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Abstract

An eventful outcome of recombinant technology is generation of recombinant
proteins, among which, therapeutic proteins cloned from human origin have gained
considerable importance for their reduced host antagonistic responses. New cloning
strategies and efficient purification procedures are being investigated to obtain
functional proteins. In this context, cytokines, the small glycoproteins known to
regulate cell and tissue functions, have immense therapeutic potential. Human
granulocyte macrophage colony stimulating factor (h[GMCSF) is a FDA approved
cytokine for the treatment of primary immunodeficiency of acute myeloid leukemia,
myeloid reconstitution and bone marrow transplantation. Similarly, IFNy, a naturally
occurring cytokine produced and secreted by the immune cells, is also a FDA
approved cytokine, which exerts tumoricidal and antimicrobial activity. However,
therapeutic application of IFNy is limited due to its shorter life time and rapid
clearance from the body. Therefore, prolonged sustainability of IFNy would be a
viable option for exploiting maximum therapeutic benefits by its possible integration
with nanoparticles. Hence, it is important to purify, characterize and study the
recombinant hGMCSF and IFNy, and their effects on cancer cells alone or in
combination with chemotherapeutic drugs.

The thesis illustrates cloning of two important cytokines, GMCSF and IFNy, in
bacterial and mammalian expression systems and their applications on cancer cell
growth. Chapter 1 covers introduction and review of literature for recombinant
therapeutic proteins, cloning strategy, purification procedure and their applications.
The chapter also illustrates important polymeric nanoparticles for protein
stabilization, the role of cytokines as adjuvant and immune surveillance and their
therapeutic importance in combination therapy. Chapter 2 describes cloning,
purification of recombinant GMCSF and its functional characterization, as well as
dose dependent cell proliferative activity on various cell types. Chapter 3 describes
cloning, purification and anti-cell proliferative affect of IFNy. It also describes
development of biodegradable PLGA composite nanoparticles loaded with silver
nanoparticles as a suitable carrier for IFNy protein. Further, it illustrates that the
composite nanoparticle interacts with cell surface, to augment cancer cell killing by
cell cycle arrest and apoptosis. In Chapter 4, the combined effects of recombinant
GMCSF and IFNy cytokines on MCF-7 cell death using activated macrophages
producing reactive oxygen species (ROS) are described. Chapter 5 reports generation
of the cell lines over-expressing GMCSF and IFNy, testing their sensitivity to
chemotherapeutic drugs, followed by cell cycle analysis and cyclin expression
profiling. Finally, Chapter 6 summarizes Conclusion and Future Prospects of the cell
proliferative effects of recombinant GMCSF, anticancer effects of recombinant [FNy
and their potential applications in cancer therapeutics.
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CHAPTER 1

This chapter briefly describes about recombinant DNA technology,
cancer therapy, benefits of combination therapy in cancer and
importance of cytokines as adjuvant therapy.
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CHAPTER 1

Introduction

1.1 Recombinant proteins:

Emergence of recombinant DNA (rDNA) technology has great impact on developing
recombinant proteins since last few decades, mainly due to its cost effective, time
saving and easy regulation from laboratory to scale-up stages. The pharmaceutical
products are no longer solely dependent on the biological sources; rather rDNA
technology is now in routine practice for making sufficient quantity of proteins.
Hence, production of therapeutically important protein has gained importance because
of evolving expression technology. Human insulin is the first therapeutic protein
produced by rDNA technology. Insulin expressed in Escherichia coli is now used for
insulin dependent diabetic patients (Reference no. 71, Website 1). This approach has
replaced the whole market of pig and cattle based formation of insulin (Gualandi et al,
2001). A few other recombinant products are chymosin (Reference no. 72, Website
2), growth hormone soomatotropin (\Von Fange et al, 2008), blood clotting factor VIII
(Manco-Johnson et al, 2010), hepatitis B vaccine, recombinant HIV proteins for HIV
infection kit. Many other recombinant products such as, golden rice, insect and
herbicide resistant crops are in trial phases. Clinically important proteins, like
cytokines, are required in ample amount for their applications. However, expression
profile of cytokines vary substantially depending on the physiological state of the
body (Sakai et al, 1987; Reference no. 73, Website 3).

The level of biologically significant cytokines is too low in human to be considered as
a beneficial source of clinical use. The only way to resolve this issue is the generation
of recombinant cytokines, where desired cytokine genes can be cloned into suitable
expression vectors, such as, yeast (Saccharomyces cerevisiae expression system),
bacteria (Escherichia coli expression system), mammalian cells (Chinese hamster
ovary cells) or baculovirus expression system (Andersen et al, 2002). The major
obstacle in purification of the recombinant proteins is to make them in soluble form.
In the recent years, several efforts have been made by various research groups to
address this issue either by genetic engineering of laboratory strains or by tedious
search for new strains, which can adopt easily in laboratory conditions (Chen et al,
2012). Efforts are also being made to resolve the problem related to glycosylation of

eukaryotic proteins. The discovery of N-linked glycosylation in Gram negative

3
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Campylobacter jejuni bacteria, paved the avenue for synthesizing glycosylated
proteins using E.coli system (Wacker et al, 2002). Recombinant proteins produced by
rDNA technology provide a platform to investigate structural and functional
relationships of the proteins (Toren et al, 2002; Whiles et al, 2002; Pappachan et al,
2008).

1.2 Combination therapy:

The recombinant proteins have several therapeutic applications for many dreadful
diseases. Cancer is one of the most disastrous disease and WHO mortality survey
showed that cancer is second leading cause of death in the world (Reference no. 74
and 75; Website 4 and 5 ). There are several methods available for cancer treatment,
which include surgery, chemotherapy, hormone therapy, laser therapy, mastectomy,
cryosurgery, cancer vaccination, radiotherapy, bone marrow transplantation and
adjuvant therapy. The main drawback in single drug therapy emerges with frequent
mutations in cancer, which lead to drug resistant population. This effect could be
minimized by multiple therapies, in other words combination therapy, which increases
the chance of effective treatment (Komarova et al, 2013). Other than this, therapeutic
modules like mastectomy, bone marrow transplantation and chemotherapy can be
supported by combination therapy, to overcome their side effects and rescue normal
cells from the harmful effect of therapy. Recently, an application of recombinant
proteins in cancer therapy has gained much importance (Pastan et al, 1991; Kreitman
et al, 2003; Pastan 2003; Véazquez et al, 2009). Recombinant proteins used as
adjuvant not only increase the efficacy, but may increase the chance of long term
survival of the patients. In case of breast cancer therapy, adjuvant therapy is well
acceptable. Although it has some side effects, they are outweighed by the benefits of
adjuvant therapy. Scheme 1.1 shows different approaches of cancer therapy
(Reference no. 76, Website 6).
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Scheme 1.1. Different approaches for cancer therapy

Combination therapy is preferred over single therapeutic module for reducing the
tumour load (Miles et al, 2002). A recent report showed that combination therapy not
only reduced cancer recurrence (Reference no. 77, Website 7), but also significantly
improved survival rate of metastatic melanoma patient in treatment with GMCSF
(Reference no. 78, Website 8). Scheme 2 illustrates the benefit of combination

therapy.
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Scheme 1.2. Diagram showing the effect of combination therapy
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The biological molecules, like cytokines, elicit controlled immune response in
combination therapy. Cytokines are small soluble glycoprotein molecules secreted by
the cells of innate and adaptive immune system and they act as chemical messenger,
regulate homeostasis, and behave as hormonal regulators to co-ordinate with other
cells to exert proper immune response through cell signaling. For example, interleukin
2 (IL-2) controls the cell mediated immunity by triggering the production of T cells
(Reference no. 79, Website 9). While the body cells are connected to each other
through cell to cell interactions, the presence of cytokine enables rapid progression of
signals in regulated process at their nano to pico molar concentration (Lee et al,
2011).

1.3 Classification of cytokines:

Classification of cytokines depends mainly on either their origin or biological effects
due to less available information regarding three dimensional conserved structures
(Dinarello et al, 2000). On the functional basis, the cytokines may be either pro-
inflammatory or anti inflammatory. Pro-inflammatory cytokines, like IL-1, IL-8,
TNF, GMCSF, IFNy mediate the process of inflammation by activating a cascade of
genes. On the contrary, anti- inflammatory cytokines block or suppress the
inflammation process. The cytokines, like TGF-B, IL-4, IL-10, IL-13 inhibit the
production of IL-1, IL-8 and TNF (Dinarello et al, 2000). The cytokines produced by
lymphocytes are called lymphokines, whereas those produced by monocytes or
macrophages are called as monokines (Kouttab et al, 1984). Interleukins are a class of
lymphokines, which are secreted by lymphocytes and govern proliferation function
and cellular responses of lymphocytes (Akdis et al, 2011). One group of cytokines are
chemokines, which are released by cells at the site of injury or infection and play a
major role in inflammation by recruiting other immune cells to the affected region for
repairing the damage. Based on their mode of action, chemokines may be homeostatic
in nature and control the migration of cells in the body during tissue repairing, such
as, CCL 12, CCL 19, CCL 21, CCL 25 or they may be inflammatory as CCL 3, CCL
5 (Le et al, 2004).

Receptor based classification distributes these molecules in three main subclasses
(Lee et al, 2011):
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1. Type I cytokine receptors share a common signaling subunit, y chain as in IL-
2, 1L-4, IL-7, IL-9 and GMCSF.

2. Type Il cytokine receptors composed of a signaling chain and a ligand binding
chain eg. [FNa, IFNB, IFNy and IL-10.

3. Immunoglobin superfamily receptors have an extracellular immunoglobin
domain which binds to MCSF, stem cell factors, IL-1, IL-18.

Cytokines include a diverse collection of colony stimulating growth factors such as
MCSF, GMCSF, interleukins, interferon (Class | and Il interferons). Clinical studies
are being persued to test their benefits in diseases such as cancer, hepatitis C and HIV
infection (Angel et al, 2001; Brown et al, 2005). Pleiotropic behavior, redundancy
and multi-functionality are few important features for cytokines (Tayal et al, 2008).
Most important role of lymphokines is to recruit immune cells including macrophages
at the infection site and activate them to exert proper immune response. Colony
stimulating factors (CSFs) stimulate growth and differentiation of many cell types of
bone marrow. Similarly, Granulocyte macrophage colony stimulating factor
(GMCSF) stimulates the growth and differentiation of all granulocytes, such as as

eosinophil, neutrophils, basophils as well as macrophages (Barreda et al, 2004).
1.4 GMCSF (Granulocyte macrophage colony stimulating factor):

Human granulocyte macrophage colony stimulating factor (hRGMCSF) is particularly
responsible for proliferation and development of myeloid lineages. First human
GMCSF cloning was reported using mouse GMCSF cDNA library derived from the
MRNA libraries of HUT-102 and mitogen stimulated T lymphocyte. The gene for
GMCSF was shown to be localized at the chromosomal region 5923-gq31. Human
GMCSF protein is a 144 amino acid long peptide having molecular weight around 16
kDa (Cantrell et al, 1985). GMCSF is now a FDA approved cytokine for treatment of
primary immunodeficiency of neutropenia, acute myeloid leukemia, myeloid

reconstitution and bone marrow transplantation (Roy et al, 2009).

The role of GMCSF as a cancer vaccine is now being explored. Available reports
showed mice vaccinated with autologous tumour cells expressing GMCSF were
protected from subsequent tumour challenges (Shi et al, 1999). Genetically modified
tumour vaccine has been reported to secrete GMCSF, which attracts phagocytic cells
(dendritic cells) towards the tumour and finally these dendritic cells engulf the tumour

-
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cells. Tumour cells express tumour antigens which are identified by T cell and thus T
cells expansion and activation occur to mediate cell based immune response (Gupta et
al, 2010).

Tumour antigen

T °® G.MCSF T Cell .
#»* o°F° @
o @
Activates .
— > @ ®
P O
Tumour vaccine cell Dendritic cell

Expanding T cells

Fig 1.1. Mode of action of autologous tumour vaccine secreting GMCSF cytokine

High peritumoral level of GMCSF produced as transgenes, execute a much better
anti-tumour response by attracting T lymphocytes, natural Killer cells, neutrophils and
macrophages to the tumour site without any systemic cytotoxicity (Shi et al, 1999). In
addition to these, GMCSF helps in avoiding chronic inflammatory response and
autoimmunity after chemo or any other therapy by clearing the load of apoptotic
bodies by potentiating scavenger cells and APC to internalize apoptotic tumour cells
(Galati et al, 2000).

1.5 IFNy (Interferon gamma):

Another group of lymphokines are Interferons, which are identified on the basis of
their antiviral activity. Among all these, IFNy has drawn more attention in therapy.
Human IFNy gene is located at 12q24.1 (NM_000619). Complete coding region of
human interferon is composed of 501 bp which are translated to 166 amino acids
(Protein ID: AAH70256.1). It is a naturally occurring cytokine produced and secreted
by the immune system cells which exerts tumoricidal and antimicrobial activity. IFNy
is also a FDA approved cytokine (Roy et al, 2009). It governs many
immunoregulatory functions in different cell types. Figure 1.2 demonstrates briefly

about the effector cells of interferon gamma:
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Fig 1.2. Mode of action of IFNy

IFNy exerts both defending and pathological effect. It is the principal macrophage
activator (Schroder et al, 2003), which determines the fate of macrophages either in
M1 cytotoxic form or in M2 alternative form. IFNy generates reactive oxygen species
(ROS), which in turn polarize macophages in M1 subtype. M1 subtype exerts
cytotoxic and immune stimulatory responses against cancer (Sica et al, 2012).The
profound immunomodulatory function of IFNy has inspired its application in many
diseases like, chronic granulomatous disease, autoimmune disease, rheumatic arthritis,
multiple sclerosis, lupus nephritis and so many others (Schroder et al, 2003).
However, therapeutic applications of IFNy are limited due to its shorter life time and
rapid clearance from body (Wills et al, 1990). Furthermore, its higher dose and
repetitive uses may cause severe side effects Therefore, prolonged sustainability of
IFNy would be a viable option for exploiting maximum therapeutic benefits by its
possible conjugation or stabilization with nanoparticles. Many cytokines including
IFNy have therapeutic importance, but still its rapid clearance from host body and
repetitive administration limit its application for treatment. This problem can be
overcome with the help of nanoparticles, which help in sustained release of cytokine,
thus facilitates its effectiveness for a longer duration. There are few reports available
regarding this, including that of IFNy conjugated with BSA NPs (Segura et al, 2005).

9
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1.6 PLGA (Poly lactide co glycolide):

0O

HO X Y

PLGA Polymer

Fig 1.3. Repetitive subunit of PLGA polymer

Among all the delivery agents, PLGA (Poly lactide co glycolide) has emerged as
most successful biodegradable nanoparticle with well described formulation
procedures. The uptake of PLGA by different admistration routes such as,
intravenously, oral, nasal, ocular, transdermal, make it more favourable as a delivery
agent (Vila et al, 2002; Cegnar et al, 2004).

These FDA approved therapeutically important nanoparticles have revalorized the
drug development process, as they can control the release as well as targeted delivery
of anticancer agents (Dinarvand et al, 2011). After degradation, their metabolites
lactic acid and glycolic acid enter into Kreb’s cycle for complete degradation
(Panyam et al, 2003; Vij et al, 2010). PLGA is already approved for drug delivery via
parenteral administration by European Medicine Agency and FDA (Danhier et al,
2012).

Controlled release of GCSF (Choi et al, 2006), Endostar (a 20 kDa anti angiogenic
peptide) and PE38BKDL have been reported with the help of this polymer. The
systemic administration of PLGA based drug leads to enhanced permeability. PLGA
based nanoparticles are being actively used in inflammatory diseases like rheumatoid
arthritis, inflammatory bowel disease and lung disease. Therapeutic proteins like
superoxide dismutase, which is used in treatment of cerebral diseases and has in vivo
half-life of 6 min only, could be effectively uptaken by neurons and passed through
blood brain barrier with increased stability when encapsulated with PLGA. PLGA can
be effectively incubated with other ligands as well, to increase their efficacy.
Lactoferrin has a receptor on blood brain barrier; so conjugation of this glycoprotein

with PLGA mediates its targeted delivery in brain. PLGA conjugation enhances the
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efficacy of the system. Also curcumin conjugated with PLGA exerts more
pronounced effect on cancer cells as compared to free curcumin (Mukerjee et al,
2009; Danhier et al, 2012). PLGA has been established as a multimodal polymeric
system also, which could incorporate tailored antibodies with magnetic nanocrystals
along with anticancer drugs. This ultrasensitive composite was shown to mediate
sustained release of drug towards cancer site (Yang et al, 2007) (Figure 1.4). Surface
modification of PLGA formulation provides a promising way to treat cancer (Kocbek
et al, 2007; Cai et al, 2008).

Herceptin

Fe;0, \

Cancer Cancer cell death

Doxorubicin

(@ 0y (@ )
—— 0leo . — @ o0,

2 (e(e o)  [¥e A

PLGA

Diagnosis of cancer through MRI

Fig 1.4. A multicomponent system for targeting cancer cells using PLGA

1.7 Silver Nanoparticles

Antimicrobial properties:

Silver is known for its antimicrobial properties against a wide range of micro
organisms. The US Food and Drug Administration approved colloidal silver for
wound treatment. In 1960s, research in antimicrobial efficacy of silver showed the use
of 0.5% silver nitrate solution in the burn area by Moyer et al (1965) and 1% silver
sulfadiazine (SSD) cream to treat burn wound infections by Fox et al (1968). Sondi et
al (2004) first reported the antimicrobial activity of Ag NPs against E. coli as a
model Gram negative bacterium. They found that Ag NPs accumulated in the
membrane of treated cells thereby causing damage, was evident from the formation of
pits on cell surface. Baker et al (2005) reported the antibacterial efficacy of Ag NPs
against E. coli and related the surface area to volume ratio of NPs to their antibacterial
activity. The smaller Ag NPs exhibited higher bactericidal activity owing to larger
surface area to volume ratio. A very recent study by Falentin-Daudré et al (2012)

showed formation of Ag NPs containing antimicrobial coating formed by layer-by-
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layer (LbL) assembly, for imparting strong antibacterial activity against E. coli to
stainless steel. In this regard, substantial research from our laboratory has also
demonstrated antibacterial potential of Ag NPs either alone or in the form of
composite. A three component antimicrobial iodinated chitosan-Ag NP composite
was developed by Banerjee et al (2010), which exhibited antibacterial activity against
E. coli at low concentration of its individual components i.e. chitosan, iodine and Ag
NPs. In another study, Sahoo et al (2011) developed a nanocomposite comprised of p-
hydroxyacetanilide (paracetamol) dimer and Ag NPs by reaction of AgNO3 and
paracetamol. The composite killed bacteria efficiently through ROS generation that
led to oxidation of the dimer to N-acetyl-p-benzoquinone imine, which acted as a

DNA gyrase inhibitor causing linearization of DNA leading to cell death.

Effect on Silver nanoparticles on Mammalian cells:

Ag NPs have been reprted to possess antiplatelet properties (Shrivastava et al, 2009).
Studies are being pursued to explore the possible mechanisms of cytotoxicity and
possible genotoxicity of Ag NPs in mammalian cells (AshaRani et al, 2008; 2009). In
this regard, a study conducted by Hussain et al (2005) reported depletion in the level
of glutathione, reduction in mitochondrial potential and increase in ROS level in BRL
3A rat liver cells exposed to Ag NPs, which suggested oxidative stress to be the
possible mechanism of toxicity of Ag NPs. Similarly, Carlson et al (2008) also
demonstrated Ag NPs-induced oxidative stress in alveolar macrophages and found
toxicity of Ag NPs. Furthermore, Hsin et al (2008) demonstrated involvement of ROS
and JNK dependent pathway in Ag NPs induced apoptosis in mouse fibroblast
NIH3T3 cells. The in vitro toxicity study conducted by Arora et al (2008) suggested a
safe range of use of 7-20 nm spherical Ag NPs in human fibrosarcoma (HT-1080)
and human skin carcinoma (A431) cells. Besides, Franco-Molina et al (2010) reported
antitumour activity of Ag NPs on MCF-7 human breast cancer cells. In our
laboratory, Ag NPs alone or in combination with gene therapy have been

demonstrated to induce apoptosis in mammalian cells (Gopinath et al, 2008; 2010).

1.8 Tumour progression phases in host:
Tumour formation in human body can be actively supervised and controlled by proper

immune surveillance. Clinical studies have shown that our immune cells continuously
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recognize and eliminate the tumour cells from the body. Basically, the progression of
tumour happens in three main steps (Teng et al, 2008):

1. Elimination phase: In this phase body immune cells actively invade tumour cells.

2. Equilibrium phase: Tumour cells which are rescued from elimination phase
establish themselve in equilibrium phase. Now immune cells can control the growth
of transformed cells, but they can not eliminate tumour from body.

3. Escape phase: In this phase, transformed cells are able to rescue themselves from
body immune responses and are free to divide.

Early diagnosis of these key features is vital for the detection of cancer. Upto the
equilibrium phase, if immune cells can overcome with cancer cells, there will be a
great breakthrough in cancer treatment. During the treatment of cancer, conventional
therapy modules solely kill the cells, but non conventional approach of treatment
opens up new avenues for combination of immune cells in therapy and enhance the
effectuality of the whole system. If host immune cells directly respond to the infection
or abnormality, the effect becomes more pronounced. But there are several reports
available where host immune cells, like macrophages, can also play a bipolar role as
tumour associated macrophages in cancer progression (Chen et al, 2004). Tumour
associated macrophages, which are also known as M2 or alternative macrophages,
produce polyamines, which induce proliferation and collagen production, thus helping
in the progression of tumour, by the response of IL-4, IL-10, IL-13. The other form of
macrophages is the classical/M1 type, which is the cytotoxic form of macrophages,
generally activated in the presence of IFNy or LPS and produce nitric oxide, TNF and
other ROS intermediates, which mediate resistance towards intracellular pathogens,
tissue destruction and antitumour resistance (Klimp et al, 2002; Classen et al, 2009;
Mantovani et al, 2009). IFNy also initiates dendritic cell, monocyte to macrophage
conversion solely or in combination with some other cytokines, like GMCSF
(Delneste et al, 2002; Martinez et al, 2006). Thus, it is clear that mononuclear
phagocytic cells have an excellent tendency of plasticity towards the signaling
molecule. Figure 1.5 presents the effect of external stimuli over the macrophages cells
in a simple manner, which gives an idea about the coculture of these scavenger cells
along with tumour cells in presence of different stimuli like GMCSF and IFNy

cytokines.
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Fig 1.5. Interplay of GMCSF and IFNy on macrophages cells

Reports regarding deregulation of cytokine levels showed a differential effect on
human health (Mezzano et al, 2000; Kim et al, 2002). Overexpression system
provides an excellent platform to study the signaling pathway as well as effect of
drugs components in combination (Shi et al, 1999). An overexpressed system
provides an oppurtunity to speculate the effect of drugs like doxorubicin, cisplatin and

5FU on cancer cells.

1.9 Chemotherapeutic drugs block cell cycle:

Chemotherapeutic drugs, such as, doxorubicin, cisplatin and 5FU block cell cycle
progression by intercalating into DNA. Doxorubicin mainly blocks G2-M phases of
cells (DiPaola et al, 2002) and cisplatin preferentially blocks S phase (Fishel et al,
2005), whereas, 5FU is involved in G1 or early S phase blockage (Takeda et al,
1999).

Cisplatin Doxorubicin Cisplatin

Fig 1.6. Chemical structure of some chemotherapeutic drugs
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Among these drugs, 5FU, an antimetabolite drug is used to treat breast and

ovarian cancers and solid tumours (Longley et al, 2003). It is converted into 5-

fluorodeoxyuridine monophosphate (5-FAUMP) and 5-fluorouracil tri phosphate
(5-FUTP). 5-FAUMP inhibits the catalytic activity of thymidylate synthase, thus

disrupting DNA replication. 5-UTP is incorporated into RNA, thus impairing its
function (Parker and Cheng, 1990; Longley et al, 2003).

Salient features:

From the literature review, the findings are as follows:

Combination therapy with suitable therapeutic small molecules may augment
the therapeutic efficacy.

Proliferative effect of GMCSF is important for non-haematopoeitic cells
Increased shelf life of IFNy with suitable nanocarrier plays an important role
in bio-therapeutic regime.

Combined effect of recombinant cytokine GMCSF and IFNy may augment
therapeutic efficacy in a mixed cell population.

Overexpression of recombinant cytokine in cancer cells may be useful to study

their roles in presence of different chemotherapeutic drugs.

Thus, based on those key findings, the following strategies were devised to achieve

the goal in this present thesis.

TH-1252_08610617

Cloning of human GMCSF into bacterial expression vector for purification,
characterization of recombinant protein and its proliferative activity study on
various cell lines, also its in silico analysis.

Cloning of IFNy into bacterial expression vector for its purification,
characterization and preparation of Ag NPs coated PLGA nanoparticles for its
stablization.

Establishment of coculture assay using macrophages along with breast cancer
cells to examine the effect of purified GMCSF and IFNy protein in mixed cell
population. A quick flow cytometry based method to study mixed cell

population in presence recombinant cytokines and doxorubicin.

15



e Generation of GMCSF overexpressing breast cancer and IFNy overexpressing
neuroblastoma stable cell lines to study their sensitization in presence of

different chemotherapeutic drugs, such as 5FU, doxorubicin and cisplatin.
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CHAPTER 2

2.1 Introduction

Granulocyte macrophage colony stimulating factor (GMCSF also known as CSF2) is
now best studied cytokine as major regulator for governing the function of
granulocytes and macrophages lineages and their maturation throughout the
developmental phases. GMCSF is a cytokine, which works as linkers in between
innate and adaptive immune system and regulate survival (Belardelli et al, 2002),
proliferation, differentiation and activation of haematopoietic lineages (Gasson et al,
1986). Human Granulocyte Macrophage colony stimulating factor is responsible for
proliferation and development of myeloid lineages. It is involved in the clearance of
apoptotic loads and thus, prevents chronic inflammation and autoimmune effects
(Galati et al, 2000). FDA has approved its use in treatment of neutropenia, primary
immunodeficiency of AML, myeloid reconstitution and also now it has being actively
incorporated in stem cell and bone marrow transplantation therapy for the
establishment of myeloid cells (Roy et al, 2010). Human GMCSF is soluble
glycoprotein (144 amino acid) found to be expressed by T lymphocytes,
macrophages, endothelial cells and fibroblast in the response to any inflammatory
signal (Cantrell et al, 1985). It consists of four a helices that comprise 42% of its
structure. Four cysteine residues form two disulfide bonds necessary to retain the
biological activity of GMCSF protein (Walter et al, 1992; Barreda et al, 2004).
Although the naturally occurring form of GMCSF is glycosylated, the non-
glycosylated form of recombinant GMCSF protein expressed in E.coli have been
reported to show high biological activity in vitro (Kaushansky et al, 1987; Moonen et
al, 1987; Cebon et al, 1990). Recombinant human GMCSF protein is also available
commercially such as Molgramostim produced from E.coli and Sargramostim
produced from yeast marketed under trade name of Leukine (Schwanke et al, 2009).
Recombinant GMCSF protein is also expressed in bacterial host in insoluble form
because heterologous gene expression in bacteria leads to the formation of inclusion
bodies which remarkably reduce the biological importance and remain no more cost
effective (Ventura et al, 2006). Several reports are available to resolve the solubility
problem of cytokines expressed in bacteria (Petrov et al, 2010). One such solution is
to add a suitable N-terminal tag with the protein (Hammarstrom et al, 2002; Ghosh et

al, 2004) and then solubilize it from inclusion bodies with bile reagent, which is
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primarily used to emulsify fat. Intracellular localization of GST tagged protein inside
the bacterial host is not known, but it could possibly sort the synthesized protein into
the periplasmic space, and thus, helps in dissolving protein from inclusion bodies in
mild conditions (Speers et al, 2007).

In this present chapter, the GMCSF gene was cloned from total RNA obtained from
ACHN renal carcinoma cells, without its prior induction. The GMCSF gene was
cloned into the pGEX4T2 bacterial expression vector to generate the GST fused
GMCSF. The expressed recombinant protein was recovered from inclusion bodies
easily by modifying the methods of Schwanke RC et al. The protein characterization
was carried out using sophisticated analytical tools. Three dimensional structure of
GST-GMCSF and its binding domain with GMCSF receptor were predicted by in
silico modelling and protein-protein docking studies. Further, the proliferative action
of GST-GMCSF protein on different cell types was found to be remarkably dose
dependent. To our knowledge this is the first report for demonstration of effect of
GST tagged GMCSF cytokine in cell proliferation. A schematic diagram has depicted

the cloning, purification and activity assay of the recombinant cytokine (Scheme 2.1).

BamHI

PCR amplification of

human GMCSF gene
&/ —>Total RNA ——> cDNA —_—

435bp PCR product

GMCSF-pGEXAT2
clone

ACHN Renal
Carcinoma cell

Clone transformation in IPTG induction
E.coli BL-21 bacteria

Protein characterization by MALDI & CD
OfF )

Protein solubilizati ;
rotein solubilization o0 ©

GST-hGMCSF homology modelling and <———— {9y inclusion bodies
protein protein docking with GMCSF receptor

Protein expression
in inclusion bo dies

GST-hGMCSF activity assay

Scheme 2.1. An overview of cloning and functional details of human GMCSF
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2.2 Materials and Methods

2.2.1 Cell Culture:

Cell lines were obtained from National Centre for Cell Science, India. The cells were
periodically cultured in DMEM media supplemented with 10% FBS, 20 U/mL
penicillin and 50 mg/mL streptomycin in 5% CO, humidity at 37°C in a humidified
incubator. Media was periodically changed after 3 days and the optimum cell density
(80-90% confluency) was maintained by culturing the cells. First of all, the old media
was removed and then the cells were washed with sterile phosphate buffer saline
(PBS). Then, trypsin/EDTA solution was added and the cells were kept at 37°C for 2-
3 minutes. Further, the complete media was added to the cells and centrifuged at 500
g for 10 minutes. The supernatant was discarded and the cell pellet was dissolved in 1
mL of fresh media and further seeded in culture plate, according to the cell density

requirement.

2.2.2 Isolation of RNA from mammalian cell lines:

Total RNA was isolated from ACHN (renal carcinoma cells) for cloning of GMCSF.
All plastic wares were treated by 0.1 % DEPC to make them RNase free for 2 h at
37°C, followed by removal of DEPC by autoclaving at 121°C, 15 psi for 20 min.
Total cellular RNA was extracted by TRI reagent (Sigma). About 1 mL of TRI
reagent was used to isolate RNA from a confluent 35 mm culture plate and RNA was
isolated as per the manufacturer's protocol. After addition of TRI reagent over the
monolayer of cells, the cell lysate was passed several times through a syringe to form
a homogenous lysate followed by 5 min incubation at room temperature for complete
dissociation of nucleoprotein complexes. Then, 200 ul of chloroform was added for 1
mL of TRI Reagent. At this step, sample was shaked vigorously for 1 min and
allowed to stand at room temperature for 10 minutes. Resulting mixture was
centrifuged at 12,000 g for 15 min at 4°C. The aqueous phase having RNA was
transferred to a fresh eppendorf tube followed by addition of 500 pl of isopropanol
per mL of TRI Reagent to precipitate RNA. After 10 min incubation at room
temperature, the sample was centrifuged at 12,000 g for 10 min at 4°C. Supernatant

was removed and the RNA pellet was washed with 1 mL of 75% chilled ethanol and
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centrifuged again at 12,000 g for 10 min at 4°C. At this step, RNA pellet in ethanol
was also stored at -80 °C for long-term storage. However, the RNA pellet was air-
dried and dissolved in sterile DEPC and stored at -20°C. Before further use RNA
concentration was estimated at spectrophotometer for cDNA synthesis.

2.2.3 Reverse transcription for cDNA synthesis:

1 ug of total RNA was used for cONA synthesis by H Minus reverse transcriptase
(RT) (Fermentas) and oligo dT primer. Following protocol was followed for 20 pyL of

reaction mixture:

RNA 1 g
Oligo dT 1puL
(100 picomole/pL)

Nuclease free water upto 10 pL

This mixture was incubated at 65°C for 5 min to break RNA secondary structures
with immediately chilling on ice. After the denaturation step, the residual components
were added in reaction mix as follows:

5X reaction buffer 4 uL

dNTP mix (10 mM each) 2 UL (1 mM each)

H Minus reverse transcriptase 1puL

(200 U/pL)

Nuclease free water 3 uL

Reverse transcription reaction was carried out at 37°C for 1 h with final heating step
at 70°C for 10 min followed by chilling on ice. Now this RT product was used as

cDNA for downstream PCR amplification steps.
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2.2.4 Quantification of DNA and RNA:

Nucleic acid quantification was done by spectrophotometry. The samples were diluted
in Milli Q water and OD was measured at 260 nm and at 280 nm. The OD value 1 at
260 nm represents 40 pg/mL of RNA and 50 pg/mL of double stranded DNA.
Concentrations of RNA in samples were calculated from the optical densities by

considering dilution factors.
2.2.5 Polymerase Chain Reaction:

Primers were designed by NCBI blast to amplify the cDNA of GMCSF gene. Gene
specific forward primer (5ATGTGGCTGCAGAGCCTGCTG3') and reverse primer
(5TCACTCCTGGACTGGCTCCCAZ) were designed for PCR amplification and
cloning of GMCSF amplified cDNA in pGEMT Easy vector; NCBI Accession
Number NM-000758.29. PCR reaction was conducted by Tag DNA polymerase with

following constituents:

10 X buffer 2.0 uL

(20 mM Tris CI pH 9.0), 1.5 mM MgCl,, 50 mM KCI, 0.1% gelatin

10 mM dNTP mix 1.0puL
Taq DNA polymerase (4 U/uL) 0.5 uL
Forward Primer (20 picomoles/pL) 1.0puL
Reverse Primer (20 picomoles/pL) 1.0 uL
Nuclease free water upto 20 pL

PCR amplification involves initial denaturation of plasmid DNA (10 ng) for 5 min at
94°C followed by 30 cycles of annealing step (94°C for 1 min, 1 min at 56°C and 1
min at 72°C) and finally extension at 72°C for 10 minutes.

2.2.6 Agarose gel electrophoresis:
All DNA samples were examined by agarose gel electrophoresis (1% agarose

containing 0.5 pg of ethidium bromide) in 1X TAE buffer at 100 volts. DNA bands
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were analysed from UV transilluminator and imaged by Gel documentation system
(Gel Logic System 1500, Kodak).

2.2.7 Gel Elution:

The amplified PCR products and digested plasmids were eluted from agarose gel by
using QIAquick gel extraction kit. For gel elution, required fragments were excised
and stored at -20°C followed by manufacturer's protocol for elution. The desired DNA

was stored at -20 °C for further use.

2.2.8 Plasmid DNA Isolation (Mini-Prep Method):

Plasmid DNA was isolated from 3.5 mL of overnight cultures in LB media, by
alkaline lysis method (Sambrook et al, 1989). Single E.coli colony was inoculated in
LB broth for 14-18 h containing specific antibiotic for selective growth of desired
plasmid at 37°C with continuous shaking at 180 rpm. The bacterial cells were
harvested from culture by centrifugation and pellet was resuspended in 100 pL of
solution 1. The cells were lysed by adding 200 pL of freshly prepared lysis solution 1l
(refer to Appendix, Table 1). All the contents were mixed thoroughly by gently
inverting the tube. After 2-3 min incubation at ice, bacterial cell debris and genomic
DNA were precipitated by adding 150 pL of ice cold solution 111 (refer to Appendix,
Table 1) followed by 5 min incubation on ice. Afterwards debris was removed by
centrifugation at 12000 g for 10 min at 4°C and supernatant was transferred to a fresh
tube. Protein contamination was removed by adding equal volume of
phenol/chloroform and isoamyl alcohol (25:24:1). Mixture was gently inverted thrice
and centrifuged at 12,000 g for 10 min at 4°C for phase separation. The aqueous
phase was taken out in a fresh tube and 2 volume of ethanol was added to precipitate
the plasmid DNA. At this step, sample can be stored at -20°C for months or after 15
min incubation at RT, plasmid DNA was precipitated by centrifugation at 12,000 g
for 10 min at 4°C. Plasmid DNA pellet was washed with 70% ethanol and dried in
Speed vac for evaporation of ethanol content and resuspended in the nuclease-free

water. Sample was analysed by agarose gel electrophoresis before further use.
2.2.9 Preparation of the Competent Cells:

Competent cells are the bacteria which can uptake extrachromosomal DNA or
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plasmid easily. Competency in E. coli cells were gained by one step competent cell
preparation method by TSS (Chung et al, 1989). A single colony was inoculated in 5
mL LB broth and incubated overnight at 37°C under continuous shaking. Primary
culture was inoculated in 1:1000 ratio in 50 mL of LB media and grown till 0.4-0.5
ODsgo. The culture was kept on ice for 10 min and centrifuged at 2500 g for 10 min at
4 °C. The pellet was resuspended uniformly in 2.0 ml of ice-cold sterile TSS solution

and stored at -80°C as 200 pL aliquots in separate eppendorf tubes for further use.
2.2.10 Transformation in bacterial cells:

Plasmids were transformed in competent E.coli DH5a cells by heat shock method
(Sambrook et al, 1989). Ligation mixtures (10-20 pL) was mixed with 200 pL of
competent cells and placed on ice for 45 min under sterile condition. The cells were
given heat shock at 42°C for 90 seconds in water bath and immediately kept on ice for
chilling. Afterwards, 800 uL of fresh LB media (37°C) was added and the cells were
incubated at 37°C upto two generation dividing time (around 45 min for E.coli DH5a)
with continuous shaking. Bacterial cells were pellet down by centrifugation at 2500 g
for 10 min at 4°C and resuspended in 100 pL of fresh LB media. Resuspended cells
were plated on LB agar plates containing the appropriate antibiotic and incubated at
37°C for 14-18 h. Subsequently, the colonies were picked for screening either by
colony PCR or by restriction digestion of plasmid containing insert.

2.2.11 Colony PCR for screening recombinant clones:

Transformed cells carrying recombinant plasmid containing desired insert was
screened out by colony PCR analysis. Single colony was picked and marked very
carefully to take few bacterial cells only in PCR mixture as sample DNA, marking of
colony helped in future identification of the clone. All PCR reaction conditions were
same except the initial heating period which was extended upto 10 min to break
bacterial cell wall. PCR products were analyzed by agarose gel electrophoresis.
Colonies having desired insert were inoculated further in 5 mL LB tube for plasmid

isolation and further analysis by restriction digestion.
2.2.12 Digestion by Restriction Enzymes:

Plasmids or the PCR amplified DNA fragments were digested by restriction

33
TH-1252_08610617



endonucleases. Upto 1 pg of DNA was incubated with 1 U of restriction endonuclease
either for overnight digestion or upto 3-5 h with at 37°C. Digested sample was loaded
on an agarose gel and the desired fragment was taken out by cutting the band for gel
elution purpose (QIlAquick Gel Extraction Kit) to avoid any contamination of

unwanted DNA in ligation.
2.2.13 Ligation reaction:

For ligation purpose, linearized vector and the insert fragment were mixed in 1:3
molar ratio, respectively and incubated with IX ligation buffer and 2 units of T4 DNA
ligase enzyme as suggested by manufacturer’s protocol (Promega). Sample was
incubated at 4°C for 12-16 h and terminated by incubating at 65°C for 10 minutes.

2.2.14 Cloning of PCR amplified DNA fragments in T/A vector

system:

PCR amplified, gel eluted (QlAquick Gel Extraction Kit) DNA fragments were
proceeded for TA cloning, ()GEMT Easy, Promega). Ligation mixture was prepared

as per manufacturer's protocol:

pPpGEMT Easy Vector 50 ng
Insert DNA 25 ng

2X rapid ligation buffer 5uL

T4 DNA Ligase 1puL
Nuclease free water upto 10 pL

The reaction mix was overnight incubated at 4°C and the ligated mix was transformed
in E. coli DH5a cells. Transformed cells were spreaded over LB agar plate containing
X-gal/IPTG for blue white selection and overnight incubated at 37°C. After overnight
growth, white colonies were picked and checked by colony PCR. Positive clones were
processed for plasmid isolation and restriction digested with Eco RI (For insert release
in pGEMT Easy vector) and analyzed with agarose gel electrophoresis. Recombinant
clones having proper insert were grown in LB media for making their glycerol stocks
(15% glycerol) for storage purpose at -80°C.
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2.2.15 Bacterial cell culture:

All bacterial stocks (E.coli) and clones were stored at -80°C (15% glycerol in Milli Q

water). For work purpose all strains were cultured and maintained in LB medium.
2.2.16 Sequencing of DNA fragments cloned in pGEMT Easy Vector:

Recombinant pGEMT clones having desired gene were subjected for sequencing
before further subcloning in expression vectors. Sequencing was done by dideoxy

method using M13 universal primers. Sequencing was performed by Axygen, India.

2.2.17 Subcloning of GMCSF in pGEX4T2 Expression vector:

The GMCSF gene was transferred from pGEMT-GMCSF construct into pGEX4T2
expression vector (Amersham) using forward
(5'GTGGATCCATGTGGCTGCAGAGCCT '3) and reverse primers
(5'GACTCGAGTCACTCCTGGACTGGCTC 3') just after N- terminal GST tag
between Bam HI and Xho | site. For this purpose, GMCSF gene was amplified by
PCR from pGEMT-GMCSF construct, the amplified band was examined by agarose
gel electrophoresis, desired fragment was eluted out from gel and further preceded for
Bam HI and Xho | double digestion. Plasmid DNA was also treated with same
restriction enzymes followed by gel elution of linearized plasmid and DNA fragment.
Ligation reaction was carried out by using T4 DNA ligase enzyme and the ligated

product was transformed into suitable expression host.

2.2.18 Expression of GMCSF in E.coli BL21 DE3 strain:

The pGEX4T2-GMCSF plasmid was transformed into E.coli BL21 DE3 (Novagen)
expression host. A single colony was inoculated in 3 mL LB medium with 100 pg/mL
ampicillin and incubated at 37°C for 12 h to generate the starter culture. An inoculum
of (1:200) dilution was added to large scale of 500 mL LB with ampicillin media.
Afterwards, 1 mM IPTG was added and the culture was allowed to grow for another
12 h for induction of the recombinant protein. Finally, the cells were harvested at
15,000 g for 10 min and stored at -20°C for further steps.
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2.2.19 Purification:

A. Solubilisation of inclusion bodies

Although bacterial expression for any recombinant protein is an easy and convenient
way to attain in substantial amount, but sometimes heterologous gene expression in
bacterial host leads to the formation of insoluble aggregates of inclusion bodies due to
incomplete folding. Herein, the GST-GMCSF protein also appeared as inclusion
bodies. Hence, the following steps were performed to solubilise the recombinant
protein from inclusion bodies. At first, frozen cell paste was dissolved in solution I
containing 10 mM phosphate buffer saline (PBS), 1 mM PMSF, 1 mM EDTA, 1%
Triton X-100 and passed through a French press operating at 20 kpsi. The cell
suspension was pelleted at 15,000 g for 30 min at 4°C. The cell pellet was further
suspended in solution 1l (50 mM TrisCl, 5 mM EDTA and 2% Triton X-100) (1:30
wi/v) with continuous stirring for 2 h at room temperature. The suspension was again
pelleted by centrifugation at 15,000 g. The pellet was then resuspended in solution 11
(50 mM TrisCl containing 1% Na deoxycholate, 0.5 mM EDTA) with continuous
stirring for 4 h and GST-GMCSF protein was dissolved at this step. Thus GST-
GMCSF protein was isolated from inclusion bodies and the purity was checked in
12% SDS PAGE gel.

B. Refolding and purification

Sodium deoxycholate suspension having soluble GST-GMCSF was separated out
from bacterial debris by centrifugation at 15,000 g for 10 min at 4 °C. The supernatant
was taken out separately and dialysed with 10 mM Tris-Cl buffer (pH 8.0) and
subsequently passed through the glutathione agarose beads for GST tagged protein
purification by affinity chromatography (Sigma). The recombinant GST-GMCSF
protein was eluted with 10 mM reduced glutathione. The purified GST-GMCSF
protein was checked by Laemmli method of SDS PAGE analysis (Laemmli et al,
1970). The electrophoresis was carried out by 5 % stacking and 12 % separating gels
(thickness 0.75 mm) at constant current of 20 mA and 30 mA for stacking and
separating gel respectively, in a MiniVE vertical electrophoresis system (G.E

Healthcare).
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2.2.20 Homology Modelling of GST-GMCSF protein:

For analysing the three dimensional structure of GST GMCSF protein in silico, firstly
amino acid sequence of GST (Glutathione S-transferase of Schistosoma japonicum)
was tagged with GMCSF amino acid by C terminal addition of GST with N terminal
of GMCSF. Following sequence has been submitted for homology modelling,

sequence of GST has been mentioned in black colour while GMCSF in red colour:

MSPILGYWKIKGLVQPTIRLLLEYLEEKYEEHLYERDEGDKVVRNKKFELGLE
FPNLPYYIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMLEGAVLDIRY
GVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLD
ALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAVVPLQGVVA
TFGGGDHPPKMWLQSLLLLGTVACSISAPARSPSPSTQPVVEHVNAIQEARRL
LNLSRDTAAEMNETVEVISEMFDLQEPTCLQTRLELYKQGLRGSLTKLKGPLT
MMASHYKQHCPPTPETSCATQIITFESFKENLKDFLLVIP FDCWEPVQE Stop

Homology modelling was performed using I|-TASSER online web server
(http://zhanglab.ccmb.med.umich.edu/I-TASSER/). I-Tasser builds 3D models of the
protein based on multiple-threading alignments by LOMETS and iterative TASSER

assembly simulations. Based on the aforesaid, five high quality protein models were
generated. The quality of the protein models were validated through the Saves server
(http://nihserver.mbi.ucla.edu/SAVES/). The best model was selected for further
analysis. Interactions between the modelled GST-GMCSF protein with GMCSF
receptor subunits (PDBID: 3CXE), GST alone with GMCSF receptor and modelled

GMCSF alone with the receptor were obtained using protein-protein docking server

ClusPro (Kozakov et al, 2010). The interactions were compared with that of the
crystallized structure of GMCSF (3CXE: PDB ID).

2.2.21 Western Blot Analysis:

Western blot using anti-GMCSF antibody confirmed the presence of recombinant
GMCSF protein. Purified GST-GMCSF was run in SDS-PAGE and then transferred
on PVDF membrane. Protein transfer was checked by ponceau S staining of the
membrane. The membrane was blocked overnight with blocking reagent containing
5% skim milk in 10 mM PBS with 0.1% Tween 20. Then the membrane was
incubated with human GMCSF specific monoclonal antibody (Rat anti GMCSF 1°Ab,
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BD Biosciences) for 3 h. Afterwards, it was washed with PBST (10 mM PBS with
0.1% Tween 20) and further incubated with anti-rat HRP conjugated secondary
antibody (Calbiochem) for 2 h. Membrane was again thoroughly washed with PBST
and the brown colour was developed by H,0O, mediated catalytic activity of Horse
radish peroxidase enzyme using DAB (3,3’diaminobenzidine, Amresco) as a
substrate. Similarly, the presence of GST tag was confirmed using mouse anti-GST

antibody (Bangalore Genei, India).

2.2.22 MALDI TOF TOF analysis:

MALDI MS/MS analysis has been carried out with 4700 Proteomics analyzer with
TOF TOF Optics™ (Applied Biosystems) under diode pumped Nd:YAG laser at 355
nm. Data has been acquired by 300 shots per spectrum in MS positive reflector mode
with automated acquisition. MS spectrum was further subjected to MS/MS mode by
semi-automatic method. lons generated by MS mode were again induced by a positive
ion mode in collision induced dissociation cell (CID) with the employment of 1 KeV
positive collision energy. Protein sample was prepared by in situ gel digestion of SDS
PAGE separated protein. Gel destaining was done in 50 mM ammonium bicarbonate
buffer in 50% acetonitrile (ACN). Destained gel was completely dehydrated in 100%
ACN. The protein bands were excised and further preceded for trypsin digestion
within the gel in 50 mM ammonium bicarbonate buffer, pH 7.8, at 37°C for overnight
(Jimenez et al, 1998; Havlis et al, 2003). After digestion the residual peptides were
taken out by the addition of peptide extraction solution (0.1% trifluoroacetic acid in
50% acetonitrile) in the gel and the fractions were pooled. For MALDI-MS analysis
the dried sample was dissolved in 30% ACN containing 0.1% TFA. Trypsinized GST-
GMCSF protein (20 pmol) was analyzed with CHCA matrix (o cyano-4-
hydroxycinnamic acid). Equal volume of CHCA matrix (10 mg/mL) was added with
trypsinized protein and loaded on analyzer plate.

2.2.23 Circular dichroism analysis:

Far-UV Circular dichroism spectra of recombinant GST-GMCSF protein were
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measured by Jasco J-815 CD spectrophotometer. Purified GST-GMCSF protein was
dialyzed against 100 mM Tris-Cl buffer pH 8.0, and then filtered through 0.22 um
unit to get clear protein solution. Spectra were recorded using 1mm cuvette at 20°C,
with 1.00 nm bandwidth and 50 nm/min scan speed against the blank 100 mM Tris-Cl
buffer. Three independent scans were recorded at 190-240 nm wavelength range to

obtain the resultant spectra.

2.2.24 Cell proliferation Assay:

The biological activity for recombinant GST-GMCSF was examined on THP1
(human leukaemia), Raw 264.7 (mouse macrophage), MCF7 (human breast cancer)
and U87MG (human neuroblastoma) cells. Cells were seeded in 96 well plates with
DMEM media supplemented with 10% FCS. After 12 h, the media was removed and
the cells were washed with PBS. Then recombinant GST-GMCSF was added with
serum free DMEM media to the cells. THP-1 leukemia suspension cells were directly
seeded in serum free media supplemented with GST-GMCSF protein. Recombinant
GST-GMCSF was added in different concentration to the cells and the cells were
incubated at 37 °C for 24 h in CO; incubator. Cell viability was checked by
spectrophotometric analysis of XTT (2, 3-bis (2 methoxy-4 nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide), which gets converted into orange colour formazan by
actively respiring cells and the colour is measured at 450 nm. A control experiment
was performed with purified GST to nullify any effect of GST on cells.

2.3 Results and Discussion

2.3.1 Cloning of GMCSF cDNA:

A 435 bp CDS (NM_000758.2) of human GMCSF gene was amplified using gene
specific primers as mentioned in method section. The full length gene was cloned into
the pGEMT Easy vector (Fig. 2.1) and subsequently subcloned into the pGEXA4T2
bacterial expression vector to obtain recombinant pGEX4T2-GMCSF plasmid that
expressed N terminal GST tagged GMCSF (Fig. 2.2).
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3015 bp <

435bp <

Fig 2.1. Cloning of GMCSF in pGEMT Easy vector. Lane 1: PCR product, Lane 2:
Marker, Lane 3: EcoR1 digested pGEMT GMCSF construct, Lane 4: Uncut pGEMT
backbone, Laneb: Uncut pGEMT GMCSF construct, Lane 6: Eco RI digested
pGEMT backbone.

> 4972 bp

———>435bp

Fig 2.2. Subcloning of GMCSF in pGEX4T2 bacterial expression vector. Lane 1:
Uncut plasmid, Lane 2: Marker, Lane 3: pGEX4T2 GMCSF after Bam HI and Xho |

digestion.

40
TH-1252_08610617



2.3.2 Expression and Purification of GMCSF:

The recombinant protein was induced in E.coli BL21 DE3 (Novagen) expression
bacteria by 1 mM IPTG at 28 °C for 12 h. The 42 kDa GST-GMCSF protein was
found to be present in insoluble fraction of E.coli expression host BL21 (Fig. 2.3).
The protein was solubilized (discussed in detail in method section) dialysed against 10
mM Tris Cl and then passed through a column containing glutathione beads, which
has strong binding affinity for GST. Column bound GST-GMCSF protein was eluted
with 10 mM reduced glutathione (Fig. 2.4).

5 6

¢ @
7 . 46kDa
! —> 42kDa
= ; ——>135KDa
.

Fig 2.3. Expression of recombinant GST-GMCSF protein. Lane 1. pGEX4T2
supernatant, Lane 2: GST-GMCSF supernatant, Lane 3: Marker, Lane 4: pGEX4T2
Debris, Lane 5: GST GMCSF expression in debris, Lane 6: GST-GMCSF dissolved

protein.

46 kDa
> 42 kDa

35kDa

Fig 2.4. Showing purified recombinant GST-GMCSF protein, Lane 1: Marker, Lane 2
and 3: GST GMCSF protein.
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2.3.3 Analysis of GST-GMCSF by Western Blot:

Western blot using anti GST antibody depicted a 42 kDa band of GST-GMCSF in
lane 1 and a 26 kDa band of GST in lane 2 of Fig 2.5. Furthermore, Western blot with
anti-GMCSF antibody confirmed the 42 kDa GST GMCSF protein band in lane 2 of

Fig 2.6. 1 5
RS
s
Fig 2.5. Anti GST western analysis of GST GMCSF protein. Lane 1- GST GMCSF
protein, Lane 2- GST protein. , o

Fig 2.6. GMCSF gene specific western analysis of GST GMCSF protein. Lane 1-
Protein Marker, Lane 2- GST GMCSF protein.

2.3.4 Ananlysis of MALDI TOF TOF:

Subsequently, the GST-GMCSF peptide sequence was also confirmed by MALDI-
TOF/TOF analysis. Peptides generated by trypsin digestion were preceded for
MALDI-TOF/TOF (Fig 2.7). The results matched with identical 19 aa of human
GMCSF in MASCOT data base (Table 2.1) by 13% sequence coverage of query with
a score value of 179.
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Fig 2.7. MALDI Spectra of GST-GMCSF protein after trypsin digestion.

Table 2.1 Sequence similarity of GST-GMCSF with Human CSF2 in MASCOT
Database

m/z Sequence Protein Method

2133.29 SPSPSTQPW EHVNAIQEAR CSF2 M (179)
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2.3.5 Analysis of Circular dichroism:

CD analysis of GST-GMCSF protein was performed using model, make Jasco. The
CD spectra showed around a helix (15.6 %), B sheet (43.9 %) and the rest with 40.5%
random coils (Fig. 2.8). The spectrum was analyzed by Yang’s reference algorithm

after baseline subtraction.

N

=

CD (mdeg)

-..0 o
N 0 O B = N N W

-

Wavelength (nm)

Fig 2.8. Circular Dichroism analysis of GST-GMCSF protein

2.3.6 Homology Modelling of GST-GMCSF and docking of GST-
GMCSF protein with GMCSF receptor:

Three dimensional structure of GST-GMCSF protein was predicted by I-TASSER
server (Fig. 2.9). PDBsum analysis of the secondary structure of the GST-GMCSF
protein model showed 48 % a helix and no B sheets. The modelled structure of GST
conjugation with GMCSF showed negligible structural differences from that of
already crystallised structure of GST (LUA5: PDB ID) as well as with GMCSF
(1CXE: PDB ID). Thus, we may assume that our predicted model did not make any
difference in the wild type structure and thus may not hinder with its functionality.
Hansen et al. (Hansen et al, 2008) reported the crystallized structure of GMCSF with
its receptor. According to their report helix 6 of the crystallized GMCSF protein is
responsible for recognizing the receptor a-subunit and helix 4 is important for
interacting with the receptor B-subunit. This study showed that the residues in

receptor reported to interact with GMCSF in the crystallized structure is also involved
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in recognition of the GMCSF-GST conjugated model protein. Thus it can be
conclusively said that Vall04, Vall05, Tyr 39 of the receptor subunit in both
crystallized and modelled protein are the residues most important for GMCSF-
receptor recognition. However it was observed that the residues in GMCSF
recognizing the receptor were not interacting in the case of GST-GMCSF conjugated
model protein. Two loop regions between helix 1 and helix 2; helix 4 and helix 5 were
observed to be important in recognizing the receptor B-subunit (Figure 2.10). CD data
obtained also showed negligible percentage of helices, and thus it may be assumed
that GST conjugation with the N-terminal residues of GMCSF did not affect GMCSF
interaction with the receptor subunits and the loop regions were more important for
receptor B-subunit recognition. Moreover it was also observed that GST conjugation
with GMCSF (modelled protein), results in greater number of residues of receptor a-
subunit in the modelled protein to interact with the helix 1 (H1), helix 5 (H5) and C-
terminal loop region of the modelled GMCSF (Figure 2.11). However in the
crystallized structure (3CXE) only helix 5 interacts with the receptor. Thus the helix
1, helix 5 and C-terminal loop of GMCSF were interacting with that of the receptor a-
subunit. GST conjugation also results in stronger interaction between the receptor o
subunit and GMCSF. It was observed that residues important in interacting with the
receptor B-subunit in the crystallized structure of GMCSF with its receptor interacted
with the GST in the GST-GMCSF conjugated protein model (Fig. 2.12). The
proliferation data supported the aforementioned observation as it suggests activity of
the receptor with the purified GST-GMCSF conjugated model, thus it can be
emphasized here that the reported residues are not mutually exclusively involved in
GMCSF-receptor recognition. Moreover, GST alone when docked with GMCSF
receptor did not interact with the interface of the GMCSF receptor a and B-subunits,
which are the actual binding site of GMCSF with its receptor in the crystallized
structure (Fig. 2.13). This stresses on the fact that GST alone is not involved in the
activation of the GMCSF receptor. Furthermore, GMCSF modelled protein when
docked with the GMCSF receptor showed interaction with the similar residues as in
the crystallized GMCSF-receptor complex (Fig. 2.14). Thus the modelling data
showed that the GST conjugation with GMCSF involved its loop region to activate
GMCSF receptor.
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Fig 2.9. Homology model of GST GMCSF protein
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Fig 2.10 A. Secondary structure of GMCSF in modelled protein B. Secondary
structure of crystallized GMCSF. Residue number is different in both cases C.
Comparison of protein—protein interaction between modelled GMCSF (chain B) with
that of GMCSF B-subunit (chain A) D. Crystallized structure of GMCSF with that of
its receptor B subunit (3CXE).
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ChainB Chain C
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Fig 2.11 A. Amino acid residue interaction of modelled GMCSF (chain B) with
receptor a subunit (chain C) B. Amino acid residue interaction of crystallized GMCSF

(chain B) with receptor a subunit (chain C).
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Fig 2.12. GST-GMCSF interface interaction
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A

Receptor a-subunit

receptor. GST only interacts with GMCSF B subunit.

Fig 2.13. Protein—protein docked structure showing GST interaction with GMCSF
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Fig 2.14. Interaction of (A) Modelled GMCSF with receptor (B) crystallized GMCSF
with receptor.

49
TH-1252_08610617



2.3.7 Activity assay of GST-GMCSF:

We have tested cell proliferative activity of GST-GMCSF on haematopoietic THP-1
cell line and three non-haematopoietic cell lines, such as, MCF-7, Raw 264.7 and
U87MG. The GST-GMCSF exerted its effect in a dose dependent manner and the
optimum protein concentration for executing maximum proliferative response varied
for different cell lines. More than two fold increase in cell proliferation was observed
after 24 h of GST-GMCSF addition on THP-1, Raw 264.7 and MCF-7 cells as
compared to untreated control, whereas U87MG showed 1.4 fold increased in
proliferation (Fig. 2.15). GST-GMCSF stimulated the proliferation of different cell
lines in a dose dependent manner at varies protein concentration and the required
amount of protein for proliferating Raw 264.7 macrophages cells and THP-1 cells was
less. These cells were proliferating upto 1.5 fold in 20 ng/mL protein concentration
only while there was no significant effect observed over US7MG cells and MCF-7
cells, at this protein concentration. Different cells exhibited maximum proliferation at
a particular dose of GST-GMCSF as compared to the untreated cells. Cell viability
was checked by XTT assay after 24 hrs of GST-GMCSF addition and the percentage
cell viability was calculated comparing the untreated cells.

% viability= (Treated cells absorbance / untreated cells control absorbance) x 100

All the experimental data were represented as Mean * standard deviation (SD) of
three independent experiments. Statistical significance was checked by two way

analysis of variance (ANOVA). The significance of data was considered for P < 0.05.
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Effect of GST-GMCSF on US7MG cells Effect of GST-GMCSF on MCF-7 cells
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Fig 2.15. Effect of GST-GMCSF on cell viability

Table 2.2. Optimum protein conc. of GST-GMCSF for maximum proliferation in

different cell lines

Serial Cell lines Optimum protein Conc. of Fold proliferation
No. GST-GMCSF (ng/mL) (with respect to
untreated control)

1. THP-1 human leukemia 200 2.7

2. Raw 264.7 mouse 800 2.2
Macrophages

3. MCF-7 human breast 800 2.2
cancer

4, us7 MG 80 1.4
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2.4 Conclusion

In this chapter 2, a novel cytokine GMCSF from unstimulated human renal carcinoma
ACHN cells was cloned. An easy method to solubilize GST-GMCSF from inclusion
bodies was developed. The GST tag was very useful for one step purification of the
recombinant protein. The recombinant GST-GMCSF was thoroughly characterized
using analytical tools. The CD data revealed a major portion of B sheets along with
less a-helix. The recombinant protein showed cell proliferative activity. It has been
reported by Hansen et al that helicity is responsible for binding to GMCSF receptor;
however, the modelling and docking results (GST-GMCSF docked with GMCSF
receptor) implicated that a hydrophobic loop might be responsible for binding with
the GMCSF receptor, and thus the protein activity was retained. Furthermore, the
GST tag provided functional stability to the recombinant GST-GMCSF. Experimental
data suggested that the recombinant GMCSF could induce proliferation of various
types of cells. This possibly is the first report to show the effect of a GST tagged
GMCSF activity in cell proliferation. This recombinant cytokine could be further
explored as an adjuvant in viral gene therapy (Ghosh et al, 2006; Yata et al, 2012).
This recombinant GMCSF is not only useful to ameliorate growth of macrophages
near ablated tumour sites, but may facilitate the growth and recovery of normal cells

after prolonged treatment with chemotherapeutic drugs during cancer therapy.
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CHAPTER 3

3.1 Introduction

In last few decades, an ample growth has occurred in the field of cancer therapy, due
to advent of new molecular entities and unearthing of crucial cell signalling pathways,
which provide new opportunities in both therapeutic and basic research frontiers.
However, suitable drug molecule(s) or novel therapeutic methods that imply to
replace the conventional chemo /radio therapy have not been translated to therapeutic
level, at least not in clinical practice so far. Preferential delivery of therapeutic agents
at the tumour sites while avoiding their undesired accumulation at the other sites i.e.
“spatial drug delivery” is a matter of pivotal importance to curb the amount and
subsequent side effects of drugs are now under consideration (Danhier et al 2010; Bae
et al, 2011; Lammers et al, 2012). In this scenario, nanoparticle mediated drug
delivery offers promising opportunities, as it exhibits high efficacy due to its
favourable size and tunable physicochemical properties. Moreover, conjugation of
specific ligand(s) on the surface of the NPs provides significant level of selectivity by
active targeting (Peer et al, 2007; Cho et al, 2008; Farokhzad et al, 2009; Dinarvand
et al, 2012). However, the major difficulty faced by any chemotherapeutic drug to
access tumour site is mainly due to intricate cellular organization of surrounding cells.
In such case, NPs mediated drug delivery increases blood circulation half-life and
bioavailability of the drugs within a therapeutic frame and consequently, avoid
immediate dose and frequency escalation, thus mediating a controlled release of drug
(Segura et al, 2005; Vij et al, 2010).

Furthermore, it would be beneficial to apply recombinant therapeutic agents of human
origin, which may reduce the likelihood of host antagonistic responses. In this
context, protein therapeutics has gained an edge over other options as their rate of
industrial translation is high. For example, recombinant insulin isolated from E.coli
has replaced the whole market from animal source (Vajo et al, 2001) and the
recombinant [FNa-2a is now used in cancer therapy and treatment of autoimmune
diseases (Minasian et al, 1993). Another such molecule is IFNy, a naturally occurring
cytokine, which is produced and secreted by the immune system cells e.g., white
blood cells and natural killer cells. IFNy interacts with its cell surface receptors and

induce signal transduction through JAK-STAT pathway (Lange et al, 2011), which
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subsequently elicits multiple responses, such as, prevention of viral replication, cell
growth inhibition and cell differentiation (Kano et al, 1997; Samuel et al, 2001;
Billiau et al, 2009; Lange et al, 2011). IFNy is an FDA approved cytokine (Roy et al,
2010), which is involved in activation of T cells and macrophage, exerts tumoricidal
and antimicrobial activity, having a huge impact on host defence system (Girdlestone
et al, 1996). Moreover, recent studies portray the important role of IFNy in cancer

immunesurveillance (lkeda et al, 2002; Dunn et al, 2004; Brandacher et al, 2006).

However, therapeutic applications of IFNy is limited due to its shorter life time and
rapid clearance from body, and furthermore, its higher dose and repetitive uses cause
severe side effects (Dong et al, 2005; Segura et al, 2005). Therefore, prolonged
sustainability of IFNy in blood would be a viable option for exploiting maximum
therapeutic efficacy by its possible integration with nanoparticles. Recent studies from
several laboratories including ours, demonstrated that Ag NPs has great potential as
antibacterial as well as anti-cell proliferative agent. Essentially, Ag NPs lead to
apoptosis in mammalian cells (Gopinath et al, 2008; Gopinath et al, 2010; Sahoo et
al, 2011).

Keeping this in view, we have cloned, expressed and purified GST fused IFNy
protein. It is to be mentioned here that GST tag minimises the steps of protein
purification, provides stability and facilitates single step purification of the
recombinant protein (Smyth et al, 2003; Ghosh et al, 2004). Recombinant IFNy
protein was being expressed in inclusion bodies (Petrov et al, 2010), which was
further purified and delivered to cancer cells by freshly synthesized Ag NPs coated
poly lactic-co-glycolic acid (PLGA) composite NPs. The PLGA is known as a
biodegradable polymer comprising of monomers of lactic and glycolic acids
(Murakami et al, 1999; Dinarvand et al, 2011; Danhier et al, 2012). We explored the
complementary effects of the composite NPs, where the recombinant IFNy was shown
to block cell cycle and the Ag NPs had induced apoptosis by cell surface receptor
mediated targeting with the recombinant IFNy as ligand. This combination therapy is
a novel approach, where the additive effects of the recombinant IFNy and Ag NPs at
their low concentrations, may provide a new platform to enhance therapeutic efficacy
of IFNy stabilized composite nanoparticles. Scheme 3.1 provides a brief overview of
the current work encompassing cloning, purification, functional aspects of

recombinant protein and delivery with Ag NPs for therapeutic application.
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Scheme 3.1. Schematic representation of development and functional aspects of
composite nanoparticles (GST IFNy -Ag PLGA NPs).

3.3 Materials and Methods

3.2.1 Cell Culture:

Cell lines for work were obtained from NCCS Pune, India. The cells were
periodically subcultured in DMEM media supplemented with 10% FBS, 20 U/mL
penicillin and 50 mg/mL streptomycin in 5% CO, humidity at 37 °C.

3.2.2 Cloning of Human IFNy:

IFNy gene was cloned from human blood cDNA. Gene specific forward primer
(5'ATGTGGCTGCAGAGCCTGCTG3)) and reverse primer
(5TCACTCCTGGACTGGCTCCCAZ') were designed for PCR and cloning of IFNy
in pPGEMT Easy vector was done. Subsequently IFNy gene was subcloned into N
terminal GST tag pGEX4T2 expression vector (Amersham) using primers with Bam
HI  and Xho | in  flanking  sites  (Forward  primer: 5'
GCGGATCCATGAAATATACAAGTTAT 3" Reverse primer: 5'
GACTCGAGTTACTGGGATGCTCTTC 3'). IFNy gene is located at chromosome
5023-g31 (NM_000619.2).
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3.2.3 Expression of IFNy in E.coli Rosetta gami strain:

The pGEX4T2 IFNy construct was transformed into E.coli Rosetta gami expression
host. A starter mini culture was developed by inoculating a single colony in LB
medium supplemented with 100 pg/mL ampicillin for 14 h at 37°C. This culture was
further used as inoculum (1:250 dilutions) for scale up in 500 mL LB media with
ampicillin. At 0.4-0.6 ODsgo, IPTG was added to the growing culture for expression
of Lac operon regulated recombinant protein and allowed to grow for another 12 h for
induction of recombinant GST tagged IFNy protein. Finally the grown culture was
centrifuged at 12,000 g for 15 min to harvest the bacterial pellet and stored at -20°C

for further applications.

3.2.4 Solubilisation, refolding and purification of GST IFNy from

inclusion bodies:

The GST IFNy overexpressing bacterial cells were suspended in ice chilled lysis
buffer (50 mM Tris pH 8.0 with 1% of sarkosyl, 1 mM PMSF, 1 mM EDTA) and
sonicated at 20 kpsi for 10 min for cell lysis (Tao et al, 2010; Park et al, 2011). The
presence of GST IFNy protein was confirmed by 12% SDS-PAGE analysis of the cell
lysate. After cell lysis, 20 mM CHAPS and 2% Triton X 100 were added to the lysed
cell solution and kept for continuous stirring for 30 min to form micelle of sarkosyl.
This step opens up the covering of sarkosyl from GST IFNy and makes the protein
free. CHAPS and Triton X 100 are neutral detergent molecules, which help in the
micelle formation of sarkosyl itself and thus the solubilised protein becomes free of
its cationic surrounding made by sarkosyl. Further this solution was separated from
the debris through centrifugation followed by dialysis in PBS (pH 7.4). This protein
mixture was passed through the glutathione agarose 4B matrix (Sigma). The
recombinant GST IFNy protein was eluted with 10 mM reduced glutathione in PBS
and checked by 12 % SDS PAGE analysis followed by silver staining (Kerényi et al,
1973).

3.2.5 Protein estimation by Bradford assay:

The protein sample which was present in PBS was estimated by Bradford assay
(Sigma). As per the manufacturer protocol, 200 pL of protein sample was mixed with

200 pL Bradford Reagent and kept at room temperature for 15 min. After incubation,
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200 pL of the reaction mixture of each sample was transferred to the 96 well plate and
the optical density was measured at 595 nm by ELISA reader (Bradford et al, 1976).

3.2.6 Western Blot analysis:

Purified GST IFNy was confirmed by anti-GST Western blot. Mouse anti-GST
(Sigma) and mouse anti-human IFNy antibodies were used as primary antibodies (BD
Pharmingen, USA). Horse radish peroxidase conjugated goat anti-mouse polyclonal
IgG was used as secondary antibody (BD Pharmingen, USA). Blot was developed
using chemiluminescence (Super Signal West Dura, Thermo Scientific) and imaged
using gel documentation system (Gel logic 1500, Kodak).

3.2.7 MALDI analysis:

Purified GST IFNy protein was characterized with MALDI TOF TOF (4800 Plus
Applied Biosystem) before loading on nanoparticles. Recombinant protein was eluted
by in gel trypsin digestion (Sigma Kit) for 12 h and spotted at a cyano 4 hydroxy
cinnamic acid matrix of MALDI plate. The samples were analyzed by MALDI TOF
(YYergey et al, 2002; Havlis et al, 2003).

3.2.8 Measurement of ROS generated by IFNy on Raw 264.7 cells:

To determine the activity of GST IFNy purified protein in ROS generation, we added
5 uM Dichloro fluorescein (DCFDA, Sigma) on Raw 264.7 mouse macrophages after
24 h treatment with recombinant GST IFNy protein. The samples were analysed by
flow cytometer (FacsCalibur, BD Biosciences, NJ) at an excitation wavelength of 488
nm and emission wavelength of 530. The fluorescence data were recorded with the

CellQuest program (BD Biosciences) for 15,000 cells in each sample.
3.2.9 Synthesis of PLGA and composite (Ag PLGA NPs) NPs:

The PLGA NPs were synthesized by using emulsification solvent evaporation method
(Murakami et al, 1999; Dinarvand et al, 2011; Danhier et al, 2012). In brief, 10 mg of
PLGA was dissolved in 1.5 mL of chloroform. Then, the PLGA solution was added
dropwise into 2 mL of 0.5% of PVA (5 mg/mL) solution under continuous sonication
at 40 kpsi for 10 minutes. During sonication the temperature of the reaction was

maintained at 90°C which facilitated the removal of organic solvent. The NPs were
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collected by centrifugation at 6,000 rpm for 5 minutes. The collected NPs were
extensively washed with water for the complete removal of organic solvent which is
toxic to the mammalian cells and finally dissolved in deionized water. For the
preparation of fluorescent NPs, 10 pL of fluorescein (1 mg/mL) was added into the
PVA solution before addition of PLGA. For the synthesis of composite NPs of Ag
NPs and PLGA NPs, first, silver nano particles were synthesised with the reaction of
200 pL of 10 mM Ag NO3 and 1 mL of sodium borohydride (10 mM) into 2 mL of
0.5% of PVA (5 mg/mL) where PVA acted as stabilizing agent of the Ag NPs. Then,
this pre formed PVA stabilized Ag NPs were used as emulsifying agent for the
synthesis of composite NPs (Ag PLGA NPs) by maintaining the same reaction
conditions as described above.

3.2.10 Hydrodynamic diameter and zeta potential measurement:

Hydrodynamic diameter and zeta potential of PLGA and composite NPs (Ag PLGA
NPs) were analysed by Malvern Zeta Sizer Nano ZS in PBS buffer. The same

experiment was also performed after incubation with GST IFNy protein.
3.2.11 Surface Morphology study:

Surface morphology of NPs was studied with Field Emission Scanning electron
microscopy (FESEM) and transmission electron microscopy (TEM). For FESEM
analysis, 20 pL of the sample was drop casted on the glass slide which was rapped
with aluminium foil and sputter-coated with gold film using a sputter coater
(SC7620“Mini”, Polaron Sputter Coater, Quorum Technologies, New haven,
England) and analysed by FESEM. For the TEM analysis, 7 pL of the sample was
added on the carbon coated copper grid, dried and analysed under TEM (TEM; JEM
2100; Jeol, Peabody, MA) which was operating at an accelerating voltage of 200 keV.

3.2.12 Determination of IFNy protein binding efficiency with NPs:

Binding of GST IFNy protein with the PLGA and composite NPs was confirmed by
fluorescence spectroscopy study. For that, different amount of protein (5-40 ng) were
incubated with the fixed amount of NPs (1 pg) for 1 h at 37°C, followed by
centrifugation (6,000 rpm, 5 min) to remove the unbound protein. The fluorescence
intensity of the FITC was gradually decreased at 520 nm (when excited at 480 nm) for
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both the NPs such as PLGA and composite NPs with increasing concentration of the
protein. The protein binding was also validated by UV-vis spectroscopy study. For
that, both the NPs i.e. PLGA and composite NPs (20 pg) were incubated with
different amounts of the recombinant IFNy (500-3000 ng) for 1 h at 37°C, followed
by centrifugation at 6,000 rpm for 2 minutes. The NPs were collected by discarding
the supernatant and measured the absorbance at 280 nm to find out the amount of

protein immobilized on the surface of the NPs.
3.2.13 Protein Release Assay:

To study the protein release, 5 pg of GST-IFNy was incubated with 200 pg of Ag
PLGA NPs at 37°C for 72 h in PBS (pH 7.4). The samples were taken out
periodically and centrifuged to pellet down the nanoparticles. The supernatant was
collected and the absorbance was measured at 280 nm by UV-Vis spectroscopy,

which corresponds to the amount of released protein.
3.2.14 Fourier Transform Infrared Spectroscopy Analysis:

To perform FTIR analysis, the samples were first lyophilized to remove the water.
Then the dried samples were mixed with KBr to make the pellets and analysed by

Perkin-Elmer Spectrum in the range of 4000 - 400 cm™.
3.2.15 Fluorescence Microscopy Study:

To perform the microscopy imaging, cells were grown in a 6-well plate (1x10° cells/
well) for 12 h. The cells were treated with the PLGA NPs, composite NPs (Ag PLGA
NPs) and GST IFNy protein immobilized NPs for 3 h. After that, the cells were
thoroughly washed with PBS to remove the residual NPs and observed by epi
fluorescence microscopy (20 X, Nikon ECLIPSE, TS100, Tokyo). As FITC was
incorporated with the NPs, treated cells showed green emission with the excitation

with blue light as compared to the control cells.
3.2.16 Protease protection assay:

For protease protection assay, 500 ng of free GST IFNy as well as the GST IFNy
loaded Ag PLGA NPs (20 pg) was incubated with Protease (Qiagen) at 37°C for 30

minutes. After that, samples were analyzed using 12% SDS PAGE analysis.
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3.2.17 Acridine Orange/ Ethidium Bromide (AO/EtBr) double

staining:

For the double staining, 5x10° HeLa cells and 3x10° MCF-7 cells were seeded in 96
wells plate and grown overnight. Cells were treated with PLGA, composite NPs (GST
IFNy -Ag PLGA NPs), GST IFNy protein and protein immobilized NPs for 24 h.
Then mixture of acridine orange (20 pg/mL) and ethidium bromide (20 pg/mL) was
applied to cells for 5 minutes. The cells were washed with PBS to remove the free dye
and observed under epi fluorescence microscope at 20X (Nikon ECLIPSE, TS100,
Tokyo).

3.2.18 Cell Viability assay:

The cell viability assay was performed after treatment with the NPs and the protein
immobilized NPs by MTT (3-(4,5- dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide). 5x10° HeLa cells and 3x10°> MCF-7 cells were seeded in 96 wells plate and
grown overnight. Then, varying amounts of PLGA, composite NPs (Ag PLGA NPs),
GST protein, GST IFNy protein and protein immobilized Ag PLGA NPs were added
separately to the cells. MTT assay was performed after 48 h. The colorless MTT (3-
(4, 5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) was converted into blue
color formazan by dehydrogenases of respiring mitochondria in viable cells. Water
insoluble formazan was solubilized by adding DMSO, and the color product measured
(absorbance at 550 nM) was directly correlated with the number of viable cells with
background substraction at 650 nM (Mosmann et al, 1983).

3.2.19 Cell Cycle analysis:

Cell cycle analysis was performed by FACS, for which cells were grown in a 6 well
plate (1x10° cells/ well) for 12 h followed by the treatment with the GST IFNy
protein, composite NPs (Ag PLGA NPs) and GST IFNy protein immobilized NPs for
48 h. The cells were trypsinized and collected by centrifugation at 650 rcf, 6 min at
4°C. The cells were then fixed with 70% ethanol at -20°C for 1 h. The 100 pg/mL
RNase was added into that fixed cells and incubated for 30 min at 37°C. Next, 40
pg/mL propidium iodide (P1) was added with 0.01% Triton X-100 into the cells and
samples were analysed by Florescence Activated Cells Sorter (FacsCalibur, BD

Biosciences, NJ). The fluorescence data were recorded with the Cell Quest program
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(BD Biosciences) for 10,000 cells in each sample.
3.2.20 Caspase 3 Assay:

HeLa cells were seeded at 1x10° cells/ well and treated with ICsy of the Ag PLGA
NPs in serum media, (1.36 pg/mL) for 18 h. Then cells were trypsinized and fixed
with 0.1% of formaldehyde in PBS for 15 min at room temperature (25°C). Further,
cells were pellet down by centrifugation at 300 g and incubated with 1 mL of
membrane permealization solution (0.5% of Tween 20 in PBS) for another 15 min in
dark followed by washing with double volume of PBS. Finally cells were treated with
PE conjugated Rabbit Anti —Active-Caspase-3 (Catalog No. 550821, BD Biosciences)

for 30 min in dark. Finally, the samples were analysed in FACS.
3.3 Results and Discussions

3.3.1 Cloning of human IFNy:

A 501 bp IFNy gene was PCR amplified from human blood cDNA and initially
cloned into the pGEMT Easy cloning vector. The clone was confirmed by Eco RI
restriction digestion (Fig. 3.1A) and further subcloned into pGEX4T2 bacterial
expression vector to generate recombinant pGEX4T2-IFNy plasmid (Fig. 3.1B). The
clone was further confirmed by restriction digestion with Xho | and Bam HI enzymes

followed by sequencing.

5Kb

4972 bp
3Kb 3015 bp
600 b
400 bg 501 bp B
501 bp
400 bp
A B

Fig 3.1. Agarose gel electrophoresis of pGEX4T2-1FNy plasmid (A) Lane 1: Hyper
ladder (NEB) , Lane 2: Undigested plasmid, Lane 3: Eco RI digested pGEMT IFNy
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construct (B) Lane 1: Hyper ladder (NEB), Lane 2: pGEX4T2 IFNy plasmid digested
with Bam HI and Xho | showing 4972 bp vector backbone 501 bp IFNy insert, Lane3:
Undigested plasmid.

3.3.2 Expression and characterization of GST IFNy:

The construct was transformed into E.coli Rosetta gami and the recombinant IFNy
expression was induced with IPTG (Fig. 3.2A). However, the recombinant protein
mainly appeared in inclusion bodies (Lane 5, Fig. 3.2A), which was solubilised using
1% sarkosyl, 20 mM CHAPS and 2% Triton X-100. The recombinant IFNy was
purified to a single band of 44 kDa using glutathione agarose affinity chromatography
(Lane 1, Fig. 3.2B).

1 2 34 H
-
5
L -
-
; > 46 kDa
—> 44 kDa
> 35 kDa
—

Fig 3.2. (A) SDS-PAGE of E.coli Rosseta gami cell lysates. Lane 1: supernatant of
pPGEX4T2 transformed IPTG induced cell lysates, Lane 2: cell pellet of pGEX4T2
backbone transformed IPTG induced cells, Lane 3: protein marker, Lane 4:
supernatant of pGEX4T2-IFNy transformed cell lysate after IPTG induction, Lane 5:
inclusion bodies of pGEXA4T2-IFNy transformed cells after IPTG induction (B) SDS-
PAGE of purified GST IFNy using GST glutathione affinity chromatography, Lane 1:
protein marker and Lane 2: purified GST IFNy protein.

3.3.3 Western blot analysis of GST IFNy:

Western blotting also showed a single band of 44 kDa for GST tagged IFNy either
with anti-GST antibody (Fig. 3.3A) or with anti-IFNy antibody (Fig. 3.3B),
separately.
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A B

Fig 3.3. (A) Lane 1: GST band of 26 kDa by anti GST western blotting, Lane 2: 44
kDa band of GST IFNy by anti GST western analysis (B) Lane 1: empty lane for GST
protein by anti IFNy western blotting, Lane 2: Band of GMCSF protein by anti
GMCSF western analysis.

3.3.4 MALDI analysis of recombinant IFNy:

Furthermore, MALDI-TOF analysis of trypsin digested recombinant IFNy protein
depicted significant similarity with human IFNy protein by Mascot search in NCBI
BLAST showing 39% of sequence coverage with a score value of 86 (Fig. 3.4). Table

3.1 is showing matched sequence with human IFNy.

Intensity

868 DDFEKLTNYSVTDLNV

v S
49334 6017.0

Mass (m/z)
S

Fig 3.4. Spectra of [IFNy by MALDI TOF analysis.
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Table 3.1. Showing matched query sequence with human Interferon gamma protein

m/z Sequence Protein Method
2157.1868 SPSPSTQPW EHVNAIQEAR IFNy M (86)
1949.2034 R.KAIHELIQVMAELSPA IFNy M (86)

3.3.5 Activity study of the recombinant IFNy:

Macrophage cells are known to produce high amount of reactive oxygen species
(ROS) in response to IFNy (Amatore et al, 2010). Thus, measurement of ROS in
macrophage cells, after treatment with the IFNy is a well-established bioassay for
functional activity of IFNy (Eruslanov et al, 2010). We have treated mouse
macrophage cells (Raw 264.7) with purified recombinant GST IFNy protein for 24 h,
and measured ROS by FACS analysis (Yang et al, 2007), wusing 2, 7-
dichlorofluoresceindiacetate (DCFDA) staining method. The non-fluorescent DCFDA
freely diffuses into the cells through the plasma membrane, and converts to green
fluorescent DCFH due to intracellular oxidation by ROS. Thus, the amount of
fluorescence intensity of DCFH produced is directly correlated with the amount of
ROS production inside treated cells. The FACS results demonstrated that cells treated
with recombinant IFNy protein generated ROS, which was evident from a prominent
shift of fluorescence intensity in the FL-1H channel corresponding to the green
emission as compared to the untreated cells (Fig. 3.5). These results revealed that
recombinant IFNy purified obtained from bacterial expression host could retain

functional activity.
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Fig 3.5. FACS analysis of recombinant I[FNy mediated reactive oxygen species (ROS)

generation in macrophage (Raw 264.7) cells. The FL1-H corresponds to the green

emission of the DCFDA.

3.3.6 Antiproliferative effect of IFNy:

The anti-cell proliferative activity of the recombinant IFNy was further tested on

MCF-7 and HeLa cells using MTT assay. The results showed maximum of 20-25%

cell death in a wide concentration range (10-400 ng/mL) of the recombinant protein.

The MTT assay for activity of GST and PLGA were also examined, which showed no

significant effect of GST and PLGA on cell viability (Fig. 3.6).
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Fig 3.6. MTT assay showing effect of A. GST protein on HeLa and MCF-7 cell lines
B. GST IFNy protein on HeLa and MCF-7 cell lines C. PLGA NPs on HelLa and

MCE-7 cells.
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3.3.7 Nanoparticle synthesis, characterization and binding

confirmation with GST IFNy protein:

The composite nanoparticles (Ag PLGA NPs) were synthesised in two steps, first Ag
NPs were synthesised by reaction of sodium borohydride and Ag NO3 in presence of
PVA, which acted as a stabilizing agent for Ag NPs. The formation of Ag NPs was
confirmed by its characteristics surface plasmon peak at 415 nm in UV-Vis
spectroscopy (Fig. 3.7). The Ag NPs-PVA composite was used to stabilize the PLGA
NPs by using emulsification solvent evaporation method. Usually, PVA a
biodegradable polymer is used as an emulsifying agent during the synthesis of PLGA
NPs. However, in the present case, the preformed Ag NPs- PVA composite was used
for the same. Thus, we were able to deposit Ag NPs on the surface of the PLGA NPs.
In addition, we have incorporated FITC during synthesis of the NPs to make these
NPs fluorescent. The PLGA NPs were also synthesized without Ag NPs to perform
the control experiments. The formation of NPs was confirmed by TEM analysis (Fig.
3.8). The FESEM and TEM images of PLGA (Fig. 3.8 A and 3.8B) and the composite
Ag PLGA NPs (Fig. 3.8C and 3.8D) showed that both NPs were spherical in shape
and average particle sizes were 259.28 * 34.31 nm and 266.40 + 29.08 nm
respectively. Interestingly; the Ag NPs were clearly visible to be embedded in the
PLGA NPs in case of the composite NPs. The FESEM analysis of PLGA and
composite NPs showed average particles size around 238.23 + 60.1 nm and 246.45 +
48.57, respectively which are in close compliance with the TEM results. The average
Ag NP size was found to be 7.04 + 3.2 nm. The selected area electron diffraction
(SAED) analysis of the same sample showed corresponding Scherrer ring patters
confirming the presence of the metallic silver (Fig. 3.8E). In addition, TEM image
showed that the composite NPs didn’t agglomerate or lose its structural integrity as
the diameter and shape of the NPs remained almost similar after immobilization of the

recombinant protein (Fig. 3.8F).
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Fig 3.7. UV-Vis spectra of the Ag NPs

Fig 3.8. (A and B) showing TEM and FESEM image of PLGA NPs (C and D) TEM
and FESEM image of Ag PLGA NPs (E) Selected area electron diffraction (SAED)
analysis of Ag PLGA NPs and (F) TEM image of GST IFNy incubated Ag PLGA
NP.
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3.3.8 Dynamic Light scattering and Zeta potential estimation:

We performed the DLS analysis to determine the hydrodynamic diameter of the
composite NPs. The average hydrodynamic diameter was 356 nm which increases
upto 375 nm after incubation with the recombinant IFNy protein. Hydrodynamic
diameter of PLGA NPs also increased from 275 nm to 350 nm, after its incubation
with GST IFNy protein (Fig. 3.9). The zeta potential value of the Ag PLGA NPs were
decreased to -3.83 mV from -26 mV and -3.53 from -21.8 for PLGA NPs (Fig. 3.10).
This effect was possibly due to interaction with the protein. It should be mentioned
here that the recombinant GST IFNy protein has PI value of 8.76 (based on ExPASy
Pl Calculator) and thus, it is positively charged at physiological pH (i.e. 7.4). On the
other hand, the zeta potential of the NPs showed that synthesized NPs was negatively

charged; thereby creating a plausibility of electrostatic interaction between the duos.
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Fig 3.9. Hydrodynamic diameter study of (A) PLGA NPs (B) PLGA NPs with IFNy
(C) Ag PLGA NPs only (D) Ag PLGA NPs with IFNy.
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Fig 3.10. (A) and (C) showing zeta potential of Ag PLGA nanocomposite and PLGA
particles respectively (B) and (D) are surface charge after GST IFNy protein
incubation with composite Ag PLGA NPs and PLGA NPs respectively.

To immobilize the purified GST IFNy protein on the surface of the PLGA and
composite NPs, different amounts of recombinant IFNy were incubated with the fixed
amount of NPs for 1 h at 37°C, followed by centrifugation to remove the unbound
protein. The protein bound NPs collected by centrifugation revealed that the
fluorescence intensity of the NPs gradually decreased with the addition of protein up

to 25-30 ng protein/pg of NPs after which it became saturated (Fig. 3.11).
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Fig 3.11. Fluorescence emission study of FITC loaded (A) PLGA NPs (B) Ag PLGA
NPs with addition of GST IFNy protein.
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3.3.9 Optimum protein binding study:

The protein immobilized NPs were further probed for the quantitative estimation by
UV-vis spectroscopy. Absorption at 280 nm that corresponds to the amount of bound
protein revealed that maximum 25 ng protein was bound with 1 pug of PLGA NPs as
well as composite Ag PLGA NPs (Fig. 3.12A and 3.12B respectively).
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Fig 3.12. UV-Vis study of the binding of GST IFNy protein with (A) PLGA only (B)
composite NPs (Ag PLGA NPs). The values are represented as mean = SD of three

individual experiments.

3.3.10 FTIR analysis:

The interaction was also supported by FTIR analysis. The FTIR spectra of the
composite NPs alone and after its interaction with the recombinant protein showed
that the most of the peaks were unaltered. However, the peaks at 1760 cm™ and 1162
cm™ corresponding to C=0 and C-O stretching vibrations were more prominent in
case of only composite NPs (Khemani et al, 2012). One additional peak appeared for
protein immobilized NPs at 1651 cm™ corresponding to amide bond | (HNC=0) bond

stretching, indicating the presence of protein on the surface of the NPs (Fig. 3.13).
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Fig 3.13. FTIR spectra of the (A) composite NPs and (B) recombinant GST IFNy
immobilized GST IFNy Ag PLGA composite NPs.

3.3.11 Protein release profile:

Protein release data showed that maximum 34% release of GST IFNy from NPs in 72
h at physiological pH, while the rest was bound with the nanoparticles (Fig. 3.14).

The sustained release of the protein in physiological condition could reduce the
frequency of its doses.
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Fig 3.14. GST IFNy protein release profile from Ag PLGA NPs.
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3.3.12 Protease protection assay:

More importantly, we have performed the protease protection assay in which Ag
PLGA NPs was incubated with GST IFNy protein. Result showed that GST IFNy
protein loaded Ag PLGA NPs was more stable than free protein (Fig. 3.15).

-
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Y

Fig 3.15. SDS PAGE analysis for protease protection assay. Lane 1: GST IFNy
protein digested with protease, Lane 2: GST IFNy Ag PLGA NPs nanocomposite
digested with protease, Lane 3: Nanocomposite digested with protease, Lane 4:
Protein Marker.

3.3.13 Microscopy based cell surface interaction study:

To study the interaction of protein immobilized NPs with the cells, HeLa and MCF-7
cells were incubated with FITC loaded GST IFNy PLGA NPs for 1 h, followed by
PBS washing and analysed with the fluorescence microscope as well as FACS.
Fluorescence microscopy images showed green fluorescence emission at the surface
of the treated cells when excited with blue light (Fig. 3.16B and 3.16D) while there
was no green fluorescence observed in FITC loaded PLGA NPs treated control cells
(Fig. 3.16A and 3.16B). This effect could be due to binding of IFNy with its surface
receptor which allowed the nanoparticles to attach on cell surface which gives green
colour. Under similar conditions, DAPI, a well-known nuclear dye stained nuclei
blue. Interestingly, the merged images showed both green and blue fluorescence for
GST IFNy Ag PLGA NPs treated cells (Fig. 3.17B and 3.17D) whereas the NPs
treated cells showed only blue fluorescence due to DAPI staining (Fig. 3.17A and
3.17B). Thus, the microscopy images illustrated the evidence of IFNy mediated NPs

interaction with cell surface.
78
TH-1252 08610617



e

. , ¥

Fig 3.16. Fluorescent microscopy images of (A, B) HeLa control and GST IFNy
loaded Ag PLGA composite nanoparticles treated cells respectively (C, D) MCF-7
control and GST IFNy loaded Ag PLGA composite nanoparticles treated cells,

50 uM
.

respectively.

Fig 3.17. DAPI stained images of (A, B) HelLa cells treated with Ag PLGA NPs and
GST IFNy loaded Ag PLGA composite treated cells (C, D) Ag PLGA NPs treated
MCF-7 control cells and GST IFNy Ag PLGA composite treated MCF-7 cells
respectively.
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3.3.14 FACS based GST IFNy PLGA NPs binding study:

The finding was substantiated by FACS analysis of the cells treated with FITC loaded
GST IFNy PLGA NPs. FACS results revealed a prominent shift of fluorescence
intensity in the FL-1H channel corresponding to the green emission of FITC loaded
NPs attached on cell surface, which was not seen in the control cells treated with
nanoparticles only (Fig. 3.18). This is possibly due to binding of IFNy with its cell
surface receptor leading to the change in fluorescence intensity as observed during
FACS analysis (Schroder et al, 2004).
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Fig 3.18. GST IFNy Ag PLGA cell surface binding study with FACS on (A) HelLa
and (B) MCF-7 cells.

3.3.15 Cell viability analysis of GST IFNy loaded Ag PLGA

composite treated cells:

The impact of individual PLGA NPs and Ag PLGA NPs on HeLa and MCF-7 cells
was studied before combining them in to the composite nanoparticles. The cells
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treated with various amounts of PLGA NPs and the Ag PLGA NPs were estimated for
viability estimation by MTT assay. Our results showed that PLGA NPs did not
produce cell mortality (Fig. 3.6C); however cell viability gradually decreased with
increasing concentration of Ag PLGA NPs for both the cell lines. The ICs, of the Ag
PLGA NPs, where the 50% cells were killed, was found to be 1.5 ug/mL and 1.25
ug/mL for the HeLLa and MCF-7 cells, respectively (Fig. 3.19A). Finally, MTT assay
was performed to assess the cell viability in presence of the protein immobilized
composite NPs (Ag PLGA NPs). The protein was immobilized on the NPs at 30°C for
1 h followed by centrifugation to remove the free protein (25ug protein/ mg Ag
PLGA nanoparticles) and the cells were treated with the protein immobilized NPs to
check the combined effect. Cell viability data showed that protein immobilized NPs
had killed the cancer cells more effectively than Ag PLGA NPs or GST IFNy protein

alone.

At ICso the GST IFNy Ag PLGA composite GST IFNy loaded PLGA nanoparticles
nanoparticles comprise 0.95 pg/mL of Ag PLGA NPs and 25 ng/mL of IFNy protein
for both cell lines (Fig. 3.19B). The amount of silver required here to attain the 1Csg

was much less than the amount required for Ag PLGA NPs alone.
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Fig 3.19. Cell viability analysis of (A) Ag PLGA NPs treated cells (B) GST IFNy Ag
PLGA NPs treated cells. The values are represented as mean + SD of three individual

experiments with p< 0.005.
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3.3.16 Cell Cycle analysis:

Understand mode of cell death by IFNy and Ag PLGA NPs composite NPs, the HeLa
cells were treated with I1Cy of Ag PLGA NPs composite NPs and with GST IFNy
protein (25 ng/mL) .Cell cycle analysis using flow cytometry revealed cell cycle
arrest mainly in G1 phase after treatment with 25 ng/mL of recombinant IFNy,
whereas the other phases were unaffected (Fig. 3.20B). The low cell death could be
due to the short half-life of IFNy. Thus, it was clear from our results that although the
recombinant IFNy could block cell cycle, but was not able to kill cancer cells
effectively in a short time period. Therefore, we further immobilized the recombinant
IFNy on the surface of Ag NPs coated PLGA NPs. This was being performed with the
hope that the attachment of the recombinant IFNy with the polymer nanoparticles
(NPs) would not only impart stability, but also increase its anti-cancer effect due to
Ag NPs. However, the Ag NPs, a known anti-proliferative agent is required at high
concentration to kill cancer cells. But the combination of GST IFNy protein and Ag
PLGA composite effectively target cancer cells by dual mode of action as IFNy
blocked G1 phase of cell cycle and Ag PLGA composite caused apoptosis in the cells
(Fig. 3.20D). Treatment with recombinant IFNy alone did not show any sub GO
population, whereas a significant (15 %) sub GO population was observed due to
apoptosis after composite NPs treatment at 1C,o value which further increased in
combination therapy with GST IFNy Ag PLGA NPs (Fig. 3.20 E). Moreover, the
composite NPs could be targeted easily on the cells with the help of the interaction
between IFNy and its cell surface receptors. Hence, this combination therapy module
could potentiate anti-proliferative effect of the recombinant IFNy in presence of low

amount of Ag NPs.
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Fig 3.20. Cell cycle analysis of HeLa cells (A) Untreated HeLa cells (B) GST IFNy
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(E) Bar diagram showing percentage of cells after treatment. The values are
represented as mean + SD of three individual experiments with p< 0.005.
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3.3.17 AO/EtBr Double staining:

The composite nanoparticle treated cells were stained with acridine orange
(AO)/ethidium bromide (EtBr) and observed them under fluorescence microscope.
The live cells allowed permeation of AO which stained nuclei green, whereas the
dead cells emitted red fluorescence due to uptake of EtBr. Thus dual staining
facilitated an easier view of dead and live cell populations. The cell treated with the
ICso dose of protein immobilized NPs (Fig. 3.21B and 3.21D) showed more red cells
as compared to the control untreated cells. Moreover, careful observation depicted
chromatin condensation and fragmentation in case of NPs treated cells, which is the

distinctive feature of apoptotic cell death.

Control Treated

Fig 3.21. (A) AO/EtBr dual staining of control HeLa cells (B) HeLa cells treated with
GST IFNy PLGA nanoparticles (C) Control MCF-7 cells (D) MCF-7 cells treated
with GST IFNy PLGA nanoparticles.
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3.3.18 FESEM analysis for Ag PLGA NPs treated cells:

FESEM analysis revealed indentation and irregular membrane structure of the

composite NPs treated cells as compared to the untreated populations. This was in

agreement with initiation of apoptosis, which ultimately formed apoptotic bodies (Fig.
3.22).
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Fig 3.22 FESEM analysis of (A) Untreated HelLa cells (B and C) HeLa cells treated
with GST IFNy Ag PLGA composite nanoparticles.

3.3.19 Caspase 3 Assay:

Further, to confirm the apoptotic mode of cell death, caspase-3 assay was performed
in HeLa cells. Caspase is the key protease, synthesized as an inactive form in cells,
which is converted to its active form during the initial phase of apoptosis by self-
proteolysis or by cleavage with other proteases. In untreated (control) HeLa cells,
98.99% of cells were found to be non-apoptotic (Fig. 23A), whereas around 45% of
cells were apoptotic in caspase 3 assay after 16 h treatment with Ag PLGA NPs (Fig.
3.23B). Thus, the overall results demonstrated that the protein immobilized Ag PLGA
NPs were more effective in order to cause the apoptosis mediated cells death than

their individual components, possibly to complementary effects.
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Fig 3.23. Caspase 3 analysis of (A) untreated HeLa cells (B) and HeLa cells treated
with Ag PLGA NPs composite.

3.4 Conclusion

This chapter reported cloning, expression, purification of human IFNy. Recombinant
GST tagged protein was purified and showed its potential in activating macrophages
cells through ROS generation. Further, the recombinant IFNy was found to block cell
cycle mostly at G1 phase of HeLa cells, but did not cause any cell death. The
recombinant IFNy was immobilized on the composite PLGA NPs together with Ag
NPs, where PLGA NPs provided stability to the protein and the Ag NPs have
potentiated anticancer activity of the recombinant IFNy. The anti-cell proliferative
activity was measured by MTT assay. The recomninant IFNy protein was shown to be
protected from protease degradation in the composite nanoparticles. The combination
of IFNy and Ag NPs eventually led to induction of apoptosis to the cancer cells. Thus,
the composite NPs mediated delivery of this clinically important cytokine opens up a
new regimen in cancer therapy, which could minimize the repetitive doses and reduce

the amount of chemotherapeutic drugs.
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Chapter 4

4.1 Introduction

Cancer comprises changes that include suistaining proliferative signaling, resisting
cell death, enabled replicative immortality, resisting growth supressors, activating
invasion and metastasis, increased angiogenesis, genome instability, reprogramming
in cellular energy metabolism and most importantly evading immune destruction
(Hanahan et al, 2011). There are some natural immune regulators, which continuously
monitor these complex changes in tumour microenvironment and have been emerged
as natural co-ordinators between tumour and immune system, like interferons. Among
them, IFNy has a pivotal role in exerting anti tumour response (Dunn et al, 2006).
IFNy activates tumour immune escape mechanism by activating various cell types
including macrophages. Macrophages resides in  human body as monocytes in
unstimulated condition. Any pathogenic challenges implement a series of changes in
cytokine level which converts normal monocytes to its phagocytic form which in turn
exerts many cytotoxic and phagocytic effect (Klimp et al, 2002). Normally,
macrophages can be converted in two different subtypes which is essential for the
body homeostatis (Classen et al, 2009). M1 subtype, also known as classical
macrophages are the cytotoxic form ,which is gained by the effect of interferons
(Dalton et al,1993; Huang et al, 1993). This M1 subtype conversion initiates the
generation of many proteolytic enzymes which causes cytotoxicity. This subtype is
essential for the clearance of apoptotic load for the maintainance of host defence
sytem. Classically activated macrophages can elicit tumour tissue disruption (Sica et
al, 2012; Mantovani et al, 2002). It has also been reported that tumour progression is
associated with phenotype switch from M1 to M2 macrophages (Zaynagetdinov et al,
2011). M2 subtype of macrophage is regenerative in nature and helps in maintaiance
of cellular integrity and cytoskeleton development including cancer cells, so they are
called as tumour associated macrophages or alternative macrophages (Sica et al,
2012). Cancer progression spreads in 3 phases: Elimination, Equilibrium and
Expansion phase. In the first phase body cytotoxic cells are able to destroy mutated
cancerous cells while in second equilibrium phase, cancer cells make a pace with
normal body cells while in third and malignant form of cancer is most dangerous as

the cancer cells spreads inside the body freely and work as a free radical for the
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initiation of tumours at different sites in the body (Prendergast et al, 2008; Teng et al,
2008). The question arises here is, what happened to host immune sytem, so that from
the second phase of equilibrium, they don’t consider cancer cells as nonself and allow
them to grow and spread. Cancer cells secretes many signal molecules which masks
the normal defensive effect by immune cells. In this respect, macrophages, which are
the most important phagocytic cells of body also help cancer cells for its progression
in M2 form stimulated by IL-4/IL-13 (Sica et al, 2012). Signal responsible for M2
conversion are secreted more through cancer cells but if we can change the milieu of
the cancer surrounding by appropriate molecules, like TLR and IFNy which not only
recruits macrophages towards tumour, but also potentiate them as cytotoxic M1 form
to enable better regression in tumours at its equilibrium and elimination phase
(Schreiber et al, 2011) by these classically activated macrophages. This cytotoxic
effect can be lead by rationalizing a complex series for destruction process; one of
them is ROS mediated DNA damage in reponse to M1 phenotype (Sica et al, 2012).
The signature feature of classically activated macrophages are the production of nitric
oxide (NO) while alternatively activated macrophages fails to produce it (Mosser et
al, 2003). Reports show an inhibitory effect of NO on cancer invasion (Wang et al,
2007) and proliferation (Tate et al, 2012).

M1 phenotypes has some silent characteristics in production of proinflammatory
cytokines, increased production of reactive oxygen and nitrogen intermediates and
having tumorocidal effect. Considering about all these problems and challenges, we
have initiated an easy and quick FACS based approach to observe the combined effect
of two cytokines in a coculture of tumor cells along with macrophage cells. These
two recombinant cytokines are GMCSF and IFNy, in which GMCSF helps in the
proliferation of macrophages, while the IFNy helps in the activation of macrophages

in its cytotoxic M1 form.
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Flowdiagram 4.1. Coculture assay for MCF-7 and Raw 264.7 cells in presence of

recombinant cytokines GMCSF and IFNy.

4.2 Outline of Work

TH-1252_08610617

Experimental results in the chapter 2 showed that GMCSF acted as a
proliferative agent for both MCF-7 (breast cancer) as well as Raw 264.7
macrophages cells in a dose dependent manner. As the proliferative effect of
GMCSF protein was more prominent over macrophages cells at low protein
concentration (20 ng/mL) whereas no significant proliferation of MCF-7 was
found at this protein concentration.

In chapter 3, IFNy protein was tested for its anti-cell proliferative effect on
different cancer cell lines and among them, MCF-7 was found to be more
suseptible, which renders cell growth retardation by blocking cell cycle.

In this chapter, the reactive oxygen species (ROS) generating capacity of the
recombinant IFNy protein on MCF-7 and Raw 264.7 cells showed that Raw
264.7 cells were capable to generate more ROS in presence of recombinant

IFNy protein, while no significant ROS production was seen in MCF-7 cells. It
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should be mentioned here that production of ROS by IFNy activates
macrophages for exerting its cytotoxic effect.

e Results for nitric oxide (NO) generating capacity of Raw 264.7 macrophages
in response to IFNy, indicated that they are possibly activated in cytotoxic M1
subtype.

e Coculture of MCF-7 (breast cancer) with Raw 264.7 (macrophages) have been
established at ratio of 1: 20 cells.

e For coculture expriment of MCF-7 with Raw 264.7 cells, the MCF-7 cells
were stained with CFSE to distinguish them in FACS based analysis from
Raw 264.7 cells. Then the whole cell population was stained with 50 pug/mL
of PI. The compromised cells would be shifted to (+,+) or (+,-) quadrant by
uptaking P1 (similar to the AnnexinV-PI assay).

e MCF-7 and Raw 264.7 cells were found to be susceptible by doxorubicin, in a
closer range of 10 pM. Arround 50% cells were being compromised in both of

the cells with the response of doxorubicin at 10 puM.

Pl -ve Pl + ve
CFSE +ve CFSE +ve

"

' »
- ,+ Quadrant +5+ Quadrant _
CFSEin
FL-1
channel
Pl -ve
Pl +ve
CFSE -ve CFSE -ve

+,- Quadrant

Pl in FL-3 channel

Scheme 4.1. A graphical presentation of the FACS based coculture experiment with
two different colours for CFSE and PI stained cells. The (+) and ( -) means CFSE, PI

stained or unstained cells.

96
TH-1252_08610617



4.3 Materials and Methods

4.3.1 Cell Culture:

MCF-7 and Raw 264.7 cells were obtained from National Centre for Cell Science
(NCCS), India. The cells were periodically cultured in DMEM media supplemented
with 10% FBS, 20 U/mL penicillin and 50 mg/mL streptomycin in 5% CO, humidity
at 37°C.

4.3.2 Measurement of ROS generated by recombinant IFNy on MCF-
7 cells and Raw 264.7 cells:

To determine the activity of recombinant IFNy purified protein in generation of ROS,
5 uM of dichloro fluorescein (DCFDA, Sigma) was added on MCF-7 and Raw 264.7
cells, after 24 h of treatment with recombinant the IFNy protein. The samples were
analysed by flow cytometer (FacsCalibur, BD Biosciences, NJ) at excitation
wavelength of 488 nm and emission wavelengths of 530 nm. The fluorescence data
were recorded with the CellQuest program (BD Biosciences) for 15,000 cells in each
sample.

4.3.3 Cell cycle analysis:

MCF-7 cells were treated with the recombinant IFNy protein for 24 h and the cell
cycle was analyzed as mentioned in Chapter 3 materials and methods section.

4.3.4 Nitric oxide determination:

The production of NO with response to recombinant IFNy treatment on Raw 264.7
cells was determined by spectrophotometric analysis. For this purpose, 1x10* Raw
264.7 cells and 1x10* MCF-7 cells were seeded in 96 well plate/well (in 100 pL
media/well) and a combination of 1x10°> Raw cells with 1x10°> MCF-7 cells were
seeded in 35 mm plate in 1 mL media. In coculture of Raw 264.7 cells along with
MCEF-7 cells, it was taken into consideration that the ratio of cells: media should be
the same as that of Raw 264.7 untreated control cells. Further, the cells were treated
with recombinant IFNy (100 ng/mL) and allowed to grow for next 6 h in this
conditioned media. After this incubation period, 100 pL of conditioned media was
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taken in an empty well of 96 well plate and supplemented with equal volume of
Griess reagent (Sigma). This mixture was incubated in room temperature for 15 min
before the absorbance was taken at 550 nm. Sodium nitrite was used as a standard for
measuring the amount of released NO in the medium. The amount of NO released by
treated cells was expressed as relative fold increase to compare with untreated control
cells (considered as 100 %). Similar experiments were performed for the mixed cell

population of Raw 264.7 and MCF-7 when cells were seeded in ratio of 1:20.
4.3.5 CFSE staining:

MCF-7 cells were harvested with trypsin and incubated with 1 mL of CFSE solution
(10 uM of CFSE in PBS) for 5 minutes at 20°C. Afterwards, the cells were washed
with 10 volume of HI-FBS PBS (5% FBS in PBS) at room temperature and
sedimented by centrifugation at 300 g. The pellet was dissolved in 1 mL PBS and

finally analyzed by flow cytometer.
4.3.6 Coculture:

The CFSE stained MCF-7 cells were counted and the 2x10° cells seeded alongwith
1x10* Raw 264.7 cells to maintain 20:1 ratio in 60 mm dish. Cells were allowed to

attach and grow for another 24 h before any further treatment.
4.3.7 Protein therapy:

The GMCSF exhibited a proliferative effect on MCF-7 as well as Raw 264.7 cells.
However, the proliferative effect was more prominent with Raw 264.7 cells even at
low protein concentration as compare to MCF-7 cells. Therefore, the coculture cells
were intially treated with purified GMCSF protein (20 ng/mL) and then the mix cell
population was also incubated with purified IFNy protein (100 ng/mL) as well as
combination of both cytokine.
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4.4 Results and Discussions

4.4.1 Activity study of the recombinant IFNy:

Macrophage cells are known to produce high amount of reactive oxygen species
(ROS) in response to IFNy (Amatore et al, 2010). ROS activate macrophages into
their cytotoxic form, which is responsible for scavenging effect of macrophage cells.
This phenomenon is a well-established bioassay for testing functional activity of IFNy
(Yang et al, 2007). In this case, the mouse macrophage (Raw 264.7) and the MCF-7
cells were treated with purified recombinant IFNy protein for 24 h, and then ROS
was measured by FACS analysis using 2, 7-dichlorofluoresceindiacetate (DCFDA)
staining method (Eruslanov et al, 2010). The non-fluorescent DCFDA freely diffuses
into the cells through the plasma membrane and converts to green fluorescent DCFH
due to intracellular oxidation by ROS. Thus, the amount of fluorescence intensity of
DCFH produced is directly correlated with the amount of ROS production inside
treated cells. The FACS results demonstrated that Raw 264.7 cells treated with
recombinant IFNy protein generated ROS, which was evident from a prominent shift
of fluorescence intensity in the FL-1H channel as compared to the untreated cells
(Fig. 4.1A), while there was no peak shifting in MCF-7 cells in response to the
purified IFNy (Fig. 4.1B). The results revealed that recombinant IFNy obtained from
bacterial expression host retained its functional activity, which is capable of

generating ROS in macrophages cells.
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4.4.2 NO estimation:

The production of NO was confirmed by the relative estimation of NO in untreated
Raw 264.7 control cells versus IFNy treated Raw 264.7 by spectroscopic analysis. At
around 5.5 fold increase in NO content with response to IFNy treatment in Raw 264.7
cells was noted. Further significant increase in NO was also noted in mixed cell
population of MCF-7 and Raw 264.7 cells, which signifies the capability of M1
macrophage population for generating NO in mixed cell population (Fig. 4.2).
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Fig 4.2. Griess based assay for Nitric oxide estimation

4.4.3 Cell cycle analysis of IFNy treated MCF-7 cells:

Cell cycle analysis of recombinant IFNy treated MCF-7 cells revealed a prominent
cell cycle blockage in G1 phase of the treated cells (Fig. 4.3).
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4.4.4 Coculture assay:

In coculture experiment, the MCF-7 cells were seeded with Raw 264.7 cells. Dual
staining by FACS was presented and the cell viability of each cell type was presented
in percentage (even in control). The following sequence of experiments was
performed to execute the whole set of experiments. The (+) and (-) symbols denotes

whether the cells have uptaken the dyes or not.
Untreated Unstained MCF-7 and Raw 264.7 cells:

For double staining control experiments, the CFSE was represented in FL-1 channel
at Y axis and PI in FL-3 channel at X axis. The CFSE unstained cells were present at
the left lower quadrant (-,-) (Fig. 4.4A).

MCF-7 [Pl (-), CFSE (+)] cells:

MCF-7 cells stained with CFSE as well as Pl. Since the MCF-7 cells were
uncompromised, so the cell membrane was intact and most of the cells (99.99%)
showed only CFSE positive signal in the left upper CFSE positive quadrant (-, +),
where Pl was negative (Fig. 4.4B).

MCEF-7 [PI (+), CFSE (+)] cells treated with IFNy:

Treatment of MCF-7 cells with IFNy led to the cell damage. So the CFSE stained
cells were shifted to the CFSE and Pl positive quadrant to the right upper panel.
Around 20% of MCF-7 were found to be both CFSE and PI positive (+, +) after
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treatment with IFNy by FACS analysis. It indicated that IFNy caused damage to
MCF-7 cells as shown in figure 3 by producing ROS. The remaining cells populations

resided in the same (-, +) quadrant (Fig. 4.4C).
Raw 264.7 [PI (-), CFSE (-)] cells:

The Raw 264.7 cells were stained with Pl but not with CFSE. The cells were
undamaged and thus did not take up PI stain. The FACS analysis showed 99.9% of
the cells remained in the lower left quadrant (-,-) (Fig. 4.4D).

Raw 264.7 [PI (+), CFSE (-)] cells treated with IFNy:

Treatment of IFNy on Raw 264.7 cells showed negligible effect on cell death. Around
3% cells were found to be PI positive and shifted to (+,-) quadrant, while the

remaining were in (-,-) quadrant (Fig. 4.4E).
Cells in coculture experiments:

MCEF-7 [Pl (-), CFSE (+)] and Raw 264.7 [PI (-), CFSE (-)] cells:

In a mixed culture of MCF-7 cells and Raw 264.7 cells were grown in normal cell
culture media, Almost all MCF-7 cells were in (-, +) quadrant, while all Raw 264.7
cells were present in the lower quadrant (-,-) for both CFSE and PI negative. This
indicated that cell were healthy in coculture conditions (Fig. 4.4F).

MCF-7 [Pl (+), CFSE (+)] and Raw 264.7 [PI (+), CFSE (-)] cells treated with
IFNy:

In this experiment, the purified IFNy (100 ng/mL) was added to the mixed cell
population. FACS analysis showed that 33% of MCF-7 cells were (+, +) and 4% of
Raw 264.7 cells were (+,-), which exhibited the damaged cell population. The
percentage of damaged cells were significantly more in MCF-7 than Raw 264.7 cells
in coculture condition, which indicated that IFNy was more effective on MCF-7 cells
when it was challenged along with macrophages. In the comparative studies 20%
death of MCF-7 cells was seen by IFNy treatment, while in coculture the death was
exceeded by 13%. Around 4% of cell death in Raw 264.7 cells has also been observed
(Fig. 4.4G).
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MCF-7 [Pl (+), CFSE (+)] and Raw 264.7 [Pl (-), CFSE (-)] cells treated with
both GMCSF and IFNy:

Anti-cell proliferative effect of IFNy on MCF-7 cells was demonstrated. However, the
recombinant IFNy had little effect on Raw 264.7 cells. MTT assay results in Chapter 2
showed a effective proliferative role of recombinant GMCSF protein on Raw 264.7
cells at its low concentration than MCF-7 cells. It has been reported that the
phagocytic macrophages could be able to clear apoptotic load after targeting any
benign tumour with therapeutic drugs and thereby, enhanced the efficacy of the
treatment. However, one more hurdle is that the therapeutic drugs also target immune
cells and macrophages. To address this challenge, the methodologies could be
adopted to rescue the macrophages in this adverse condition after therapy. Thus, the
recombinant GMCSF protein was added to the IFNy treated mixed cell population.
FACS analysis resulted in the similar percentage of viable MCF-7 cells while a less
cell death was recorded in Raw 264.7 cells in response to IFNy. Only negligible
1.09% of Raw 264.7 cells were dead and interestingly the total ratio of Raw 264.7

cells in coculture was increased from 1:20 to 1.15 (Fig. 4.4H).

Effect of chemotherapeutic drug Doxorubicin in Coculture:

MCEF-7 [Pl (+), CFSE (+)] cells treated with doxorubicin:

After 24 h treatment with doxorubicin (10 pM), FACS analysis was performed on the
mixed population. Around 36% of MCF-7 cells were moved to upper right quadrant

which was positive for both Pl and CFSE compromised cells (+, +) (Fig. 4.41).

Raw 264.7 [PI (+), CFSE (-)] cells treated with doxorubicin:

After 24 h treatment with doxorubicin (10 puM) around 32% of macrophages cells
were moved to the lower right quadrant (+,-) which was for P1 positive damaged cells
(Fig. 4.4J).

MCF-7 [Pl (+), CFSE (+)] and Raw 264.7 [Pl (+), CFSE (-)] cells treated with
both IFNy and doxorubicin:

This experiment mimics a complex situation where cancer cells can be targeted with
two or more therapeutic modules, such as chemotherapeutic agent, macrophages and
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anti-tumour cytokine IFNy. For this experiment, MCF-7 cells and Raw 264.7
macrophages cells were seeded in 1:1 ratio. In this mixed cell population, after 24 h
treatment with doxorubicin and IFNy, about 49% of MCF-7 and 34% of Raw 264.7
cells were found dead by FACS analysis (Fig. 4.4K).

MCF-7 [Pl (+), CFSE (+)] and Raw 264.7 [Pl (-), CFSE (-)] cells treated with
IFNy and doxorubicin and GMCSF:

This experiment has been performed to rescue macrophages from the side effect of
chemotherapeutic drugs during cancer therapy, so they could retrieve proper immune
response. The mixed culture of MCF-7 cells and Raw 264.7 cells (1:1) treated with
doxorubicin and IFNy simultaneously, exhibited significant cell death for both cell
types as evident by FACS analysis. Hence, in order to reduce death of macrophages,
the recombinant GMCSF was added to the mixed population at the time of treatment.
Results showed a significant decrease in cell death for the macrophages (14.88% cells
were dead), while no considerable difference in cell viability of MCF-7 cells (43%)
was seen (Fig. 4.4L). It implied that GMCSF helped in recovering the treated
macrophages in the mixed culture population. This could be an avenue to recover
macrophages during chemotherapeutic treatment of cancer.
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Table 4.1. Tabular presentation of viable and dead cells in mixed cell population of

MCF-7 and Raw 264.7 macrophages in presence of recombinant cytokines and drugs

TH-1252_08610617

SL Culture Cell type Pl CFSE Treatment Live cells | Dead cells
iti 0, [0)
No. Condition stained | stained (%) (%)
1 Single MCE-7 - + - 99.99 0.01
2 Single MCE-7 + + IFNy 80.05 19.95
3 Single Raw 264.7 - - - 99.90 0.10
4 Single Raw 264.7 + - IFNy 97.00 3.00
5 Mixed MCE-7 and - - - 100 0
Raw 264.7
6 Mixed MCF-7 and - + - 99.05 0.95
Raw 264.7 - - - 99.99 0.01
7 Mixed MCE-7 and + + IFNy 67.39 32.61
Raw 264.7 * - % 4
8 Mixed MCE-7 and + - GMCSF and 67.25 32.75
9 Single MCE-7 + + Doxorubicin 64 36
10| Single Raw 264.7 + - Doxorubicin 68 32
11 Mixed MCF-7 and + + Doxorubicin 50.94 49.06
Raw 264.7 + - and IFNy 65.5 34.5
12| Mixed MCE-7 and + + Doxorubicin 57 43
Raw 264.7 - - GMCSF 85.12 14.88
IFNy
106




4.5. Conclusion

In this chapter an easy and quick flow cytometry based method was established for
finding the effect of recombinant cytokines in mixed cell population. The coculture
assay was establined for growing cancer cells with macrophages. Addition of
recombinant IFNy produced significant reactive oxygen species which could damage
the MCF-7 cancer cells, but there was little effect on the macrophages. In coculture
experiment, addition of recombinant GMCSF protected the damage of macrophages
cither in presence of IFNy or in combination of both. Moreover, doxorubicin based
coculture results revealed that macrophages were rescued from the negative effect of
drugs by the administration of proliferative GMCSF cytokine. Hence, this FACS
based approach can easily be employed to test the effect of cytokines or drugs in

combination on the cell growth using simple coculture based experiments.
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CHAPTER 5

Overexpression studies of recombinant cytokines in cancer cells.
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Chapter 5

5.1 Introduction

Pleitropicity in the behaviour of cytokines (GMCSF and IFNy) has brought more
attention towards their activity study in different environment. In this regard, their
overexpression study is more preferable as they provide a homogenous platform to
see the effect of overexpressed protein. Generally, CSFs are well tolerated in patients,
with some side effects because of rapid proliferation of myeloid cells. Among all
CSFs, GMCSF is a well established cytokine marketed under the tradename of
Sargramostim and Morgramostim and it is commonly being used after chemotherapy
in acute myeloid leukemia, bone marrow transplantation, transplantation of organ to
decrease the chances of graft rejection etc (Mezzano et al, 2000). GMCSF is well
tolerable but sometimes it also exerts severe side effect as uncontrolled increase in
myeloid cell number may also be deadly. But this cytokine behaves pleiotropically, its
effect is dose dependent as well as based on the surroundings. GMCSF
overexpression study also reveals its pleitropic role and its overexpression upto 150
fold. Increase in the basal level of this cytokine implies many biological changes
such as enlarged and histologically abnormal liver and spleen, increased number and
activation state of peripheral blood granulocyte and macrophages (Bauer et al, 1977).
Inspite of all the problems associated with this overexpressed cytokine level, the
livestock was found to be alive. The overexpression of CSFs was not always found to
be deterioratic, for example in mice lung it enhances the survival in hyperoxia
condition upto 70% (Li et al, 1991). Thus, any feasible model of overexpression
provides a platform to understand the potential role of these cytokines in disease and
health, which could futher lead to the development of disease resistant livestocks.
Here a model system was generated, where GMCSF was stably transfected in a cell
line, which showed enhanced sensitivity against the purified recombinant GMCSF
protein. MCF-7 cells were being proliferated in response to recombinant GMCSF

protein in vitro.

On the other hand, there are only few reports available regarding the overexpression
studies of proinflammatory cytokine IFNy. The antitumour activity exerted by IFNy
showed its potential in tumour targeting (Tu et al, 2011). Here IFNy was
overexpressed in neuroblastoma U87MG cells, a cell line less sensitive towards many
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anticancer drugs. In order to achieve proper sensitivity of this cell line towards
chemotherapy, overexpression of this anti tumour IFNy cytokine in U87MG
neuroblastoma cells was performed. Scheme 5.1 shows a schematic representation for
the work done in this chapter.

Transfection in
expression vector Mammalian cells

Gene
) T e &
Subcloned in mammalian \

» »

pGEMT Gene pCl gene Q/

Transfection selection with
G418 neomycin

Sensitization studies with
Doxorubicin, Cisplatin, 5SFU  «

Cells overexpressing
recombinant protein

Scheme 5.1 Strategy of work in cytokine over expressing cancer cells

5.2 Materials and Methods

5.2.1 Cloning of gene into pCl neo mammalian expression vector:

GMCSF and IFNy genes were subcloned from their pGEMT Easy construsts
(reported in Chapter 2 and Chapter 3 respectively), into pCl neo mammalian
expression vector. Following gene specific forward and reverse primers, with Xho |
and Not I sites in the overhangs, were used for amplification of GMCSF and IFNy
genes, repectively:

Forward primer 5 GCC TCG AGA TGT GGC TGC AGAGCC TG 3
Reverse primer 5 GAG CGG CCG CTC ACT CCT GGA CTG GCT 3

Forward primer 5' GCC TCG AGA TGA AAT ATACAAGTTAZJ

Reverse primer 5' CAG CGG CCG CTT ACT GGG ATGCTCTT 3
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PCR reaction was performed and the amplicons were checked by agarose gel
electrophoresis. The desired fragments were eluted from gel. All protocols have been

described in detail in the chapter 2, materials and methods section.
5.2.2 Generation of stable cell lines:

The pCI-GMCSF plasmid was transfected into MCF-7 cells by Electro Square Porator
ECM 830 (BTX, Harvard Apparatus) electroporator. Cells were trypsinized and
washed with DMEM containing 10% FBS. Cells were again washed with DMEM
containing 2.0% FBS without antibiotic and resuspended at a density of 1x10°. About
400 pL of the cell suspension was incubated with 25 pg of pCl neo-vector at room
temperature for 5 min and further electroporated at 170 volt for 60 ms. After
electroporation, the cells were resuspended in 10% FBS in DMEM with antibiotic and
seeded in a 6 well plate. Electroporated cells were maintained at 5% CO, at 37°C.
After 48 h of transfection, the electroporated cells were selected with 600 pg/mL of
G418 (Sigma) for stable transformants and the media was changed periodically after
72 h. In the presence of G418, majority of cells died within 10-12 days. Only stably
transfected cells were able to cope up with antibiotic neomycin because of the
presence of neomycin phosphotransferase gene. The CMV promoter allowed strong
and constitutive expression of desired gene product so the transfected cells survived in
presence of antibiotic. Further, transfected cells were maintained in 400 pg/mL of
G418.

For transfecting IFNy in pCI neo mammalian expression vector (Promega), firstly
US7MG (1x10°%) cells were seeded in the plate. Further, 1 pug of pCI IFNy plasmid
was incubated with 2 pL of lipofectamine solution (Invitrogen) in 90 pL of serum free
media without antibiotic. And this mixture was added to 1 mL of serum free media.
Media was taken out from the plate and cells were washed with PBS, before addition
of the serum free media having composite of DNA and lipofectamine. Cells were kept
with this composite for next 24 h in incubator and later on media was replaced by

serum media and the cells were allowed to grow in incubator at 37°C.
5.2.3 Extraction of proteins from mammalian cells:

Isolation of total protein from mammalian cell lines was done by RIPA buffer

(Sigma), which contained proteases inhibitors as well as cell membrane disrupting
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reagents. Media was discarded from cell culture plate and the cells were washed with
PBS to remove the residual media. About 500 puL of RIPA buffer was added to 35
mm plate and the cells were taken out simply by repetitive pipetting. At this step, cells
can be stored at -20°C for a week or could proceed further by centrifugation for 10
min at 10,000 rpm at 4°C. The supernatant was collected, which contains the cellular
proteins. This sample was subjected to SDS-PAGE analysis. Lowry's method was

employed for protein estimation.

5.2.4 Estimation of Protein:

Endogenous expression of recombinant protein was estimated by Lowry's method.
BSA (Himedia, India) was used as standard control protein. BSA was dissolved in the
same RIPA buffer (Sigma) in which cell lysate proteins were present. About 500 pL
of complex forming reagent (2% Na,COs in 0.1 N NaOH: 2% Potassium Sodium
Tartarate: 1% CuS0O,.5H,0) was added with 100 pL of diluted crude protein lysate.
After 10 min of incubation at room temperature, the reaction mixture was added with
50 pL of freshly prepared diluted Folin reagent (Folin reagent: H,O=1:1) and
vortexed for 10 seconds. This total mixture was incubated at room temperature for 30
min in dark. After 30 min of incubation, 200 pl reaction mixture of each sample was
transferred into 96 well plate for measuring optical density at 660 nm in ELISA
reader (Perkin EImer 2030 Multilabel reader) (Lowry et al, 1951).

5.2.5 Westeren Blot:

Western blot was performed to analyse the expression of recombinant protein in
stably transfected cells. Cells were disrupted and the concentrated cell extract was
resolved by 12% SDS PAGE and electroblotted over PVDF membrane (0.2 pM
Milipore, USA) for 4 h using semidry blot transfer appratus (G. E Healthcare). Trasfer
was confirmed by Ponceau S staining (0.1% Ponceau stain in 5% Acetic acid), which
was further washed with PBST (PBS containing 0.1% Tween 20) to remove the stain.
Further membrane was blocked with 5% BSA in PBST for 2 h. Thereafter, the
membrane was incubated with primary dilution of antibody in 5% BSA in PBST for 2
h at room temperature. After removing primary antibody, the membrane was washed
gently with PBST and again incubated with Horse radish peroxidase conjugated 2°
Ab for 1 h at room temperature. Then the blot was washed throughly with PBST, the
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signal was developed with chemiluminescence (Super Signal West Dura, Thermo

Scientific) and imaged with gel documented system (Gel Logic System 1500, Kodak).
5.2.6 Cell Viability Assay:

To measure cell viability, MTT assay (Himedia) was performed. The detailed
protocol has been described in the chapter 3, materials and methods section
(Mosmann et al, 1983). About 1x10* cells were seeded in each well of 96 well plate.
After 24 h the stably transfected cells as well as untransfected control cells were
treated with different chemotherapeutic drugs and allowed to grow for next 24 h to
examine their sensitivity for these drugs. At the specified time, 8 uL of MTT
(Himedia, 5 mg/mL in PBS) was added in each well and kept in 5% CO, incubator for
2 h at 37°C. For measuring, the optical density media was replaced by DMSO, so that
the end product of MTT became soluble in organic solvent. OD was measured at 550

nm with background subtraction at 650 nm.
5.2.7 Cell Cycle Analysis:

After treatment with different reagents, cell cycle was analyzed by FACS with
propidium iodide staining. After 24 h of cell seeding in 6 well plate (~10° cells/well),
the cells were taken for treatment. At specific time points, cells were taken out by
trypsinization and suspended in 1 mL media (DMEM with 10% FBS) for
centrifugation at 500 g at 4°C for 5 minutes. Supernatant was discarded and pellet was
resuspended in ice cold fixation solution (70% ice cold ethanol in PBS) with
intermittent vortexing. For FACS analysis, the cells were pelleted down by
centrifugation, supernatant was discarded and pellet was resuspended in DNA
staining solution (50 pg/mL PI, 200 pg/mL RNase A, 0.05% Triton X 100 in PBS).
Cell cycle profile analysis was performed with 20,000 cells on a FACS Calibur flow
cytometer using the Cell quest analysis program (Becton Dickinson). Cell cycle was
analysed by Modfit LT (Verity Software). Fluorescence intensities of Pl stained cells

were measured in FL-2 channel in linear mode. (Riccardi et al, 2006).
5.2.8 Carboxyfluorescein succinimidyl ester (CFSE) assay:

CFSE assay was used to calculate the doubling time of cells. Detailed protocol for
CFSE staining has been mentioned in chapter 3 materials and methods.
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Subsequently, labeled cells were seeded in 6 well plates (~10° cells/well). At the same
time, sample was run for zero hour analysis by flow cytometry. Upto 72 hours, the
cells were harvested, washed, and analyzed by flow cytometry by 24 h interval using
BD Biosciences FACS Calibur flow cytometer. Data was acquired and analyzed
using CellQuest software (BD Biosciences). Measurements for CFSE were made in
FL-1 channel in log mode and data for 20,000 cells were collected in each case.
Because the cell population was homogenous with unimodal CFSE fluorescence
histograms, a simple model was used to calculate average doubling time. Assuming
that all cells are dividing and there is no cell death during the study, the mean
doubling time, <T4> = T/log, (<Fo>/<Fr>); where, <Fo> = geometric mean
fluorescence intensity at zero hour and <Fy>= geometric mean fluorescence intensity
at T h (Quah et al, 2007).

5.2.9 Semiquantitative PCR analysis for cyclins study:

For setting up a PCR for cyclins study, total RNA was isolated from MCF-7 and
GMCSF stably transfected MCF-7 cells. The detailed protocol has been described in
chapter 2, materials and methods section. PCR condition was also same as mentioned
there with 27 amplification cycles. The product was analysed using agarose gel
electrophoresis. The fold change in expression was estimated by volume analysis of

Image lab 4.1 software of Molecular Imager Chemidoc™ XRS"* system.

5.3 Results and Discussions

5.3.1 Cloning of GMCS IFNy in pCl neo mammalian expression

vector:

Human GMCSF and IFNy were subcloned into mammalian expression vector from
their pGEMT Easy constructs. Firstly, these genes were amplified with their
respective gene specific primers. The PCR product were analysed and the specific
bands were eluted from agarose gel. Eluted products were double digested with Xho |
and Not | to generate compatible ends to clone in pCl neo backbone. The digested pCl
neo plasmid backbone and PCR products were purified and ligted. The ligation
product was transformed into bacterial competent cells and the transformed colony
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was screened by colony PCR. The recombinant plasmids were isolated from the
positively screened colonies and digested with Xho | and Not | which released the
legitimate band of 435 bp for GMCSF and 501 bp for IFNy from the recombinant pCI
neo-GMCSF and pCI neo IFNy constructs, respectively as shown in Fig 5.5A and
5.5B.

5Kb

5472bp <—— 5472bp

501 bp

435 bpe—
400 bp

A

Fig 5.5. restriction digestion profile of the recombinant clones with Xho I, Not I (A)
Lane 1: 435 bp release of GMCSF from pCl neo GMCSF construct, Lane 2:
Hyperladder (NEB) (B) Lane 1: Undigested pCI IFN vy plasmid, Lane 2: Hyperladder
(NEB), Lane 3: 501 bp release of IFNy fragment from the pCI neo IFNy construct.

5.3.2 Semiquantitative RT-PCR to check overexpression of GMCSF
and IFNy:

The overexpression of GMCSF in GMCSF transfected MCF-7 stable cells and that of
IFNy in IFNy transfected US7MG stable cells were checked by semiquantitaive RT
PCR. The procedure for RNA isolation and cDNA preparation has already been
described in materials and methods section of chapter 2. The overexpression of full
length GMCSF and IFNy was checked by PCR of 26 cycles of amplification.
Legitimate band for GMCSF (435 bp) in MCF-7 cells (Figure 6A) and IFNy (501 bp)
in UB7MG cells (Fig. 5.6B) were observed after gel eletrophoresis.
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254bp

200bp

600bp S01p

400bp

435bp
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B C

Fig 5.6. PCR analysis transgenes (A) Overexpression study for GMCSF in transfected
MCEF-7 stable cells; Lane 1: GMCSF transfected MCF-7 stable cells, Lane 2:
untransfected MCF-7 cells, Lane 3: pCl neo backbone transfected MCF-7 control
cells, Lane 4: Marker, (B) Overexpression study for IFNy in trasnfected stable
U87MG cells; Lane 1: Marker, Lane 2: IFNy transfected US7MG stable cells, Lane 3:
untransfected U87MG cells, Lane 4: pCl neo backbone transfected U87MG control
cells (C) B actin analysis as loading control in; Lane 1: 100 bp Marker, Lane 2:
GMCSF transfected MCF-7 stable cells, Lane 3: MCF-7 cells, Lane 4: pCl neo
backbone transfected MCF-7 control cells, Lane 5: IFNy transfected U87MG stable
cells, Lane 6: U87MG cells, Lane 7: pCl neo backbone transfected U87MG control
cells.

5.3.3 Western Blots:

Western blot analysis revealed that GMCSF protein was overexpressed in GMCSF
trasnfected MCF-7 stable cells (Figure 7A). Similarly, IFNy protein was
overexpressed in IFNy transfected stable U87MG cells (Fig. 5.7B). The B actin was

used as internal control protein for this analysis.

1 2 1 2
A B
-— oy W g—
3 4 3 4
= o —— —

Fig 5.7. Western blot analysis of (A) Lane 1: Anti GMCSF Western in MCF-7 cells,
Lane 2: Anti GMCSF Western in GMCSF transfected MCF-7 stable cells, Lane 3:
actin in MCF-7 cells, Lane 4:  actin in GMCSF transfected MCF-7 stable cells (B)
Lane 1: Anti IFNy Western in US7MG cells, Lane 2: Anti IFNy Western in IFNy
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transfected US7MG stable cells, Lane 3: B actin in U87MG cells, Lane 4: f actin in
IFNy transfected U87MG stable cells.

5.3.4 Cell Viability Assay:

To observe the effect of different chemotherapeutic drugs on transfected cell lines, the
cell viability of IFNy transfected U87MG stable cells and GMCSF transfected MCF-
7 stable cells was measured against their untransfected control and pCl backbone
transfected control cells with drug treatment. The pCl neo vector backbone
transfected MCF-7 and U87MG cells were taken as control to examine the effect of
desired gene. However, no significant change in cell viability was observed in case of
IFNy transfected U87MG stable cells as compare to their control cells, after treatment
with doxorubicin, cisplatin and 5FU (Fig. 5.8D, 5.8E, 5.8F). A considerable cell
viability difference was obsereved in GMCSF transfected MCF-7 stable cells as
compared to the control cells. Viability of GMCSF transfected MCF-7 stable cells
was reduced to 25% with respect to their untransfected control cells, which showed
that GMCSF transfected stable cells were more sensitive towards chemotherapeutic
drugs, like doxorubicin, cisplatin and 5FU (Fig. 5.8A, 5.8B, 5.8C). Doxorubicin
treatment from 1 to 100 uM showed a significant change in cell viability in GMCSF
transfected MCF-7 stable cells with a maximum difference of 25% after 10 uM drug
addition (Fig. 5.8A). Cisplatin treated cells showed even more sensitization of
GMCSF transfected MCF-7 stable cells cells at lower drug concentration. I1Csp was
found to be 10 pg/mL, whereas for the MCF-7 control cells ICs, value was achieved
at 25 pug/mL (Fig. 5.8B). In case of 5FU treatment the GMCSF transfected MCF-7
stable cells showed ICs at 4.5 UM though the untransfected control cells have ICs at

9 uM along with pCl neo plasmid backbone transfected control cells (Fig. 5.8C).
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Fig 5.8. Cell viability analysis by MTT assay in (A) GMCSF transfected MCF-7
stable cells treated with doxorubicin along with respective control cells (B) Cisplatin
treated GMCSF transfected MCF-7 stable cells treated along with respective control
cells (C) 5FU treated GMCSF transfected MCF-7 stable cells along with control cells
(D) IFNy transfected US7MG cells treated with doxorubicin alon with respective
control cells (E) Cisplatin treated IFNy transfected US7MG cells along with control
U8B7MG cells (F) IFNy transfected U87MG cells treated with SFU along with

respective control cells.
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5.3.5 Cell cycle analysis:

MTT assay results indicated a significant effect on GMCSF transfected MCF-7 stable
cells. Further, it was important to check the cell cycle of the drug treated cells to
delineate different phases of cells. FACS results showed that the various
chemotherapeutic drugs were blocking different phases of cell cycle in 48 h. The
block was more prominent in GMCSF transfected MCF-7 stable cells as compared to
its control MCF-7 cells. Doxorubicin blocked G2 phase, cisplatin blocked S phase and
5FU blocked G1 phase more significantly in GMCSF transfected MCF-7 stable cells

(Fig. 5.9).
Untreated Cells Doxorubicin
100 100
B GMCSF MCF-7 cells Bl GMCSF MCF-7 cells
3 wcF-7 [ mcF7
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Fig 5.9. FACS based cell cycle analysis of GMCSF transfected MCF-7 stable cells as
compared to control MCF-7 cells (A) Untreated cells (B) 5 FU treated cells (C)
Cisplatin treated cells and (D) Doxorubicin treated cells. The values are represented
as mean = SD of three individual experiments with p< 0.005.
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5.3.6 CFSE based doubling time calculation:

Doubling time calculation was performed for GMCSF transfected MCF-7 stable cells
as the cell viability data indicated its more sensitization towards chemotherapeutic
drugs and the cell cycle data indicated significant blocking in various cell cycle
phases by these drugs as compared to their control MCF-7 cells. The results showed
decrease in doubling time of GMCSF transfected cells (i.e. 26.686 h) with respect to
MCEF-7 control cells (29.42 h).
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Fig 5.10. CFSE based proliferation analysis by doubling time calculation through
flow cytometry in (A) MCF-7 cells (B) GMCSF transfected MCF-7 stable cells.

124
TH-1252_08610617



5.3.7 Analysis of Cyclins:

Cyclin concentration varies with the progression of cell cycles in different phases.
This whole process is helped by CDKs (cyclin dependent kinases). Thus, cyclins
provide an indicative way to know more about the progress of cell cycle, check points
and its underlying pathway. Hence, semiquantitaive RT PCR was performed to check
the expression of various cyclins using the protocols described in chapter 3. It was
found that expression of cyclin D1, E1 and B1 were increased in level upto two folds
in GMCSF overexpressed cells, while cyclin A2 level was unaltered. But intrestingly
after drug treatment, all cyclins were deregulated.

1 2

cvcsF "N
Cyclin D1 | 20
cyclin E1 [ SNz
cycinA2
Cyclin B1 =
R — — [

Cyclins

Fold increase in cyclin level
°

I Untreated GMCSF MCF-7
[ Untreated MCF-T7 cells

Fig 5.11. Cyclin expression profile of untreated cells by semiquantitative RT PCR (A)
RT PCR analysis with different primers. Lane 1: GMCSF overexpressed MCF-7
stable cells, Lane 2: MCF-7 cells (B) Bar represents fold increase in the transcripts
level. All data was presented as mean £S.D. and statistical analysis was done by one

way ANOVA in Sigma plot. Data were statistically significant with p<0.05.
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In case of doxorubicin treated GMCSF transfected MCF-7 stable cells, cyclin D and B
level were decreased significantly. The level of cyclin E did not altered much. Cyclin
Al, which is responsible for S to G2 phase transition, was also not changed in all
treated and untreated cell types (GMCSF transfected MCF-7 stable cells and MCF-7

cells).

1 2 3 4

Cyclin D1 [ — ——
cycinE1 [
Cyclin A2 e = i

cycinpt [ R H H ”
Bactn | — A
B TreckeaMCFTcols

I Untreated GMCSF MCF-7 cells
[ Untreated MCF-7

25

20

Fold increase in cyclin level

Fig 12. Cyclin expression profile of doxorubicin treated cells by semiquantitative RT
PCR (A) RT-PCR analysis with different set of primers. Lane 1: GMCSF
overexpressed MCF-7 cells, Lane 2: MCF-7 cells (B) Bar represents fold increase in
transcripts level. All data has presented as mean +S.D. and statistical analysis was
done by one way ANOVA in Sigma plot. Data were statistically significant with
p<0.05.
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In cisplatin treated GMCSF MCF-7 cells, cyclin D, E and B level was decreased
significantly, while the level of cyclin A ,which is the signature of blocking of the
cells in S phase, was increased abruptly similar to cisplatin treated control MCF-7
cells and this result was also validated by cell cycle data also.

A B

1 2 3 4 4%
CyinD1 | [
YOI | — B
Cyclin A2 =_ e :
oyoing: | —— w n

Cyclins

I Treated GMCSF MCF-7 cells
[ Treated MCF-7 cells

I Untreated GMCSF MCF-7 cells
1 Untreated MCF-7

Fig 5.13. Cyclin expression profile of Cisplatin treated cells by semiquantitative RT
PCR (A) RT PCR analysis with different set of primers. Lane 1: GMCSF
overexpressed MCF-7 cells, Lane 2: MCF-7 cells (B) Bar represents fold increase in
transcripts level. All data has presented as mean +S.D. and statistical analysis was
done by one way ANOVA in Sigma plot. Data were statistically significant with
p<0.05.
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For 5 FU treated cells, there was a prominent increase in cyclin E level in GMCSF
overexpressed cells as compared to the treated control MCF-7 cells (2 fold) (Chung et
al, 2010). Level of cyclin A2 was similar to that of the treated control cells, but there
was no effect on the level of cyclin D1, B1 in GMCSF overexpressed cells after drug

treatment.

Cyclin D1

Cyclin E1
Cyclin A2

Cyclin B1

Fold increase in cyclin level

BRI

D1 E1 A2 B1

B actin

Cyclins

I Treated GMCSF MCF-7 cells
[ Treated MCF-7 cells

I Untreated GMCSF MCF-7 cells
[ Untreated MCF-7

Fig 5.14. Cyclin expression profile of 5FU treated cells by semiquantitative RT PCR
(A) PCR analysis with different set of primers. Lane 1: GMCSF overexpressed MCF-
7 cells, Lane 2: MCF-7 cells (B) Bar represents fold increase in transcripts level. All
data has presented as mean +S.D. and statistical analysis was done by one way
ANOVA in Sigma plot. Data were statistically significant with p<0.05.

Experimental results showed that overexpression of a proliferative cytokine in cancer
cells elevated the level of cyclins could possibly shorten the cell doubling time.
However, the cells became sensitized to drugs and as a result significant decrease in
cell viability was observed in response to treatment of chemootherapeutic drugs.
Chemotherapeutic drugs were also more effective in blocking cell cyle phases in
GMCSF overexpressing cells by reducing and deregulating various cyclin

expressions.
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5.4 Conclusion

In this chapter, the effect of homogenously overexpressed cytokine GMCSF in cancer
cells were studied. Experimental data showed more sensitization of GMCSF
overexpressed breast cancer cells toward chemotherapeutic drugs, such as cisplatin,
doxorubicin and 5FU. However, IFNy overexpressing neuroblastoma cells did not
show any such drug sensitization. Cell cycle analysis of GMCSF overexpressing cells
a significant blockage to cell cycle as compared to MCF-7 control cells after drug
treatment. The cyclin expressions of GMCSF overexpressed cells was also elevated,
which reduced the cell doubling time. Thus in this section an incresed drug
sensitization of GMCSF overexpressed MCF-7 cells was reported. Thus, this
overexpression model can be explored to test the drug sensitization involving

signaling molecules.
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Conclusions and Future Prospects

The main focus of the present dissertation has been to develop two different
recombinant cytokines using rDNA technology and understand their interaction with
cancer cells with an aim of pursuing their therapeutic implications.

In the current thesis, the FDA approved important cytokines viz GMCSF an IFNy
were cloned and expressed in bacterial system. The main work was focused on
purification, characterization of these two recombinant cytokines, and their effects on
cancer cells alone or in combination with chemotherapeutic drugs. The cytokines
were purified to homogeneity by affinity column chromatography technique. The
proliferative action of the recombinant GMCSF and the anti-cell proliferative effect of
the recombinant IFNy loaded composite nanoparticles on cancer cell lines were
examined. Mixed population of macrophages and cancer cells in presence of
recombinant GMCSF and IFNy exhibited preferential activation of macrophages and
prominent Killing of cancer cells. Lastly, stable cell lines over-expressing these
cytokines were more sensitized towards chemotherapeutic drugs.

The importance of recombinant therapeutic proteins, their cloning strategy,
purification and functional activities were described in the chapter 1. The chapter 1
also illustrated important polymeric nanoparticles for protein stabilization, role of
cytokines as adjuvant and immune surveillance in cancer therapy, importance of
recombinant cytokines and anticancer drugs in combination therapy.

The cloning of GMCSF cytokine from ACHN (renal carcinoma) cells and its
purification by affinity chromatography has been reported in chapter 2. The chapter
described characterization of recombinant GMCSF by MALDI spectroscopy, Western
blot, and circular dichroism spectra analysis. The dose dependent cell proliferative
activity of the recombinant GMCSF on MCF-7 (human breast cancer), THP-1 (human
leukemia), U87MG (human neuroblastoma) and Raw 264.7 (mouse macrophages)
cells and its in silico structural conformation analysis were elucidated in this chapter.
Next, chapter 3 reported the cloning and functional significance of IFNy of human
origin. The chapter illustrates the methods for cloning of cytokine IFNy from human
blood cDNA, detergent solubilization of protein from inclusion bodies, and its
purification by affinity chromatography. The chapter also reported characterization of
the recombinant IFNy by MALDI mass spectroscopy and Western blot analysis. Most
importantly, the recombinant IFNy was stabilized in the composite PLGA
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nanoparticles loaded with Ag NPs (GST IFNy-Ag PLGA NPs), which showed
profound anti-cancer effects of recombinant IFNy protein and silver nanoparticles (Ag
NPs). Experimental results depicted complementary effects of the composite
nanoparticles, where the recombinant IFNy had blocked the cell cycle and allowed
cell surface receptor targeting; on the other hand, the Ag NPs had induced apoptosis.
Thus, the combination of the duos led to efficient induction of apoptosis in cancer
cells.

The combined effect of two recombinant GMCSF and IFNy in mixed cell population
of macrophage cells (Raw 264.7) and breast cancer cells (MCF-7) has been reported
in chapter 4. The combined function of the recombinant cytokines was examined for
proliferation and activation of macrophage cells, and subsequent generation of ROS,
which in turn kills the cancer cells. The GMCSF treated MCF-7 cells were mixed
with the macrophages and treated with recombinant IFNy and GMCSF
simultaneously. GMCSF allowed the macrophages to remain proliferative, whereas,
the recombinant IFNy generated ROS to trigger cancer cell death. FACS based assay
showed efficient MCF-7 cell death in the mixed population indicating possible role of
these two recombinant cytokines duos in controlling growth of cancer cells. FACS
analysis exhibited 15-20% of cancer cell death in presence of IFNy protein. The
effect was augmented upto 25-30% in the mixed cell culture condition with
macrophages. Again, to mimic the condition of chemotherapy in solid tumor, the cells
in coculture conditions were treated with doxorubicin, which showed substantial
cancer cell death. Addition of purified GMCSF, as a potent growth proliferating agent
retrived survival of macrophages in presence of doxorubicin. This work concluded
that such approach may be explored to treat solid tumor with chemotherapeutic drugs
along with adjuvant cytokine to augment phagocytic effect of macrophages and
suppressed tumor growth efficiently.

Generation of the cell lines over-expressing GMCSF and IFNy have been reported in
the chapter 5. The GMCSF overexpressing MCF-7 cells and IFNy overexpressing
U87MG cells were developed. The chapter reported the effects of chemotherapeutic
drugs, doxorubicin, 5FU and cisplatin on these two cytokine over-expressing cells.
However, IFNy over-expressing cells did not show any significant change in cell
viability, but GMCSF over expressing cells were more sensitized towards the drugs.
This observation was explained by cell cycle analysis and semi -quantitative
measurement of cyclins expression of the drug treated cells. Experimental results
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exhibited preferential cell cycle blockage of GMCSF overexpressing cells in presence

of doxorubicin, cisplatin and 5FU.

This current study leaves plenty of scope to address by these recombinant cytokines in

combination therapy.

Future prospects:

TH-1252_08610617

Recombinant GMCSF and IFNy cytokines may be explored in combination
therapy.

Recombinant IFNy cytokine delivered by nanoparticles as therapeutic agent.

Delineation of molecular pathways to explore use of recombinant GMCSF and

IFNy along with chemotherapeutic drugs.

Molecular events involved in the increased sensitization of GMCSF

overexpressing cells may be explored.

Combined effect of cytokines and drugs may be examined in co-culture

methods.

135



TH-1252_08610617



Appendix

SRL, India reagents: Acetic acid, Ammonium acetate, Ammonium persulphate (APS), Bis-
acrylamide, Boric acid, Bromophenol blue, Chloroform, Di-sodium hydrogen phosphate,
Ethanol, Ethylene di-amine tetra acetic acid, Formaldehyde, Glucose, Glycerol, Hydrochloric
acid, Isopropyl alcohol, Isoamyl alcohol, Methanol, Potassium acetate, Potassium chloride,

Potassium di hydrogen phosphate, Sulphuric acid, Sodium chloride, Sodium lauryl sulphate.

Himedia, India 3-[4, 5- dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT),

Ampicillin, Bovine serum albumin (BSA).

Molecular biology grade reagents from Sigma Aldrich, USA: 2,3-bis-(2-methoxy-4-nitro-
5-sulfophenyl)-2H- tetrazolium-5-carboxanilide (XTT), 2,7 Dichloro fluorescein diacetate
(DCFDA), 5 Fluorouracil (5FU), Acrylamide, Agarose electrophoresis grade, Bradford
reagent, Carboxyfluorescein succinimidyl ester (CFSE), Diethylpyrocarbonate (DEPC),
Dimethylsulphoxide, G418, Glutathione-agarose beads, Isopropyl B-D-1-
thiogalactopyranoside (IPTG), Lysozyme, Magnesium chloride hexahydrate, Polyethylene
glycol 8000, Polyvinyl alcohol, Ponceau S, Phenol, Reduced glutathione, RIPA buffer,
Sarkosyl, Sodium bicarbonate, Tris saturated phenol, Trypsin-EDTA, Trizma base (Tris),
Triton X-100, Tween 20, Tetra methyl ethylene diamine (TEMED), Tri reagent.

Merck, India: 5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside ~ (X-gal),  pB-
mercaptoethanol, Glycine, Glutaraldehyde, Methanol, Sodium acetate, Sodium carbonate,

Sodium thiosulphate, PCR Master mix.

Pfizer, India: Cisplatin (1 mg/mL)
Parental Drugs, India: Doxorubicin
Amresco, USA: (3,3' diaminobenzidine) DAB, dithiothreitol (DTT), Ribonuclease A.

Qiagen, India: Protease (7.5 AU), Gel extraction kit.

Bacterial culture medium from: Luria Bertani (LB) Broth, Bacteriological agar powder,

ampicillin sodium salt, chloramphenicol, tetracycline from Himedia, India.

Mammalian cell culture medium and components: Dulbecco's modified Eagle's media
(DMEM) and Penicillin-Sterptomycin antibiotic solution from Sigma, fetal calf serum- from
PAA.

Enzymes: Not I, Bam HI, Xho I, Eco RI, - from NEB, UK. T4 DNA ligase from-
Promega,U.S.A., Reverse transcriptase from Fermentas, Lithuania, Red Taqg polymerase
(Bioline, UK).
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Blotting Membranes and Filters: PVDF membrane (0.2 um) from Milipore, U.S.A., 3mm
filter paper from Whatman, USA.

DNA and protein markers: Hyperladder DNA marker (200 bp to 10 kb), Protein marker,
Broad range (2-212 kDa), Color plus prestained protein marker (7-170 kDa) (New England
Biolabs, USA),

dNTPs, MgCl, (Bioline, UK), 100 bp ladder (Bangalore Genei, India).

Plastic and Glasswares: PCR tubes - from Axygen, USA; micro pipette tips, micro
centrifuge tubes, petri dishes and other plastic wares- from Tarson Products Pvt. Ltd.,

India. Glasswares- from Borosil International, India.

Cell lines: All the cell lines were procured from National Centre for Cell Science, Pune,
India.

Primary antibodies: Mouse anti human IFNy antibody (554549), Rat anti human GMCSF
antibody (554503), PE conjugated rabbit anti Caspase-3 antibody (BD Pharmingen, USA),
Rabbit anti human p actin (Cell Signalling Technologies, USA).

Secondary antibodies: Goat anti-mouse HRP conjugated IgG (Sigma), anti-rabbit HRP
conjugated IgG (Cell Signalling Technologies, USA), Goat anti rat HRP conjugated
polyclonal antibody (Calbiochem, Merck, India).

Plasmids

pGEMT Easy (Amp") E.coli cloning vector with Eco RI site (Promega, USA)

pCl neo (Amp' in bacteria, Neo' in mammalian cells) Mammalian expression vector
(Promega, USA)

PGEX4T2 (Amp") MCS in bacterial expression vector (GE Healthcare, Sweden)
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Table 1. Buffers and their constituents:

Phosphate buffered saline

137 mM NaCl, 2.68 mM KCI, 7.98 mM
Na,HPO4, 1.4 mM KH,PO4, pH 7.4

TSS buffer for transformation

10% (w/v) PEG 8000, 0.6% (w/v)
MgCl,.6H,0, 5% (v/v) DMSO in LB media

Tris-acetate EDTA (TAE) 50X (100 mL)

24.2 g Tris base, 5.71 mL of glacial acetic
acid, 10 mL of 0.5 M EDTA (pH 8.0)

Acetate buffer

1 M ammonium acetate and 0.077% (v/v)
glacial acetic acid in sterile distilled water,
pH 4.2

Alkaline lysis solution |

50 mM glucose, 25 mM Tris-Cl (pH-8.0),
EDTA (10 mM)

Alkaline lysis solution Il

0.2 N NaOH, (freshly diluted from 10 N
stock), 1% (w/v) SDS

Alkaline lysis solution 11l

5 M potassium acetate (60 mL), glacial
acetic acid (11.5 mL), water (28.5 mL)

4X protein loading dye (for 10 mL)

2.0 ml 1M Tris-HCI (pH 6.8), 0.8 g SDS, 4.0
ml 100% glycerol, 0.4 mL 147 M pB-
mercaptoethanol, 8 mg bromophenol blue in
water

6X DNA loading dye

0.25 (%)(w/v) bromophenol blue, 0.25%
(w/v) xylene cyanol FF, 30% (v/v) glycerol
in H,O

Cleaning buffer 1(pH-8.5)

0.1 M boric acid, 0.5 M NacCl, adjust the pH
8.5 with sodium hydroxide

Cleaning buffer 1(pH-4.5)

0.1 M sodium acetate, 0.5 M NaCl, pH 4.5
with acetic acid

Polyacrylamide solution (30%)

29.2% (w/w) acrylamide, 0.8% (w/w) N,N'-
methylenebisacrylamide

GMCSF inclusion body dissolving Solution |

10 mM phosphate buffer saline (PBS), 1
mM PMSF, 1 mM EDTA, 1% Triton X-100

GMCSF inclusion body dissolving Solution 11

50 mM TrisCl, 5 mM EDTA and 2% Triton
X-100

GMCSF inclusion body dissolving Solution 111

50 mM TrisCl containing 1% Na
deoxycholate, 0.5 mM EDTA

Lysis Buffer for purifying GST I[FNy protein

50 mM Tris pH 8.0 with 1% of sarkosyl, 1
mM PMSF, 1 mM EDTA
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Table 2. Primers list:

GMCSF pGEMT Easy primer Forward: 5' ATGTGGCTGCAGAGCCTGCTG 3'

Reverse: 5 TCACTCCTGGACTGGCTCCCA 3

GMCSF pGEXA4T2 primer Forward: 5' GTGGATCCATGTGGCTGCAGAGCCT 3'

Reverse: 5 GACTCGAGTCACTCCTGGACTGGCTC 3'

GMCSF pClI neo primer Forward: 5' GCCTCGAGATG GGCTGCAGAGCCTG 3'

Reverse: 5' GAGCGGCCGCTCACTCCTGGACTGGCT 3

IFNy pGEMT Easy primer Forward: 5' ATGTGGCTGCAGAGCCTGCTG 3'

Reverse: 5 TCACTCCTGGACTGGCTCCCA 3

IFNy pGEXA4T2 primer Forward: 5 GCGGATCCATGAAATATACAAGTTAT 3

Reverse: 5 GACTCGAGTTACTGGGATGCTCTTC 3'

IFNy pCI neo primer Forward: 5 GCCTCGAGATGAAATATACAAGTTA 3

Reverse: 5" CAGCGGCCGCTTACTGGGATGCTCTT 3

Cyclin D1 Forward: 5' CGCCCCACCCCTCCAG 3'

Reverse: 5 CGCCCAGACCCTCAGACT 3

Cyclin E1 Forward: 5' CGCCCAGACCCTCAGACT 3

Reverse: 5' CGCCCAGACCCTCAGACT 3

Cyclin A2 Forward: 5' CGCCCAGACCCTCAGACT 3

Reverse: 5 CGCCCAGACCCTCAGACT 3

Cyclin B1 Forward: 5' CGCCCAGACCCTCAGACT 3'

Reverse: 5' CGCCCAGACCCTCAGACT 3

B actin Forward: 5'CGCCCAGACCCTCAGACT 3'

Reverse : 5 CGCCCAGACCCTCAGACT 3
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