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Abstract. - OBJECTIVE: Non-small cell lung
cancer (NSCLC) is the most common type of
lung cancer, which is the leading cause of can-
cer-related morbidity and mortality worldwide.
The carbon monoxide-releasing molecules (CO-
RMs) are transition metal carbonyls with the ca-
pacity to release carbon monoxide (CO). The
aims of our study were to assess the effects and
underlying mechanisms of CO-releasing mole-
cules-2 (CORM-2) on proliferation, migration, in-
vasion and apoptosis in NSCLC cells, and to
evaluate its potential application for lung cancer.

MATERIALS AND METHODS: NSCLC cells
Calu-3 were treated with CORM-2, negative con-
trol and blank control. Cell proliferation, migra-
tion and invasion were assessed by cell Count-
ing Kit-8 (CCK-8), scratch assay and matrigel
invasion chamber experiment, respectively.
Apoptosis was measured by flow cytometry.
Real-time PCR and Western blot were applied to
examine the expression of apoptosis-related
molecules on mRNA and protein levels.

RESULTS: CORM-2 markedly attenuated pro-
liferation, migration and invasion of Calu-3 cells.
CORM-2 treatment also significantly reduced
the ratio of B cell lymphoma 2 (Bcl-2)/B cell
lymphoma 2 associated X protein (Bax) while
increased expression of caspase-3 and cyto-
chrome c. The optimal dose of CORM-2 for Ca-
lu-3 cells was 100 yM.

CONCLUSIONS: CORM-2 modulates biologi-
cal functions of NSCLC cells and may provide a
novel therapeutic strategy for lung cancer.
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Introduction

Despite a significant revolution in understand-
ing the molecular pathogenesis of lung cancer
in the past several decades, lung cancer remains
the leading cause of cancer-related morbidity and
mortality worldwide'?>. Non-small cell lung can-
cer (NSCLC) accounts for 85% of lung cancer
cases’. The inadequacy of standard chemothera-
py in advanced NSCLC has driven the develop-
ment of targeted therapeutic approaches such as
those directed against the epidermal growth fac-
tor receptor (EGFR), vascular endothelial growth
factor receptor, and anaplastic lymphoma kinase.
However, the frequency of these targets varies
greatly in different populations. For example,
the frequency of EGFR mutation accounts for
30-50% of lung adenocarcinoma patients in East
Asia and Latin American, whereas it only occurs
in 10-15% in Caucasian population*°. Therefore,
novel treatment options effective for all cases are
urgently needed.

Heme oxygenase (HO) catalyzes the rate-limit-
ing step in the heme degradation processes, which
generate three by-products, biliverdin, iron ions
and carbon monoxide (CO)°. HO-2 is a constitutive
isoform that is expressed under homeostatic condi-
tions, while the expression of the inducible isoform
HO-1 is strictly regulated in response to a wide va-
riety of endogenous and exogenous stimuli’. Thus,
small amounts of CO are continuously produced
in the body, and its intracellular levels can mark-
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edly increase under stressful conditions following
induction of HO-1. The discovery of nitric oxide,
a similar low-molecular-weight gas, as an import-
ant endogenous signaling molecule attracts grow-
ing attention to the physiological significance of
HO-derived CO. Decades of research have not only
elucidated CO as a cytoprotective regulator with
anti-oxidative, anti-inflammatory, anti-prolifera-
tive, and vasoactive properties, but also provided
possible manipulation of HO-1/CO system for ther-
apeutic benefit in organ injury and disease®.

CO-releasing molecules (CO-RMs) are a
group of compounds, which carry and liberate
controlled quantities of CO in cellular systems,
therefore conquer the well-known adverse effects
of CO intoxication®'’. CO-RMs either contain a
heavy metal such as manganese (CORM-1), ru-
thenium (CORM-2 and -3) or iron (CORM-F3)
or are based on boron (CORM-A1). New genera-
tion CO-RMs based on iron carbonyl structures,
light-activated or photo-activated CO-RMs have
been described”!'. Once in contact with myoglo-
bin or other heme-dependent proteins that trigger
the dissociation of CO from the metal, CORM-2
spontaneously releases CO. Information on ad-
verse effect of CORM-2 is sparse.

In this study, we have investigated whether ex-
ogenous CO modulates the biological behaviors
of lung cancer cells. Using NSCLC cell line Calu-
2, we demonstrated that treatment with 100 pM
CORM-2 has dramatically decreased the prolifer-
ation, migration and invasion of Calu-2 cells while
increased their apoptosis. Furthermore, we iden-
tified that downregulation of Bcl-2/Bax ratio and
upregulation of caspase-3 and cyto-c protein levels
might be the underlying mechanism of increased
apoptosis of Calu-2 cells treated with CORM-2.

Materials and Methods

Calu-3 Cell Culture and Treatment

The human NSCLC Calu-3 cells were grown in
MEM/NEAA supplemented with 10% fetal bovine
serum (FBS) and penicillin/streptomycin (Gibco,
Grand Island, NY, USA) in a 5% CO, humidified
incubator at 37°C. Exponential-phase cells were di-
vided into five groups. Cells without any treatment
are referred as blank control group (BC). Cells
treated with 0.025% dimethyl sulfoxide (DMSO)
are referred as negative control group (NC). Three
doses of CORM-2 dissolved in 0.025% DMSO,
50 uM, 100 uM and 200 uM respectively, were
applied in CORM-2 treatment groups for 24 h.

CCK-8 Assay

Cell Counting Kit-8 (CCK-8) was used to
detect cell proliferation. Briefly, 1x10%/ml expo-
nential-phase cells were digested with trypsin
(Invitrogen, Carlsbad, CA, USA) and seeded
in 96-well tissue culture plates at a density of
1x10* cells per well. All groups were performed
in quadruplicates. At 48, 72 and 96 h after in-
cubation respectively, 10 pl of CCK-8 solution
(Olympus, Tokyo, Japan) were added to each
well, and plates were incubated at 37°C for an-
other 1-4 h. The optical density (OD) was mea-
sured at 450 nm using a scanning multi-well
spectrophotometer.

Cell Migration

Cell migration was measured using modified
in vitro scratch assay as previously described'?.
Exponentially growing Calu-3 cells were tryp-
sinized and resuspended to the density of 5x10%/
ml. Cells were then seeded onto 6-well cell cul-
ture plates. Once cells reached 80% confluence,
scratch injury was applied using a disposable
10 pl pipette tip. After injury, cells were gently
washed with DPBS, and incubated with fresh
medium containing no drug (BC group), 0.025%
DMSO (NC group), 50 uM, 100 pM and 200 uM
CORM-2 (CORM-2 treatment groups). The in-
jured monolayer was examined and photographed
at 0 h and 24 h after scratching and migration dis-
tances were measured using Image-ProPlus 6.0
software.

Cell Invasion

Cell invasion experiments were performed
using Corning™ BioCoat™ Matrigel™ Inva-
sion Chamber (Corning, Corning, NY, USA).
200 pL Calu-3 cell suspension at the concen-
tration of 25x10%/ml was added into the upper
compartment of the chamber while 600 pl of
10% fetal bovine serum (FBS)-Dulbecco’s Mo-
dified Eagle Medium (DMEM) culture media
was added to the lower chamber. After 24 h in-
cubation at 37°C in a 5% CO, incubator, non-in-
vading cells were removed by a cotton swab.
The invading cells on the under surface of the
filter were fixed in 4% paraformaldehyde for 15
min and stained with 0.1% Crystal Violet for 15
min. Cells invasion values were determined by
counting stained cells using a light microscope
(x100). Each determination represents the av-
erage of five individual fields and error bars
represent standard deviation. Experiment was
repeated three times.
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Apoptosis Assay

Cell apoptosis was assessed using an Annex-
in V- fluorescein isothiocyanate (FITC) Apop-
tosis Detection Kit (Sigma-Aldrich, St. Louis,
MO, USA) as described previously®. Calu-3
cells in each group were washed and resuspend-
ed at a concentration of 1x10° cells/ml in 195 ul
of Annexin V-FITC binding solution and 5 pl of
annexin V-FITC conjugate were added. After 10
min incubation at room temperature in the dark,
cells were centrifuged and resuspended in 190 pl
of Annexin V-FITC binding solution followed by
10 pl of Propidium lodide (PI) solution. Mixture
was placed on ice in the dark and the fluorescence
of the cells was determined within 1h with a flow
cytometer.

RNA Extraction and RT-qPCR

Total RNA was extracted by TRIzol Reagent
(Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instruction. The quality of
extracted RNAs was examined by measuring the
absorbance at 260/280 nm on spectrophotometer.
Quantification of Bcl-2 and Bax mRNA was per-
formed using SYBR Green PCR kit (Qiagen, Va-
lencia, CA, USA) with 7500 Fast Real-time PCR
system (Applied Biosystems, Foster City, CA,
USA) and B-actin was used as a housekeeping
gene. The primers for Bel-2 are (F) 5- CCGCTC-
GAGGATCAGACCTTTGAATGATTC-3' and
(R) 5- ATAAGAATGCGGCCGCCTCTGT-
GAATCCCGTTTGAA-3". The primers for Bax
are (F) 5'- TCATCCAGGATCGAGCAGAGA-3'
and (R) 5-CCAATTCGCCGGAGACACT-3"
The primers for B-actin are (F) 5-CTAAGT-
CATAGTCCGCCTAGAAGCA-3' and (R) 5-TG-
GCACCCAGCACAATGAA-3". Experiment was
repeated three times.

Western Blot

40 mg of protein were subjected to electropho-
resis with a 10% sodium dodecyl sulphate-polya-
crylamide gel electrophoresis (SDS-PAGE) (Bio-
Rad, Hercules, CA, USA) and then transferred to
a polyvinylidene difluoride (PVDF) membrane.
The membranes were incubated with antibodies
against Bcl-2, Bax, caspase-3, cyto-c and B-actin
(Cell Signaling, Danvers, MA, USA) at a 1/1000
dilution overnight at 4°C after the addition of
blocking buffer. Secondary antibody to IgG con-
jugated to horseradish peroxidase (HRP) (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) at
a 1:5000 dilution was used. The blots were then
incubated with the electrochemiluminescence

(ECL) Western blot detection system according to
the manufacturer’s instructions. Data presented
are representative of three separate experiments.

Statistical Analysis

Data were expressed as the mean value+ stan-
dard deviation (mean+SD). One-way ANOVA fol-
lowed by the least square difference (LSD) were
performed for comparisons by using statistical
software SPSS18.0 (SPSS Inc. Chicago, IL, USA).
Differences were considered statistically signifi-
cant at p<0.05.

Results

CORM-2 Inhibits Proliferation
of NSCLC Cells

Previous studies revealed that overexpression
of HO-1 resulted in attenuated proliferation of
NSCLC cells*!*, Hence, to explore HO-1/CO as
a potential therapeutic modality, we determined
whether CORM-2 was able to decrease prolifera-
tion of Calu-3 cells. In this study, 50 uM, 100 uM
and 200 uM of CORM-2 were applied to Calu-
3 cells. Cell proliferation was measured at 24 h,
48 h, 72 h and 96 h after treatment using CCK-8
in all three CORM-2 treatment groups in addi-
tion to BC and NC groups. As shown in Figure 1,
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Figure 1. Attenuated cellular proliferation of Calu-3 cells
treated with CORM-2. The number of proliferating cells
was measured by using Cell Counting Kit-8 for 96 H. Cell
proliferation (%) was calculated as OD,, . As shown in
the growth curves, CORM-2 treated cells grew significantly
slower than control cells. n=4, *p<0.05 compared with BC

group, p<0.05 compared with NC group.
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no difference of proliferation rates was observed
at 24 h among the five groups (p > 0.05). Calu-
3 cells treated with 50 uM of CORM-2 showed
significantly lower proliferation rates at 72 h and
96 h compared with that in the BC and NC groups
(*p < 0.05 compared with BC group, “p < 0.05
compared with NC group). As the dose increased,
the inhibitory effect of CORM-2 became more
potent. As early as 48 h after treatment with 100
uM and 200 pM of CORM-2, cell proliferation
was already significantly reduced (*p < 0.05 com-
pared with BC group, “p < 0.05 compared with
NC group). No difference was observed between
100 uM and 200 uM groups, indicating the 100
uM is the optimum dose of CORM.

CORM-2 Attenuates Migration
and Invasion of Calu-3 NSCLC Cells

To determine the effect of CO on lung cancer
cell motility, we studied the migration of Calu-3
NSCLC cells using a wound-healing assay. Calu-3
cells treated with CORM-2 were not able to close
the wound within 24 h (Figure 2A lower panels).
In contrast, in both BC and NC control cells, 100%
of the wound were closed within 24 h (Figure 2A
lower panels). The migration of Calu-3 cells treated
with 50 uM of CORM-2 was significantly lower
than that of cells in BC or NC group (Figure 2B,
*p <0.05 compared with BC group, *p < 0.05 com-
pared with NC group). Higher doses of CORM-2
further decreased the migration but no difference
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Figure 2. CORM-2 suppresses migration and invasion of Calu-3 NSCLC cells. A, The effect of CORM-2 on cell migration
of Calu-3 NSCLC cells was tested by using scratch assay. B, Quantification of relative migrating distances of cells with indi-
cated treatment. n=3, *p<0.05 compared with BC group, *p<0.05 compared with NC group. C, The effect of CORM-2 on cell
invasion of Calu-3 NSCLC cells was tested by using transwell chamber system with Matrigel. n=3, *»<0.05 compared with

BC group, “p<0.05 compared with NC group.
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was observed between 100 uM group and 200 uM
group (Figure 2B, *p < 0.05 compared with BC
group, “p < 0.05 compared with NC group).

To examine the effect of CORM-2 on the in-
vasive potential of NSCLC cells, we loaded the
Calu-3 cells on Matrigel in the upper chamber of
Transwell chambers. After incubation for 24 h,
the cells that had invaded in the lower chamber
were counted. Negative control treated cells had
no change in invasion compared to blank control
group while the invasion capacity was significant-
ly suppressed by miR-21 inhibitor (Figure 2C, *p
< 0.05 compared with BC group, “p < 0.05 com-
pared with NC group).

Effect of CORM-2 on Apoptosis
of Calu-3 Cells

Effects of HO-1 or CO on the apoptosis of
cancers cells induced are controversial'®?, We
evaluated the apoptosis of Calu-3 cells in the
presence of 50 uM, 100 uM or 200 uM CORM-2
by Annexin V/PI assay. The combination of An-
nexin V-FITC and PI allowed us to differentiate
between early apoptotic cells (Annexin V-FITC
positive), late apoptotic cells (Annexin V-FITC
and PI positive) and viable cells (both negative)?.
As shown in Figure 3, CORM-2 significantly pro-
moted early apoptotic and late apoptotic cells in
a dose-dependent manner when CORM-2 was
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Figure 3. CORM-2 induces apoptosis in Calu-3 cells. Apoptotic cells in BC, NC and CORM-2 treated groups were measured
by flow cytometry using Annexin V and propidium iodide (PI) staining. Cells in the lower left quadrant (Annexin V-FITC—/
PI-) were viable cells. Those in the upper left quadrant (Annexin V-FITC+/PI-) were early apoptotic cells and those in the
upper right quadrants (Annexin V-FITC+/PI+) are late apoptotic or necrotic cells. A, Representative scatter plots from each
group. B, Quantification of apoptotic cells. Flow data obtained from three separate experiments were expressed as mean +
standard deviation (SD). n=3, *p<0.05 compared with BC group, “»<0.05 compared with NC group.



Carbon monoxide releasing molecule-2 suppresses proliferation

no more than 100 pM (Figure 3 A and B, *p<
0.05 compared with BC group, #p< 0.05 com-
pared with NC group). As the dose of CORM-2
increased to 200 puM, apoptosis of Calu-3 cells
did not increase proportionally, indicating the op-
timum dose might be around 100 pM.

Apoptosis Related Genes
Are Regulated by CORM-2

The ratio of death antagonists Bcl-2 to ago-
nists Bax determines whether a cell will respond
to an apoptotic signal. To further identify the
molecular basis underlying increased apoptosis
by CORM-2 treatment, we examined expression
levels of apoptosis related genes by qPCR and
found that Bcl-2 mRNA was downregulated in
the CORM-2 treated groups (Figure 4A, *p <
0.05 compared with BC group, “p < 0.05 com-
pared with NC group). In contrast, the pro-apop-
totic molecule Bax expression was upregulated
with the same treatment compared with negative
control and blank control groups (Figure 4B,
*p < 0.05 compared with BC group, “p < 0.05
compared with NC group). Similar to what we
found in apoptosis assay, 50 uM and 100 uM of
CORM-2 altered the Bcl-2 and Bax mRNA in a
dose dependent way. CORM-2 at 200 uM also
significantly changed the expression of Bcl-2 and
Bax mRNA compared with BC or NC groups but
no difference was observed when compared with
100 uM CORM-2 group (Figure 4).

CORM-2 Regulates Apoptosis
Related Proteins

One of the most prominent molecular mark-
ers of apoptosis is the massive activation of the

cysteine-aspartic acid protease (caspase) family.
Caspase-3 is crucial for programmed cell death
and its polymorphisms define an individual’s
genetic susceptibility to cancer development**
31 Cytochrome ¢ (cyto-c) is a small heme pro-
tein that functions as a central component of
the electron transport chain in mitochondria
and the release of mitochondrial cyto-c into
the cytoplasm is commonly used as an indica-
tor of the apoptotic process in the celll**. We
assessed whether the exogenous CO affected
the protein expression of Bcl-2, Bax, caspase-3
and cyto-c by Western blot in the human NS-
CLC Calu-3 cells which were treated with 50-
200 pM of CORM-2, negative control or blank
control. CORM-2 significantly decreased Bcl-2
protein level while increased Bax production
(Figure 5A), which was consistent with the
changes of Bcl-2 and Bax mRNA level (Fig-
ure 4). Accordingly, the ratio of Bcl-2/Bax was
significantly lower in CORM-2 treated groups
compared with blank controls or blank controls
(Figure 5B, *p< 0.05 compared with BC group,
#p< 0.05 compared with NC group). The same
treatment profoundly upregulated the caspase-3
and cyto-c levels (Figure 5A, C and D, *p< 0.05
compared with BC group, #p< 0.05 compared
with NC group). Similar to the effect of CORM-
2 on gene expression of apoptosis related mol-
ecules, 50 uM and 100 uM of CORM-2 altered
the protein levels of Bcl-2, Bax, caspase-3 and
cyto-c in a dose dependent way. As the dose
increased to 200 uM, the protein levels of these
apoptosis related molecules didn’t change pro-
portionally, indicating the optimum dose might
be around 100 uM (Figure 5).
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Figure 4. Apoptosis related genes are regulated by CORM-2. Expression level of apoptosis related genes was carried out by
gqPCR. A, Bcl-2 mRNA was downregulated in the CORM-2 treated groups. n=3, *p<0.05 compared with BC group, *p<0.05
compared with NC group. B, The pro-apoptotic molecule Bax expression was upregulated with the same treatment compared
to negative control and blank control groups. n=3, *p<0.05 compared with BC group, *p<0.05 compared with NC group.
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Figure 5. Effect of CORM-2 on the protein levels of apoptosis related molecules. A, Representative Western blot from
three independent experiments. B-D, Densitometry of Western blot to show the ratio of Bel-2/Bax (B), cyto-c/p-actin (C) and
caspase-3/B-actin (D). n=3, *p<0.05 compared with BC group, *p<0.05 compared with NC group.

Discussion

Carbon monoxide, a colorless and odorless
gas, was found to be produced endogenously in
man through the oxidative breakdown of heme by
microsomal heme oxygenases?®. In addition, to ac-
tivate soluble guanylate cyclase/cyclic guanosine
monophosphate system and act as an intracellu-
lar messenger molecule, a variety of pathologi-
cal conditions, including inflammation, cancer,
hematological diseases, cardiovascular diseases,
sepsis and neurodegenerative diseases, have been
linked to abnormal endogenous CO metabolism
and functions?*%.

Otterbein group applied low concentration
CO to cultured macrophages challenged with li-
popolysaccharide (LPS) and demonstrated that
LPS-dependent production of proinflammatory
cytokines (i.e., TNF-a, IL-1p, and MIP-1B) was
inhibited by CO whereas the anti-inflammatory
cytokine IL-10 was increased™”. The anti-prolif-
erative effect of CO was first reported by Morita
et al®! in cultured vascular smooth muscle cells.

1954

The authors found that increasing CO produc-
tion or exposing cells to exogenous CO lead to a
marked attenuation of growth response whereas
inhibiting CO formation or scavenging CO with
hemoglobin increased vascular smooth muscle
cell proliferation in response to mitogens. Sim-
ilar anti-proliferative effect of CO was also ob-
served in lymphocytes*. Our work showed that
exposing NSCLC Calu-3 cells to CORM-2, the
pharmacological application of CO, also lead
to a markedly attenuated cell proliferation. Al-
though we didn’t study the mechanism under-
lying the antiproliferative action of CO, others
suggested that CO inhibited cell proliferation by
changing the expression and/or activation of cell
cycle-related factors. In smooth muscle cells,
CO treatment induced P2IW/CPl expression,
which is a cell cycle inhibitor and controls cell
cycle-dependent kinases and cyclin complexes®.
ERK1/2 downregulation and decreased cyclin D
expression as a consequence of inhibited mito-
chondrial respiratory chain and NAD(P)H oxi-
dase might be another mechanism?*.
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In addition to the anti-proliferative activity,
CO has been shown to regulate tumor cells mi-
gration and invasion. A previous study found
that elevation of HO-1 gene expression inhibit-
ed 12-O-tetradecanoylphorbol-13-acetate (TPA)
induced matrix metalloproteinase-9 (MMP-9)
activation and subsequent migration and inva-
sion of MCF-7 breast cancer cells. Additionally,
the addition of CO, but not ferric ions, biliver-
din, or bilirubin, inhibited TPA-induced invasion
through suppressing MMP-9%. Works on pleural
mesothelial cells showed similar results. Carbon
monoxide or the induction of HO-1 inhibited
the expression of myofibroblast markers and mi-
gration in pleural mesothelial cells treated with
TGF-p1%. We performed scratch assay and matri-
gel invasion experiment to investigate the effects
of CO on NSCLC cells. Calu-3 cells treated with
CORM-2 had significant reduction in migration
and invasion compared with untreated cells. Tu-
mor migration and invasion are the initial steps
in metastasis. Our study suggested that CORM-2
may be candidates for chemoprevention.

Growing evidence supports an important role
of CO in the regulation of cell apoptosis. Howev-
er, studies regarding to the exact effect of CO in
apoptosis are still controversial. A previous report
on human prostate cancers found that exposure to
CO sensitized cancer cells but not normal cells
to chemotherapy, with growth arrest and apopto-
sis induced in vivo". Nemeth et al*” demonstrated
that CO treatment, especially low doses of CO,
induced apoptosis in lung tumors though modula-
tion of macrophages in the tumor microenviron-
ment. In current study, CO treatment in the form
of CORM-2 induced NSCLC cells apoptosis via
down-regulation of anti-apoptotic molecule Bcl-
2 and up-regulation of pro-apoptotic molecule
Bax and subsequent apoptosis-related molecules
caspase-3 and cyto-c. However, work on medul-
loblastoma DAOY cells showed that CO mediated
the anti-apoptotic effects of HO-1 via K+ channel
inhibition"®. Anti-apoptotic effect of CO was also
found in non-tumor neural cells*’**. The CORM
ALF-186 mediated anti-apoptotic signaling via an
activation of the p38 MAPK after ischemia and
reperfusion injury in retinal ganglion cells P7.
Low-dose CO inhalation protects neuronal cells
from apoptosis after optic nerve crush®®*. These
results indicate that the effect of CO on cell apop-
tosis is complex and likely depends on cell and/
or cancer types, the cell cycle status, the model
system, as well as the methods of pharmacologic
manipulation of CO.

In order to conquer the difficulties in handling
a gaseous agent and the negative effects of inhaled
CO on oxygen transport, carbon monoxide-releas-
ing molecules (CO-RMs) capable of delivering a
predictable and controllable amount of CO to or-
gans and tissues were first developed by Motterlini
et al®*. Megias et al*’ showed that concentrations of
CORM-2 up to 150 uM didn’t affect the viability of
colon cancer cells. Although we didn’t observe any
cellular toxicity in lung cancer cells treated with
CORM-2 up to 200 uM, the anti-cancer effects of
CORM-2 didn’t increase when the dose of CORM-
2 went up from 100 pM to 200 pM, indicating an
optimum dose of 100 uM in our system.

In the present study, we elucidate a role for car-
bon monoxide in modulation of non-small cell lung
cancer cells growth and survival. CORM-2 de-
rived CO not only blocks proliferation, migration
and invasion, but also promotes tumor cell death.
Further, we provide evidence that CO inhibits ex-
pression of anti-apoptotic molecule Bcl-2, while
induces expression of apoptosis related molecules
Bax, caspase-3 and cyto-c. Collectively, this causes
cell apoptosis. In NSCLC Calu-3 cells, CORM-2
achieves its maximum effect at the dose of 100 uM.

Conclusions

Overall, our study is the first to suggest that
CO-RMs may possess chemoprotective proper-
ties in NSCLC and, in this particular case, may
regulate cancer cell proliferation, migration, in-
vasion and apoptosis via modulation of apoptosis
related molecules. Our report opens another door
for these exciting molecules in the future manage-
ment of the leading health killer.
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