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ABSTRACT 

We investigated the effect of a nicotine- and tar-free cigarette smoke extract (CSE) using an experimental metastasis 
mouse model which was intravenously injected with B16-BL6 mouse melanoma cells. Three-hour pretreatment of cells 
with various concentrations of CSE (0%, 0.1%, 0.3%, and 1%) dose-dependently reduced the number of lung metastatic 
nodules 14 days after tumor injection. To elucidate the mechanism of this anti-metastatic effect of CSE, we examined 
the invasion and migration activities of B16-BL6 cells pretreated with CSE for three hours in vitro. CSE significantly 
reduced the invasion of cells at 1% and the migration at 0.3% and 1%. Under the same pretreatment conditions, CSE 
had no effect on the proliferation of cells. These findings suggest that CSE contains some ingredients that suppress he-
matogenic lung metastasis via inhibition of the invasion and migration activities of mouse melanoma cells. 
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1. Introduction 

Cigarette smoking has been accepted as the main cause 
of cancers of the head and neck, lung, and bladder and is 
a major contributing factor for cancers of the esophagus, 
pancreas, and kidney [1,2]. In previous in vivo studies, 
nicotine, its derivatives, and cigarette smoke condensate 
including almost all cigarette smoke components en- 
hanced experimental metastasis [3,4]. 

Although cigarette smoke contains harmful ingredients 
as mentioned above, cigarette smoke, tobacco leaves and 
flowers contain many useful compounds [5]. Saito et al. 
reported the identification of cembratriene-4,6-diol as an 
antitumor-promoting agent from cigarette smoke con- 
densate, a particle phase extract [6]. Also, tobacco cem- 
bratriene-4,6-diol was reported to inhibit tumor cell inva- 
sion [7]. However, there have been few studies deter- 
mining whether nicotine- and tar-free cigarette smoke 
extract (CSE), a gas phase extract, can enhance or sup- 
press the metastasis of tumor cells. 

In this study, we focused on active ingredients other 
than nicotine and tar in cigarette smoke, and investigated 
the effect of CSE on an experimental metastasis model 
where mice were intravenously injected with highly me- 

tastatic mouse melanoma cells. Furthermore, the invasion 
and migration activities of cells after a three-hour expo- 
sure to CSE in vitro were examined to elucidate the 
mechanism of the anti-metastatic action of CSE. 

2. Materials and Methods 

2.1. Materials 

Frontier Lights brand, cigarettes containing 1 mg of tar 
and 0.1 mg of nicotine per cigarette, were purchased 
from Japan Tobacco, Inc. (Tokyo, Japan). Cambridge 
filters were used to remove 99.9% of all particles and 
99.998% of nicotine from cigarette smoke, and were ob- 
tained from Heinr. Borgwaldt GmbH (Hamburg, Ger- 
many). Fetal bovine serum (FBS) was from BioWest Co. 
(Nuaillé, France). EDTA trypsin solution (EDTA: 2.2 
mM, trypsin: 0.25%) was from Mediatech, Inc. (Manas- 
sas, VA, USA). Penicillin/streptomycin solution (penicil- 
lin: 50,000 U/ml, streptomycin: 50 mg/ml) was from 
Cosmo Bio Co., Ltd. (Tokyo, Japan). Dulbecco’s modi- 
fied Eagle’s medium (DMEM) with L-glutamine was 
from Invitrogen Corp. (Carlsbad, CA, USA). Dulbecco’s 
phosphate-buffered saline without calcium and magne-  
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sium [DPBS (-)] was from Nissui Pharmaceutical Co., 
Ltd. (Tokyo, Japan). Growth factor-reduced Matrigel 
matrix and FALCON cell culture inserts were from Bec- 
ton Dickinson Labware (Bedford, MA, USA). 

2.2. Animals 

Specific pathogen-free male C57BL/6Cr mice (7 weeks 
old) purchased from Japan SLC, Inc. (Hamamatsu, Japan) 
were used as metastatic melanoma syngeneic animals. 
Mice were maintained in an air-conditioned room (23˚C 
± 2˚C and 60% ± 10% humidity) under an artificial 
12-hour light/dark cycle (7:00 a.m. - 7:00 p.m.). Food 
and water were given ad libitum during the experimental 
period. All procedures followed the Guiding Principles 
for the Care and Use of Laboratory Animals approved by 
The Japanese Pharmacological Society. 

2.3. Cell Cultures 

The highly metastatic B16-BL6 mouse melanoma cell 
line was kindly provided by Dr. Futoshi Okada of Tottori 
University (Yonago, Japan). B16-BL6 cells were cul- 
tured in DMEM containing 10% FBS and 0.1% penicil- 
lin/streptomycin solution. In all experiments, sub-con- 
fluent B16-BL6 cells passaged fewer than 50 times were 
pretreated with CSE (0%, 0.1%, 0.3%, and 1%) for 3 
hours at 37˚C, subsequently harvested with EDTA tryp-
sin solution, and were resuspended in DPBS (-) or 
DMEM. 

2.4. Preparation of CSE 

CSE was prepared by a modification of the technique 
described in a previous report [8]. Briefly, CSE was pre- 
pared by bubbling the mainstream of smoke (Gas phase) 
into DPBS (-) (1 mL per three cigarettes), from which the 
particle phase, including tar and nicotine, had been al- 
most completely removed by passage through a Cam- 
bridge filter using an aspiration pump (Nippon Rikagaku 
Kikai Co., Ltd., Tokyo, Japan). The pump flow rate was 
kept constant (1 L/min) and smoke was bubbled for 1 
min after lighting cigarettes. The CSE-DPBS (-) solution 
was immediately filtrated through a 0.22-µm filter. This 
solution was regarded as 100% CSE, stored at –80˚C, 
and diluted to various concentrations with DPBS (-) 
when necessary. The final concentrations of these solu-
tions are expressed as percent values.  

2.5. Assay of Experimental Metastasis of Tumor 
Cells 

B16-BL6 cells pretreated with CSE (0%, 0.1%, 0.3%, 
and 1%) were resuspended to appropriate densities in 
DPBS (-). Cells (1 × 105/200µL) were injected via a tail 

vein into syngeneic C57BL/6 mice anesthetized with 
diethyl ether. Mice were anesthetized with pentobarbital 
and sacrificed 14 days after tumor cell injection. The 
lung was excised and fixed in a formaldehyde neutral 
buffer solution. Nodules, visible as black forms in the 
lung, were enumerated with the aid of a magnifying glass. 

2.6. Matrigel Invasion Assay 

The invasion assay of B16-BL6 cells in vitro was carried 
out employing a modification of the technique described 
in a previous report [9]. Briefly, 6.4-mm-diameter Tran- 
swells were used with tracked-etched polyethylene 
terephthalate (PET) membrane filters (8-µm pore size) 
coated with 150 µg/mL matrigel in 100 µL DMEM for 4 
hours at 37˚C. B16-BL6 cells pretreated with CSE (0%, 
0.1%, 0.3%, and 1%) were resuspended to appropriate 
concentrations in DMEM. Five-hundred-microliter sam-
ples of 2 × 105 cells were placed in the upper chamber 
compartments. Lower chambers contained 750 µL of 
serum-free medium with 20 µg/mL fibronectin as a 
chemoattractant. After 24 hours of incubation in a tissue 
culture incubator, cells were fixed and stained with 0.1% 
crystal violet in 10% methanol, and non-invading cells 
on the upper side of the filter were completely removed 
by wiping with a cotton swab. Invading cells on the 
lower side of the filter were extracted with a lysis buffer 
containing 2% sodium acetate trihydrate, 1% acetic acid, 
and 50% methanol, and absorbance of the cell lysate was 
measured at 550 nm. 

2.7. Migration Assay 

The migration assay of B16-BL6 cells in vitro was per-
formed according to a previous report [10]. Briefly, mi-
grated cells from the upper to the lower chamber were 
counted microscopically after fixing with methanol and 
staining with 3% Giemsa in DPBS (-). 

2.8. Growth Curves for Tumor Cells in Vitro 

Sub-confluent B16-BL6 cells were pretreated with vari- 
ous concentrations of CSE (0%, 0.1%, 0.3%, and 1%) for 
three hours, harvested with EDTA trypsin solution, and 
resuspended to appropriate concentrations in DMEM 
containing 10% FBS with antibiotics. Using 1 × 105 
cells/2 mL in each well of a 12-well culture plate, cells 
were incubated for 24, 48, and 72 hours in a CO2 incu-
bator at 37˚C. Triplicate samples of viable cells were 
enumerated with a Coulter counter. 

2.9. Statistical Analyses 

Data are expressed as the mean ± S.E. Statistical analy- 
ses were performed with the Dunnett test using the 
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Graphpad Prism 4 software package (Graphpad Software, 
Inc., San Diego, CA, USA). A difference was considered 
significant when p < 0.05. 

3. Results 

Mice injected with tumor cells after pre-incubation with 
0%, 0.1%, 0.3%, and 1% CSE for 3 hours displayed visi-
ble lung nodules 14 days after tumor cell injection. Fig-
ure 1 shows a representative photograph of a typical lung 
with metastatic melanoma nodules. The mean number of 
lung nodules (n = 7, each group) after pre-incubation 
with 0%, 0.1%, 0.3%, and 1% CSE was 89.6 ± 13.6, 62.1 
± 18.9, 49.9 ± 11.8, and 41.0 ± 8.1, respectively. The 
number of nodules following pretreatment with 1% CSE 
showed a decrease of 54%, which was significantly 
lower than the control. 

To clarify the mechanism of the anti-metastatic effect 
of CSE, invasion and migration assays were conducted 
using B16-BL6 cells since these are essential abilities to 
establish tumor metastasis. The invasion of B16-BL6 
cells pretreated with CSE was dose-dependently sup- 
pressed, and the invasion at 1% CSE was decreased by 
32%, which was significantly lower than the control 
(Figure 2). The migration of B16-BL6 cells pretreated 
with 0.3% and 1% CSE showed a dose-dependent de-
crease of 32 and 49%, respectively, which were signifi-
cantly lower than the control (Figure 3). 

To address the question of whether the inhibitory ef- 
fects of CSE on the hematogenic metastatic potential, 
invasion, and migration of tumor cells were due to inhi- 
bition of the proliferation of tumor cells by CSE, we 
examined the effect of CSE on the growth curves of 
B16-BL6 cells. The growth curves of B16-BL6 cells pre- 
treated with CSE (0.1%, 0.3%, and 1%) for 3 hours were  

 
 

Normal PBS (-) 
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Figure 1. Appearance of the lungs of C57BL/6Cr mice 
injected intravenously with highly metastatic B16-BL6 me- 
lanoma cells (1 × 105), after pretreatment with 0%, 0.1%, 
0.3%, and 1% CSE for 3 hours at 37˚C. Fourteen days later, 
mice were anesthetized with pentobarbital and the lungs 
were excised. Each photograph shows a representative 
specimen from each group. 
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Figure 2. Inhibitory effect of CSE on B16-BL6 melanoma 
cell invasion. Sub-confluent cells were pretreated with CSE 
(0%, 0.1%, 0.3%, and 1%) for 3 hours at 37˚C. Cells (2 × 
105/500µL) obtained as a monodisperse suspension by 
trypsinization were seeded into the upper compartment of 
matrigel coated-Transwell chambers. Lower chambers con- 
tained serum-free medium with 20 µg/mL fibronectin as a 
chemoattractant. After incubation for 24 hours, invading 
cells on the lower surface were stained with crystal violet, 
and cell lysates were measured at 550 nm. Data are ex- 
pressed as the mean ± S.E.M. of 6 samples. *p < 0.05 vs. 
control. 
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Figure 3. Inhibitory effect of CSE on B16-BL6 melanoma 
cell migration. Sub-confluent cells were pretreated with 
CSE (0%, 0.1%, 0.3%, and 1%) for 3 hours at 37˚C. Cells 
(2 × 105/500µL) obtained as a monodisperse suspension by 
trypsinization were seeded into the upper compartment of 
Transwell chambers. Lower chambers contained serum- 
free medium with 20 µg/mL fibronectin as a chemoat- 
tractant. After incubation for 6 hours, migrating cells on 
the lower surface were counted microscopically. Data are 
expressed as the mean ± S.E.M. of 6 samples. **p < 0.01 vs. 
control. 

not different from the control (Figure 4). 

4. Discussion 

In the present study, we used an experimental metastasis 
model, which was produced by the injection of highly 
metastatic melanoma cells into syngeneic mice via the  
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Figure 4. Effect of CSE on growth curves for B16-BL6 me- 
lanoma cells. Sub-confluent cells were pretreated with CSE 
(0%, 0.1%, 0.3%, and 1%) for 3 hours at 37˚C. At time 0, 1 
× 105 cells in 2 mL of medium per well obtained as a mono- 
disperse suspension by trypsinization were seeded into a 12- 
well culture plate. At the times indicated, triplicate cultures 
were trypsinized and viable cells in samples were enumerat- 
ed using a Coulter counter. 
 
tail vein to form metastatic nodules in the lung [11]. This 
model does not mimic all of the steps required for me- 
tastasis from a primary tumor. However, the model re- 
quires only a short experimental time period, can repro- 
duce similar experimental results, and can measure the 
ability of malignant cells to extravasate and form tumors 
in the lungs. It is considered to be the most suitable first 
screening method for anti-metastatic drug candidates. 
The results of this study demonstrated that CSE con- 
tained such drug candidates. We are presently planning 
to conduct the next experiment to elucidate the effect of 
intraperitoneally administered CSE using the same or 
another metastasis model. 

The metastasis of melanoma is completed through a 
number of steps. Tumor cells must acquire the capacity 
to detach from the primary focus and invade the base- 
ment membrane to intravasate to the vascular or lym- 
phatic circulation. Circulating tumor cells must then ex- 
travasate to the stroma of targeted organs and proliferate 
to form the secondary focus. The inhibitory effect on 
tumor cell growth also contributes to anti-metastasis. It 
has been reported that cigarette smoke extract inhibited 
lung fibroblast proliferation [12]. However, pretreatment 
with CSE (0%, 0.1%, 0.3%, and 1%) did not alter the 
proliferation of melanoma cells. These findings indicate 
that some ingredients in CSE exert an anti-metastatic 
effect in vivo without inhibiting the proliferation of 
melanoma cells under our experimental conditions. 

Some studies suggest that epidermal growth factors 

(EGF), secreted by macrophages along blood vessel 
walls, induce the intravasation of primary tumor cells 
into the circulation, whereas chemokines, secreted from 
bone, lymph nodes, and the brain, actively promote the 
extravasation of circulating tumor cells [13,14]. Thus, 
both intravasation and extravasation are mediated by 
chemotaxis, which is essential for cells to detect an ex- 
tracellular gradient of chemical stimuli and migrate to the 
higher concentration site [13,15]. Actually, cancer cell 
metastases were found to be inhibited by blocking tumor 
cell invasion and migration [16]. In our experiments, 
pretreatment of tumor cells with CSE inhibited experi- 
mental metastasis of melanoma cells in vivo, and inva- 
sion and migration in vitro. Accordingly, it is considered 
that CSE-induced inhibition of metastasis would be due 
to inhibition of the invasion and migration of tumor cells. 
La Rocca et al. demonstrated that cigarette smoke expo- 
sure inhibited extracellular matrix metalloproteinase 
(MMP)-2 (gelatinase A) activity, an essential enzyme in 
tumor cell invasion, in human lung fibroblasts [17]. 
Overall, CSE may inhibit the invasiveness of tumor cells 
via the inhibition of not only migration, but also MMP 
activity. 

Cigarette smoke is reported to contain some anticancer 
agents [5,7], although it is an extremely complex mixture 
of over 4800 chemicals including many carcinogenic 
compounds and toxins [18]. Cigarette smoke can be 
separated into the particle phase and gas phase using a 
Cambridge filter. The gas phase contains many compo- 
nents such as free radicals, oxidants, and pro-oxidants as 
well as the particle phase [19-21]. Although reactive 
oxygen spicies (ROS) in the gas phase, such as peroxyni- 
trite and free radicals, are generally highly reactive, their 
life times are very short. Accordingly, ROS may not be 
active ingredients in the CSE to indicate anti-metastatic 
effect. On the other hand, the gas phase of cigarette 
smoke has been shown to inhibit the chemotaxis of po- 
lymorphonuclear leukocytes, an effect which was par- 
tially reversed by cysteine [22], and contains α,β-unsa- 
turated aldehydes and ketones (e.g., acrolein and croton- 
aldehyde) [23], which are thiol-alkylating reagents [24]. 
Interestingly, these results support our present results. In 
fact, CSE contained α,β-unsaturated aldehydes and ke- 
tones such as acrolein, crotonaldehyde, and methyl vinyl 
ketone according to our analyses (unpublished data). 
These observations support the hypothesis that the CSE- 
induced inhibition of tumor cell metastasis, invasion, and 
migration probably occurs due to the presence of the 
above-mentioned aldehydes and ketones instead of ROS 
in CSE as effective components. It is clear that cigarette 
smoke is harmful to our health, and the best advice is to 
stop smoking. However, our results show that it may 
contain a few beneficial ingredients, and that it is impor- 
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tant to remove nicotine and tar from cigarette smoke be- 
fore aspirating it using suitable filters. 

5. Conclusions 

We demonstrated that pretreatment with CSE led to an 
anti-metastatic action on an experimental lung metastasis 
mouse model with melanoma cells. Furthermore, the 
anti-metastatic effect of CSE is suggested to be due to 
inhibition of the invasion and migration of melanoma 
cells. To address the question of whether these actions of 
CSE on the tumor cells were due to the cytotoxicity on 
cells, we examined the effect of CSE on the growth 
curves for cells. The growth curves for cells pretreated 
with CSE did not change compared with the control. 

These results indicate that CSE contains some anti- 
metastatic ingredients. 
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