219
h incubation with, BSO* (0 1 mM) alone 50 pl of XTT/PMS 1% Nonidet P-40, 0.5% sodium deoxycholate) containing 220
mixture (50 uM- PMS 0 l% XTT in medium) were added protease inhibitors was used to analyze of caspases 3, 8 and 221
onto the cel/l/s Aﬁer aAn 1{10ubauon period of 3—4 h at 37°C, 9. Lysis buffer B (250 mM sucrose, 20 mM HEPES-KOH 222
the absorbance of the samples was measured in an enzyme- buffer, pH 7.5, 10 mM KCl, 1.5 mM MgCl,, ] mM EDTA, 1 223
linked immunosorbent'a assay (ELISA) reader at 450 nm. SDS mM EGTA, 1 mM DTT) containing protease inhibitors was 224
(1%, 10 pl/well) was-added to reference wells before adding used to analyze the presence of cytochrome ¢ in the cytosol 225
the XTT/PMS solution. - as described above (Section 2.2), After centrifugation 226
HL60 cells (300,000/ml) were pretreated with CsA for 1 (10,000g, 30 min, 4°C) the supernatant was separated by 227
h. Cells were seeded in a 96-well plate (20,000 cells/well) in SDS-polyacrylamide gel electrophoresis using 15% gel and 228
the presence of allicin. The viability was tested by the XTT transferred electrophoretically onto a PVDF membrane (Du 220
assay. The analysis of apoptotic morphological changes was Pont, Boston, MA, USA). The membrane was incubated 230
done by staining cells with Hoechst 33342 at 37°C for 30 overnight at 4°C with the following antihuman antibodies: 231
min in medium, washing with phosphate-buffered saline anti B-actin (Sigma-Aldrich), anti-caspase 3 (Santa Cruz 232
(PBS) and examining by fluorescence microscopy. For Biotechnology, Santa Cruz, CA, USA), anti-caspase 8 233
evaluating DNA ladder formation, cellular DNA was (MBL, Nagoya, Japan), anti caspase-9 (Novus Biological, 234

2.3. Electrophoresis and Western blot analysis 217
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Littleton, CO, USA) and anti cytochrome ¢ (Upstate
Biotechnology, Lake Placid, NY, USA). The membranes
were washed with TBST, incubated with HRP-conjugated
secondary antibody for 1 h at room temperature and washed
with TBST. Proteins were detected with an enhanced ECL
detection kit (New England Biolabs) and a chemilumines-
cence detector (LAS-1000, Fuji, Japan).

2.4. Determination of cell volume

The volume of nontreated cells was determined by
calculating sphere volumes based on diameter measurement
of 100 cells. Since the morphology of treated cells was not
spherical, cell volume was estimated by weighing the pellet
of 2-4x10% cells and evaluating the volume on the
assumption of 1/1 w/v.

2.5. Assay for glutathione and free SH

Cells were collected (600 g, 7 min, 4°C), washed with
PBS and the pellets were stored at —80°C. After protein
precipitation with 5% metaphosphoric acid (0.2-0.3 ml/
3x10° cells) by centrifugation (10,000g, for 30 min), the
supernatant was used for GSH quantitation, and the pellet,
dissolved in 0.2-0.3 ml of 0.5 M NaOH, was used for
protein determination. To determine GSH in the supernatant,

reductase recycling assay before and after modification with -

2-vinyl pyridine [35]. Samples (40 pul) were neutrahzed w1th

AN
2 M triethanolamine (10 pl) in 2 96-well plate. The't reactlon > 3.2. Allicin induced apoptosis in the cells
was started by adding 200 pl per well of 0.4 U/ml enzyme in 3 2.1. Morphological changes
143 mM phosphate buffer pH 7.5 contammg\o 3 mM >

reduced nicotinamide adenine dmucleotlde/phosphate 0 6
mM DTNB and 6.25 mM EDTA. The mmal‘rate of : 5-th10-

2-nitrobenzoic acid formation was /momtored Determma—
tion of GSSG was done 1 h after modxﬁcauon Q’f« the free
SH with 9 M 2-vinyl pyrl/dme (l\p\l/well) at room
temperature. Oxidized glutathione (0=6" nmol/well) served
as a reference. ~ N\ \

Total free SH content m Gell extracts of in cytosolic and
mitochondrial fractlon.\s (50\;11) was, determmed with DTNB
in a 96-well plate Sa{nples‘ were acidified with 5%
metaphosphoric acld (50 ul/well) to stabilize the reduced
state and neutrahzed w1th 2 M tHiethanolamine (50 pl/well).
DTNB (50 ul\of\l mM solutlon in 50 mM phosphate buffer
pH7.2 contalmng 2 mM EDTA) was added. After 10 min of
incubation, the absorbance was measured at 412 nm using an
ELISA reader. GSH (0-20 nmol/well) precalibrated with
DTNB served as a reference, using Ey 14150 M~! at 412 nm
[36]. Reduction potential was calculated by using the Nernst
equation for GSSG/2GSH: Egsy=Eo—30xlog ([GSH]¥/
[GSSG)) [27].

2.6. Statistical analysis

Each experiment was performed at least three times, and
the results were expressed as mean values+ S.D. (n=2-6).

The Student # test was used to determine the significance of 287
differences between the mean values obtained for the two 288
cell lines. Otherwise, the various treatments, were analyzed 289
using one-way analysis of variance (ANOVA) followed by 290
either Dunnett or Bonferroni’s multiple comparison test, 291

considering P<05 as significant.

3.

292

Results p 293

3.1. Allicin inhibited proliferation of HL60 and U937 cells 294

The proliferation rate of exponentrall} growing HL60 295

and U937 cells in the presence of alhcm/ v\vas determined at a 296
density of 100,000 cellls ml'\l\ Cells were incubated with 297
increasing concentrations of alhcm (HL60 0-10 uM; U937: 208

0-—

30 uM) for growxng\ hme perlods up to 72 h. Cell 299

viability was dete\munéd by the- n/'ypan blue dye exclusion 300
assay. Allicin- mhiblted cell»growth in a concentration- 301
dependent rianfier (Flgs 1A and 2A for HL60 and U937, 302
respecnvely)\ln the presence of 5 uM ailicin, HL60 cells 303
exhibited about " 50%>mh1b1t10n of proliferation after 22 h, 304
and at/IO uM allicin"after 22 h, the rate of inhibition reached 305
80%\(F1g lA) HL60 cells were more sensitive to allicin 306

4 7

than /\U937 /&lls Inhibition of U937 cell proliferation 307

< reached 50% and 60% at 15 and 20 pM allicin, respectively, 308
a glutathione assay kit (Calbiochem) was used. GSH andf e aﬁer 22/ h’'(Fig. 2A). We therefore chose to continue the 309
GSSG content were also determined by the glutathione, ™ f study of HL60 and U937 cells (100,000 cells/ml) at 5 and 310

20 pM allicin, respectively.

311
312

313
Morphological changes indicating apoptotic processes 314

were observed by staining the cells with Hoechst 33342. 315
Distinct nuclear condensation was observed in HL60 cells 316
treated with allicin (5 pM) for 16 h (Fig. 1B) and U937 cells 317
treated with allicin (20 uM) for 40 h (Fig. 2B). In both 318
allicin-treated cell lines, more than 90% of the cells showed 319

blebbing after 2 h (Fig. 3A, lower panel).
3.2.2. DNA fragmentation

320

321
A DNA ladder appeared in allicin (5 uM)-treated HL60 322

cells 6 h after treatment, whereas in allicin (20 pM)-treated 323
U937 cells, it appeared only after 40 h (Figs. 1C and 2C). 324

3.2.3. Cytochrome c release into cytoplasm and activation 325

of caspases

326
To better understand the mechanism of allicin-induced 327

apoptosis, Western blot analysis was used to detect 328
apoptosis-related proteins. Increased amounts of cytochrome 329
c appeared in the cytosol of allicin (5 pM)-treated HL60 cells 330
after 2.5 h of incubation. An increase in cleaved caspase 9 331
appeared 4 and 6 h after adding allicin, and it gradually 332
decreased to the basal level after 30 h. Cleaved caspase 3 333
appeared after 16 h and was still observed 30 h after the 334
treatment (Fig. 3B). U937 cells reacted at a slower rate to 335
allicin (20 pM) treatment. Cytochrome c release into the 336
cytosol began 6 h after adding allicin and reached a maximal 337
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Fig. 1. Effect of allicin on cell growth of human leukemia HL60 cells. (A) Growth dependent of HL60 cells on allicin concentration. Viable cells were counted at
various time intervals between 0—72 h after staining with trypan blue. Data repre.{ent the n}ean value 'of % viable cells (nontreated=100%)+S.D. (B) Apoptotic
changes observed after Hoechst 33342 (5 pug/ml) staining for 30 min. Cells were treated wnh 5~pM allicin for 16 h. (C) Nucleosomal DNA fragmentation of
nontreated cells and allicin-treated HL60 cells (5 uM, 6 h, 5 pg/lane). Lane ‘M'is a- DNA sme}narker
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Fig. 2. Effect of allicin on cell growth of human leukemia U937 cells. (A) Growth dependence of U937 cells on allicin concentration. Viable cells were counted at
various time intervals between 0—72 h after staining with trypan blue. Data represent the mean value of % viable cells (nontreated=100%)S.D. (B) Hoechst
33342 (5 pg/ml) staining for 30 min of cells treated with 20 uM allicin for 40 h. (C) Nucleosomal DNA fragmentation of nontreated cells and allicin-treated U937
cells (20 pM, 40 h, 10 pg/lane). Lane M is a DNA size marker.



