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Abstract

In this study, the amount of
S-nitrosoglutathione (GSNO) was
measured spectrophotometrically at
334 nm. Spontaneous decrease of
absorbency at 334 nm was detected
when GSNO was exposed to 37 °C

and a high pH (pH 8.0). We
investigated the catalytic roles of
various metal  1ons on  the
decomposition of GSNO. The

degradation of GSNO (0.5 mM) was
enhanced by the presence of Cu’*and
Ni2*ions. The amount of NO release
from  GSNO degradation  was
estimated by the Griess reaction
based on nitrite accumulation. The
results indicate that nitrite
production was elevated by at least
2-fold in the presence of Cu’*. Our
study further indicates that Cu?*
enhance GSNO-induced apoptosis in
human colon adenocarcinoma (HT 29)
cells. We also found that copper ions



modulate the expression of bad, bax,
and bcl-2 in GSNO-treated HT 29
cells. The levels of bax and bad
proteins were significantly elevated
by about 4- to 6-fold when compared
with mock-treated cells at 24 h after
combined treatment of GSNO plus
Cu?’* or Ni’". On the other hand,

significant  inhibition of  bc¢l-2
occurred in HT 29 cells with
simultaneous treatment of GSNO
with Cu?* (or Ni?*). It seemed that
Cu?* (Ni’*) could enhance the
decomposition of GSNO  that
liberated NO to activate the

pathways. Our results demonstrated
that the apoptotic effects induced by
GSNO was promoted by Ni’* and

Cu?* through two different
mechanisms: by  depletion  of
intracellular GSH level and by

triggered of NO release from GSNO
which then promoted the NO-induced
apoptotic cell death in human cells.

Keywords: Apoptosis, Nitric Oxide, Air
pollutant.

Introduction

Nitric oxide (NO) is produced
from macrophages or macrophage-like
cells by inflammatory stimulation,
and has various effects on the immune
system. Previous studies have
demonstrated that the induction of
nitric oxide synthase by LPS plus
interferon-y (INF-v) or interleukin-1
(IL-1) causes apoptosis 1n various
types of cells [1-4]. Other studies
including ours have indicated that
high concentrations of NO induce
wild-type p33 protein accumulation

and apoptosis [5-9]. Recent studies
have demonstrated that p53 performs
an essential role in response to NO
generated either from an NO donor or
from over expression of NOS. Over
expression of wild-type p53 in human

tumor  cell lines  results in
down-regulation of NOS  gene
expression, as well as enzymatic

activity [10]. Such an observation
implies that an increased level of

NOS expression 1n human tumor
samples may be a loss of
pS3-mediated NOS gene regulation

due to functional 1inactivation of
wild-type p53. Little is known about
the pathways leading to formation of
RSNO 1n biological tissues. NO does

not react with sulfhydryl groups
directly, but a potent nitrosating
species (NO,) 1s formed wupon

reaction of NO with oxygen. There is
general agreement that the biologic
activity of nitrosothiols, e.g., smooth
muscle relaxation or inhibition of
platelet aggregation, i1s due to release
of free NO, but the mechanisms
involved in the decomposition of
these  compounds are  unclear.
Remarkable variations have been
reported in the stability of different
nitrosothiols in aqueous solution at
physiological pH levels, with their
half lives ranging from a few seconds
(S-nitroso-L-cysteine) to hours
(GSNO). However, more recent
studies indicate that nitrosothiols are
stable in aqueous solutions and only
decompose and release NO 1in the
presence of trace metals. Thus, Cu?*
lons have been shown to trigger
decomposition of S-nitroso-N-acetyl
penicillamine (SNAP) and GSNO, and



the effect of copper ions was found
to be potentiated by reductants such
as ascorbate. We further assessed the
effects of Cu’* and Ni’* ions on the
modulation of bax, bcl-2, and bad
gene expression in response to GSNO
treatment. The described reactions
may have important implications for
the biochemistry and physiology of
NO-mediated biological processes.

Result and discussion
As shown in figure 1A,
GSNO was stable at room

temperature (25 °C) for at least 96 h.
In contrast, the absorbance of 334 nm
apparently decreased at 43 h when
GSNO was exposed to 37 °C. Such
results i1mply that NO may be
released from GSNO at 37 °C in a cell
culture system. GSNO (0.5 mM)
solution was then prepared with
potassium phosphate buffer (50 mM)
to different pH values and then
exposed to 37 °C or 25 °C at the
indicated times (Figure 1B). This
experiment demonstrated that GSNO
degradation was more rapid at a
higher pH (pH 8.0) when exposed to
37 °C. Owur results indicate that
decomposition of GSNO (0.5 mM)
was more rapid in the presence of
Cu?* and Ni?* (Figure 2) when
compared to other metal ions (data
not shown).

The cytotoxicity of Cu®* after
24-h treatment was evaluated in HT
29  cells. We found that a
concentration of Cu’* of less than 10
uM was non-toxic to HT 29 cells
(Figure 3A). As described above,
Cu?* (10 uM) strongly enhances
GSNO decomposition; the level of

NO production in HT 29 cells was
further estimated with the Griess
reaction by determination of nitrite
accumulation (Figure 3B). Our results
indicate that nitrite production was
elevated by at least 2-fold in the
presence of Cu’* (Figure 3B). In order
to investigate whether Cu’* could
modulate NO-induced apoptosis, the
percentage of apoptotic cells was
calculated by TUNEL assay, which

further demonstrated that Cu?”"
enhances GSNO-induced apoptosis
(Figure 3C). In order to further

demonstrate the critical role of Cu?*
in intracellular GSNO decomposition,
HT 29 (Figure 4) cells were
pretreated with GSNO (1 mM) for 6
h, washed twice with PBS, and then
treated with Cu?* (2.5 uM) at the
indicated times. Other groups were
treated with either GSNO (pretreated
for 6 h then washed with PBS), or
Cu?* (treated consistently) as a
comparison group. We found that
exogenous added Cu’* significantly
augments the apoptotic effect induced
by GSNO (Figure 4).

In our recent studies, we
demonstrated that bcl-2 protein
expression was down-regulated and
bax protein expression was induced in
NO-treated human cancer cells. Figure
5 shows that the expression of bcl-2
was down-regulated 1n a
time-dependent manner when cells
were treated with GSNO (2mM). On
the other hand, bax and bad proteins
in HT 29 and COLO 205 cells were
significantly elevated by GSNO
treatment (Figure 5). By comparison,
the alterations of bax and bcl-2
protein  expressilon  were  Imore



significant in the COLO 205 than HT

29 cell by GSNO treatment (Figure 5).

We have gained further insight into
the role of Cu?* and Ni?* involved in
alteration  of gene  expression
InGSNO-induced apoptosis.  The
levels of bax and bad proteins were
significantly elevated by about 4- to
6-fold when compared with
mock-treated cells at 24 h after
treatment with GSNO plus Cu’* or
Ni** (Figure 6A and B). On the other
hand, significant inhibition of bc¢l-2
occurred 11 HT 29 cells when
simultaneously treated with GSNO
and Cu** (or Ni’h (Figure 6C). In
this figure, regulation of the bax, bad,
and bel-2 levels n only
GSNO-treated HT 29 cells was less
significantly affected (Figure 6A, B,
and C). It seems that Cu?* (Ni?h)
plays a critical role in decomposition
of GSNO which clearly augments the
effects on regulation of gene
expression in apoptotic cells.

In our previous results, we
demonstrated that antioxidants (such
as L-N-acetyl-cysteine, LNAC)
attenuate NO-induced apoptosis in
human colon cancer cells. To test the
protective mechanisms of
antioxidants, we demonstrated that
the intracellular level of glutathione
(GSH) was elevated in cells after
exposure to LNAC. Our results
suggest that the protective effect of
LNAC might be linked to 1its
inducement of increases in cellular
glutathione and bcl-2 protein levels
and to its suppression of cellular bax
protein in treated cells. In this study,
we consldered the possibility that
metals modulating apoptosis in

NO-treated cells might arise from
several mechanisms. In order to
evaluate the roles of intracellular
antioxidants (GSH) in cells exposed
to NO and (or) combined treatment
with metals, we therefore compared
the levels of DNA fragmentation in
cells after exposure to LNAC, GSNO,
metals, and combined treatment. As
shown in figure 1, DNA
fragmentation was observed in GSNO
(lane 4) and combined treatment of
GSNO and metals (lanes 5 and 6). By
contrast, LNAC protects apoptosis in
cells exposed to GSNO (or combined
treatment with GSNO plus metals)
(lanes 7 to 9).

Our previous report shown that
the intracellular level of GSH was
elevated 1in cells after exposure to
LNAC. We found that elevation of
intracellular GSH  level  could
attenuate NO-induced apoptosis in
human cancer cells. Another study
also demonstrated that apoptosis
could be induced by GSH depleting
agent (BSO) in human cholangiocytes.
In this study, we further investigate
whether promotion of NO-induced
apoptosis by Cu’" and Ni’* were
modulated through depletion of
intracellular GSH levels. COLO 205
cells were treated either with BSO,
GSNO, ions, or by different
combination as indicated in the figure
3. The intracellular GSH levels were
extremely depleted in cells treated
with BSO (50 uM) (Figure 8A, lane 2)
when compared to the control group
(Figure 8A, lane 1). Interestingly,
significant decreased of GSH levels
were also observed 1n cells by
combine treatment of GSNO either



with Cu?* or Ni** (Figure 8A, lanes 5
and 7). We further demonstrated that
apoptosis induction and intracellular
GSH  depletion  were  occurred
simultaneously in cells by combine
treatment of 1ons and GSNO (Figure
S8A and B, lanes 5 and 7). However,
less extent (15%) of cells undergoing
apoptosis were observed 1n the
BSO-treated group although the GSH
levels were extremely depleted
(Figure 8A and B, lane 2). Such
results implied that Cu?* (or Ni*%
mediated apoptotic effects induced
by GSNO were partially through
depletion of intracellular GSH level.

To further clarify such
observations, the level of nitrite
production was then measured in cells
treated either by BSO plus GSNO
(Figure 8C, lane 3) or 1ons plus
GSNO (Figure 8C, lanes 5 and 7). We
demonstrated that the level of nitrite
production was consistently with the
apoptotic effects induced by combine
treatment of GSNO and i1ons (Figure
8B and C, lanes 5 and 7) whereas
cells combine treated with GSNO and
BSO do not (Figure 8B and C, lane 3).
Collectively, our results suggest that
the apoptotic effects induced by
GSNO was promoted by Ni’* and
Cu?*  through  two  different
mechanisms: by  depletion  of
intracellular GSH level and by
triggered of NO release from GSNO
which then promoted the apoptotic
cell death in human cells.

References

1. Sarih M, Souvannavong V, Adam
A. Nitric oxide synthase induces

macrophage death by apoptosis.
Biochem Biophys Res Communi
1993;191:503-508.

Albina JE, Cui S, Mateo RB, et al.
Nitric oxide-mediated apoptosis
In murine peritoneal macrophages.
J Immunol 1993;11:5080-5085.
Cui S, Reichner JS, Mateo RB, et
al. Activated murine macrophages
induce apoptosis in tumor cells
through nitric oxide-dependent or
independent mechanisms. Cancer
Res 1994;54:2462-2467.
Ankarcrona M, Dypbukt IJM,
Brne B, et al.
Interleukine-1-B-induced nitric

oxide production activates
apoptosis in pancreatic RINmSF
cells. Exp Cell Res

1994;213:172-1717.

Ho Y5, Wang YJ, Lin JK.
Induction of pS3 and
p21/WAFI1/CIP1l expression by
nitric oxide and their association
with apoptosis in human cancer
cells. Mol Carcinog
1996;16:20-31.

Forrester K, Ambs S5, Lupold SE,
et al. Nitric oxide-induced p53
accumulation and regulation of
inducible nitric oxide
synthase(NOS2) expression by
wild-type p53. Proc Natl Acad Sci
USA 1996,93:2442-2447.

Fehsel K, Kroncke K-D, Meyer
KL, et al. Nitric oxide induces
apoptosis in mouse thymocytes. J.
Immunol. 1995;155:2858-2865.
Geng Y], Hellstrand K,
Wennmalm A, et al. Apoptosis
death of human leukemic cells
induced by  vascular  cells



10.

expressing nitric oxide synthase in
response to gamma-interferon and
tumor  necrosis  factor-alpha.
Cancer Res 1996;56:8366-874.
MeBmer UK, Ankarcrona M,
Nicotera P, et al. P53 expression
in nitric oxide-induced apoptosis.
FEBS Lett 1994,355:23-26.

Ambs S, Hussain SP, Harris CC.
Interactive effects of nitric oxide
and the p53 tumor suppressor
gene 1n carcinogenesis and tumor
progression. The FASEB ]
1997;11:443-448.

KR AP

At R BT EAREIEA] > SLIB B K%
Z AR AL R R A B XCCD# EE 4o

T

1.

Yuan-Soon He, Hsu-Ling Liy,
Jing-Shium Duh, Rong-Jane Chen,
Wei-Lu Ho, Jiang-Huei Jeng, Ying-Jan
and Jen-Kun Lin. (1999)
Induction of Apoptosis by

Wang,

S-nitrosoglutathione and Cu?’* or
Ni?* ion through modulating Bax,
Bad and Bcl-2 proteins in Human

Colon Adenocarcinoma Cells.
Molecular  Carcinogenesis  (in
press).

Ho V.-S., Lee H-M, Chang C-R, and
Lin J.-K. (1999) Induction of bax protein
and degradation of lamin A during the
pS3-dependent apoptosis induced by

chemotherapeutic agents in human cancer
cell lines. Biochemical Pharmacology,
57:143-154.

Wang Y.-J, He Y.-S., Pan M.-H,, and
Lin J-K.. (1998) Mechanisms of cell
death induced by nitric oxide and

Calu-1 cells.
Environmental Toxicology and
Pharmacology Vol. 6:35-44.

Ho V.-S., Tsai P-W, Yu C.-F, Liu
H-L, ChenR.-J, and Lin J.-K.. (1998)
Ketoconazole-induced apoptosis through
pS3-dependent
colorectal and hepatocellular carcinoma
cell lnes. Toxicology and Applied
Pharmacology Vol. 153(1):39-47.

Ho Y.-S., Lee H-M, Mou T .-C., Wang
Y.-J. and Lin J-K. (1997) Suppression
of mitrnic oxide induced apoptosis by
L-N-acetyl-cysteme through modulation
levels of glutathione, Bcl-2 and Bax
proteins. Molecular Carcinogenesis Vol
19:101-113.

peroxynitrte n

pathway m human




