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Abstract. The adverse health effects of cigarette smoking
are well established including the increased risk of various
types of cancer. In this study, the direct effects of ethanol,
pure nicotine, cigarette smoke extract and Swedish type
smokeless tobacco (Snus) extract on normal cells were
investigated. Materials and Methods: Primary normal adult
human endothelial cells and fibroblasts at early passage
were used. Upon exposure to pure nicotine, cigarette smoke
extract, Snus extract and ethanol, these cells were assessed
for DNA synthesis, gene expression profile and cellular
morphology. Results: Normal human fibroblasts and
endothelial cells have unique gene expression profiles. The
effects of treatment with ethanol and nicotine from different
sources was more prominent in endothelial cells than
fibroblasts. The combination of alterated gene expressions
and strongly inhibited DNA synthesis was only detected in
cells exposed to smoke extract. In the presence and absence
of ethanol, pure nicotine and Snus extract induced
abnormalities in the cytoplasm without any significant degree
of cell death. With similar doses of nicotine and ethanol, the
additional components in smoke extract had a dominant
effect. The smoke extract induced vast cellular abnormalities
and massive cell death. Conclusion: Cigarette smoke induced
massive cell death and various abnormalities at cellular and

molecular levels in surviving endothelial cells and
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fibroblasts. The combination of genomic alterations and the
chronic inflammatory microenvironment induced from
massive cell death, will potentially promote tumourigenesis

and various diseases in cigarette smokers.

Despite ongoing efforts to increase public awareness, one
sixth of the world’s population continue to smoke and half
of all smokers will develop a serious tobacco smoking-
related disease (1). Individuals exposed to cigarette smoke
by passive, second-hand smoking can also be seriously
affected by such smoke inhalation (2). These effects include
increased risks of cancer, cardiovascular disease, chronic
obstruction pulmonary disease and metabolic disorders (3).

Cigarette smoke contains nicotine and other components
that are distributed between the particulate and gaseous
phases (4). Nicotine is thought to be the major psychoactive
and addictive component of tobacco. Despite this, nicotine
replacement therapy has been used as a smoking substitute
in smokers who cannot give-up the habit unaided (5).
Interestingly, using nicotine as a preventive or therapeutic
modality for
disorders has even been promoted (6, 7).

Ethanol consumption and smoking are independent habits but
both are associated with increased risk for cancer and
cardiovascular disease (8). Persistence of cigarette smoking and
drinking after treatment of cancer was strongly related to the
development of a secondary tumour (9). Furthermore, cessation
of smoking was also associated with a reduced risk of cancer (3).

Over time and in a dose-dependent manner, nicotine has
been shown to induce the production of inflammatory
cytokines and prostaglandins in normal fibroblasts (10,11).
Nicotine metabolites have also been suggested to be
carcinogens (12-14). Nevertheless, the precise role of
nicotine on tumourigenesis has not yet been fully clarified.
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Users of traditional smokeless products can be found in
several parts of the world. The health risk profile for
smokeless tobacco products has been described as being
distinctly different from that of smoked products (15, 16).
The possibility of preventing the harmful effects of smoking
through encouraging smokers who are unable or unwilling
to stop smoking to switch to less harmful smokeless products
has been discussed.

Recently, the low incidence of tobacco-associated
morbidity and mortality in Sweden was suggested to be
related to the low incidence of smoking and the habit of
using local non-smoking tobacco, known as Snus (17,18).
Interestingly, screening across the lifespan of 16,642
Swedish twins does not support there being any strong
association between Snus use and the incidence of
cardiovascular disease (19).

The aim of our current study was to assess the direct
effects of ethanol, pure nicotine, Snus and cigarette smoke
extract on adult normal fibroblasts from the oral cavity and
adult normal endothelial cells. DNA synthesis, gene
expression profiles and alterations in cellular morphology
were gathered for this investigation.

Materials and Methods

Normal human cells. Adult normal human endothelial cells, HSAVEC
were obtained from PromoCell GmbH (www.promocell.com). These
cells were grown in endothelial cell growth medium 2 (EGM-2) and 5%
foetal calf serum as described by the manufacturers (PromoCell GmbH,
Germany). Normal human fibroblasts, AG09319 (F19) were obtained
from the Coriell Institute for Medical Research (www.coriell.org). They
were derived from minced gum tissue of a 25-year-old Caucasian
female. These fibroblasts were grown in DMEM/Harm’s F-12 media
with L-glutamine and 10% foetal calf serum (Sigma, USA).

The expanded endothelial cells and fibroblasts were seeded at
0.5%105 cells/ml in a 24-well or in a 96-well cell culture plate. After
48-h culture, the cells at passage 6 were used for our investigation.
At least two independent experiments were performed.

Ethanol, pure nicotine, Swedish non-smoking tobacco (Snus) extract
and cigarette smoke extract. Ethanol (99.9%; Kemetyl AB, Sweden)
and pure nicotine (99%; Sigma Chemical Co., USA) were used.
Snus extracts were made by shaking 7.5 g portions of Swedish Snus
(Ettan; Swedish Match AB, Sweden) with respective media in an
orbital shaker at 125 rpm for 16 hours. The slurries were vacuum
filtered through glass filters (G3) and the filtered extracts were
stored at —80°C.

The cigarette smoke extract was prepared from filter cigarettes of an
American blend type (0.8 mg nicotine, 10 mg tar, and 10 mg CO).
Briefly, cigarettes were smoked under standard conditions using a
Borgwaldt RM 20/CS-smoking machine. Particulate phase from the
cigarettes was collected on a 9-cm Cambridge filter. The filter was
weighed before and after smoking to ensure that the amount of
collected particulate phase was reproducible between smoking
sessions. The smoke components in the Cambridge filter were
extracted with ethanol for 20 minutes in an ultrasonic bath. These
extracts were concentrated using a rotary evaporator without warming.
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The amount of nicotine in Snus and cigarette smoke extracts
was measured by LC-MS-MS. These extracts were aliquot,
protected from light and stored at —80°C. The ethanol, nicotine
and extracts containing nicotine from the different sources were
freshly prepared at the indicated concentration before use in the
test system.

DNA synthesis assay. The exponential fibroblast or endothelial cells
were cultured in the presence of 0.2% ethanol, and at different
concentrations of pure nicotine or the extract containing nicotine
with or without 0.2% ethanol. After 24 hours of culture including a
12-h terminal pulse with 1 pCi/well of 3H-thymidine, the cells in
triplicate microwells were harvested and radioactivity was measured
in a beta counter.

The relative percentage of cellular proliferation was calculated
from the mean isotope count per minute (CPM) values in the
treated cultures compared to their control cultures without any
treatment.

Gene expression profile by c-DNA array. The gene expression
profile of normal human endothelial cells and fibroblasts was
analysed after 1 h culture in the presence of 0.2% ethanol, 100
uM pure nicotine, 100 uM pure nicotine with 0.2% ethanol
alcohol, Snus extract containing 100 uM nicotine , Snus extract
containing 100 pM nicotine with 0.2% ethanol and cigarette
smoke extract containing 100 pM nicotine and 0.2% ethanol.
Briefly, 5 ug RNA from 1 h-treated cultures and non-treated
controls were used as template for biotin-labelled cDNA probe
synthesis as previously described (20).

The relative expression of 100 well-defined genes was analysed
using the GEArray Q series (SuperArray Inc. USA). This array
contained 300-600 bp cDNA fragments printed with 1-mm tetra
spot format/gene on nylon membrane. Plasmid DNA, pUCI18 and
blank spots were also included as negative controls to confirm the
hybridisation specificity of the test. The UniGene/GenBank
accession number and array position of the genes can be accessed
at www.superarray.com. In order to minimise experimental
variation, the entire array filters and reagents were purchased from
the same batch.

The c¢cDNA probes were hybridised to cDNA fragments on
GEArray membranes. The chemiluminescence signal intensity of
each gene was obtained by exposing the hybridised filter to X-ray
film. To obtain comparable values, the signal intensity of each gene
was normalized to that of four housekeeping genes, f-actin,
ribosomal protein L13A (RPL13A), Cyclophilin A and GAPDH on
the same membrane.

All normalized expression values of the treated and non-
treated cells were compared. A particular gene was considered
as up- or down-regulated if the expression ratio of the gene in
the treated cells was two-fold the arbitrary threshold above or
below the expression level of the corresponding reference, non-
treated cells.

Cellular morphology. After 24-h culture of fibroblasts or endothelial
cells under the different treatments, the cell morphology was
observed with an Olympus phase-contrast microscope. Several
photographs were taken in random areas with a camera mounted on
the microscope. The suggestive characteristic of cell death was
blebbing of the cell membrane, rounding of cells with nuclear
brightness or nuclear shrinkage.
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Figure 1. DNA synthesis (As shown by 3H-thymidine incorporation) of human normal endothelial cells (A) and fibroblasts (B) in 24-h treated
cultures, compared with their corresponding control, non-treated cultures. Each bar represents the CPM (mean+SD) of three independent
experiments. The cells were treated with 0.2% ethanol (ET), pure nicotine (NI), pure nicotine +0.2% ethanol (NE), Snus extract containing nicotine
(S), Snus extract containing nicotine +0.2% ethanol (SE) or smoke extract containing nicotine +0.2% ethanol (SmE), compared with their control

culture (Control). Concentrations shown are those of nicotine.

Results

Cellular proliferation. The mean and standard variations in
CPM of the 24-h treated cultures compared with the controls
are shown in Figure 1. Using DNA synthesis as an indication
of cellular proliferation, similar patterns in treated normal
endothelial cells (Figure 1 A) and fibroblasts (Figure 1 B)
were observed.

Culturing with 0.2% ethanol had no influence on DNA
synthesis. However, increased DNA synthesis was observed
in the presence of pure nicotine and Snus extract containing
nicotine. The 0.2% ethanol had a marginal influence on pure
nicotine- or Snus extract-induced DNA synthesis. In spite of
similar nicotine and ethanol concentration, cigarette smoke
extract strongly inhibited DNA synthesis by more than 50%
and this occurred in a dose-dependent manner.
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Gene expression profile. Unique gene expression profiles were
seen in normal endothelial cells and fibroblasts prior to the
treatments (Figure 2). Among 96 well-defined genes, a higher
number of these genes were up-regulated in normal human
endothelial cells compared to the normal fibroblasts. Normal
endothelial cells and fibroblasts expressed similar levels of the
angiogenesis-related gene, Thrombosporin 1. Interestingly,
neither of these cell types expressed any detectable level of
PDGF, GAP or Rb.

The gene expression profile after 1-h treatment was compared
with that of the corresponding, non-treated controls (Figure 3). In
the endothelial cells (Figure 3, HSAVEC) treated with ethanol,
pure nicotine , Snus extract, pure nicotine and ethanol, Snus
extract and ethanol, and cigarette smoke and ethanol, changes in
gene expression were detected in 57 (60%), 80 (84%), 77(81%),
81 (85%), 80 (84%) and 48 (51%) genes, respectively. Under
similar conditions, treated fibroblasts (Figure 3, F19) displayed
an altered expression of 45 (47%), 69 (73%), 74 (78%), 46
(48%), 74 (78%) and 79 (73%) genes, respectively.

Cellular morphology and cell death. Cellular morphology of
the endothelial cells (Figure 4A) or fibroblasts (Figure 4B)
did not show any influence by 0.2% ethanol up to 24-h in
vitro. Remarkable changes were observed in the form of
prominent cytoplasmic vacuoles in the presence of 100 uM
pure nicotine and Snus extract containing 100 pM nicotine
with and without 0.2% ethanol. No obvious cell death was
detected either in human normal endothelial cell or fibroblast
cultures with 0.2% ethanol, 100 pM pure nicotine, Snus
extract containing 100 pM nicotine or in any of these
combined treatment cultures.

Cigarette smoke extract containing 100 uM nicotine and 0.2%
ethanol, significantly induced vast phenotypic abnormalities in
the endothelial cells (Figure 4 A) and fibroblasts (Figure 4 B).
These treated cells lost their normal cellular integrity and cell-
to-cell contact. Within this culture condition, 68+18% and
52+12% death cells were found in endothelial cells and
fibroblasts, respectively.

Discussion

To date, the direct effects of cigarette smoking and nicotine have
mostly been investigated with established human cell lines (21,
22). Nevertheless, using cell lines as the experimental model
may not be entirely appropriate for normal cell responses due to
various changes in these immortalized cell lines. Thus, early
passage of normal adult fibroblasts and normal adult endothelial
cells were used in our investigation.

Normal endothelial cells and fibroblasts differ in their gene
expression profile. These differences may be due to the origin of
cells, cell cycle stage, and differentiation. Ethanol, pure nicotine
and extracts from Snus and cigarette smoke significantly
influenced the gene expression patterns in these cells.
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The effects of the treatments, as indicated by changes in
cellular morphology, cell death or inhibition of cell growth, may
not directly correlate to the number of altered genes. The fate of
treated cells may be based on the balance among functional
genes, not only one particular gene. Our assumption is supported
by the investigation of cell death and the balance of oncogene
and anti-oncogene expression (23, 24).

By smoking 25 cigarettes per day, a smoker would
accumulate approximately 100 uM of nicotine in the saliva (25).
At this nicotine concentration, pure nicotine and Snus extract
altered gene expression patterns, cellular morphology and cell
growth of normal human fibroblasts and endothelial cells. Thus,
maintained cessation of smoking by nicotine replacement
therapy might induce abnormalities in normal cells (26, 27). The
possibility of nicotine-induced abnormalities and harm to normal
cells therefore needs further investigation.

The additional components in cigarette smoke extract appear
to have a dominant effect over those of nicotine and ethanol. The
smoke extract components strongly induced massive cell death in
normal human cells, as indicated in our investigation. It is well
established that the dead cells release various toxic substances
and thereby create inflammatory conditions. The higher levels
of inflammatory proteins in the urine of healthy smokers
compared to non-smokers reflects this phenomenon (28).

Surviving cells that have acquired abnormalities in their gene
expression patterns and cellular morphology due to cigarette
smoke could then potentially continue to accumulate genetic
abnormalities (29, 30). Thus, our investigation suggests that
smoking potentially induces changes that lead to various
diseases, including cancer due to the toxic effects of certain
components in smoke, not to nicotine per se. With the
combination of vast phenotypic abnormalities and a chronic
inflammatory microenvironment due to massive cell death, these
abnormal cells have great potential to become the progenitors of
malignant cells.

In summary, pure nicotine and Snus extract alone, or in
combination with ethanol, altered gene expression profiles,
cellular morphology and cell growth of normal adult human
endothelial cells and fibroblasts. Moreover, cigarette smoke
extract appears to strongly induce cell death and
abnormalities in surviving cells. Cigarette smoke clearly
contains other components, besides nicotine, capable of
causing chronic inflammation that results from massive cell
death. In addition, abnormal cells within a chronic
inflammatory microenvironment may develop genomic
instability, potentially promoting tumourigenesis.
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Figure 2. The gene expression profile of the endothelial cells (HSAVEC) and fibroblasts (F19). The means of two independent experiments after
normalization with four housekeeping genes, -actin, GAPDH, cyclophilin A, RPLI3A are shown.
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Figure 3. Gene expression in human normal endothelial cells (HSAVEC) and fibroblasts (F16) at 1-h treatment relative to that of their corresponding
control cells. The treatment were 0.2% ethanol (ET), 100 uM pure nicotine (NI), 100 uM pure nicotine +0.2% ethanol (NE), Snus extract containing
100 uM nicotine (S), Snus extract containing 100 uM nicotine +0.2% ethanol (SE) or smoke extract containing 100 uM nicotine +0.2% ethanol
(SmE), respectively. The mean ratios of two independent experiments are shown.
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Figure 4. The morphology of human normal endothelial cells (A) and fibroblasts (B) after 24-h culture in the control media (Control) or in the
presence of 0.2% ethanol (ET), 100 uM pure nicotine (NI), 100 uM pure nicotine +0.2% ethanol (NE), Snus extract containing 100 uM nicotine (S),
Snus extract containing 100 uM nicotine +0.2% ethanol (SE) or smoke extract containing 100 uM nicotine +0.2% ethanol (SmE), respectively. One
representative experiment and 100-um scale bar is shown.
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