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Study of tumor promoting and malignant progression effect of nitrogen oxides in
vitro and in vivo
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Fig. 1. Effects of gNO on cell viability of three
NSCLC cells (H1355, H1299 and A549). Cells (10°
cells/well) were treated with various concentrations
(0, 1.0, 2.5 and 5.0 uM) of gNO for 24 h. Cell
viability was analyzed by MTT assay. The result
represents the average of three independent
experiments = SD. *p< 0.05, **p< 0.01 compared

with the control.
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Fig. 2. Effects of gNO on wound healing ability of
three NSCLC cells (H1355, H1299 and AS549).
Monolayers of culture cells treated with gNO (at 1.0
and 5.0 pM) or without (untreated) were scraped and
the number of cells in the denuded zone (i.e., wound)
was quantitated after 24 h under a light microscopy.
(A) Representative photomicrographs of the denuded
zone 24 h after scraping in the untreated and
gNO-treated groups. White lines indicate the wound
edge. (B) Quantitative assessment of the mean number
of the three cell types in the denuded zone and
represents the average of three independent
experiments £ SD. *p< 0.05, **p< 0.01 compared
with the untreated group.
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Fig. 3. Effects of gNO on A549 cell motility and
invasion in vitro. Monolayers of A549 cells treated with
gNO (at 0, 1.0, 2.5, and 5.0 uM) or without were
scraped and the number of cells in the denuded zone
(i.e., wound) was quantitated after indicated times (0, 6,
12 and 24 h) under

Representative photomicrographs of the denuded zone

a light microscopy. (A)

24 h after scraping in the untreated and gNO-treated
groups. White lines indicate the wound edge. (B)
Quantitative assessment of the mean number of cells in
the denuded zone and represents the average of three
independent experiments = SD. #p< 0.05, ##p< 0.01
compared with the 0 h. *p< 0.05, **p< 0.01 compared
with the respective time point of untreated group. (C)
A549 cells treated with gNO (at 0, 1.0, 2.5 and 5.0 uM)
for 24 h were plated in the upper chamber of a modified

Boyden chamber coated with Matrigel containing a
membrane, and the number of cells on the underside of
the membrane was quantitated 6 h later under a light
microscopy. Representative photomicrographs of the
membrane-associated cells were assayed by Giemsa
stain. The black part indicated the cells. (D) ”% of
control” represent denotes the mean number of cells in
the membrane expressed as a proportion of that
non-treated group and the average of three independent
experiments = SD. *p<0.05, **p<0.01 compared with
the control.
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Fig. 4. I Effects of gNO on the mRNA and protein
levels of iNOS. (A, B) A549 cells were treated 5.0
pM gNO in the (A) absence or (B) presence L-NAME
(5.0 mM) for indicated times (0, 3, 6, 9, 12 and 24 h),
and mRNA and protein levels of iNOS were
determined by RT-PCR and Western blotting,
receptively. GAPDH and B-actin were served as
internal control. Determined expressions of the both
levels were subsequently quantified by densitometric
analysis with that of control being 1.00 fold as shown
just below the gel data. (C) Effects of iNOS inhibitor
on gNO-induced A549 cells migration and invasion.
A549 cells were treated 5.0 uM gNO or without in the
absence or presence L-NAME for 24 h. Cell
migration was analyzed by wound-healing assay.
White lines indicated the wound edge. (D) Cell
invasion was analyzed by Boyden chamber assay. The
black part indicated the membrane-associated cells.
Results are representative of at least three independent

experiments.
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Fig. 5. Effects of gNO on MMPs activity and the
mRNA and protein levels of MMP-2 and TIMP-2. (A)
In time-dependent assays, various indicated times (0,
3,6,9, 12 and 24 h) of 5.0 uM gNO in the absence or
presence L-NAME were treated on AS549 cells in
serum-free medium. The culture medium of A549
cells after being treated by gNO were subjected to
gelatin-zymography to analyze the activity of MMPs
as described in Materials and methods. (B) The
determined activity of MMP-2 was quantitated by
densitometric analysis using the untreated control as
100%. Data were represented as mean + SD from
three independent experiments. #p< 0.05, ##p< 0.01
compared with the 0 h. *p< 0.05, **p< 0.01 compared
with the respective time point of gNO-treated group.
(C, D) RT-PCR and (E, F) immunoblot analysis of the
expression of MMP-2 and TIMP-2 in A549 cells
treated with gNO. The cells were treated with 5.0 pM
gNO in the (C, E) absence or (D, F) presence
L-NAME and harvested at indicated times. GAPDH
and B-actin were served as internal control.
Determined expressions of the mRNA and protein
levels were subsequently quantified by densitometric
analysis with that of control being 1.00 fold as shown
just below the gel data.
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Fig. 7. Effects of gNO on NF-kB and AP-1 DNA
binding. Cells were treated with 5.0 uM gNO for
indicated times (0, 3, 6, 9, 12 and 24 h) and then
nuclear extracts were analyzed for (A) NF-xB and
(B) AP-1 DNA binding activity using biotin
labeled NF-xB and AP-1 specific oligonucleotide
by EMSA as described in Materials and methods.
Lane 1 represented nuclear extracts incubated
with unlabeled oligonucleotide (free probe) to
confirm the specificity of binding. Results from
three repeated and separated experiments were

similar.
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Fig. 8. Model showing pathways that mediate
gNO-induced both the migration and invasion in A549
cells. gNO was shown to be capable of inducing A549
cells migration and invasion through the two
mechanisms, one was the cell evens indirectly
stimulated by the induction of iNOS (major pathway),
followed by MMP-2/TIMP-2 imbalance involved the
NF-xB or/and AP-1 (c-Jun) binding site and the
induction of these transcriptional factors; and the other
was directly the activation of NF-kB. See the text for
discussion.



