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Abstract

Lung cancer is the most frequently occurring lethal cancers in men and
women population. The aim of the present study is to observe the over-
expression pattern of phosphorylated MARCKS in the nicotine-derived
nitrosamine ketone (NNK)-induced lung cancer mice. Pathogen-free female
A/] mice were used for the present experiment to induce lung cancer by the
carcinogen namely, NNK. At different time intervals namely, 5t, 6th and 7th
month after NNK injection, lung tissue samples were collected. Immuno-
histochemistry in accordance with the immunoblotting techniques were used
to confirm the overexpression of phosphorylated MARCKS in the NNK
induced lung cancer mice model. The present study concludes that the
phosphorylated MARCKS was over-expressed in the NNK induced lung
cancer mice during the early stages of lung cancer and it may be used as a tool
to detect the lung cancer in the initial stages.

Introduction

Lung cancer is the most frequently occurring cancer
other than breast and colorectal cancers (Dedhia and
Parker, 2011). Worldwide, lung cancer is the most
common and lethal cancers of men and women in
North America, Europe, and East Asia. Over one
million people were reported each year for lung cancer,
which illustrates the severity of the disease. Right now,
only 15% of lung cancers are detected in the early stages
and localized, at the same time, most of them are well
advanced during initial diagnosis itself (Dedhia and
Parker, 2011).

MARCKS is a PIP2-associated acidic protein that is
unusually rich in alanine, glycine, proline and glutamic
acid. It is a rod-shaped protein containing three distinct
domains namely; a) An N-terminal myristoylated
domain that mediates binding to membranes; b) A
highly conserved MH2 domain of unknown function,
and; c¢) A basic effector domain containing the PKC

phosphorylation sites, which in terms has the calmodu-
lin and actin-binding sites (Erusalimsky et al., 1991;
Harlan et al., 1991; Seykora et al., 1991; Stumpo et al.,
1989). It was reported that the phosphorylation of
MARCKS by protein kinase C results in the detachment
of MARCKS from the membrane and suppress PIP2 by
sequester manner (Gambhir et al., 2004; McLaughlin
and Murray, 2005). At the same time it was also identi-
fied that in lungs, MARCKS especially phosphorylated
MARCKS, plays a crucial role in controlling mucin
secretion and inflammation (Eckert et al., 2010; Green et
al,, 2011; Li et al., 2001; Park et al., 2007; Singer et al.,
2004). In addition, it was reported that phosphorylated
MARCKS specifically regulate the cancer migration and
metastasis (Chen et al., 2014; Chen and Rotenberg, 2010;
Ghoul et al., 2006; Reddy et al., 2010; Techasen et al.,
2010). In contrast, very little is known about the impor-
tance of phospho-MARCKS and its relevance in lung
cancer. Based upon the importance of phosphorylated
MARCKS in lung cancer and the literature survey a
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hypothesis was raised, that the phosphorylated
MARCKS was overexpressed in the lung cancer tissues.
In order to answer the hypothesis, following experi-
ments were designed. In the current experiment, 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone  (NNK)
was used to induce lung cancer in A/J mice. NNK is a
class 1 IARC carcinogen (Cogliano et al., 2004), origina-
ted from the nicotine during curing of tobacco. NNK is
activated in the lung via a-carbon hydroxylation by
cytochrome P450 (CYP), hemoglobin, and lipoxyge-
nases (LOX) (Bedard et al., 2002).

Materials and Methods
Animals

Animals used for the studies were approved by the
Institutional Animal Care and Ethical Committee
formed for the purpose of this project works. Pathogen-
free female A/]J mice were chosen and purchased for
the current project. Animals were housed in filter-top
metal cages and maintained in a 12/12 hour light/dark
cycle. Water and food were made available for the mice
24 hours and they are handled according to the interna-
tional ethical regulation. The animals were observed
twice a day and subjected to weighing once a week.

NNK Treatment

NNK (4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone)
were purchased from Sigma Alrich. Pathogen-free A/]
mice of same age group were injected intraperitoneally
with NNK at the concentration of 80 mg/kg/day in 0.1
mL PBS for three alternate days. Control animals
received an equal volume of PBS. The NNK treatments
produced multiple lung tumors in all the NNK-treated
A/J mice, but none in the control group. The lung
tumors were observed, which is visible with the naked
eye. During 5th, 6th and 7t month after NNK injection
the lung tissue samples were collected for the experi-
ments.

Immunohistochemistry

Lung tissue samples were collected from the control
and NNK induced lung cancer mice at different time
intervals namely, 5t, 6t and 7t month after NNK
injection. Lung tissues were formalin-fixed and paraffin
-embedded using the standard protocol. The tissue
sections (7 um) were deparaffinized and hydrated.
Antigens were retrieved by tri-sodium citrate treatment
(pH 6.0). Endogenous peroxides and non-specific
immune staining were blocked by hydrogen peroxide
and normal serum, respectively. The sections were then
incubated overnight at 4°C with the monoclonal anti-
phosphorylated-MARCKS antibody. After incubation
with primary antibody, tissue sections were washed
and incubated with secondary antibodies conjugated
with HRP. The washed slides were developed with
DAB substrate. The prepared slides were counterstain-
ed, mounted with DPX and observed under a Nikon Ti-
S fluorescent microscope.

Immunoblotting

Protein samples were prepared from the NNK treated
and control mice lung tissues (at different time intervals
namely, 5%, 6th and 7th month after NNK injection) and
resolved in the 8% SDS-PAGE. The resolved protein
samples from the SDS-PAGE gel was transferred to the
PVDF membrane, blocked with 4% BSA for 1 hour and
incubated with primary antibody (anti-phosphorylated
MARCKS and anti-Akt antibodies (from Sigma) for
overnight at 4°C. For loading controls, anti-p-actin
(from Abcam) was used. The nonspecific binding of the
primary antibody was washed out with a 1X TBST
buffer. The secondary antibody conjugated with HRP
was used in the dilution concentration of 1:10000. The
washed membrane was developed (as per manufac-
turer's instruction) with the substrate DAB/H,O; (from
Amresco) to get the brown colored product, which
appeared on the membranes.

Results

Pathogen-free female A/] mice were chosen for the
experiments. Animals were handled as per the regula-
tions mentioned in the materials and methods. In order
to induce the lung tumor, pathogen free female A/]
mice of same age group were injected intraperitoneal
with NNK at the concentration of 80 mg/kg/day in 0.1
mL PBS for three alternate days. Control animals were
received an equal volume of PBS. The animals were
observed twice a day and subjected to weighing once a
week. After 5th, 6th and 7t month of interval, the lung
tissue samples were collected for the experiments. Lung
tumors were observed in all the NNK-treated A/] mice,
but none in the control group. The presence of lung
cancer in all the NNK-induced pathogen-free A /] mice,
were confirmed by the pathologist based on the num-
ber of adenomas.

Animals were killed based on the standard protocol
and the organs were dissected. Lung tissue samples
were collected from the control and NNK induced lung
cancer mice at different time intervals namely, 5t, 6th
and 7t month after NNK injection. The lung tissue
samples were collected and fixed in 10% neutral
buffered formalin and processed for immunohistoche-
mistry. In order to identify the overexpression of
phosphorylated MARCKS in the NNK induced lung
cancer mice, immunohistochemistry was performed as
per the protocol mentioned in the materials and
methods, along with control animal. The data Figure 1A
shows the expression of phosphorylated MARCKS in
the control A/] mice at 5t month, whereas Figure 1B
shows the overexpression pattern of Phosphorylated
MARCKS in the NNK induced lung cancer A/] mice at
5t month after NNK injection. Similarly, the control
lung tissue sample along with the NNK induced A/]
mice at 6% month were shown in Figure 2A and 2B,
respectively. In addition, the control lung tissue sample
along with the NNK induced A/] mice at 7t month
were shown in the Figure 3A and 3B, respectively.
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Figure 1: Immunohistochemistry of control and NNK induced lung cancer tissues at 5th month. A. Immunohistochemistry of con-
trol lung tissues (A /] mice) stained with anti-phosphorylated MARCKS antibody. B. Immunohistochemistry of NNK induced
lung cancer tissues (A/] mice) stained with anti-phosphorylated MARCKS antibody. The positive signals were identified by
brown color and the sections were counterstained with hemotoxylin at 60X. The percentages of phosphorylated MARCKS positive

cells were shown in the figures

Figure 2: Immunohistochemistry of control and NNK induced lung cancer tissues at 61" month. A. Immunohistochemistry of con-
trol lung tissues (A/] mice) stained with anti-phosphorylated MARCKS antibody. B. Immunohistochemistry of NNK induced
lung cancer tissues (A/] mice) stained with anti-phosphorylated MARCKS antibody. The positive signals were identified by
brown color and the sections were counterstained with heamotoxylin. The percentages of phosphorylated MARCKS positive cells

were shown in the figures

To confirm and validate the immunohistochemistry
data, immunoblotting was performed. Protein samples
were prepared from the lung tissues of NNK induced
lung cancer mice along with its control (at different
time intervals namely, 5%, 6% and 7% month after NNK
injection) and resolved in the 8% SDS-PAGE. The
results of immunoblot were shown in the Figure 4. The
data (Lane - 1, 3 and 5) shows the expression of phos-
phorylated MARCKS in the control A/] mice at 5th, 6th
and 7th month after PBS injection. In contrast, Lane - 2,
4 and 6 show the overexpression pattern of phosphory-
lated MARCKS in the NNK induced lung cancer A/]
mice at 5, 6th and 7th month after NNK injection. The
data confirms the overexpression of phosphorylated

MARCKS in the NNK induced lung cancer A/J mice.
Immunohistochemistry data was validated with the
immunoblot analysis. Immunohistochemistry in accor-
dance with the Immunoblotting data it was confirmed
and concluded that the phosphorylated MARCKS was
overexpressed in the NNK induced lung cancer mice.

Discussion

Pathogen-free female A/] mice were chosen for the
experiments and to induce lung cancer by the carcino-
gen namely, NNK. It is a potent tobacco-specific carci-
nogen, which requires the activation of the cytochrome
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Figure 3: Immunohistochemjstry of control and NNK induced lung cancer tissues at 7th month. A. Immunohistochemistry of con-
trol lung tissues (A/] mice) stained with anti-phosphorylated MARCKS antibody. B. Immunohistochemistry of NNK induced
lung cancer tissues (A/] mice) stained with anti-phosphorylated MARCKS antibody. The positive signals were identified by
brown color and the sections were counterstained with heamotoxylin. The percentages of phosphorylated MARCKS positive cells
were shown in the figures

1 2 3 4 5 6
Phospho-
MARCKS — - e
Akt L — L — | —r
FAU i o e e —

Figure 4: Immunoblotting of control and NNK induced lung
cancer tissues samples with anti-phosphorylated MARCKS,
anti-Akt and anti-B-actin antibodies at different time intervals.
Lane 1, 3 and 5 represents control lung tissue samples at 5th, 6th
and 7t months, respectively; Lane 2, 4 and 6 represents NNK
induced lung cancer tissue samples at 5th, 6th and 7th months,
respectively

P450 enzyme system for its tumorigenic activity. But it
was reported that the inhibitors of the enzyme system
reduce NNK towards lung tumorigenesis (Wang et al.,
2003). In addition, it was reported that the NNK
stimulates the release of growth factors (acetylcholine
and serotonin) from the normal lung as well as from the
lung cancer cells (Song et al., 2003). Thus, NNK has the
capacity to induce the normal lung tissue into the
cancerous one. In the present experiment, all the NNK
injected animals shows the properties of lung cancer
without any variation in the weight when compared to
the control. In addition, pathologist confirmed that the
NNK injected mice has lung cancer, based upon the
presence of adenomas.

To identify the expression pattern of phosphorylated
MARCKS during the NNK-induced lung cancer and
control A/J mice, lung tissue samples were collected
from the animals at different time intervals namely, 5t,
6th and 7% month after NNK injection, and allowed for
immunohistochemistry analysis. The control and the

NNK-induced lung cancer tissue at 5th, 6t and 7th
month were shown in the Figure 1-3, respectively. The
data illustrates the expression of phosphorylated
MARCKS, which was observed in control as well as
NNK induced lung cancer tissues. By careful observa-
tion on the control and NNK induced lung cancer
tissues, it was identified that the expression of phos-
phorylated MARCKS was higher in later when com-
pared to control. The data suggested that the phospho-
rylated MARCKS was overexpressed in the NNK
induced lung cancer mice. In addition, the data suggest
that during the initial stages of NNK induced lung
cancer, phosphorylated MARCKS expressed highly.
The data confirms the hypothesis that phosphorylated
MARCKS was overexpressed during lung cancer. To
support the data, it was reported that the phosphory-
lated MARCKS specifically regulate the cancer
migration and metastasis (Chen et al., 2014; Chen and
Rotenberg, 2010; Ghoul et al., 2006; Reddy et al., 2010;
Techasen et al., 2010).

Further to validate the data, the immunoblot was
performed. The data illustrates that both control and
the NNK induced lung cancer tissues at 5t, 6th and 7th
month shows positive for phosphorylated MARCKS.
Rather, careful observation on the intensity of the data
confirms that the expression of phosphorylated
MARCKS was higher in NNK-induced lung cancer
tissues when compared to control. Hence, it was
confirmed that the phosphorylated MARCKS was
overexpressed in the NNK-induced lung cancer mice.
In addition, the immunohistochemistry data was cross-
checked and validated by the immunoblot data.

Early detection of lung cancer is the key and it may also
provide better treatment options, for potential better
survival rates against the disease. Moreover, various
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basic researches turn on the search of new efficient
markers to detect the lung cancer in the initial stages.
The current experiment shows that the overexpression
of phosphorylated MARCKS was observed during the
early stage of lung cancer and it may be useful to detect
the lung cancer in the initial stages.
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