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Abstract—Industrial workers have exposure to several composite
mixtures, heavy organo-metallic complexes and they also consume
tobacco (by smoking and chewing). The habit of smoking or chewing
tobacco is linked to an unprecedented rise in lung cancer cases in
labour class. The carcinogenic effects of tobacco were initially
thought to be restricted to the lungs and the adjoining areas, but
recent studies indicate that tobacco also aggravates cancer of the
liver, stomach and cervix. In the present study, we explored the
molecular mechanism of the role of chewing tobacco in the
development of drug resistance and cancer induction. Tobacco leaves
are consumed in Indian society, and the samples of these leaves were
procured from 20 different cities of India. Interestingly, culturing
breast cancer cells in tobacco leave extract (100ug/ml) for several
generations follow a trend towards acquiring resistance for
anticancer drug mitomycin C., In addition, these cells are showing a
higher level of matrix metalloprotease gelatinase activity. Secretion
of MMPs is the hallmark of metastatic and invasion phenotype of
cancer cells. Protein kinase C is the master regulator of several
signalling pathways contributing into metastasis and invasion of
cancer cells. Tobacco contains ~120 biologically active
phytochemicals, and virtual screening was performed with the C1b
domain of PKC-a as the drug target. Several phytochemicals fit well
into PKC with high affinity. Phytosterols are found in the prominent
candidate molecules, and these molecules might have a crucial role
in potentiating the metastatic activity of cancer cells. Hence, a virtual
screening experiment complemented with in-vitro studies have
assigned an additional role to the phytochemicals present in the
tobacco, and these finding may help clinicians to redesign their anti-
cancer therapy.
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1. INTRODUCTION

Tobacco which is the main ingredient associated with smoking
is directly linked to lung cancer [1]. The habit of smoking or
chewing toboacco in India is linked to an unprecedented rise
in lung cancer cases [2, 3]. The carcinogenic effects of tobacco
were initially thought to be restricted to the lungs and the
adjoining areas, but recent studies indicate that tobacco also

aggravates cancer of the liver, stomach and cervix [4]. Many
of the phytochemicals present in tobacco are known to be
regulators of specific signalling molecules (transcription
factors, kinases, phosphatases, etc.) depending on the nature of
signalling pathways that they target [1-3]. One such important
signalling molecule is Protein Kinase C (PKC). PKC is a
serine-threonine kinase that is present in the cell as a family of
10 isozymes divided into three classes [4, 5]. PKC is a crucial
enzyme that is known to control key signalling pathways in
cancer cell biology which include cellular proliferation,
carcinogenesis and apoptosis [6-10]. Tobacco leaves were
procured from 20 different cities of India. Interestingly,
culturing breast cancer cells in tobacco leave extract
(100pg/ml) for several generations follow a trend towards
acquiring resistance for anticancer drug mitomycin C., In
addition, these cells are showing a higher level of matrix
metalloprotease gelatinase activity. Secretion of MMPs is the
hallmark of metastatic and invasion phenotype of cancer cells.
Tobacco contains ~120 biologically active phytochemicals,
and virtual screening was performed with the Clb domain of
PKC-a as the drug target. Several phytochemicals fit well into
PKC with high affinity. Phytosterols are found in the
prominent candidate molecules, and these molecules might
have a crucial role in potentiating the metastatic activity of
cancer cells. Hence, a virtual screening experiment
complemented with in-vitro studies have assigned an
additional role to the phytochemicals present in the tobacco,
and these finding may help clinicians to redesign their anti-
cancer therapy.

2. MATERIAL AND METHODS:

Cell lines: MDAMB-231 and MCF-7 cells were procured
from national cell culture facility, Central Drug Research
Institute, Lucknow.
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Chemicals and reagents: 3-(4,5-dimethylthiazol- 2-yl)-2,5-
diphenyltetrazolium bromide (MTT), DMEM: F12 media was
purchased from Hyclone (Logan, USA). Other reagents and
chemicals were of analytical grade purity.

Collection of Tobacco leaves: Tobacco leaves were purchased
from local market of 20 different cities within India. These
leaves are been consumed by indian either by smoking or by
chewing along with Betal nut. The leaves samples were
verified as tobacco by a taxonomist.

Treatment of cells with Phytochemicals for experiments: In
all of the experiments, cells were seeded for overnight in
DMEM: F12 complete media. Next morning, cells were
treated with different concentrations of the phytochemicals
prepared in serum-free media and incubated for various time-
periods in CO, incubator.

Virtual screening of Tobacco phytochemicals: Virtual
Screening to identify the potent phytochemicals from tobacco
is performed as described previously (Ref).

Interaction analysis of ligand-PKC complexes: The
phytochemical-PKC molecular models were visualised using
PyMOL v0.99 [11]. The interaction analysis between the
ligand and the amino acid residues of the C1b domain were
visualised using Ligplus” software [12].

Viability assay and morphological analysis: Breast cancer
cells were treated with tobacco leaf extract and viability were
measured by MTT assay. Post treatment, cells were visualised
for morphological characteristics by observing under a Nikon
Eclipse TS-100F inverted microscope.

3. RESULTS AND DISCUSSION:

Tobacco extract reduces the anticancer potential of
mitomycin-C: Breast cancer cells MDAMB-231 were treated
with different concentration of tobacco leave (0-500pg/ml)
MTT assay measured extract and cellular viability.
Interestingly as we were growing cancer cells for several
generations, these cells were acquiring resistance towards the
anticancer activity of Mitomycin-C (Fig. 1). After seven
generations, the anticancer activity of Mitomycin-C was
diminished by 70%, but these cells got contaminated so we
could not be able to continue experiments to verify the
observation. Imaging of cells after seven generations indicate
that cells are projecting pseudopodia. In-directly these
observations are exhibiting mobile phenotype. The trend
indicates that cancer cells are using phytochemicals present in
tobacco leaves to overcome apoptogenic activity of
Mitomycin-C[13].
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Fig. 1: Tobacco extract reduces the anticancer potential of
mitomycin-C.

Cancer Cells pre-conditioned with tobacco extract secretes
gelatinase activity: Breast cancer cells MDAMB-231 were
treated with different concentration of tobacco leave extract
(0-500pg/ml) and gelatinase activity was determined. As
expected, cells grow in the presence of tobacco leave extract
secreted gelatinase in the culture supernatant (Fig. 2).
Secretion of gelatinase activity is associated with

Phytochemicals from tobacco fit well into PKC Clb
domain: Tobacco contains several phytochemicals with potent
biological effects. To explore the role of PKC into the effect of
tobacco on cancer cells, phytochemicals from tobacco were
docked into the C1b domain of PKC using Autodock 4.1 as
described in ""Material and Methods'". Phytochemicals were
fitting well into the C1b domain with high affinity as exhibited
by binding energy (Table 1). The phytochemicals which are
showing high affinity are Phytosterols, Xanthin and nicotine
derivatives (Table 1). These molecules are fitting well and
exhibiting molecular interactions with the residues present
within the C1b domain of PKC. The analysis of molecular
models of PKC-phytochemical clearly indicates that the
phytochemical are binding into the C1b domain in the similar
conformation as the phorbol ester such as PMA (Fig. 3A).
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Fig. 2: Tobacco extract pre-conditioning allow cancer cells to
secrete gelatinase in the culture supernatant.
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Phorbol ester binds into the Clb domain into the extended
conformation, and it involves polar and non-polar interactions
with the residues of the PKC. PMA is a well-known tumour
inducer in different mouse models [10]. Molecular interaction
analysis of Xanthin further validates the idea that
phytochemicals present in tobacco mimic binding mode and
molecular interactions (Fig. 3B). Hence, our preliminary study
using molecular modelling and biochemical tools provide
insight into the carcinogenic potentials of tobacco present in
cigarette smoke or chewing Pan Masala.

Table 1: Tobacco Phytochemicals fitinto PKC C1 Domain.
Binding Energy

Tobacco Phytochemicals

(Kcal/mol)
+1-Sitosterol =151
FErgosterol -7.25
(11E,13R)-LABDA-11,14 DIENE-8,13-DIOL -0.79
FLAVOXANTHIN -0.56
Scopoletin -0.51
u-Cyperone -6.49
(11F,138)-LABDA-11,14-DIENE-8,13-DIOL -6.42
DRIMAN-8-OL -0.41
15-NOR-8ALPHA-HYDROXY-12E-LABDEN-14-OL -6.28
4-(2" 2" 6 TRIMETHYL-6'-VINYL-CY CLOHEXYL)-2-

BUTANONE -0.21
DRIMAN-8,11-DIOL -0.2
(E)-5-ISOPROPYL-8-HYDROXYNON--EN-2-ONE -0.11
EXO-1-(1-METHYL-4-ISOPROPYL- 78-DIOXABICY CLO-{3.2 13-
0OCT-6-YL)-ETHANOL -6.03
(E)-5-ISOPROPYL-8-HYDROXY 8- METHYLNON-6 EN2-ONE ~ -5.96
Neoxanthin -5.95
CTCHORIIN -5.89
CAPSIDIOL -5.88
ANATABINE -5.85
33 5-TRIMETHYL-8-ISOPROPYL-4.9-DIOXABICYCLO-(3,3 1)
NONAN-2-0OL -5.83
Oxynicotine -5.81

Fig. 3: Molecular Modeling of Tobacco phytochemicals into
the PKC C1b domain. (A) Binding mode of phytochemicals
and (B) Molecular interactions of Xanthin with residues
present within PKC C1b domain.
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