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ABSTRACT

Cancer is a multifactor disease with an uncontrolled cell division. The cellular
signaling process that controls the cell proliferation, differentiation and apoptosis are
deregulated during the disease progression. Early stage detection and specific targeting of
cancer are a challenging in many types of cancers including Retinoblastoma (RB). RB
being one of the many pediatric eye cancer is encountered as a childhood malignancy below
five years of age. Although, different treatment modalities have been available, targeted
therapy is required to overcome the existing problems associated with the current treatment
modalities. Nano-medicine can lead an effective approach to target the cancer. The
dimensions similarity of gold nanoparticles (GNPs) with cellular component an added
advantage in addition to biocompatibility and Physio-chemical properties that help in

delivering and homing of the targeting moiety at the tumor site in cancer tissue.

Tumor progression includes multiple factors such as up-regulation of the
oncogene, deregulation of signaling pathway and involvement of reactive oxygen species
(ROS). ROS is a biochemical indicator and contribute to the pathogenesis and
tumorogenesis. Apart from the ROS, several oncogenes have been identified, and one such
gene is Human Double Minute 2 (HDM2). The up-regulation of HDM2 gene and oxidative
stress in cancer encourage us to target these biological markers for effective targeted
therapy in RB. Currently, there is a need to design the novel multifunctional therapeutic

strategies that could attain more specific and effective response to the RB management.

In this perspective, self-therapeutic GNPs have been engineered for cancer

theranostic which could help in homing of therapeutic molecules to the tumor site and
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synergistically improve the therapeutic effect. The current research unveils the effect of
reducing agent used in the synthesis of GNPs and highlight the significance of peptide in
targeted therapy. A systematic approach for the synthesis of Surface Enhanced Raman
(SERs) active GNPs and its application of as a nanocarrier, in vitro and in vivo for peptide
mediated targeted therapy. The novel, conjugate GNPs-HDM2 and GNPs-Pep-A highlight
the significance of targeted therapy in context with targeting HDM2 oncogene and ROS,
respectively. In addition to this, vibrational spectroscopy was used to identify the molecular
fingerprint in the xenograft RB tumor sample which can open a new path to delineate the

interaction between the cellular biomolecule and targeted moiety.

GNPs for biological application has major concern due to size and intrinsic metal-
dependent toxicity. Hence, it is imperative to develop a biocompatible, non-toxic
nanomaterial. The green chemistry has paved a new opportunity for GNPs synthesis using
less harmful, natural compounds which avoid chemical cytotoxicity. Therefore, a novel
rapid method has been developed to synthesize the Surface Enhanced Raman scattered
(SERs) GNPs using Vitis vinifera L. and Curcuma longa L. (Curcumin). Natural,
compound play an important role to treat cancer due to its less cytotoxicity and less adverse
effects. Vitis vinifera L. is a polyphenol known for anti-proliferative and antioxidant
property, whereas, curcumin is a known an anticancer compound. The characterization of
as-synthesized colloidal GNPs was confirmed the shape, size, and crystalline nature of
GNPs. The characteristic Surface Plasmon Resonance (SPR) band between Amax at 528
~540 NM is an indicative of the spherical shape of particles which is further confirmed by

Transmittance Electron microscopy (TEM) analysis. The X-Ray Diffraction (XRD)



analysis showed the predominant (111) lowest-energy plane, which indicates the

crystalline nature and purity of GNPs at the nano-scale.

To understand the biological application of novel synthesized GNPs, the in vitro
stability and biocompatibility study was performed. The in vitro cytotoxicity was
performed using various cancer cell lines, such as a breast cancer cell lines; MDA-MB 453
and MCF-7, Retinoblastoma (RB) cell lines;Y79 and WERI and non-cancerous Muller
glial; MIO-M1 by MTT assay. The MTT data confirmed that cell viability is dependent on
reducing agent, concentration of GNPs, time of treatment and type of cell line. The various
time points such as 6, 12, and 24h and a range of concentration from 10-100 pM were
selected to study non-cytotoxic concentration and time point using the different type of
cancer cell line. 50% or more cell viability was observed at 6h of treatment with
concentration < 50uM. Cell viability was not dependent on the type of cancer cell line and
reduced agents either Vitis vinifera L. or Curcuma L. were used for the GNPs synthesis.
The cell viability was significantly decreased (P<0.05) in Y79 at 100 uM concentration.
The maximum cell viability was 14.2 % at 24 h of treatment with GNPs synthesized with
Vitis vinifera L. (V-GNPs) and the similar cytotoxicity trend was noticed with Curcuma L.
GNPs (Cur-GNPs). The sensitivity of Y79 could be attributed to the self-therapeutic effect
(anti-proliferative effects) of the reducing agent coating on GNPs. Whereas, MDA-MD-
453 (Breast cancer) and MIO-M1 (Non-cancer) cell line showed, cell viability more than
70% post 24h treatment with the V-GNPs. The cell viability was more than 97.30 % at
100uM concentration post 24h treated in a normal cell (MIO-M1) compared to untreated
cells. The therapeutic index that is a ratio of non-cancer to the cancer cell line was used to

study the effect of GNPs. The in vitro cell viability of GNPs (V-GNPs and C-GNPs) shows



the dose- and time-dependent cytotoxic effects in Y79 cells. The therapeutic potential of
V-GNPs confirmed that it can perform as a self-therapeutic SERs active nanomaterials.
Whereas, the curcumin reduced GNPs showed 34.41 % cell viability in MIO-M1 cells at
100 uM concentration after 24h of post treatment. V-GNPs was found to be more effective
in terms of colloidal stability, reproducibility and therapeutic index in vitro. To consider
these properties, an attempt was made to conjugate the V-GNPs with anti- HDM2 peptide

and antioxidant peptide (Pep-A) for targeted cancer therapy using the RB model.

The antioxidant peptide (Pro-His-Cys-Lys-Arg-Met (PHCKRM, Pep-A)
functionalized GNPs is to attain a target specific delivery of the peptide for ROS
scavenging in the cancer cell. The Pep-A showed antioxidant activity and reduced the ROS
up to 40% at 100uM concentration relative to an untreated Y79 cell, in vitro. Whereas,
ROS inhibition was 9% in GNPs, and 70 % in the case of GNPs-Pep-A treated condition
compared to the untreated condition. The ROS reduction, 30 % in GNPs-Pep-A treated,
confirmed the synergistic effect of GNPs-Pep-A. In addition to this, superoxide dismutase
(SOD) enzyme activity was 81 % (% of inhibition) in Y79, RB after 24h of treatment with
GNPs-Pep-A, whereas, GNPs shows 70%. A 11 % increase in SOD activity further
confirmed the synergistic effect of GNPs on SOD activity. It has been found that
modulation of the mRNA expression of antioxidant genes glutathione peroxidase (GPX),
superoxide dismutase (SOD) and catalase was also observed by 2-3 fold (CAT). The effect
of GNPs-Pep-A on SOD and ROS activity and regulation of antioxidant genes indicate that
Vitis vinifera L. coated GNPs provide stability to the peptide and synergistically improve

the antioxidant effect.



In continuation to this, further studied were performed, and therapeutic potential of
anti-HDM2 peptide (QETFSDLWKLLP) functionalized GNPs was studied in detail. In
normal tissues, HDM2 protein expression is very less, whereas in RB cancers it expression
is very high. The higher expression of HDM?2 in cancer can function as a promising clinical
target. The up-regulation of HDM2 at mRNA and protein levels were observed at varying
levels in RB tumor tissue. The Vitis vinifera L. (V-GNPs) and citrate is reduced GNPs (C-
GNPs) were used for conjugation of HDM?2 peptide and the in vitro knockdown of the
HDM2 in Y79 was confirmed at mRNA and protein level. 5.8 and 4 fold down regulation
of HDM2 was observed in V-GNPs-HDM2 and C-GNPs-HDM2, respectively (P<0.05).
Interestingly, V-GNP, C-GNP, V-GNPs-HDM?2 and C-GNPs-HDM2 showed differences
with respect to regulation of p53. While, V-GNPs-HDM?2 and V-GNPs showed 0.5 and 1.8
fold up-regulation of p53 (P<0.05) whereas, C-GNPs and C-GNPs-HDM2 do not up-
regulate the p53 at both protein and mRNA level. Similarly, apoptotic cell death, 20%
(P<0.05) was observed in the case of V-GNPs-HDM?2 treated samples compared to the
control sample. Also, C-GNPs-HDM?2 shows 11% (P<0.05) necrosis cell death compared
to C-GNPs. These results confirmed the knockdown of HDM2, in vitro, in RB cell line

(Y79).

Further, we explore either the functionalized GNPs were effective in vivo. RB
xenograft nude mouse model was established using the Y79 cells to mimic the in vitro
experiment. The in vivo study were performed in 5-6 week old Hsd: Athymic Nude-
Foxnlnu mice. The mice subcutaneously injected with the human Y79 (RB) cells and V-
GNPs-HDM2 and C-GNPs-HDM2 (n=8) with a dose of Spg/animal every day for a

maximum of 24 days. The sterile water (100ul, n=10), was used for the vehicle (control



group). Tumor volume (TV) of V-GNPs-HDM2 and C-GNPs-HDM?2 were 1755 = 116
mm3, 1463 £ 109 mm3 and 1288 + 210 mm3, respectively. The maximum tumor growth
reduction attained by V-GNPs-HDM2 and C-GNPs-HDM2 was 17% and 28%,
respectively. The results of in life phase response were more promising during the first ten
days of treatment that showed 53.90 and 40.42 % tumor growth reduction moderate activity
with of V-GNPs-HDM2 and C-GNPs-HDM?2 treatment, respectively. The biochemical,
hematological and histo-pathological analysis confirm that the selected dose was under the

tolerable limit.

To understand in vivo therapeutic response the further study was performed by
profiling the apoptosis and cytokine proteins in xenograft excised tumor and serum sample,
respectively. Interestingly, apoptotic protein expression variation in C-GNPs-HDM2 and
V-GNPs-HDM2 treated xenograft tumor samples. The important regulator of the HDM2-
mediated apoptosis and cell cycle regulator protein, Cyclin-Dependent Kinase Inhibitor
(CDKN1a) p21, significantly down-regulated in C-GNPs-HDM2 treated condition. The
p53 released from the HDM2 upon the treatment with anti-HDM?2 peptide conjugate
promotes the degradation of the p21 confirmed that HDM2 mediated inhibition of p21 is a
key switch between the apoptosis and cell cycle arrest. Within, the result confirmed that
HDM?2 induced cell death via down regulating, Bcl2 and the ration of Bcl-2 to Bcel-X1 is
down-regulated more in case of C-GNPs-HDM2 compared to V-GNPs-HDM?2. In addition
to this, survivin is significant (P<0.05) up-regulated in both the conditions confirm the
stress-induced responses after the treatment. Apart from Survivin, another stress-induced
protein, Clusterin expression is also altered in the V-GNPs-HDM2 treatment condition.

Similarly, cytokines/ chemokines study was performed to understanding the immune



responses during the treatment. It has been observed that a selective change in expression
of cytokines/chemokines was noticed with respect to the V-GNPs-HDM2 and C-GNPs-
HDM2. ICAM-1, IL-1a, GM-CSF and BLC (P<0.05) were significantly up-regulate in C-
GNPs-HDM2 whereas V-GNPs-HDM?2 showed an increased expression of Ca5 (P<0.05).
The observed differences in the cytokine profile infer that the GNPs (C & V) reducing
agent modulate the immune responses. To get an insight into the molecular difference
observed in a xenograft mouse model in the antitumor responses the analytical techniques
“Attenuated Total Reflectance/Fourier Transform Infrared” (ATR/FTIR) was used to study

the spectral signature of the biomolecules.

ATR/FTIR mapping help to understand the in-life tumor growth reduction in RB
xenograft tumor samples in combination with multivariate analysis. Principal component
analysis (PCA) was used to analyze the FTIR image data after HCA analysis. PCA was
performed on the spectral data of "biobands" through cross-validation at 7 PCs in the
wavenumber range 3039.234-2811.677 and 1808.883-929.51. The PC-1, PC-2 and PC-3
that shows the difference in loading in the region 2847 2929 cm-1, a lipid-rich region.
Apart from this the strong positive band observed at PC-1 (C-GNPs-HDM?2) is 1092 cm-1
phosphodiester backbone of DNA/RNA, 2847 cm-1, CH2 group of lipids whereas the
negative loading 1649 cm-1 indicates the Amide-1a helix. The PC-3 (V-GNPs-HDM2)
loading showed the positive loading at 982, Ribose-2’-OH vibration of RNA, 1029 cm-1
CH20H of polysaccharides, 1675 cm-1-(Amide-1f turn) and 1675 cm-1Amide-1f turn.
Whereas, the negative loading observed in the 955 cm-1- Ribose-2’-OH vibration of RNA

and 1649 cm-1 indicates the -Amide-1a helix.



Taken together the current study, showed for the first time a systemic approach
from a synthesis of SERs active GNPs to its application for selective targeting of cancer
marker in vitro and in vivo in RB model. The spectroscopic identification of the molecular
fingerprint can pave a new path for understanding the therapeutic potential of the novel
GNPs-HDM2 conjugate and the implication of the techniques for diagnostic application.
The current data confirm that peptide is functional, and the nano-carrier based local
delivery of peptide at tumor site could provide an effective approach for targeted therapy

for the eye.



CHAPTER 1

1 Introduction

This chapter focus on the brief description of the nanotechnology with an emphasis on the
biomedical nanotechnology for cancer theranostics. It describes the different applications
and functionalization of gold nanoparticles (GNPs) for therapeutic applications. Further, it
discusses the problems and limitations encountered in the current treatment modalities of
cancer treatment with an emphasis on Retinoblastoma (RB). The chapter includes

hypothesis, objectives and structure of the dissertation

1.1 Background

Nano-technology is filed of technology that deals with length scales below 100 nm
[2]. “Nano” is the billionth of a meter (I nm= 1x10-9 meter) whereas, an atom has a
diameter of almost 1/3rd of a nanometer. The nano-size is a fundamental unit to tailor the
properties of the material for specific applications in the field of supramolecular chemistry,
biosensors, drug delivery and tissue engineering, etc.[3, 4]. Nanotechnology attained a
major attention as because of unique size-dependent properties of nanomaterial and
application of nanomaterial in various field such as electronics, energy generation, bio-
sensing, imaging and therapy (Figure 1.1) [5].

Nano term was coined by “Richard Feynman” in his lecture entitled "There's Plenty
of Room at the Bottom” in 1959 [6]. The alteration at atoms and molecular level can be
possible using a set of precise principal for miniaturization, is necessary to obtain the
specific function [7]. Nanotechnology is an emerging cross-disciplinary field of science
and technology that involves disciplines in fields such as physics, chemistry, biology,

engineering and material science|[2, 8].
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Figure 1.1 Bird’s eye views; application of nanomaterial in various fields
The nanoparticles can be defined as anything less than 100 nm in size with novel
functions/properties compared with the bulk material. Nanoparticles as such and a building
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block for the nanostructures such as “ nanoclusters, nanowires, nanochains, and nano
aggregates” shows novel functional properties. It contains a small number of atoms or
molecules that possess different properties than the bulk material. The difference in the
bulk and nanomaterial is due to surface effect as it has the highest number of electron
density. The atoms in the nanomaterials are situated far apart and due to this lower
coordinate and unsatisfied bond, the stability of the surface atom is less. The smaller a
particle, the larger the fraction of atoms at the surface that increase the binding energy per
atom. Moreover, the edge and corner atoms have even lower coordination compared to the
central atoms which intern help in binding more foreign atoms and molecules more tightly
[9].
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The more surface to volume ratio of nanoparticles is one reason of having the
different surface chemistry compared to its bulk form. In addition to this, the size of
nanoparticles can be changed to synthesize the nanoparticles of different shape and size
that help to develop a new effective nano-system. The size-dependent property provides an
exceptional high possibility to probe the interaction at the cellular and molecular level with
realistic clinical applications (Figure 1.2). Specific types of nanoparticles are being utilized
as a drug delivery vehicle for targeted therapy cancer imaging agents. The ability of
nanoparticles to deliver the high amount and specific delivery of molecules is the ultimate
advantage of nanoparticles and its application to a carrier molecule. These properties make

the nano-size material a suitable material for biomedical applications.

1.2 GNPs for biomedical application

The nanomaterial has greatly improved the nanomedicine through targeted,
delivery, with specificity efficacy and less systemic toxicity [10]. The nanomaterials in
biological applications is a growing field with an immense possibility in diagnosis,
gene/drug delivery, imaging, biomolecular mapping and theranostics (Figurel.2). The
nanoparticles (1-100 nm) are much smaller than the biological cell and cellular organelles.
However, the cellular organelles and their cellular components such as protein and nucleic
acid (DNA/RNA) are in the size of nano to sub-micron size (Figure 1.2). The size similarity
of the cellular component with nanoparticles facilitates the development of nanoparticles
based devices like nanosensors and nanocarriers to deliver the drug or therapeutic
molecules to target specific manner for clinical applications. The nanomaterial and its
interactions with biomolecules like DNA, RNA, protein and other cell organelles make

nanoparticles as a suitable candidate with an ability to cross many biological barriers [11,
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12]. The tunable size and shape opens a new way to interrogate the cellular and molecular
process that helps in targeting cancer molecules and imaging. To target the specific
molecules and organelles is the major concern and a need for sensitive detection, diagnosis
and their treatment of diseases. The specific effect of a drug can be achieved if it reaches a
desired site with an optimum amount through blood circulation and it should be effective
only to tumor cells without causing any harmful effects on healthy tissues. Nanoparticles
can be used to study the targeting the specific molecules of interest using active and passive
targeting [13]. The passive targeted delivery is the use of nanocarriers for delivery or
targeting of the molecules. Whereas the recent use of the nanoparticles has shown for the
active targeting to interfere directly with the cellular pathways, and it involves a cell fate
process such as cell cycle, apoptosis and cell proliferation [14].

The multiple functional GNPs has emerged as a new generation candidate material
in the clinical application by merging of the size and surface chemistry of nanomaterial.
Due to light scattering characteristics GNPs can function as contrasting agent in biomedical
imaging whereas the inert nature of Au (Gold) offer a great opportunity for biological
application such as drug/gene delivery. The site-specific delivery of the target molecules
can be achieved wusing GNPs in systemic circulation and limit the access of target
molecules at the target site [15]. Among all the different types of nanomaterials, metal
nanoparticles have gained a major scientific attention for the biological applications due to
biocompatibility and easy functionalization with the target molecules. The unique property

of the GNPs apart from biocompatibility is contrasting agent due to a high atomic number
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(atomic no.78, atomic mass 197). The higher atomic mass allows more absorption of X-

rays to give better contrast than any other contrasting agents that are in use for the imaging.

Alchemy Symbolof Gold
10°m 10°m

10nm 100nm Lum 10um 100um

Increases in size

Atomic Nucleus Atoms  Small molecules / Lipid/Proteins Cell Organelles /Bacterial cell Mammalian cell

Figure 1.2 The length scale comparison of the biomolecules/organelles and cells [16].
1.3 GNPs in clinical application

Gold is a noble element, bring about lots of interest, particularly in the field of
biomedical applications. Au is in use for cancer, HIV, bronchial asthma, and malaria for
more than century[17]. NPs was introduced for biomedical application in 1890 by German
Robert Koch for antibacterial application in Mycobacterium tuberculosis at very low
concentration in the form of k[Au(CN)2] [18]. In the 1900s gold was used for the
tuberculosis and rheumatoid arthritis [19, 20]. Au is approved by FDA (Food and Drug
Administration) for the clinical application, and it is in use for treatment of rheumatoid

arthritis more than 50 years. “Uni-Gold Recombigen (TM)” synthesized by Trinity Biotech
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of Bray, Ireland, also got approved for the detection of HIV-1 in plasma, serum, and whole
blood [21]. Recently, the “insulin coated ultra-thin GNPs” synthesized by the Meditech
Ltd. in Oxford, U.K is in the first phase of clinical trial. The optoelectronic property such
as, Surface Plasmon Resonance (SPR), Surface Enhanced Raman scattering (SERs) and
biocompatibility which depends on the shape, size and coating on GNPs is discussed

further in details [22].

1.3.1 Biocompatibility and colloidal stability

Au (Gold) salt-reduced and capped by plant-derived chemicals instead of
chemicals such as hydrogen, sodium borohydride or Cetyl trimethylammonium bromide
(CTAB), is the ultimate aim of the green nanotechnology .The phenolics phytochemicals
and polysaccharides are frequently used natural plant derivatives for the GNPs synthesis.
Some of the phytochemicals such “curcumin, isothiocyanate, genistein, epigallocatechin,
Galatea, lycopene and Resveratrol” are used for the reduction of Au and also shows
anticancer and antioxidant properties [17, 24]. The growing use of nano-materials in
biomedical and medicine, it requires introducing a method that could minimize the
application of synthetic toxic chemicals. Since, the green method used natural sources for
the synthesis of nanomaterial, it can be presented as a sustainable method that produces
self-therapeutics, biocompatible nanomaterials.

In addition to the biocompatibility, the colloidal stability of nanomaterial is one of
the mandatory aspects to consider for the application of GNPs in biomedical application
[25]. The GNPs are stable in the various buffers and ionic salts due to the presence of the

biomolecules coated on its surface. The controlled assembly of biomolecules may increase
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the stability in vitro at the various pH ranges in an ionic solution that could be an added

advantage further to reduce the size and intrinsic metal-dependent toxicity.

1.3.2 Surface Plasmon Resonance (SPR)

Surface Plasmon Resonance (SPR) /localized surface plasmon resonance (LSPR),
is a property of the metal nanoparticles due to presence of free electrons [26]. The localized
plasmon resonance created by oscillation of free electrons in the presence of light. SPR
property improves the application of GNPs in diagnosis and therapy (Figure 1.3) [27]. The
absorption or scattering of light generate the SPR, the radiant light (Mie scattering) is useful
for optical imaging, whereas, the absorbed light convert into heat that is more effective for
cancer treatment. The scattering and absorption is competing process, and magnitude
change depends on the size of the nanostructure whereas, the shift in SPR based on the
distance between the GNP aggregates and biomolecules. The SPR enhancement of the
nanoparticles size 10-100nm is 5 -7 times higher which can work as an optical probe. The
added advantage of GNPs is sensitivity, thermal stability and resistant to photobleaching.
The SPR shift generated due to conjugation of biomolecules depends on the distance

between the GNPs dimers and biomolecules [28].
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Figure 1.3 Schematic presentation of Surface Plasmon Resonance (SPR) of GNPs. The oscillation
of the free electron in the presence of light gives huge optical field enhancements. The light
scattering has application in bio imaging [29, 30].

1.3.3 Surface Enhanced Raman scattering (SERs)

Surface Enhanced Raman scattering (SERs) is another unique property of GNPs
that has potential application in the field of theranostic. SERs was noticed for the first time
was by studying the Raman spectroscopy of the electrode in 1974 [31]. In GNPs aggregated
SERs intensity is more in intensity compared to the average particle size and the Raman
scattering deviate from the fourth power of the normal Raman scatter range in SERs [32,
33]. In addition to the size and morphology of GNPs, SERs intensity also depends on the
polarization of light from the nanoparticles which helps in determination of the orientation
of molecules [34]. The SERs enhancement of the biomolecules achieves by trapped
biomolecules between two gold nanoparticles that affected by the physical and chemical

properties of the SERs substrate (Figure 1.4) [35, 36].
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Biomolecules

GNPs coated with Biomolecules

Figure 1.4 Schematic representation of SERs effect of GNPs [37]

1.3.4 Functionalization of GNPs with biomolecules

The bioconjugation is an important property of functional nanoparticles to attain
the targeted delivery of the therapeutic molecules. Improvement of the clinical research
and medicine by targeting the diseases in more efficient and specific manner is the long
term aim of the Nanomedicine. Application of GNPs as a delivery vehicle for biomolecule
and therapeutic molecules is an emerging area in the nanotechnology field. GNPs
conjugated to appropriate tumor avid biomolecules with size ranging from 10-100 nm are
ideal for targeting tumors, for imaging and therapy purposes [38]. The GNPs can be
functionalized using different methods such as “covalent binding through metal sulfur bond
(Au-S), electrostatic interaction, PEGylation and physical adsorption using surface
chemistry [39-41]. The strong affinity of Au with thiol and amine functional group has
been established with a variety of target agents, chemotherapeutics and drug molecules
[42]. The functionalization of GNPs with antibodies, proteins, peptides DNA/RNA created
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an expanding field of research for biomedical imaging, diagnosis, and therapy. The
biomolecules through recognition of certain peptide sequences such as ‘nuclear
localization signaling, cell penetrating” and receptor targeted sequence [43-45]. The
surface chemistry of the nanoparticles allows delivery of a wide range of chemicals, drugs,
small molecules and biomolecules for cancer theranostic [13, 46, 47].

Thus, combined property of inorganic (GNPs) and organic (Peptide) molecules is
possible to develop novel functional materials (Figure 1.5). The hybrid nanomaterial
introduces a new functionality that help in specific interaction and reactivity with

biological molecules [48-50].
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Figure 1.5Schematic representation of the important property of the GNPs, Peptide and GNPs-
Peptide.

1.3.5 GNPs in cancer theranostic

The application of nanoparticles in biomedical is to achieve a long-term goal to
revolutionize of health care. The current treatment modalities such as “chemotherapy,

photo-thermal therapy and radiotherapy” are not very specific for the target and shows

18



many adverse effects that affect the normal tissues apart from the cancer tissue. The
absence of specificity and bioavailability of a drug to the target tissue is the disadvantage
of the current methods of cancer therapy. Therefore, conjugation of therapeutic molecules
such as drug, peptide and antibody with nanocarrier is used for targeted delivery for cancer
treatment [51-53].

The Cancer cell is different from the normal cell that possess many biochemical
and morphological changes. The basic functional unit of living beings is a cell, which is a
self-contained unit capable of undergoing self-replication if provided with the proper
nutrients and ambient environment. In general, a eukaryotic cell is enclosed by a lipid
bilayer and composed of nucleic acid, proteins, and other molecules. Whereas a cancer cell
is defined as an uncontrolled division of cells, which spreads to the other parts of the body
by local invasion, lymphatic and blood circulation. Any tissue in the body can turn into the
cancerous tissue and the basic processes that induce cancer are quite similar in each type
of cancer tough at the molecular level each type of cancer is different. At a molecular level
cancer is known to have deregulation of the cellular signaling process that controls the cell
proliferation, differentiation, and apoptosis. The discontinuous capillary walls with no
basal lamina permitting particles less than 100 nm to penetrate easily into the cancer cell.
The unique enhanced penetration and retention effect (EPR) of the solid tumor tissue allow
the delivery of drug selectively to tumor tissue [54]. EPR is a unique property of solid
tumors, which is indicated by extensive angiogenesis, hyper vasculature, absence of
lymphatic drainage and imperfect vascular structure. The EPR effect can be utilized for the
effective treatment for the delivery of the drug. EPR effect used in many cancer using “N-

(2-hydroxypropyl) meth acrylamide” (HPMA) copolymer as a nanocarrier to deliver the
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anticancer drug doxorubicin [53, 55]. The retention of the particles in the tumor tissue is
an advantage in the delivery of the target molecule at the tumor site, which is known as
homing. Similarly, the functionalized nanomaterials such as peptide functionalized GNPs
also home at the tumor tissue and unable to eliminate, which interns increases the efficacy
of the therapeutic molecules. Hence, once the nanoparticles penetrate to the tumor site, it

increased the pharmacokinetics [56, 57].

1.4 Address the problem

Early stage detection and target specificity is a grand challenge in the cancer
treatment from more than four decades. Cancer is a complex multifactor disease with
uncontrolled cell division and deregulation of the cellular signaling process. It expresses
different molecules as markers and shows the characteristic signals that are distinct,
quantitative and qualitative compared to the normal cell. Tough expanded knowledge in
molecular targets and pathways are being identified for the diagnostic and therapeutic of
cancer. However, the drawbacks of the current method mainly chemotherapy to develop
multidrug drug-resistant tumor less sensitive and more off-target effect. Therefore, till date
cancer treatment/diagnosis is big challenges in biomedical science.

Retinoblastoma (RB) is a childhood eye cancer. It arises from all the layers of the
retina. RB take in for 3% of childhood malignancies [58-60]. RB is the most common
intraocular and life-threatening cancer of the eye in children [58]. RB originates from a
multipotent stem cells and locally invasive tumor which developed because functional loss
of both the alleles of the RB-1 gene (tumor suppressor gene) [59]. The loss of function of
RB gene promote tumor progression and also induces cancer. Apart from the Rb-1 gene

various other genes which express in RB play an important role in RB progression. One
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such gene is HDM2 over amplified in RB, is a negative regulate for tumor suppress gene
p53 [60, 61]. The selective inhibition of the HDM2 could be an effective therapy for eye
cancer.

The RB-1 gene mutation and overexpression of the HDM?2 are involved in the
progression of the RB tumor [62, 63]. In addition to an oncogene, the redox state of a cell
is an important factor which plays a critical function in cancer progression. ROS are
oxidants and they have dual roles in promoting cell proliferation or cell death and also
induced DNA damage. DNA damage is a critical factor to cause carcinogenesis. Oxidative
stress is present more in the cancers compared to the normal cells is an indicator of the
redox imbalance and can be used as a bio-indicator of the abnormal state of the cell. The
oxidative stress, which is defined as an imbalance of the cell due to release of reactive
oxygen species is also a major concern for cancer, which leads to cellular damage that
ultimately causes cell death or uncontrolled cell proliferation [64, 65].

ROS in cancer have been studied extensively and most of the drugs act on cancer
cells by increasing the ROS above its threshold levels thereby leading to apoptosis.
However, this method has many disadvantages like an evolution of more aggressive
tumors, the development of drug resistance, tumor invasion, and metastasis. The current
treatment modalities for RB treatment are systemic chemotherapy, intravitreal injection

and local therapy such as cryotherapy and brachytherapy [66, 67].

1.5 Hypothesis

The current cancer treatment methods have the limitation due to poor
bioavailability and less specificity to the target site. Because of limitations associated with

the current modalities for cancer treatment the novel method is of high demand that could
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overcome the side effects and improve therapy and diagnosis. Targeted therapy could open
anew path for the cancer treatment in combination with nano-medicine. Therefore, a nano-
carrier based targeted therapy for delivery of molecules could be a new regime to combat
the deadly disease such as cancer.

In view of the fact that, we proposed a systemic approach to the synthesis of
multifunctional GNPs using a biological method and functionalization with peptides.
HDM2is an oncogene which overexpressed in most of the cancers including retinoblastoma
and a negative inhibitor of the p53 [68]. Thus, HDM2 is an important molecule for targeted
therapy. The delivery of anti-HDM2 peptide with GNPs to obstruct the binding of HDM2
with p53 was the main idea of using HDM?2 peptide for the RB therapy. On the other side,
ROS in the cancer cell and the normal cell is known to increase the genetic instability and
promote the cancer cell proliferation. Hence targeting the ROS would be an approach
along with for therapeutic application. Oxidative stress is a complex process and the
limitation has observed in use of antioxidant could be due to factors such as low
bioavailability of antioxidants, non-specificity, stage of disease, factors other than
oxidative stress that influence the disease. Apart from oncogene (HDM2), nano-carrier
mediated ROS targeting would add an advantage to achieve the most effective therapy of
the RB using Vitis vinifera L. reduced GNPs.

It was proposed that the novel synthesized nanoparticles would be a self-
therapeutics and improve the therapeutic effect of targeted molecules. The hybrid organic-
inorganic nanomaterial would be more effective and introduce new functional property that
would be more effective in tumor regression in comparison with an individual component

such as, peptide alone (Figure 1.5). It was also proposed that the reducing agents used for
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the synthesis of the GNPs can differently regulate the apoptotic pathways that affect the

tumor growth reduction along with the anti-HDM?2 peptide. The nanocarrier based delivery

of the peptide molecules will not only serve as a targeted therapy, but also, it can help in

homing of the therapeutic molecules.

1.6 Objectives

1

To synthesize SERs active GNPs using different reducing agents Vitis vinifera,
Curcumin

To characterize as synthesized GNPs using UV-Visible, DLS, XRD, MALDI, FT-
IR and Raman spectroscopy.

To evaluate the biocompatibility of GNPs using different type of cancer cell line
such as Breast cancer, Retinoblastoma and non-cancer.

Functionalization of GNPs with antioxidant (Peptide-A) and therapeutic (HDM2)
peptide

To study the in vitro functional property of the GNPs-Pep-A (Conjugate) by
radicals scavenging and knockdown of HDM2 peptide.

To study the in vivo preclinical evaluation of antitumor efficacy of GNPs-HDM2
conjugate using retinoblastoma (RB) xenograft nude mouse model.

Xenograft nude mice tumor and serum sample to understand the apoptosis and
cytokines

Spectroscopic studies to identify the molecular fingerprint in the treated xenograft
tumor samples to identify the interaction between the C-GNPs-HDM2 and V-
GNPs-HDM2 with bio molecules.

23



1.7 Structure of the thesis

This dissertation is divided into eight chapters

Chapter-1 was an introduction of nanotechnology in general and the subsequent
discussion on the application of GNPs in nano-medicine. The chapter first ends with the
problem, hypothesis and objectives of the desertion.

Chapter-2 provides an extensive literature review on GNPs for nano-medicine application.
The chemical and biological method of nanoparticles synthesis and nanomaterial toxicity
with an emphasis on the importance of different reducing agents. It summarizes the
properties of different types of gold nanostructure and suitable application of each
nanostructure for therapy and why and how the GNPs is the better choice than other
available materials.

Chapter-3 This chapter discussed about the experimental procedures and methodologies
adopted in synthesis, characterization, and bio-conjugation. The in vitro cell culture and
in vivo xenograft nude mice model, methods were used for the functional study. It includes
details of various characterization techniques adopted for detail, characterization of GNPs,
UV- visible, FT-IR, XRD, MALDI, TEM and Raman spectroscopy, etc. It also includes
the description about in vitro biocompatibility test for nanoparticles, FACS and microscopy
analysis.

Chapter-4 discuss the first specific objective of the dissertation; synthesis of GNPs using
green technology with the different reducing agent. An emphasis is given to the Vitis
vinifera L. and Curcuma L. as a reducing agent for the GNPs synthesis and biocompatibility
study using various types of cancer cell line.

Chapter-5 The antioxidant property of GNPs-Pep-A, highlighted using Vitis vinifera

GNPs on reactive oxygen species scavenging in in vitro using Y79, the RB model.
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Chapter-6 This study is the detailed study of the clinical significance of HDM2
functionalized GNPs in vitro and in vivo for anti-tumor effect. This chapter mainly
discusses the biological significance of V-GNPs-HDM?2 and C-GNPs-HDM2 with respect
to the difference in the biological responses and its effect on HDM2 knockdown using RB
as a tumor model.

Chapter -7 Discusses the analytical technique for the analysis of xenograft RB tumor
sample by ATR/ FTIR spectroscopic analysis. The spectroscopic molecular signature helps
to understand the interaction of the target molecules with different biomolecules.
Chapter-8 Summarizes the interpretation and conclusion based on the current
experimental condition, data and results obtained in the dissertation. It also presents an
understanding of the chemical interaction of the therapeutic molecules and identification
of instruction through spectral fingerprint. This chapter also discusses the future scope of

the current work in the light of results obtained in the dissertation
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1.8 Outline of the thesis

Synthesis of gold nanoparticles peptide conjugate for targeted cancer therapy

Onco gene (HDM2) and ROS
potential target for the cancer therapy

A4

Clinical Samples
Non Neoplastic Donar Retina
Neoplastic Retinoblastoma
mRNA, Protein expression and
Immunohistochemistry for HDM2 and
p53 expression

GNPs sysnthesis and Functionalization
Vitis vinifere, curcumin and citrate
GNPs- HDM2 and GNPs-Peptide —A (Pep-
A)

Characterization, Uv-Visible, DLS, FTIR
,MALDI and XPS, TEM

Ex vivo Retinoblastoma
Apoptotic protein and cytokines profile in
FTIR analysis study and HCA and PCA
analysis.

H & E for morphological analysis
IHC for P53, HDM2

In vivo Retinoblastoma
Xenograft Retinoblastom Tumor
development
In life tumor growth inhibition study;
body weight tumor volume
measurement
Liver, kidney function measurement.
Biochemical parameter

In vitro cell culture
Peptide and GNPs cytotoxicity-MTT assay
Cancer cell line, human Retioblastoma
(Y79,WERI), human Breast cancer ( MDA-
MB-453) and non cancer cell line human
muller glial (MIOM ).
GNPs-Pep-A and GNPs-HDM2 functional
study — mRNA, Protein expression, and
enzyme activity and FACS analysis; cell
cycle, apoptosis
Microsocpy; Fluorescent, phase contrast
and electron microscopy
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CHAPTER 2

2 Literature review

This chapter highlight on the literature review and summarizes the findings reported by
other researchers working on the different aspects of the Gold Nanoparticles (GNPs). An
emphasis will be given on advantages of biological reducing agents and functionalization
with peptides for therapeutic application. It also includes the in vitro and in vivo preclinical
application of functionalized nanomaterial in cancer theranostic. In particular, the literature
review is useful to understand the need for the synthesis of GNPs using different reducing
agents and applications of GNPs as nano-carrier to deliver the therapeutic molecules. It
helps to interpret and understand the results of the current research reports in the
dissertation. The extensive review of existing literature rationalizes the importance of

targeted therapy for cancer theranostics.

2.1 Background

Nanomedicine is an emerging field, which utilize the advantages of size-dependent
properties like high surface to volume ratio and quantum effects. Similarly, various
mechanical and optical properties of nanomaterial have utilized to develop and design
novel systems, which are effective in therapeutic applications [69, 70]. The use of
nanomaterials (1-100 NM) for drug and small molecule delivery has vividly been altered
the effect and can deliver the molecules to target specific manners, which can improve the
specificity of therapeutic agents. The unique sizes and shapes with dependent properties of
nanomaterial not only help in the delivery, but enhance the specificities for the target and
reduces the side effect occur due to non-targeted therapy [71]. Due to its unique set of

physio- bio-chemical, properties like, biocompatibility, colloidal stability, surface
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chemistry, and optical properties of GNPs, which can have a variety of applications in
theranostics [72-74]. The GNPs are more attractive due to loading efficacy of targeted
which is in an order of 10*-10° higher than the liposomal molecules or polymeric
nanoparticles [75, 76]. In consideration of the unique property of GNPs, different
nanostructures have been established and approved by the FDA for clinical use for disease
one such example is rheumatoid arthritis. Some of the gold based drug are currently in use

for the treatment of various diseases (Figure 2. 1) [21, 77].
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Figure 2.1 Chemical structure of the gold based drug approved for clinical trial [78].

2.2 Nanomaterial for biomedical applications

Early diagnosis and effective targeted therapy are needed for effective cancer
therapy. The different kind of materials such as polymers, metals, carbon, and ceramic are

in various applications for different tissue engineering and drug delivery. Since 1950s,
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many polymeric nanostructure such as liposome and micellar have been developed to
deliver the drug for targeted therapy [79-81]. Natural and synthetic polymers such as
micelles, dendrimers, the nanosphere, and nanocapsule, gain much, attention among all
types of approved materials in 1960-1970’s for biomedical application. The polymer
nanoparticles such as poly- L-glutamic acid are widely used for the delivery of various
chemotherapeutics [82]. Albumin, heparin, chitosan, paclitaxel-loaded albumin are the
natural polymers in use for lung cancer in various stage of clinical trial [83, 84]. Although
polymers are good for the delivery application, it has limited application in imaging. Since,
metal nanoparticles are effective in imaging due to its unique confinement effects, which
arise from an optical property of GNPs, which is an added advantage over the polymeric

material (Figure 2.2).
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Figure 2.2 Represent the various applications of gold nanostructure for cancer theranostic

“(A-D) In vitro plasmonic images of HepG2 cells after treated with gold nanoparticle—peptide
complexes and fluorescence image of H1650 cells incubated with bimodal nanoparticles composed
of super paramagnetic iron oxide nanoparticles, fluorescent Auxs—BSA complexes and EGF (E) (F)
In vivo NIR transmission image of tumor-bearing mice treated with or without PEG-ylated gold
nanorods, (G) Photothermal thermal application in mice model after (A-D) [85] (E) E. S [86] (F)
E.B.[87] and (G) W. L. [88, 89]".

2.3 Chemical method of GNPs synthesis

The unique metal-dependent property of the noble metal has a various application
in cancer theranostic. Hence, the synthesis of the metal nanomaterial from different
chemical and biological methods has been developed to obtain the nanoparticles [22, 90].
Turkevich method of GNPs synthesis use citrate for the reduce Au salt (HAuCl4).
Whereas, in Brust’s method two organic phases (water—toluene) and sodium borohydride
was used for the GNPs synthesis (Figure 2.3) [91, 92]. The varying size and shape of

colloidal GNPs can be synthesized by varying the concentration of the Au salt, reducing
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agents temperature and pH, etc. The size ranges from 2-100 nm can be synthesized
allowing optimizing the ratio of Au salt and reducing agent. Similarly, the shape of the
particles can be controlled by using a different reducing agent. For example, Au salt
reduced by sodium citrate predominantly, produce the spherical shape of GNPs [93].
CTAB (Cetyl trimethylammonium bromide) is the choice for the rods shape nanoparticles.
The shape and size of the GNPs have a significant application in the various biological

applications the most common are spherical and rod shape.

2.4 Different morphology of gold nanostructure

GNPs mainly categorized based on the shape, size and confinement of the particles.
According to the confinement of atoms the shape of particles and its applications are
defined. The colloidal gold is a nanoparticles suspension and the color of the suspension

varies from intense red to blue which define the size of particles

2.4.1 Gold Nanoparticles (GNPs)

The commonly used shape as a nanocarrier is spherical with size in the range of
1-100nm synthesized predominantly by single phase method (Figure 2.4 A). The molar
ratio of reducing agent and gold salt can affect the typical size of the nano-spheres. The
size and shape of the GNPs can be easily controlled by varying the synthesis parameter
such as temperature, concentration and type of reducing agent. The monodisperse gold
nanospheres show the absorption peak (SPR) between 510-550 nm [94]. The increasing in
the width of SPR band indicates a wide range of the size distribution. In the single phase
synthesis of GNPs AuCl4— was reduced and capped by Fe(II)-EDTA to form the different

sizes of GNPs ranging from 6.7 to 50.9 nm[95].
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Figure 2.3 Schematics of representation of chemical method of GNPs synthesis.

(A-D) The reduction of the metal salt with standard reducing agent sodium citrate and sodium
borohydrate with binding of nonpolar thiol. Nucleation and growth are the important phenomenon
occur during the GNPs synthesis [78].

2.4.2 Gold Nanorods (GNRs)

The seed-mediated growth, using cetyltrimethylammonium bromide (CTAB) is the
most common method to achieve rods in the range of 1-100nm. In the seed method, the
citrate-capped gold nanospheres, work as seeds solution and HAuCl4 as a growth solution.
The growth solution is prepared by the reduction of HAuCl4 with ascorbic acid and silver
ions. The main advantage of gold nanorods is its SPR in the near infra-red (NIR) reason
and biological tissue absorbed very less light in NIR reason. GNRs has an added advantage

over other GNPs is the mainly photothermal application (Figure 2.4 B).

32



0.10 um
¥130000

Figure 2.4 Representative gold nanostructure for predominantly useful in drug deliver, photo
thermal and imaging application (GNPs and GNRs) [96].

2.4.3 Gold Nanostars (GNSs)

The Gold nanostar is another type of nanoparticles, which has a wide range of biomedical
application such as drug delivery, geothermal, bio-imaging and sensor application. The
most appropriate size is in the range of 45-116-nm with different in optical properties.The
multiple pod with single crystalline tips nanostars can synthesize by Au seeding in presence
of poly (vinylpyrrolidone) (PVP) in N,N-dimethylformamide (DMF) to using HAuCl(4)
salt [97]. The nanostar morphology can controlled by controlling the nucleation and growth
phenomenon during the synthesis process. The core size, number of branches, aspect ratio;
with respect to the core size and branches are the important parameter which significantly
altered the application of gold nanostars. The different sizes of the nanosars show long
surface plasmon band shifts in the NIR region. The long NIR range plasmon shifts indicates
the better application in the SERs application. The average EF was observed at 6333 nm is

5x10398, 99].
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2.4.4 Biomedical application of different type of gold nanostructure

The different structure and shapes of the gold nanostructure has many applications.The
different shape such as nano spheres, nanostars and nanorods absorb and scatter light in
the visible to near-infrared region which gives the different SPR band. Gold nanoparticles
(GNPs) absorb in the 520-540nm are widely in use for the targeted therapy using peptide,
antibodies and aptamers. The functional blocking of the cancer biomarker suchas HDM?2,
HMG?2 and EpCAM , MMPs has been targeted using gold nanoparticles[100]. In a study
using RGD and myxoma peptide conjugated GNPs were used in a B16 melanoma
allografts in vivo model. These findings confirm that peptides homes at the tumor site

without cytotoxicity of melanoma tumor [100, 101].

Whereas, gold nanorods (GNRs) due to the anisotropic nature have more application
in photo thermal, Raman signal enhancement, molecular detection and imaging
application. The two absorption band of rods shows sensitivity and the local surrounded
environment change the sensitivity which is more applicable for bio-sensing application
[102, 103]. DNA functionalized gold nanorods are used for cancer cell imaging and also
confirm the DNA binding on the surface of the rods. DNA functinalized gold nanorods are
used for cancer cell imaging and also confirm the DNA binding on the surface of the rods.
Similarly, other type of nano construct gold nanostars (GNS) also used for targeting the
cancer molecules. In a study using nucleolin aptamer loaded GNS was used to target the
ubiquitous protein. It has found that Apt-AuNS nano constructs internalized in cancer cell
and down regulate Bcl-2, mRNA expression (anti-apoptotic protein) efficiently as
compared to cells without the Apt-AuNS nano. Also, caspase 3/7 activity (apoptosis) which

play important role in apoptosis also increased compared to cells which transfected with
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free AS1411.The photothermal property of the gold nanostructure significantly enhanced
the apoptosis in cancer cell [104]. The significance of the nanostructure clear indicates the

importance of the different nanostructure in nano medicine

2.5 Effect of size and chemical agent used in GNPs synthesis

The application of nanoparticles in medicine is a rapidly growing area in the field
of nano-medicine, hence, it is imperative to consider the cellular toxicity of nanoparticles
to identify the dose-dependent effect of nanoparticles in the biological system. The
internalization and cellular toxicity vary with the shape and size of nanoparticles. The
GNPs internalized effectively compared to GNRs of similar size similarly the capping
agents also affect the cellular toxicity [38, 105]. “Human lung cancer (A549)” shows
toxicity by citrate capped GNPs. Whereas, same concentration is nontoxic to the “BHK21
(baby hamster kidney)” and “ HepG2 (humanhepatocellular liver carcinoma)” [106]. Apart
from concentration, shape and size, diffusion and velocities, sedimentation of GNPs affect
the cellular uptake process [107].

The size dependent cytotoxicity of 5 and 15 nm citrate stabilized GNPs was studied
in vivo in Balb/3T3 mouse model. The colony forming efficiency (CFE) assay, results
revealed that small size GNPs (5 nm) at concentration > 50 uM size is cytotoxic compared
to the big size (15 nm) [108]. The cellular behavior of GNPs treated cells gives an insight
to understand the importance of size, shape and reducing agent. Similarly, cytotoxicity of
triphenylphosphine derivative water-soluble GNPs was studied four different cell lines,
such as epithelial, fibroblasts, macrophages, and melanoma cells. The data indicate that
the most effective size of GNPs is 1.4 nm, which shows IC (50) concentration between 30-

56 uM that variations in the different cell line. In contrast, GNPs of 15nm and Tauredon
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(gold thiomalate) non-cytotoxic even at much higher concentrations, 60-fold and 100-fold
respectively. The cell death necrosis or apoptosis is also dependent on the size and time of
treatment in case of 1.4-nm GNPs cell death caused by necrosis whereas 1.2 nm GNPs
predominantly follow programmed cell death [109]. The cell selective response of the
Dihydrolipoic acid (DHLA) synthesized GNPs was studied in the normal human hepatic
cell line (L02) and the human hepatoma cell line (HepG2). The cytotoxicity of these of
GNPs at different time point and the concentration range from 10-125 uM till 72h showed
no cellular cytotoxicity. The significant cell growth was observed in the HepG2 cells till
72h indicates that cell cycle growth was not hindered and cell enter from G1-S checkpoint.
In an in vivo system GNPs induced the ROS formation, which cause oxidative stress and
induced DNA damage and other cellular toxicity. Similarly, the accumulation of GNPs in
various organs like spleen, liver, kidneys and lungs shows more toxicity due to the
oxidative stress induced by the GNPs. Moreover, immunogenic responses such as
thrombosis, hemolysis also reported in vivo, due to the presence of the GNPs [110]. In a
study using “cationic shell-crosslinked knedel-like (¢cSCK) nanoparticles” for the delivery
of the Peptide nucleic acids (PNAs) was constructed using bioreductively cleavable
disulfide/ electrostatic interaction for the delivery of the PNAs. The Arg9-mediated method
for PNA delivery in HeLa cells, showing lower toxicity and higher bioactivity [111, 112].
The unique characteristic of the ¢cSCK is to reduce the cytotoxicity and increased the
bioavailability than the into HeLa cells. [113-116].Also the different chemical
modification such as binding of DOTA ,/ PEG maximized the application for imaging and
in vivo at the same time minimized the detection by RES. The unique characteristic of the

c¢SCK is to reduce the cytotoxicity and increased the bioavailability into HeLa cells. The
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mechanism of the trapping of the cSCK into endosomal/lysosomal and release of PAN into
cytoplasm is the important characteristics of these unique nanoconstruct to achieve the
target specificity with minimal toxicity. The different chemical modification such as
binding of DOTA / PEG maximized the application for imaging and in vivo at the same
time minimized the detection by RES. The nanorods toxicity due to CTAB, can also altered
by multi-coated GNRs. The GNRs coated with PSS, PAH, PSS/PAH and /PAH/PSS
reduced the CTAB direct interaction with cell and reduce the cytotoxic effect of the CTAB.
The GNRs coated with PSS, PAH, PSS/PAH and /PAH/PSS reduced the CTAB direct
interaction with cell and reduce the cytotoxic effect of the CTAB [113, 114]. These
findings confirm the effect of GNPs at various level, which predominately depending on
size and various chemicals used in coating for nanoparticles. Table 2.1 briefly describe the

effect of different parameters of GNPs on cellular behavior
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Table 2.1 Cellular effect of GNPs, size, shape and concentration on different cell line

Cell line Size of | Concentratio | Shape/Surface Cytotoxicity Cellular effect | Reference
GNPs n group Assay

Human 4,8&12 25-250mM Citrate coated MTT assay Non toxic to | [115]
leukemia cells | nm K562 cells
(K562)
Adipose derived | 15-100nm | lpm Spherical Citrate Cell  counting | Osteogenic
stem cell Kit  (CCK-8) | differentiation,

lives dead assay | 30-50nm is the

most  effective
size

MG 63 | 10 nm 1-10ppm Spherical Citrate Annexin V- | Apoptosis  and | [116]
Osteoblast like FITC assay necrosis
cell
Human 25+3.5nm | 1.0 nmol /L Spherical particles | MTT,  quartz | GNPs show low | [117]
hepatocellular GNP, and crystal cytotocxicity
Carcinoma 1.2_mol/L Microbalance more apoptosis
HepG?2 cells Paclitaxel (T) (QCM) in HepG2 cell.

and flow | GNPs with

cytometer Paclitaxel

assay inhibits the
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growth than

Paclitaxel alone

Human skin cell | 1.5 nm 10 pl Spherically & | MTT assay Spherical GNPs, | [118]
line HaCaT nanorods CTAB non toxic. GNP,
keratinocytes coated Nanorods were
highly toxic due
to the presence of
CTAB
A549 cells, | 15 nm 200-2000 ug | Spherical GNPs Real-time PCR, | Non toxicity, no | [119]
human GNPs ELISA oxidative stress
alveolar markers and no
epithelial-like inflammatory
cell cytokines
responses
Human prostate | 30-90 nm | 1.5nM Spherical MTT and LDH | No LDH leakage | [120]
Carcinoma PC- GNPs assay observed up to

3 cells

34nM., Spherical
50 & 90 nm
diameter induced
the proliferation

of PC cells
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2.6 Other types of inorganic nanomaterials

The current progress in the field of inorganic nanomaterials, which includes Au, Ag, Fe
and I are in use for nanomedicine. Apart from Au, Ag nanoparticles are in use in the
imaging and anti-microbial application. Similarly, Fe and Si also have myriad application
in imaging and therapy [121]. The surface-functionalized nanoprobes are in use for the
detection of the detect various biomolecules such proteins, lipids, nucleic acids and ions
using different types of inorganic nanoparticles [122]. The application of Fe3O4 @ SiO» in
nuclic acid research has shown in a study by covalent binding of biotinylated
oligonucleotide on streptavidin coated Fe;Os @ SiO2 NP [123]. In an another study using
Fe304 coated with silica coating significantly reduces the aggregation in solution and
improved the chemical stability of the Fe;O4 @ SiO2 and provided multiple functional site
for functionalization with various molecules. Similarly, N-(rhodamine-6G) lactam—
ethylenediamine functionalized Fe;04@SiO> superparamagnetic NPs was prepared for the
detection of Hg?" and use as a fluorescent sensor[124, 125]. In addition to the conjugated
with Fe nanoparticles, Si based mesoporous silica nanoparticles (MSN) were prepared for
the delivery of the antibacterial ionic liquids against gram negative bacteria Escherichia
coli K12. The organosiloxane function group conjugated with the fluorescein doped
mesoporous silica nanoparticles (FITC-MSN) was used for the controlled-release of in
mammalian cancer cell confirm that fluorescein was released due to reduction of disulfide

bond reducing molecules [126].

2.7 Green nanotechnology for GNPs synthesis

GNPs potential application in Nanomedicine is largely contributed due to

biocompatibility and gold (0) state, which is extremely inert in nature. The critical review
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(Table 2.1) on GNPs synthesis by different reducing agents reveals the chemical of GNPs
in biological systems, which depends on the type of cell, concentration and time of
treatment [127]. An increasing application of nano-materials for various biological
application, it is important to develop a method that reduces the use of toxic chemicals.
The biological method of GNPs synthesis is entirely based on the biological safe chemicals,
it will serve as an ecofriendly method for the GNPs synthesis.

The green nanotechnology could be an alternative and sustainable approach that
can reduce the toxicity of reducing agents [128, 129]. The revolution has come with green
nanotechnology for the synthesis of metal nanoparticles for biomedical application. The
plant derivatives such as curcumin, isothiocyanate, genistein, epigallocatechin, gallate,
lycopene and resveratrol are used in the synthesis of GNPs shows anticancer and
antioxidant properties [130, 131]. The phytochemicals used in the synthesis process can
interact with the biomolecules and altered the cellular signaling process, which could work
as self-therapeutics molecules [132]. The application of phytochemicals in metal
nanoparticles synthesis is an emerging area and gaining much attention, due to the less
toxicity of metal nanoparticles. An active compound of the Memecylon edule,
Macrotyloma uniflorum was used for the gold and silver nanoparticles synthesis of
different shape and size [133]. In another study, Soy, Tea and Cumin was used for the
synthesis of the GNPs [134, 135]. These reports suggest that phytochemicals show the
unique kinetic propensity and can be used as an active reducing and capping agent. The
antioxidant and anticancer property present in the plant phytochemicals can be used for the

synthesis of self-therapeutic GNPs. The polyphenols such as flavonoids like
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epigallocatechin gallate and catechins, curcumin have been used to the functionalized
nanoparticles for anticancer and antioxidant effect in cancer cell [1, 136-138].

In addition to the plant phytochemicals biologically compatible buffers have been
used for the reduction of the Au salts. The HEPES buffer reduced GNPs is more
biocompatible over the sodium citrate at the dose of 500 pg/kg. The fibroblast cell (L929)
viability shows that HEPES-reduced GNPs at 5.0- and 10.0-ug/ml concentrations are more
biocompatible than citric reduced GNPs. In addition to this, more reactive oxygen species
(ROS) were generated in the cell suspension when treated with citrate caped GNPs. The
result confirmed that reducing agent is equally important to use GNPs in biological

application [139].

2.7.1 Curcumin a reducing agent and an anti-cancer molecules

Natural polyphenol is known for anti-oxidative, anti-inflammatory, and modulator
of pathological angiogenesis (Figure 2.5) [140, 141]. The poor water solubility of curcumin
inhibits its application in vivo as an anticancer molecule. Curcumin is a known polyphenol
it can used for the reduction of Au salt, which can help to improve its bioavailability and
application in the field of cancer theranostic [142]. The previous study suggests that
bioavailability and solubility of curcumin improved by conjugation with GNPs [143]. The
solubility of poorly water-soluble curcumin has been improved by “anti-solvent
precipitation with a syringe pump (APSP)” and “evaporative precipitation of nano
suspension (EPN)” method of GNPs synthesis. 1, 3 diketone group of the curcumin chelate
the metals during the GNPs [ 144]. The nucleation and growth process have been controlled,
and minimum size was obtained in the range of 330 -150 nm. Overall, better solubility,

dissolution rate, and antioxidant activity were obtained with GNPs synthesized by
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curcumin compared to the curcumin alone [145]. In a study, GNPs has been synthesized
by conjugating with hyaluronic acid (HA) to increase the solubility of curcumin [146]. HA-
Cur-GNPs were used to target the folate receptors in cancer cell confirmed the
hemocompatibility, cellular uptake and internalization of GNPs in HeLa cells, glioma cells

and Caco-2 cancer cell line.
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Figure 2.5 Curcumin and its various potential clinical application to treat the human disease [147].

2.7.2 Thiotic acid, an antioxidant molecules

Thiotic (TA) is a known antioxidant water insoluble molecule. Alpha-lipoic acid
has been used to stabilize the GNPs and additionally improve the antioxidant effect of
GNPs in cancer cell in vivo. The dihydrolipoate active form of the TA reacts with different
ROS species that includes superoxide hydroxyl, peroxyl and hypochlorous acid. TA, can

improve the metal chelating capacity, scavenge of ROS, improved the antioxidant effect
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and repair the oxidative damage of the cell. It has been suggested that availability and
compatibility of the colloidal GNPs were enhanced using covalently bound self-assembled
monolayer (SAM) [148, 149]. The salt-mediated self-assembly of thioctic acid (TA) GNPs
to improve its stability and application as an antioxidant molecule. It has explained using
the hypothesis that collapsed-site defects and pinhole in the SAM were more accessible
due to ionic strength and higher assembly of thiotic acid molecules [150]. The assembly of
the molecules reduced the electrostatic interaction of molecules which increased the
stability of functionalized GNPs by a factor two or more in comparison of GNPs
functionalized without salts. This result would improve the backgrounds of reproducible
functionalization of GNPs for various uses and could be further enhanced if studies were

done to investigate the effect of GNP size, shape and radius on this assembly process.

2.7.3 Vitis vinifera a biological reducing agent with an anticancer and an antioxidant
property

Vitis vinifera (European grapes) Vitis labrusca (North American grapes) and Vitis
rotundifolia (French hybrid grapes) are the most common types of species available
worldwide. The polyphenols of Vitis vinifera are phenolic anthocyanins, flavanols,
flavonols, stilbenes (resveratrol) (Table 2.2). Flavonoids are the main component and
widely present, which principally contain catechins, anepicatechin and procyanidin
polymers. The active compound of Vitis vinifera, act as an anticancer molecules which is
protective for cardiovascular diseases [151]. The kinetic potency of the active component
can also reduce the Au salt and help in the stabilization of the GNPs.

The facile synthesis of GNPs from Vitis vinifera and its application for cancer has

been demonstrated against HBL-100 cells. It showed potential to kill the cancer cell in vitro

44



[152]. Additionally, the functionalization of GNPs with peptides (GSH) and thiol-
containing compounds (lipoic acid) showed significant anticancer property for the cancer
cell [153]. In a study using epigallocatechin-3-gallate (EGCG), resveratrol (RSV), and
fisetin (FS) confirm synthesis and stabilization of GNPs in a single step. The antioxidant
and anti-proliferative activity of the nanosystems was confirmed on stable clones of

neuroblastoma SH-SY5Y cells (Figure 2.6) [154, 155].
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Table 2.1 Major component effectVitis vinifera and its effect cellular behavior

proliferative effect

Poly phenols Cell lines Effect Reference
Proanthocyanidins Mouse mammary carcinoma | Inhibited breast cancer metastasis [156]
cell line
Anthocyanin Rat liver clone 9 cell line Induces the antioxidant and activate | [157]
the upstream of genes
Procyanidin, Catechin | Mice spleen cells Inhibit the H202 induced DNA | [158]
/ Gallic acid damage
Catechin Human breast cancer cell line 30 and 60 pg/mL is the optimum | [159]
concentration to inhibit the cell
proliferation and cell viability
Flavone Human colon carcinoma HT-29 | 54.8 + 1.3 pmol/L, induced | [160]
cells differentiation and apoptosis and
decreased the cell proliferation
Flavonoid HT-29 cells Effectively induces apoptosis [160]
Resveratrol Prostate cancer cell lines 15 umol/L or less effective for anti- | [158]
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2.8 GNPs for targeted cancer therapy

The targeted therapy is effective if a target molecule or drug reaches the site of
action with the minimal loss of activity in blood circulation. In addition to this the
molecules should be targeting specific means it should target the tumor cells without
affecting surrounding healthy tissue. It can be achieved by delivery of target molecules
using nanocarriers, which selectively deliver the ligands molecules at the tumor site either
passively or actively. Specificity and bioavailability to target tissue is the disadvantage of
the non-targeted therapy, hence, the nanocarriers mediated targeted delivery of therapeutic

molecules is required to overcome the disadvantages of the current method.

2.8.1 Enhanced Permeability and Retention (EPR) effect in targeted therapy

EPR is a unique characteristic of solid tumor, which indicates the higher
angiogenesis, lymphatic drainage with acidic pH and with more of anaerobic metabolism
[54, 161]. The EPR effect of the cancer cell enhanced the passive transport of the drug
molecules with or without nanocarrier [162]. The presence of tumor-specific biomolecules
and unique tumor microenvironment are an attractive means of targeted therapy through

active and passive delivery, which support in transport and homing of the target molecule.

2.8.2 Passive targeting

Passive targeting is targeting of the tumor without using any ligand molecules to
release the drug into the cells by exploiting the distinct pathophysiological property of
tumor vessels. In addition to this disorganization, porosity and big gap junctions between
endothelial cells allows the accumulation of the drugs in the tumor tissues. The passive
targeting entirely depends on EPR. The hallmark of tumor micro-vasculatures, which allow

the transport of macromolecules of submicron size into the surrounding tumor region
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(Figure 2.7) [163]. Encapsulating potency drug inside nanocarrier to release the drug
molecules to the target, enabling their use more efficiently patients when this might not be
possible directly due to limitation solubility and availability in the in vivo system. Whereas,
the passive target is attained by size, surface charge, which enhance the circulation time
and also able to carry the targeted drug using the EPR effect of tumor cell [164]. Passive
targeting offers a possibility for targeted therapy using the unique feature of the cancer cell,
even though, some drawback of the method hinders its application as an effective mode of
drug delivery. Because of the heterogeneity and vasculature the passive mode of delivery

is not an effective mode of action.

2.8.3 Active targeting

The specific binding to tumor-associated biomarkers through ligand-receptor
affinity is known as active targeting. For instance, legends like antibodies, peptides, or
small molecules bind to specific receptors or molecular marker express by the cancer cells.
The active targeting can overcome the multiple drug resistance (MDR). The nanoparticles
can accumulate in the cells, which can the p-glycoproteins an effective protein in the MDR.
The receptors that express homogenous and exclusively on cancer cell in higher amount
(104-105/cell) can be targeted with peptide ligand for targeted therapy. The liposome-
mediated delivery of cytotoxic platinum-based oxaliplatin and nanoparticles formulated
cyclodextrin and siRNA were used for receptor-mediated targeting of the transferrin
receptor. In addition to this polymeric nanoparticles was used for delivery of docetaxel for
prostate-specific membrane antigen (PSMA) mediated cancer therapy. The target specific

delivery of ligand moieties can facilitate and improve the more sensitive and effective
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cancer detection with minimum concentration and no side or minimum side effect in the

normal cell therapy.

Passive targeting Active targeting

.
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Figure 2.6 Schematic shows the active and passive targeting through nanocarrier.

In the passive targeting the nanocarrier get internalized by utilizing the cancer cell specific
property (EPR effect) whereas, in case of the active targeting the nanoparticles are functionalized
with target specific therapeutic molecules.

2.9 Functionalization strategies of GNPs for targeted cancer therapy

Multifunctional applications of GNPs are encompassing delivery diagnosis,
monitoring and treatment of the disease in the hope of revolutionizing the current cancer
treatment modalities [165]. The properties as mentioned earlier of GNPs leads dramatic

electromagnetic scattering and absorption, which is useful for cancer theranostic [166].

2.9.1 GNPs functionalization with biomolecules

The bioconjugation is the functionalization of the GNPs with the biologically active

molecules to synthesize the novel hybrid materials (Figure 2.8). The functionalization of
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GNPs can be can be acquired by covalent binding through thiol molecules through
electrostatic interaction by and physical adsorption through surface chemistry [39]. A study
indicates that adsorbed of the peptide on inorganic substrate influenced by many factors
such as the type of amino acid, the charge of the peptide or biomolecules. It also depends
on the surface of the materials, peptide concentration, and stability of the colloidal

molecules (Figure 2.8) [53, 167, 168].

Gene therap

DNA

Functional group

S-H A-T-G-C-AT-A-G-C-T-C-
© T-A-CG-T-AT-C-G-A-G

Homing of peptides
molecules

Peptide

Figure 2.7 Represent the types of biomolecules conjugation with GNPs and its functional property
[169].

2.9.2 GNPs, a carrier molecule for tarter therapy (in vitro and in vivo)

GNPs are a suitable carrier molecule to deliver therapeutic molecules not only due
to inherent inert nature, but also due to compatibility in a cellular environment. GNPs

functionalized with targeted specific protein, peptides, and nucleic acid can effectively
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destroy cancer cells. Owing to the high surface to volume ratio of GNPs it enhances the
loading capacity of the target molecules can easily cross cellular membranes owing to its
interaction with the protein and lipid molecules present in the cell membrane. The active
targeting of pancreatic cancer was achieved demonstrated by GNPs (5 nm) conjugated with
cetuximab and gemcitabine. The increased intratumor concentrations of Au (4500 pg g—1)
could be possible using cetuximab and gemcitabine targeting compared with untargeted
GNPs (600 pg g—1) [170]. The significant tumor growth ~ 80% was observed in an
orthotopic pancreatic tumor model in vivo. Apart from the drug, an antibody can also use
as target molecules using GNPs as carrier molecules [171]. The epidermal growth factor
receptor (HER) -2 in breast cancer cell SK-BR-3 was the target with multiple trastuzumab.
The internalization of GNP—HER-2 to cytoplasm leads to a 40% reduction in surface HER-
2 whereas trastuzumab alone not help in internalization of the receptor. This observation
demonstrates that GNPs can influence cellular interactions and enhance therapeutic
effects, in addition, to act as a carrier molecule [172]. The mode of injection of GNPs is
very important parameter to consider for the effectiveness of the carrier-mediated therapy.
The vital parameters, which could influence the efficacy and specificity of GNPs are the
mode of administration, the size and shape of GNPs.

The important parameter that need to consider is the mode and dose of admiration.
The gold complex Auranofin (trimethyl phosphine (2,3,4,6-tetra-O-acetyl-p-1-D-
thiopyranosato-S) gold (I)) and gold sodium thiomalate is not approved for human
application because the route of administration not yet optimized [173]. It has been
observed that the mode of administration intramuscular and intravenous, intra tumor

significantly affect the bioavailability of the therapeutic molecules apart from the
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toxicological features of GNPs. The accumulation of the GNPs in the spleen and liver is
the major concern which in addition to the mode of the administration [174]. An in vivo
study was performed on citrate capped GNPs with the different size range from 15-200 nm
[175, 176]. The results confirm that irrespective of size, the maximum amount of the gold
is found in the liver, lung and spleen. The smallest nanoparticle (15nm) displayed the
greatest bio-distribution throughout the mouse with maximum selectivity [177]. These
findings confirmed that the application of GNPs as a carrier molecule for targeted therapy

needs a significant consideration of many parameters.

2.9.3 GNPs, SERs substrate for multiplexing application in cancer biomarker

detection.

The SERs effect was introduced in 1977 using the Ag electrodes [178]. SERs are
an optical technique, which shows high sensitivity with no quenching of signal in the
presence of laser and more effective for diagnosis in vitro and in vivo compared to
fluorescence. Nanoparticles within the range of the 20-300nm show SERs spectra intensity
almost 4 fold more compared to the normal range of the Raman scattering in the presence
of a suitable substrate. Raman intensity of analysts increases in a closed proximity to a
substrate which also varies due to the polarization of light from the nanoparticles. The
SERs based multiplexing study was performed to target the anti-EGFR (Epidermal Growth
Factor Receptor) and anti-HER2 in cancer cell [179-181]. In a similar kind of study
important cancer cell biomarkers, EGFR, CD44, and TGFBRII were targeted using a breast
cancer model with biocompatible SERs nanoparticles. The result confirms that until 6h the
intensity from antibody was detectable due to nanotage whereas, in the absence of

nanotage no signal was noticed [182].

52



2.10 Application of peptide in targeted cancer therapy

Peptides are a class of macromolecules which showed immense application in the
field of cancer therapy. The current data shows that ~ 80 peptides are in the market for the
application of different diseases, and total 600 are in different stage of clinical trial [183,
184]. The goserelin, leuprolide, and octreotide are in use for cancer the treatment directly
or with other cancer drugs. The direct use of different type of peptides as therapeutic
molecules is reached, by various kind mechanisms which control the tumor growth. The
therapeutic function of peptide is various for the different class of peptides. Some of the
important mechanisms controlled by peptides are angiogenesis, translation control through
protein-protein interactions and transcription by gene expression. The antagonist’s peptide
function by binding to known receptor, whereas, “pro-apoptotic” peptides which induce
the apoptosis (programmed cell death) in tumor cell [185].

The angiogenesis initiated by vascular endothelial growth factor (VEGF) by ligand-
receptor binding in the cancer cell. The angiogenesis inhibition is a major mechanism of
tumor growth inhibition. The proteins involved in the coagulation cascade, immunogenic
responses such as chemokines/cytokines, type I thrombospondin proteins and serpins are
in clinical use for targeting several diseases. Angiotensin-(1-7) [Ang-(1-7)], is a peptide
hormone and a potent inhibitor of proliferation of lung tumor in vivo [186]. It reduces
VEGF-A expression at the protein and mRNA level in the treated A549 human lung cancer
xenograft mice model compared to untreated mouse. This result confirmed that tumor
angiogenesis is attenuated by reducing vascular endothelial growth factor-A. Selective
inhibition of av integrins, an important membrane molecule involved in angiogenesis
process is inhibited by “cilengitide” a salt of cyclized RGD pentapeptide (cyclo-[ Arg-Gly-

Asp-DPhe-(NMeVal)]). “Cilengitide” is approved for the treatment of glioblastoma and it
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is under clinical trial phase I [187]. Another peptide, ATN-161 (Ac-PHSCN-NH2) inhibits
(a51, av3, and av5) integrin involved in tumor progression without inhibiting adhesion
which is a main mechanism of integrins inhibition by RGD sequence [188, 189]. Thymus
gland normally shows the presence of L-glutamine and L-tryptophan (IM862) inhibit the
angiogenesis in the cancer cell, is in advanced stage of cancer trial. It is in phase III trial
for AIDS-Kaposi’s sarcoma in 24-week (Table 2.3) [190].

Another class of protein molecules which involved in cancer malignancy is G-
protein-coupled receptors that can selectively target by the bombesin/gastrin-releasing
peptide (BN/GRP). It interferes with the growth stimulatory factor and knock down the
EGFR receptor express in cancer cell [191]. The antagonists of the BN/GRP receptor such
as RC-3095 (20 pg) or RC-3940-11 (10 pg) were used in the breast cancer tumor model as
a therapeutic approach (Table 2.4). The protein-protein interface is an important
mechanism in DNA synthesis and can be targeted by thymidylate synthase (octapeptides),
a homodimer enzyme has an inhibitory effect on drug-resistant cell lines. Similarly,
KLAKLAK 2 and involved in apoptosis through mitochondrial membrane disruption
[192]. On the other side the long peptides such as ecallantide-60-aa liraglutide -31 aa and
icatibant-10 aa in length, contain both natural and non-natural amino acid and “Nutlin 3A”
(cis-imidazoline) which inhibit the HDM2-p53 interaction are in clinical trial [46].
Amphiphilic poly (L-phenylalanine) -b-poly (L-serine) (PFS), polypeptides a novel

hydrophilic peptide used for the cancer therapy using PFS micelles [193].
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Table 2.2 FDA approved peptide during the period 2009-2011 [194, 195]

Generic/Trade name

Disease /Target

Functional properties

Ecallantide (Kalbitor®)

Hereditary angioedema

Plasma kallikrein inhibitor

Telavancin (Vibativ®)

Skin infection

Antibacterial agent

Romidepsin (Istodax®) Cutaneous T-cell lymphoma | HDAC Inhibitor
Liraglutide (Victoza® Type 2 diabetes GLP-1 receptor agonist
Boceprevir  (Victrelis™) | Hepatitis C Virus genotype 1 | NS3/4A protease inhibitor
Telaprevir (Incivek®

Brentuximab vedotin | Hodgkin’s lymphoma CD30 directed
(Adcetris™)

Icatibant (Firazyr®) Hereditary angioedema Bradykinin B2 receptor

antagonist
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Table 2.3 “Important peptides and its application and cancer therapy and diagnosis™ [185, 196-198].

Peptide receptors Receptor subtypes Type of Tumor Combinatorial  therapeutic
responsive
Somatostatin sstl-sst5 Pituitary adenoma, paraganglioma, | Radioisotopes, AN-201 (a potent
nonfunctioning pituitary adenoma, | cytotoxic radical 2-
pheochromocytomas pyrrolinodoxorubicin),
doxorubicin
Pituitary  adenylate | PACI Pheochromocytomas and | Radioisotopes and doxorubicin
cyclase  activating Paragangliomas
peptide (PACAP)

Vasoactive intestinal

VPACI &VPAC2

Express on all major types of cancer,

Radioisotopes and camptothecin

peptide such as lung colon etc.
(VIP/PACAP)
Cholecystokinin CCK1 (formerly CCK-A) | Small cell lung cancers, Medullary | Radioisotopes and cisplatin
(CCK) and CCK2 Thyroid Carcinomas, Astrocytomas,
& Ovarian cancers
Bombesin/gastrin- BBI, GRP receptor | Renal cell, breast, and prostate | Doxorubicin, 2-
releasing peptide | subtype (BB2), the BB3 | ... i1omas pyrrolinodoxorubicin
(GRP) and BB4
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Neurotensin NTRI1, NTR2, NTR3 Small cell lung cancer, | Radioisotopes
neuroblastoma,  pancreatic  and
colonic cancer
Substance P NKI1 receptor Glial tumors Radioisotopes
Neuropeptide Y Y1-Y6 Breast Cancer Radioisotopes
LU-177 Octreotate | Somatostatin receptors on | Neuroendocrine Cancer, | PRRT (Peptide Receptor
with amino acid cells neuroendocrine tumors including | Radionuclide Therapy

carcinoid, islet cell carcinoma of the
pancreas, oat cell carcinoma of the
lung, pheochromocytoma, gastro-
entero-pancreatic ~ neuroendocrine

tumors (GEPNETS), and rare

thyroid cancers

Multiple epitope
peptide vaccine

TK protein kinase (TTK),
up-regulated lung cancer
10 (URLCI10), insulin-like
growth factor-II mRNA
binding protein 3 (KOC1),
vascular endothelial
growth factor receptor 1
(VEGFR1) and 2

(VEGFR2).

Esophageal cancer patients

Chemoradiation therapy (CRT)
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2.11 Retinoblastoma (RB)

Cancer is defined as an abnormal cell division, is a major cause of deaths after cardiac
failure worldwide. ‘International Agency for Research on Cancer (IARC)’ reports that
more than 70 % of deaths happened due to cancer in developing countries whereas
European countries showed a rate of 20%. Pediatric cancer accounts 1% among all types
of cancer diagnosed every year, and the most common childhood cancers are Leukemia,
Neuroblastomas, Osteosarcomas, and RB. According to “American Cancer Society-2012”
RB accounts 3% out of all childhood cancers. The five years survival reports confirmed
that the disease is more prevalent in the developing country with less than 50 % survival

rate (Figure 2.9).

RB is intraocular malignancy of the retina in children with an incidence of 1/15,000
to 1/20,000 births [199, 200]. It can be bilateral or unilateral depends on whether both eyes
and a single eye that can be hereditary or non- hereditary due to a mutation in the RB-1
gene and autosomal dominant gene, respectively. The 40 percentage RB is
hereditary/germinal which can transfer to the next generation, whereas 60 percentage is
non germinal cannot pass to the next generation[201]. It commonly detected in 2-5 years
old child and the functional loss of RB-1 gene involved in initiation and progression of RB

[202].
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Figure 2.8 Represent the five years survival rate in different part of the world [185]
2.11.1 Clinical symptoms of the RB

RB appears with white, yellow mass or glows with poor vision in one or both eyes.
As the tumor grows, it increased pressure in the eye with pain. In the earlier stage, of the
disease, it appears as less than 2mm dimensions opthalmoscopically as a subtle, transparent
or somewhat translucent lesion in the retina. In the late stage of tumor, it appears as foci of
chalk like calcification that resemble cottage cheese and often present with leukocoria, is
the most frequent symptoms revealing apart from strabismus (Figure 2.11). This white
papillary reflex is a result of reflection of light from the white mass in the retrolental area

[204].
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Figure 2.9 Retinoblastoma cancer

RB cancer. Advanced stage RB in the right eye has orbital RB with proptosis, chemosis and surface
keratinisation. B) RB tumor, the enucleated globe (b) with large RB filling in the vitreous cavity.
(Ocular Pathology Laboratory, Vision Research 3Foundation Sankara Nethralaya Chennai, India).

2.11.2 Genetics of RB

Retinoblastoma occurs due to the mutation in the Retinoblastomal (Rbl) gene,
which is present on long (q) arm of chromosome 13 (13ql4) (Figure 2.11). The
Retinoblastoma protein (Rb protein) first discovers tumor suppressor gene apart from the
p53. RB can be hereditary and non-hereditary depends on the mutation in the in Rb1. The
inherited RB is an autosomal dominant trait, and hereditary RB children have a 1 in 2
chance of carrying a germ line mutation. The tumor protein pRB is encoded by Rbl1 gene.

It can originate from progenitor cell or nucleated layer of the retina.
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Figure 2.10 Schematic representation of RB inheritance. Heritable RB occur due to mutation in
germline or developing retina in early stage of development of eye.

Non-heritable (acquired) occurr due to two mutations and both occur in developing retina usually
single and unilateral at a later stage [203].

2.11.3 Role of RB1 and pRb in RB

Rb1 is a regulator of cell growth and prevents cells from uncontrolled proliferation
thus inhibiting tumor growth. In a normal functioning cells, the active form of Rb proteins
is dephosphorylating which has the role in cell survival, apoptosis and differentiation
[205]. pRb interact with the transcription factor E2F1, which is required for the cell to enter
into the synthesis (S phase) phase. E2F1 can control the cell cycle progression and it binds
to active dephosphorylate form of pRb and stop the cell to enter the synthesis phase [206].
The cell enters into S phase from G1-S checkpoint through an inactive form of pRb [207].
The phosphorylation of pRb inhibits the binding of transcription factor E2F1, which allows
the cell to progress. The activation and inactivation of the transcription factor are directed

by a cascade of cyclins, which plays an important role in the cell cycle [208, 209].
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2.11.4 Classification of RB

The RB has been classified according to the guideline of the RB International
Staging Working Group (IRSWG). This report provides the guidelines for the classification
of RB based on the enucleated eye. The classification of RB based on the presence or
absence of vitreous seeds, invasion to the anterior chamber, choroids and optic nerve. The
thickness of the tumor and involvement of other parts of an eye also consider for the
classification.

1) If tumor measures <3mm or more in any dimension, it reaches the inner fibers
of the scleral whereas the tumor focus of > 3mm in any diameter and not involve the scare
it reaches choroids

2)  Differentiation of tumor; well differentiated, moderately differentiated or
poorly differentiated

3) The optic nerve invasion includes classification as prelaminar, laminar, post

laminar, or tumor at surgical margin
2.11.5 Pathology of RB

The type of cells observed in the RB is the typical shows difference with the stage of
the RB. The RB tumor shows different pathological feature compared to the
undifferentiated RB cells. A different stage of the RB can be classified by the pathological
feature of the tumor cells. The “Homer-Wright rosettes and or Flexner Winterstrin rosettes”
is highly specific cells indicates a well differentiated stage of RB [210]. Tumor cells are
arranged around a clear central lumen indicates well-differentiated tumor as indicated in
the Figure 2.12. The poorly differentiated RB cells arrange around blood vessels which

invading the portion of the post laminar optic nerve (Figure 2.12).
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NETHRALAYA

Figure 2.11 Photomicrograph of RB, showing histology section of the enucleated eye ball

(a) H & E stain of the cross section of the enucleated eye (b) Thick lobs seen in front of the iris. (c)
RB indicates the massive invasion of the choroid (20X). (c) RB cell arrange around the blood
vessels. Tumor arises from all layers of retina with choroid invasion at outer margin of scalar (d)
(Hematoxylineosin staining and picture were taken at sankarna Nethralaya, India by ocular

pathologist).
2.11.6 Treatment modalities for RB

The treatment of the RB depends on the disease such as systemic status, unilateral
or bilateral, size and localization. The risk associated for secondary cancers such as stage
of tumor, malignant or benign, size, unilateral or bilateral. The treatment aims to cure
patients with preservation of vision and also to reduce the long-term side effects of therapy.

The current treatment modalities are “surgery, chemotherapy, focal and radiation” therapy
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2.11.6.1 Enucliation (Surgery)

In the advanced stage of RB, the entire eye (s) removed surgically. In the advanced
stage of disease, where the restoration of vision of the affected eye is, less likely and if the
tumor has invaded choroid, optic nerve, and orbit. In case of unilateral enucleation is the
preferred method, whereas if both eyes affected then one eye is enucleated to save the other
eye. The necessity of enucleation procedure has reduced in number with adjuvant

treatment, according to the histological risk factors.

2.11.6.2 External beam radiation therapy (EBRT)

This method involves radiation, using external radiation X-ray dose. The
radiosensitive tumor (RB) presented with a diffuse vitreous seeding. This method improves
the eye preservation. Since the method has the limitation, that involves the recurrence of
the tumor within 1-4 years of treatment [211, 212]. The tumor recurrence depends on the
stage and size of the tumor. Since, this method uses the radiation for the treatment there is
a chance of the retina, lens, and optic nerve damage. It can also induce secondary cancer
in the field of irradiation [213, 214]. It can be external radiation or internal radiation. In
case of external radiation, the machine was used for delivery rays from outside the body.
Whereas in internal case “needles, seeds, wires, or catheters (tubes)” used to introduce the

radiation in the proximity of the tumor site.

2.11.6.3 Chemotherapy

It uses anticancer medicines to kill cancer cells and suppress the growth of the
dividing cells. The drug can be administered in different ways, such as systemic, periocular

and intra-arterial. In the systemic mode of the drug either injected intravenously or can be
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given orally. In the advanced stage of the RB apart from the systemic the chemo drug such
as carboplatin injected into the tissue around the eye that can diffuse to the eyeball. A new
approach intra-arterial can also use in which the drug such as melphalan, topotecan directly
injected into the ophthalmic artery under the anesthesia condition. Chemotherapy is often
given to avoid enucleation and external beam radiation and to reduce the formation of
second malignancies due to the radiation therapy. The chemo reduction is a protocol to
shrink the tumor volume for the purpose of focal treatment procedures like laser,

cryotherapy and brachytherapy.

2.11.6.4 Focal therapy

The treatment of the cancer with laser or cryotherapy under anesthesia is the main
principal of the focal therapy. If the tumors are very tiny it is difficult to treat with focal
therapy and patient may even receive drug continue after chemotherapy for the effective
therapy. Advanced stage of RB can invade to other parts such as bone marrow, brain, etc.
Therefore, the choice of the treatment includes increasing the number cycles with a high
dose of chemo drug may save the patient and increase the life expectancy for few more

years.

2.11.6.5 Molecular target for RB

It involves the identification of the molecule, which is expressed in RB, such as
Fatty Acid Synthase (FAS) and Nm 23 and EpCAM [215]. The down-regulation of FASR
correlates with aggressiveness in many tumors [216, 217]. Nm 23 Metastasis suppressor
gene located on chromosome 17g21.3 strong expression of Nm 23 correlates with
decreased aggressiveness in many tumors. EpCAM is a cancer stem cell marker, and it up-

regulate in many cancers [218]. The EpCAM has been shown over-express in RB, and the
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miR17-92 cluster is a potential target RB influence by EpCAM influences in RB [219].
The miR17-92 located in 13q31 locus has been shown a potential regulator of RB
progression [220].

Oncogene, such as gene is HDM2, plays an important role in tumorigenesis. HDM2
is regulated by interaction with p53 by interacting with the N-terminal loop of the HDM2
protein domain. The RING finger motif of HDM2 protein has the ubiquitin protein ligase
E3 activity, which to degrade the p53. The feedback inhibition between p53-HDM?2 is a
main mechanism to regulate the expression of this two important proteins at both
transcription and translation level. F, W, L, amino acid of the p53 protein involves the
binding with the HDM2 domain (Figure 2.13).

Thus, the knockdown of HDM?2 with the anti-HDM2 peptide prevented the
interaction HDM2 and p53 and enhanced the expression of p53. siRNA [221] against
HDM2, silence knock down the HDM2 at mRNA level and induced apoptosis in breast
cancer cells by altering the ratio of the Bel-2/ Bax [222]. Similarly, transducible peptide
(Tat-HDM?2) is effective in uveal melanoma and RB cancer, which selective inhibition of
the HDM2. Tat peptide, derived from conjugating Tat sequence with the anti-HDM2
peptide sequence (QETFSDLWKLLP) which can an effective for delivery of the peptide.
The anti-HDM2 peptide inhibits the expression of the Bcl-2 and HDM2 in RB as well as
in in vivo rabbit model[43].“MDM2 Inhibitory Peptide (MIP) (PRFWEYWLRLME) 12-
mer peptide” bind with MDM2 and MDM4 [223]. He hydrophobic region of MIP from
Phe3 to Metl1 help in interactions and strong binding between the interfaces of the two
molecules. The structural information and hydrophobic nature of the MIP peptide provides

a new direction for the design of inhibitors against MDM2:p53 interaction. The molecule
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targeting has an added advantage of the cancer due to the specificity, effectively and less

side effects [224].

Figure 2.12 p53 inhibits by binding of HDM2 to p53 transactivation domain.

HDM2, the onco-protein HDM2 binds to tumor suppressor protein p53 and inhibits its anticancer
activity. The amino acid Phe-19, Leu 26 and Trp 23 bind of p53 protein bind with the HDM2 [225].

2.12 GNPs for phthalmic applicationso

The nano-carrier mediated targeted therapy could be a new strategy for targeted
RB therapy [226]. GNPs of ~20 nm cross the “blood-retinal barrier (BRB)” and nontoxic
to the retina, which also help to deliver the drug intravenously administered in all layers of
retina [227]. A study using mammalian retinal cell line confirmed that GNPs in the range
of 67 -70 micromol/0.1 mL is nontoxic [228]. It has been suggested that retinal
neovascularization and vascular permeability inhibited by targeting the VEGF-receptors in
age-related macular degeneration (MDA) and retinopathy [229, 230]. Nevertheless, the
systemic circulation and pharmacokinetics and systemic circulation of also increased to

deliver the therapeutic molecules using nano-carrier [15, 231].
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2.13 Summary

In this chapter, current applications of GNPs have been discussed with an emphasis
on the existing methods of GNPs synthesis and advantage of green nanotechnology.
Overall, the review of the literature clearly reveals that there is the lack of understanding
of the importance of the reducing in GNPs synthesis. Apart from this the target therapy
significance with respect to RB clearly indicate that HDM2 could be the effective
molecular marker for RB and nano-carrier based delivery system can be utilized to target
the cancer biomarkers. In this context, following chapters will present the findings of
current research. It will discuss the synthesis of GNPs using a biological method and its
application for the targeted therapy using RB as a tumor model at in vitro and in vivo. A
significance of the FTIR techniques a tool for the diagnosis also highlighted at the end of

the dissertation.

68



CHAPTER 3

3 Experimental

This chapter describes the materials and methods used in the dissertation followed
by experimental detail for each experiment. It reports the gold nanoparticles (GNPs)
synthesis and functionalization with HDM2 (Human Double Minute 2) and peptide A
(Antioxidant peptide). It includes the techniques used for the characterization of GNPs and
conjugate. This chapter has four sections, the first section describes the methods of GNPs
synthesis and characterization, the second section about the in vitro stability and functional
analysis. Third and fourth section for in vivo xenograft, RB nude mouse model study
followed by apoptosis cytokine array analysis and spectroscopic study using xenograft

samples.

3.1 Principal and Kkinetics of GNPs synthesis

The chemical reduction is the frequently used method of GNPs synthesis, the first
documentation of the chemical synthesis was reported by Michael Faraday in 1857 [232].
The colloidal GNPs synthesis method was reported for the first time by J. Turkevich et al.,
in 1951 and further developed by G. Frens in 1970s [91, 233]. The two types of methods
were used for the synthesis of GNPs; a biological method (Vitis vinifera L. and Curcuma
L.) and chemical method (Tri-Sodium-Citrate). The nanoparticles size depends on the
nucleation and growth phenomenon. The atoms, which are stable at thermal fluctuation
without any further dissolution is called nucleation whereas the growth process results in
the increase in the size particles from the core nuclei atoms through an addition of atoms.

The reaction kinetics and principal of GNPs are described below (Figure 3.1).
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Figure 3.1 Represent reaction kinetics involved in the nanoparticles synthesis

3.1.1 Biological method of GNPs synthesis: NaAuCls reduced by Vitis vinifera L.

Preparation of Vitis vinifera extract

Vitis vinifera was washed using Milli-Q water, and extract was prepared by
grinding and centrifugation. The extract was centrifuged at 11,000 rpm for 5-10
minutes, followed by filtration with 0.2um Millex-CV  Syringe filter
(MilliporeSLGVO033RS). The filtered fresh sterile extract was used for the
reduction of the NaAuCl4.

GNPs sysnthesis by Vitis vinifera
NaAuCls (Sodium tetrachloroaurate (III) dihydrate (sodium;gold(3+);tetrachloride)

99%Sigma Cat.No.298174 . M.W.361.7683). was used for the GNPs synthesis. 18 ml of
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deionized water heated till 80 °C and 36 mg of Acacia Senegal (gum arabic,
C26H34N2013) and 300ul of the Vitis vinifera extract was added to a using pipette in a
round bottom flask heated with constant stirring for 15minutes. 300ul of 0.1 M NaAuCl4
(36.17 mg/ml) was added to the solution. The observed color change from yellow to red is
an indication of the Au salt reduction and change in the atomic state (Au+3) to Au0 (GNPs).
The reaction was terminated by fast cooling of the solution on ice. After optimization of
the synthesis protocol using Vitis vinifera L., the optimized protocol was used for the

synthesis of GNPs using other reducing agents (Figure 3.2).

NaAuCly 4y 34y

Reduced by active compound of  (Vilis
vinefera L./Curcumin/Sodium Citrate)

Raman Reporter molecule (5) coated GNPs

Figure 3.5 Systemic representation of GNPs synthesis
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3.1.2 NaAuCly4 reduced by Curcuma L.

Preparation of Curcuma L. (Curcumin (Diferuloylmethane) solution

The 0.1M curcumin ([ HOC6H3 (OCH3) CH=CHCO] 2CH2) (Figure 3.3)
solution was prepared by dissolving 18.415 mg curcumin powder (C7727 SIGMA,
M.W. 368.38) in 0.5ml of boiling Milli-Q water. Since, curcumin was hydrophobic
their dissolution in water was favored by boiling them at high temperatures (90-

100°C).

OCHj
HO OH

OCHs;

Figure 3.2Chemical structure of curcumin [234]

Procedure of synthesis

100mL of Milli-Q water was taken in boiling flask and was heated to 100°C. At this
temperature 33.3mg, gum Arabic was added, followed by the addition of 0.5ml (0.1M) curcumin
solution. After 5 Min, 400uL of 0.1M NaAuCl4was added drop-wise under constant stirring. The
mixture was continuously stirred for 5-10 min for completion of the reaction and then stop the
reaction by cooling in the ice bath. The change in color indicates the reduction of NaAuCl4. The
synthesized particles are concentrated by centrifugation at 10,000 rpm for 30min at 25°C to remove
the unreacted reducing agents (Curcumin). The concentrated GNPs were purified and used for

characterization and cytotoxic studies.
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3.2 Chemical method; NaAuCls reduced by Sodium citrate

3.2.1
Preparation of Sodium citrate solution

Sodium citrate solution (Na3C6HS507) (Figure 3.4),1% (w/v) (3.4mM) was
prepared by dissolving 0.99mg Sodium citrate powder (SIGMA,6132-04-3 M.W.294.1) in

1 ml of Milli Q water.

O OH O

Na® 0 O Na*
0~ 'O Na'

Figure 3.3 Chemical structure of tri-sodium citrate [235]

Procedure of Synthesis

300 ml of Milli-Q water in round-bottom flask was heated up to 100 °C and 1ml of
0.1M NaAuCl4 was added dropwise with vigorous stirring for 15 minutes followed by
addition of Iml of 1% (w/v) sodium citrate solution. The pale yellow color of the mixture
changed into a dark wine red resulted in the completion of the reaction and indication of

Au® state which interns from the GNPs.

3.3 Physico-chemical characterization of GNPs
3.3.1 UV-vis absorption spectroscopy

The light energy passes through the sample, and its small fraction of energy gets
absorbed by the sample molecules which results in a unique pattern of the spectrum, which
can be monitored to study their spectrum. Absorbance (A) of light energy at a particular

wavelength (Amax) is the spectra of the GNPs. The as-prepared GNPs were characterized
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by the UV-Visible spectrophotometer to observe the surface plasmon resonance band
(SPR) and blank solvent used was Milli-Q water. The spectra were taken in the scanning
range of the 400-800nm using DU 800 Spectrophotometer, Beckman Coulter Inc, CA,

USA.

3.3.2 Size and surface potential characterization by Dynamic Light Scattering

In the colloidal state, particles are suspended in a liquid which is due to Brownian
motion. The motion of the particles is inversely proportion to the size of the particles. The
Dynamic Light Scattering (DLS) measures the intensity fluctuation in the scattered light.
Whereas the zeta potential is the measurement of the potential of the samples with the
surrounding medium through the electrophoretic mobility of the particles. The zeta
potential of the samples determines the stability of the particles in the particular solvent.
The zeta potential greater than 30 mV is considered to be highly stable in its solvent [236].
The average hydrodynamic size, size distribution and zeta potential of synthesized GNPs
were measured using DLSaaa [237]. The parameters used in the measurements include the
viscosity of 0.34 poise, a reflective index of 1.054 and an ambient temperature of 25°C. A
total of three readings was collected, and its average was calculated for each experimental

results.

3.3.3 Transmission electron microscopy (TEM) and particle size distribution

A high-resolution electrons (up to 300 kV accelerating voltage) which accelerate at
the speed of light passes through the sample are used for the structural analysis of the
sample. The electron beam passed through the material results in scattering of electrons,
which are captured by electromagnetic lenses into an image. For the TEM study, GNPs

were coated on the copper grids (300 mess size) followed by overnight drying.
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Subsequently, a voltage of 200 kV was used for the size and shape analysis of GNPs. The

size distribution and frequency measured was plotted using origin software (Origin 8).

3.3.4 X-Ray Diffraction

XRD, was performed to identify the crystalline nature and different phases present
in the GNPs. The XRD machine (Phillips PW, 1830) was used with 20 varying from 20° -
60° and the scanning rate of 1 °/min. The XRD was performed at 40 MV current 40 KV
voltage and using Cu-Ko radiation (A =1.5405 A, 0.15056 nm scan rate 1° /min). The
acquired data and obtained diffraction patterns were matched to the International Center

for Diffraction Data (ICDD).

3.3.5 Fourier Transform Infrared Spectrum (FTIR)

The characteristic functional groups present in the as-prepared GNPs and GNPs -
peptide conjugate was studied by FTIR analysis of the samples (Vortex 70, BRUKER).
The FTIR analysis not only provide information about the functional moieties of the
molecules, but also about its vibrational resonance its chemical interaction with other
molecules can be analyzed through peak shift [238]. The FTIR was performed in the range
0f 500-4000 cm-1. The FTIR in transmittance mode using potassium bromide (Kbr) pellet

method.

3.3.6 Matrix Assisted Laser Desorption/Ionization (MALDI)

The mass spectrometry was studied using MALDI (Bruker Daltonics flex Analysis,
FLEX-PC autoflexTOF/TOF, MA, USA) in reflector mode (Symprex Technology,
Chennai, India) Cyano-4-hydroxycinnamic acid (CHCA) matrix was used for the analysis
of GNPs cluster and peptides were coated on the surface of GNP [239, 240]. The solvent

was 50% MeCN containing 0.1%TFA in water at 1:1 ratio. The concentration of the sample
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was 10-100 pmol/pl, equal volumes (1ul) of HCCA matrix and sample was mixed and 2ul
of the mixture was spotted on the MALDI target plate and sample allowed to dry before

analysis.

3.3.7 Raman Spectroscopy

Raman spectroscopy utilizes inelastic light scattering associated with the creation
and annihilation of a quasi-particle. The Raman Spectra was recorded with the argon ion
laser, wave number region of 3000—-500 cm-1 at a laser power of 8 mW using an incident
light with a wavelength of 512 nm(CRM 200, WITec, Germany with A = 543 nm).GNPs
were drop coated on the glass slide/silicon wafer and scanned for the Raman shift

measurement.

3.3.8 Surface Enhanced Raman scattering (SERs)

The SERs effect of the dye-doped GNPs was measured by Raman dyes Rhodamine
6G (R6QG). 1 g of GNPs (Vitis vinifera L.) was dissolved in 500 pL of Rhodamine 6G (R6G;
20 pm) solution and incubated overnight. The doped GNPs were centrifuged and washed
twice with MQ and they were collected in 50 uL. MQ water. Aliquots (10 pL) was used for
the SERS measurements [241]. The R6G solution was used as a control. The Raman

enhancement (RE) was calculated for R6G-doped GNPs with respect to R6G dye only.

3.3.9 Invitro stability of GNPs in various biological solutions

The in vitro stability of the GNPs in different buffers was studied for ionic strength in
different solvent based on their colloidal stability. 1 ml of GNPs was added to 0.5 ml of
0.5% (w/v) cysteine, 0.25% (w/v) histidine, HSA, RPMI+ab, RPMI+FBS+ab, 1X PBS, 1%
(w/v) NaCl, respectively followed by incubation for 30 Min at room temperature. The

stability and identity were confirmed by UV-Visible spectrophotometer for the stability
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analysis. After 15 days of synthesis GNPs were again tested for the mono disparity as well
as long term stability. The Plasmon resonance band was measured to confirm the stability

of GNPs in all the solutions in vitro.

3.4 Invitro cell culture
3.4.1 Human Retinoblastoma (RB); Y79 and WERI cells line

Y79 is a RB cell line obtained from Cell Bank, RIKEN Bio Resource Centre
(Ibaraki, Japan). RPMI 1640 cell culture media supplemented with 2 “mM L-glutamine,
10 mM HEPES, 1 mM sodium pyruvate, 4.5 g/L glucose, 1.5 g/L bicarbonate” with 10 %
(v/v) FBS and 1% antibiotic cocktail (v/v). Cell morphology was in the form of clusters

growing as suspension culture.

3.4.2 Human breast cancer; MCF-7 and MDA-MB-453 cells lines

These cells were obtained from National Centre for Cell Science (NCCS), Pune,
India. The cells are maintained in DMEM supplemented with 750 pl/dl calf insulin (40
IU/ml) and 10% (v/v) fetal bovine serum. All the cell lines were cultured with the
appropriate culture media along with antibiotic-antimycotic solution (Hi Media, Mumbai,
India). All the cell lines were maintained at 37°C in a standard cell culture condition in a

CO2 incubator.

3.4.3 Human Muller glial; MIO-M1 cell lines

The MIO-M1 cell line was a gift from Dr. G. A. Limb, Institute of Ophthalmology,
University of London UK. The cell grows as an adherent cell culture with epithelioid
morphology. It is grown in Dulbecco’s minimum essential media (DMEM) with 10% FBS

(v/v) and 1% (v/v) antibiotic cocktail.
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3.4.4 Trypsinization of adherent (MCF-7, MDA-MD 473 and MIO-M1) cells line

A confluent monolayer (~ 90%) of cells were trypsinized with a sterile trypsin
solution (0.02% trypsin, 0.5% dextrose and 0.03% EDTA in PBS). The flasks were
incubated for 5 min at 37°C with 90% humidity and 10% CO2. After trypsin treatment, the
cells get detached from the cell culture flask, which were then removed with culture

medium. The cells were then maintained for further passages and were used in experiments.

3.5 In vitro quantification of metabolically active cells (MTT assay)

The cytotoxicity of the nanoparticles were assessed using a tetrazolium salt, 3-(4,5-
dimethylthiazol-2-yl) -2,5-diphenyltetrazolium bromide (MTT). The cytotoxicity study
with MTT was reported for the first time by Mosmann in 1983 [242]. The primary enzyme
is succinate dehydrogenase from the mitochondria that, react with the tetrazolium ring of
MTT/243]. The reaction product after breaking the MTT tetrazolium ring form the dark
blue formazan crystals. The crystal was solubilized with an organic solvent DMSO, and
the optical density was measured by spectrophotometer. This is a colorimetric assay that
measures the mitochondrial enzyme activity. Since, MTT reduced by the metabolically

active cells, therefore, the activity is the proposal with the viability of the cells.

3.5.1 Cytotoxicity evaluation of GNPs by MTT assay
Breast cancer (MDA-MB 453, MCF) and Retinoblastoma (RB; Y79, WERI) non-

cancer (MIO-M1) cells were used for the cell cytotoxicity study of the GNPs synthesized
by Vitis vinifera, Curcumin and Tri Trisodium Citrate. Approximately, 5x103 cells/well
Y79 and WERI were seeded in 96-well polystyrene plate coated with poly-L-lysine
whereas, MDA-MB-453, MCF, and MIO-M1 seeded without coated plate. The cells were

treated with 10, 25, 50 and 100uM of GNPs for 6, 12 and 24 hours. After the treatment,
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the cells were removed and washed with 1% PBS, following to this 10 ul MTT solution
/100 pl media were added to each well and incubated till purple formazan crystal formed.
The MTT solution was removed followed by the addition of 100 ul DMSO to each well to
dissolve the crystals. The optical density (OD) was measured at 570 nm (BioTek, ELISA,
USA). The percentage cell viability was calculated with respect to control, according to
formula:
Cell Viability = (Sample OD/Control OD) x 100
3.6 Functionalization of GNPs with peptide

The antioxidant peptides Pep-A: Pro-His-Cys-Lys-Arg-Met (PHCKRM) and Pep-
B: Thr-Arg-Asn-Tyr-Tyr-Val-Arg-Ala-Val-Leu (TRNYYVRAVL) were procured from
AnaSpec, Bi Biotech India Pvt Ltd, New Delhi. The thiotic acid modified Pep-A were
custom synthesized by Custom Peptide Synthesis, USV Limited India (CPS 1514-1) with

>95% HPLC purified form.
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Figure 3.4Chemical structure of Peptide -A

3.6.1 Cellular toxicity of Peptide-A and Peptide-B

The cellular toxicity of the peptide-A and peptide-B was analyzed by MTT assay

(Section 3.5). The exponentially growing Y79 retinoblastoma and MIOMI1 cells were used
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for the toxicity measurements. The Trypan blue exclusion test was used for cell viability,
and Haemocytometer was used to count the cells. 5x103 cells/well was seeded in a Poly-
L-lysine coated 96 well polystyrene plate and incubated at 37°C overnight. The cells were
treated with varying concentration 10, 30, 60 and 100 uM of peptide-A (Pep-A) and
peptide-B (Pep-B), in a fresh medium and was incubated for specific time periods (6, 24 &
48h). After, incubation time intervals the MTT protocol follows as mentioned in section

3.5.

3.6.2 Preparation of GNPs-Pep-A conjugate
The filtered GNPs (synthesized from Vitis vinifera L.) were used to prepare the

conjugate (GNPs-Pep-A), and the conjugation method was adopted from previously
published protocol [244]. The thiotic acid (TA) modified peptide conjugate with GNPs in
different ratios of peptide for example GNPs-Pep-Al (18 ml GNPs 1.7 mg) and GNPs-
Pep-A2 (18 ml GNPs:4.3 mg). The conjugates were prepared using 18 ml of GNPs
((OD520 nm = 1.00), (2.32 x 10-9, Molar particles/L, (242 x 10-6, Moles of gold /L) mixed
with 4.3 mg of Pep-A dissolved in 1 ml of water and stirred overnight. A similar protocol
was followed for the other conjugate preparation, and the synthesized conjugate was
subjected to purification. GNPs-Pep-A was centrifuged at 15,000 rpm for 30 minutes. The
unbound peptide was removed by washing with MQ followed by centrifugation. The thiotic
acid (TA) is a sulfur-containing antioxidant linker molecule that binds with GNPs to form
Au-S bond between peptide and GNPs [245]. The GNPs-Pep-A was pelleted, and the
supernatant was measured for the presence of the peptide by reading the absorption at 280
nm. The final concentration of GNPs-Pep-A was 50uM, which was used for the in vitro

studies. The conjugate (GNPs-Pep-A) concentration was measured using the GNPs
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concentration. The GNPs-Pep-A was then characterized using UV-Visible, DLS, MALDI
and FTIR spectroscopy as described in section 3.3 to confirm the functionalization of GNPs

with peptide.
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Figure 3.5 Schematic presentation of chemical reaction for functionalization of GNPs with thiotic

acid modified Peptide-A
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3.6.3 Uptake and internalization by Fluorescent Activated Cell Sorter (FACS) and
fluorescence microscopic analysis (Peptide-A, GNPs and GNPs-Pep-A)

For studying the localization and internalization of the peptide by fluorescence
microscopy, Y79 cells were seeded on the lysine (0.01mg/ml) coated glass slide. The cells
were cultured overnight and treated with 50 and 100uM concentration of FITC tagged Pep-
A. The microscopy internalization of GNPs and GNPs-Pep-A were carried by doped GNPs
with the R6G dye as describe in section 3.3.8. The doping was carried out as per the
protocol published previously [246]. The internalization of the peptide, R6G doped GNPs
and GNPs-Pep-A after 4h was qualitatively detected by Zeiss LSM, 710 Laser Microscope
by Axio Vision (Germany). The flow cytometric analysis (FACS) was performed using
Y79 cells. Cells were seeded at 2 x 105 cells/well in six-well plates and treated with
different concentrations (50 and 100uM) of Pep-A for 4h. The cells were then spun at 1,500
rpm for 5 min and then resuspended in FACS buffer (PBS with 10% v/v FBS and 1%
sodium azide). The cells were then analyzed for uptake of the peptide on a FACS Calibur
(BD Biosciences, CA, USA) using the CELL QUEST PRO software. The fluorescence of
FITC positive cells was recorded at excitation/emission at 488/530 nm. The FITC positive
cells were a measure for the peptide uptake by the cells and fluorescence intensity was

measured as a function of concentration dependent uptake of the peptide.

3.6.4 In-vitro stability study of GNPs-Pep-A

The stability of GNPs-Pep-A conjugates were tested in a variety of different ionic
strength solvents and buffers using previously reported method [244]. 1 ml of GNPs-PepA1
and GNPs (as a reference material) was mixed with 0.5 ml (10mM) each of Dithiothreitol

(DTT), cysteine, histidine, and NaCl. The solution was incubated for 2h at RT and the
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stability of the conjugate was determined using UV-Vis spectrophotometer (DU 800

Spectrophotometer, Beckman Coulter Inc, CA, USA).

3.6.5 Measurement of intracellular Reactive Oxygen Species (ROS) levels in peptide-
A&B, GNPs and GNPs-Pep-A treated cells by Dichlorodihydrofluorescein (DCF)

assay

The ROS species activity measured within a cell by a fluorogenic probe 2°, 7°-
Dichlorodihydrofluorescin diacetate (DCFH-DA) which is permeable to the cells. Cellular
esterases deacetylated the DCFH-DA to nonfluorescent 2°, 7°-Dichlorodihydrofluorescin
(DCFH), which is quickly oxidized to fluorescent 2°, 7’-Dichlorodihydrofluorescein
(DCF) by cellular ROS. The fluorescence intensity of DCF is proportional to measure of
the ROS level within the cell cytosol. The ROS level in unknown samples was determined
by DCF standard calibration curve. DCF stock (1 mM) was diluted with culture media and
concentration range is 0, 0.01, 0.1, 1, 10, 100,1000, 10,000 nM was prepared. 100 ul of the
diluted standards were used, and fluorescence was measured at 480/530 nm,
excitation/transmittance.

The intracellular ROS levels were measured using an OxiSelect ROS Assay Kit
(Cell Biolabs, Inc, CA, USA) and the protocol follows according to the procedure provided
in the kit. Y79, a RB cells were seeded at 7 x 103 cells/well in 96-well plates and culture
overnight. The cells were washed thrice with sterile 1 X PBS and treated with 100 pl of 1X
DCFH-DA (2’, 7’-Dichlorodihydrofluorescin diacetate) for 1hat 37°C. The solution was
removed, and 1XPBS was used to wash the cells. The cells were treated with 10, 50 and
100uM of Pep-A and Pep-B for 24h. The reaction was terminated by adding 100u1 of cell
lysis buffer and mixed thoroughly for proper cell lysis and incubated for Smin. For the

measurement of ROS inhibition with GNPs and GNPs-Pep-A1 and GNPs-Pep-A2, 50um
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of each treatment was added and incubations for 24h and similar procedure were repeated
for the ROS analysis as described for the Pep-A& Pep-B. The fluorescence was read with
a Spectra Max, M4 multi-detection microplate reader (Molecular Devices, CA, USA) at
480nm excitation/530nm emission. The ROS levels in cell lysates were then calculated

using the DCF standard curve.

3.6.6 SOD activity measurement of peptide A & B, GNPs and GNPs-Pep-A

Superoxide dismutase (SOD), is an anti-oxidative enzyme that catalyzes the
superoxide anion into H202 and O2. SOD enzymes are categorized based on its activity
in the cell. The three main SOD is Cytosolic Cu/Zn-SOD, mitochondrial Mn-SOD, and
extracellular Ec-SOD of™ Superoxide Dismutase kit that uses a xanthine/xanthine oxidase
(XOD) to generate superoxide anions and produce the chromagen, a water-soluble
formazan dye by the reduction with superoxide anions. The SOD activity was determined
as the inhibition of chromagen reduction.[247, 248].

Y79 cells were seeded at 2X10° cells/well in a 12 well cell culture plates with 1000
ul of cell culture media and was incubated at 37°C overnight. The cells were treated with
Pep-A Pep-B (10, 50 and 100 pM) GNPs and GNPs-Pep-A (50 uM) in a fresh cell culture
medium and incubated for 6h followed by washing using ice cold PBS followed by cell
lysis using buffer containing, 0.1M Tris/HCI, pH 7.4 containing 0.5 % Triton X-100, 5SmM
B-Mercaptoethanol, 0.1mg/ml PMSF. The cell lysates were subjected to centrifugation at
14000 x g for 5 minutes at 4°C. The SOD activity from the cytosol and mitochondria was
measured in the supernatant using the superoxide dismutase (SOD) activity assay Kkit,
(BioVision, CA, USA, Sigma-Aldrich, MO, USA) according to the protocol described in

the kit. Briefly, the cell lysate, buffer, enzyme and the WST reagent were diluted and was
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added as per the protocol and incubated at 37°C for 20min and read at 450nm in a
microplate reader (Biotek, VT, USA). SOD activity was then calculated as a percentage of
inhibition activity of xanthine oxidase using the formula;

“SOD Activity of sample (inhibition %) = (OD control-OD sample) / (OD Control) x 100”

3.6.7 Quantitative gene expression (QRT-PCR) study of GNPs and GNPs-Pep-A

Quantitative Reverse Transcription Polymerase Chain Reaction (QRT-PCR) is a
used to generate many copies of a DNA sequence in real exponential phase of
amplification. The working principal of qRT-PCR is to convert RNA into complementary
DNA (cDNA) with the enzyme reverse transcriptase, and the resulting cDNA is amplified
using gene specific primer in real-time quantitative PCR. It is recorded the fluorescence of
reporter molecule, i.e. SYBRR Green. The gene of interest (GOI) to amplify by qRT PCR
involved RNA isolation, cDNA synthesis form mRNA and real-time gene amplification

using a set of specific primer for the GOI.

3.6.7.1 RNA extraction by Trizol method

Cells were collected after the completion of treatment of reaction time and cells
were centrifuged at 10,000 rpm for 5-10 minutes. The cell pellet was mixed with the TRI
reagent (Sigma, T9424) with slight vortex and was incubated at RT for 5 min.
Subsequently, cells were incubated for 15 minutes with 500 pl of chloroform (CHCI3) and
subjected for centrifuge at 12,000 rpm for 15 min. The aqueous layer that has RNA was
collected and transferred to a new vial and mixed with 500 pl isopropanol. The cells were
centrifuged at 12,000 rpm for 10 min, and the supernatant was discarded and the pellet was
air dried with 75% alcohol at room temperature for 2 min and was re-suspended in 20 pl

diethyl pyrocarbonate (DEPC) treated water. 5 pl of the total RNA extracted was then run
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on a 2% agarose gel for the qualitative analysis, and nanodrop was used for the

quantification of total RNA.

3.6.7.2 cDNA conversion from total RNA
cDNA synthesis was prepared by the total RNA. The high capacity cDNA (AB-

4368814) reverse transcription kit was used for the conversion of mRNA to cDNA. The
master mix was prepared according to the kit protocol.

Table 3.1 cDNA conversion from total RNA master mix

Master mix 2X RT (20 pl)

Reaction component Volume ( pl)
10X buffer 2.0

10X dNTP (Mix) 100mM 0.8

10X Reverse Transcriptase Random Primer 2.0
MultiScribe™ Reverse Transcriptase 1.0

RNase Inhibitor 1.0

Nucleae —free H20 3.2

Total RNA 10.0

Total Reaction volume 20.0

Table 3.2 Thermal cycling for semi-quantitative PCR

(cDNA conversion)
Temperature Time (Minute)
25°C 10 .00
37°C 120 .00
85°C 5.0
4°C o0
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3.6.7.3 Real-time quantification of CAT, SOD, GPX gene
The effect of GNPs and GNPs-Pep-A on mRNA expression were studied using

antioxidant genes [superoxide dismutase (SOD), glutathione peroxidase (GPX) and
catalase (CAT)] in retinoblastoma cells (Y79) were seeded ~ 1x106 cells/well on a 6 well
plate and treated with GNPs and GNPs-Pep-A for 24h. After incubation of cells, the total
RNA was isolated using Trizol method (section 3.6.6.1), and concentration of RNA was
quantified using a Nanodrop (Biospec-Nano, Shimadzu, Japan). The total RNA was
converted into cDNA using an Applied Biosystem kit (High-Capacity cDNA Transcription
Kit, USA). Quantification of GOI expression was performed in a triplicate in a 20ul
reaction mixture containing 0.1 pg of cDNA, specific primers (CAT, SOD, GPX) and
SYBR green reagent in 96-well plates on a real-time PCR system (7500, Applied
Biosystems,). GAPDH and P actin were used as internal controls, and the fluorescence of
SYBR Green was measured. The relative quantitation of GOI was calculated using the
ACT method. The relative amount of gene-specific cDNA to housekeeping gene was
calculated using 2722, Ct denotes the cycle’s threshold, infer that at this stage of cycle
GOl reached a threshold that determined by SDS software version 1.3. Protocol.

Table 3.3 qRT-PCR, reaction component for quantitative gene expression study

Master Mix

Component Volume (pl)
2X buffer 5.0

Forward primer 0.5

Reverse primer 0.5

DEPC 3.0

cDNA (100ng) 1.0

Total Reaction volume 10.0
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Table 3.4 Thermal cycling for qRT-PCR

Real-time gene expression
Temperature (°C) Time (Minute)
95 5.00
95 30.00
63 1.00(45 cycles)
72 1.00

Table 3.5 Primer sequence for functional study of GNPs-Pep-A by qRT-PCR

Primer sequence
Gene name Forward primer(F) 5°-3° Reverse primer (R) 5’-
3’

Catalase (CAT) TCTGGAGAAGTGCGGAGAT | AGTCAGGGTGGAC
T CTCAGTG

Superoxide GATGAAGAGAGGCATGTTG | GTCTTTGTACTTTC

dismutase (SOD1) GAGAC TTCATTTCCACC

Glutathione GCACCCTCTCTTCGCCTTC | TCAGGCTCGATGTC

peroxidase (GPX) AATGGTC

Glyceraldehyde-3- GCCAAGGTCATCCATGACA | GTCCACCACCCTGT

phosphate AC TGCTGTA

dehydrogenase

(GAPDH)

3.8 HDM2 expression study in human Retinoblastoma tumor samples

The proposed study was reviewed and was approved by the ethics committee of
Sankara Nethralaya - Chennai, India. The study approval no. is 383-2013-P. The general
principal of research which follows the good laboratory practice (GLP) was used to conduct

the study. The RB samples were collected from the SN hospital. During the treatment the
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affected eye was enucleated and the consent was obtained from the patient attendant to use

the sample for the research purpose.

3.8.1 Collection of RB tumor samples

RB tumors were freshly collected by the Ocular Pathologist from the enucleated
eyeballs. The samples were snap frozen in at -80°C and stored until use. The samples were
thawed on ice and subjected to RNA and protein extraction. For the immunohistochemical
studies, the tumor tissue sections were sourced between the years 2009 to 2013. Fresh RB
tumor tissues were collected, fixed in formalin before analyzing for immune histochemistry
(IHC) and gene expression studies. Donor retina tissue was obtained from the CU Shah

eye bank, Sankara Nethralaya India.

3.8.2 HDM2 expression study in RB tumor sample

Approximately 100 mg of RB tumor tissue was homogenized with 1 ml of Trizol
in diethyl pyrocarbonate (DEPC) treated glass tissue homogenizer. The cells were then
processed further as per the RNA extraction protocol, describe earlier (section 3.6.6.1).
For protein extraction the RB tumour tissues were homogenised using RIPA buffer and the
homogenate was then processed in the lysate preparation and proteins were estimated using

BSA standard.

3.8.2.1 mRNA and protein extraction from Retinoblastoma (RB) samples

Approximately 250 mg of RB fresh tumor tissues were homogenized in a
homogenizer and RNA was isolated by TRizole reagent. The cDNA conversion and the

gqRT-PCR performed for the HDM2 as described in the section.
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Table 3.6 Real time gene expression, primer sequence for HDM2 expression in tumor sample

Gene name | Forward primer(F) 5’-3° Reverse primer (R) 5°-3°

HDM2 CGGAAAGATGGAGCAAG | GGGAGGTGGTTACAGCAAC
AA

P53 GTCCCAAGACAATGGAT | CTGGGAAGGGACAGAAGATGAC
GATTTG

GAPDH AACAGCGACACCCATCC | CATACCAGGAAATGAGCTTGAC
TC AA

3.8.2.2 Western blot study for HDM2 protein expression analysis

Electrophoresis is a technique to study the protein expression in the tissue sample
using approximately 250 mg of tissue (retinoblastoma fresh tumor) which was
homogenized, the homogenate tissue sample was then sonicated at 10 cycles for 10 sec
each a with lysis buffer on an ice cold conditions. Protein was estimated using the
Bradford’s method. The assay was run along with a set of standards using bovine serum
albumin (BSA), ranging from 50 to 200 pg. The absorbance was recorded at 570 nm using
spectrophotometer.

Acrylamide (10-12 %) separating gel was prepared and allowed to solidify.
Following to this 4% stacking gel was poured over the separating gel by removing the
butanol layer and the wells were introduced by comb. 50 pg of tumor lysate containing
proteins were mixed with 3X sample loading buffer and was boiled at 100°C for 3-5 min.
Then the sample was loaded on the gel and was run till the dye reaches the bottom of the
gel at 120 V. The gel was then removed carefully from the glass-assembled plates.

3.8.2.4 Electro-blotting

The electrophoresed gel was wet transferred onto the nitrocellulose membrane for

1 h under 100 V using transfer apparatus (Bio-Rad). The blot was stained with 0.5%
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Ponceau stain to ensure the transfer is completed and visualizes protein bands and then
washed with distilled water. The transferred membrane was blocked with 5% skimmed
milk for 1h. Primary antibodiesHDM2 (1:2000) and anti-f actin monoclonal antibody
(Sigma A 1978) in 1: 2000 at 4°C for overnight. The blots were washed three times with
TBST buffer 30 min each using a rocker. The secondary antibody, HRP-conjugated
secondary antibody (sc-2005) at 1:10,000 dilution and blot incubate for 1-2h at RT and
followed by washing thrice with TBST buffer for 10 min each time and was finally washed
with 1XPBS buffer. The presence of HDM2 and Pactin proteins were detected by Pierce
western blot detection reagents by chemiluminescence (Thermo Fisher Scientific Inc., IL,

USA).

3.8.3 Immunohistochemistry detection of HDM2 in xenograft RB tumor sample

The paraffin wax embedded tumor sections (7-10uM) was taken with a microtome.
The anti- MDM2 (Cat no. Santacruz sc-965 and antibody (1:100 dilution) was used to
HDM?2 protein detection. The secondary, anti-mouse/rabbit [gG-Poly-HRP was (NovoLink
Max Polymer detection) used as per the protocol mentioned in the kit. The slide was
analyzed by Ocular Pathologist and based on staining intensity was intense (+), dull (%)
and negative (-). The number of positive cells was classified on the basis presence of

HDM2 positive cells -33 %, negative, 34-67 % dull and 68-100% positive.

3.9 Functionalization of GNPs with HDM2 peptide and In vitro functional study in
RB cell line

HDM2 peptide (QETFSDLWKLLP) a 12—amino acid peptide derived from the p53
sequence that mediates binding to HDM2 were selected and evaluated for targeting HDM?2

oncoprotein [249]. The peptide was customized from Sigma-Aldrich Japan (OE-14045-
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001) with >95% HPLC purged, 50% hydrophobicity. The N-terminal of the peptide was

modified with 3-mercaptopropionic acid [250].

3.9.1 Functionalization of GNPs with HDM2 peptide (V-GNPs-HDM2 and C-GNPs-
HDM2)

The GNPs-peptide conjugates were prepared by mixing varying concentration of
3-mpa (mercaptopropionic acid) modified anti-HDM2 peptide with purified GNPs.
Initially, three different ratios of GNPs with peptide were prepared by mixing 50 uM of
GNPs with different concentration of the peptide with 50, 100 and 150 uM of the peptide.
V-GNPs (Vitis vinifera reduced GNPs) and C-GNPs (tri-sodium citrate reduced GNPs)
were used for the synthesis of the GNPs-HDM?2 conjugate. The conjugate was prepared by
mixing18 ml of GNPs (242 x 10-6, moles of a gold / liter, O.D, 1.0) with 4.2mg of peptide
(dissolve in 0.01 cell culture grade DMSO) on continuous stirring for 24h. After 24h of
continuous stirring, the conjugate was purified by ultra-centrifugation at 15,000 -30,000
rpm till a clear supernatant was obtained, and the pellet was washed with DI water twice.
The unbound peptide was removed by washing through centrifugation, and the pellet was
collected after re-suspending the water/cell culture medium. The mPEG-thiol stabilized
GNPs were prepared by mixing18 ml of GNPs with 1 mg of MPEG-SH-1000. The solution
was stirred for 12h followed by removal of unreacted PEG by washing through
centrifugation. The PEG stabilized GNPs were mixed with 4.2 mg of HDM2 peptide
followed mixing for 24h. The final conjugates were subjected for washing and re-
suspended in a distilled water. The optical density (OD) was measured at 520nm and the
final concentration of GNPs was calculated in GNPs-HDM2.The conjugates were

characterized by the UV-Visible, FTIR, DLS and TEM.

92



@+/\)L+LLUM

Linker (Mercaptopropionic acid) J

Figure 3.6 Schematic presentation of HDM2 peptide functionalized GNPs

3.9.2 Internalization of GNPs and GNPs-HDM2
3.9.2.1 Transmission Electron Microscopy (TEM)

The internalization study was performed using Y79 cells in vitro. The exponentially
grown Y79 cells (Section 3.4.1), of density 1x106, were cultured in 6 well plate and after
12 h of culture, cells were treated and incubated with S0um/well with the GNPs and GNPs-
HDM2 for 24h. After incubation, the cells were washed thrice with PBS and the resultant
cell pellets were then washed and fixed in a primary fixative, which is 2.5% glutaraldehyde

prepared using 0.1M sodium cacodylate buffer at pH 7.2-7.4.

3.9.2.2 Processing of sample for TEM analysis

The cells fixed in a primary fixative were washed with 0.1M sodium cacodylate
buffer thrice for every 10 mins followed, by which the cells were fixed in a secondary
fixative for 2h at 8 0C using 0.1% Osmium tetroxide (OsO4) prepared in 0.1M sodium
cacodylate buffer. The excess fixative was removed by washing the cells thrice for every

10 mins and was dehydrated with a series of acetone from 30%, 50%, 70%, 80%, 90%
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(v/v) for10 minutes in each concentration and with 100% acetone it was washed twice for
10 minutes followed by propylene oxide treatment twice for every ten minutes. The cells
were then infiltrated with the resin mixture and acetone, where the resin mixture consisted
of Epon 812 resin, DDSA (Dodecenyl Succinic Anhydride) and NMA (Nadic® Methyl
anhydride) starting with 25%, 50% and 75% for 2 hours in each concentration and then
finally with 100% resin twice for overnight and finally in the resin mixture with added

catalyst (DMP 30) in “easy molds” at 60°C for 48 hours.

3.9.2.3 Sectioning and Imaging

The resin blocks were removed from the mold, trimmed and sectioned using Leica
Ultra cut R ultramicrotome with diamond or glass knives. The semi-thin sections were cut
and stained with toluidine blue and screened using the light microscope to check for area
of interest followed by ultrathin sections, collected on a copper grid with 300 mess size
and stained with saturated solutions of uranyl acetate followed by lead citrate. The samples
were air dried and was screened in JEOL JEM 1400. TEM was operated at an accelerating
voltage of 80 kV. The micrographs were taken with the Olympus Keep view CCD Camera

attached to the microscope. The TEM performed at the Cancer Institute, India.

3.9.3 HDM2 knockdown study in Y79 cells treated with GNPs and GNPs-HDM2
HDM2 knockdown in Y79 cells treated with GNPs and GNPs-HDM?2. The cells

were used for the treatment of different time 12, 24 and 36 h with C-GNPs and C-GNPs-
HDM?2, V-GNPs, V-GNPs-HDM2 form RNA and protein expression study. The
exponentially growing cells were seeded at 1001 105 cells/well in a 6 well plate and treated
with final concentration of 50uM of each sample after the 24h of treatment completion

cells were processed for total RNA (TRizol method) and protein isolated. After
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optimization of the time point with gene expression (functional study), all experiments
were performed with 24h of treatment time point. The protocol follows as mentioned in

the section 3.7.2.

3.9.4 Apoptosis study in GNPs and GNPs-HDM2 treated cells by Annexin V-
Propidium Iodide (PI) staning

Apoptosis is a cell death process, which can be identified by the change that occurs
at the cell membrane. One of the change occur in plasma membrane phosphatidylserine
(PS) which expressed on the outer surface of apoptotic cell from the inner part of the plasma
membrane to the outer layer, by which PS becomes exposed at the external surface of the
cell [251, 252]. The analysis of Phosphatidylserine on the outer side of the apoptotic cell
membrane was performed using Annexin V- and PI for the differentiation of necrosis of
apoptotic cells. Whereas, PI dye binds to the nucleic acid of dead cells and is excluded
from the living or apoptotic cells. Thus, the combination of annexin V and PI enables to
distinguish apoptotic and dead cells.

A cell apoptosis dye, Annexin V-FITC (Apoptosis Detection Kit I, Brand, BD
Pharmingen™, Cat. No. 556547) was used for the apoptosis, cell labeling and identification
using flow cytometry (FACSCanto II flow cytometer, BD Biosciences, USA). ~10 x 105,
Y79 cells were seeded in a 6 well plate after overnight incubation the culture, cells were
treated with a 50uM concentration of C-GNPs and C-GNPs-HDM2, V-GNPs, V-GNPs-
HDM?2 for24h. After the treatment period, cells were collected followed by washing and
centrifugation in a cold 1xPBS. The cells were diluted in the 1xannexin-binding buffer to
make the cell density equal to ~10 x 105cells/mL. 5 pL of Alexa Fluor 488 annexin-V in

100 pL of cell suspension was incubated for 15 minutes. Subsequently, 1 pL of PI
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(propidium iodide) were added and incubated for 5 minutes. After incubation, the cell
suspension was mixed with 300 pL 1xannexin-binding buffer and was kept on ice. This
was followed by the analysis of the stained cells by the flow cytometer, involving the
measurement of fluorescence emission at 530 nm and 617 nm using a 488 nm excitation
laser. For this, flow cytometry tubes (Cat. No. 352054, BD Falcon, USA) was prepared
with each containing 300 ml of stained cell suspension in 1xannexin-binding buffer at a
final cell concentration of ~ 1 x 106 cells/ml and 10,000 events were recorded for each

sample. The experiment was performed in triplicate.

3.9.5 Cell cycle analysis in GNPs and GNPs-HDM2 treated cells

A mammalian cell has four different stages, G1, S, G2 and M, known as the cell
cycle. Four distinct phases could be recognized in various phases of the cell cycle: the G1-
, S- (DNA synthesis phase), G2- and M-phase (division). However, G2- and M-phase,
which both have identical DNA content could not be discriminated based on their
differences in DNA content. FACS study of cell cycle based on the singlet was used for
calculating the percentages of cells occupying the different phases of the cell cycle. A cell
cycle analysis was performed using Propidium lodide (PI) staining to study the effect of
the material in a different stage of the cell. PI is the fluorescent nucleic acid dye, which can
identify the cells, which are at different stages of cell cycle [253, 254].

Y79 cells of density ~10 x 105 were seeded in a 6 well plate after overnight
incubated culture cells was treated with a 50uM concentration of C-GNPs and C-GNPs-
HDM2, V-GNPs, V-GNPs-HDM2 for 24h. Following to this cell were harvested and
washed in cold 1xPBS. After the washing, cells were fixed in 1ml cold 70% (v/v) ethanol

to ensure fixation of all cells and minimizes the clumping of the cell pellet with slow vortex.
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Cells were fixed on ice for 30 minutes, and the cells were washed twice with ice
cold1 XPBS. Subsequently, cells were incubated with PI (556463, BD Biosciences), and
Ribonuclease-A (Sigma, R6513). The cell pellet was treated with Ribonuclease-A to
remove the RNA. Followed by 10ul of Ribonuclease-A (10ug/ul) was added to the cell
pellet and 50ul of PI (50ug/ul) was added into 300ul of cell suspension. Before FACS
analysis, cells were incubated for 3h at 370C and analyzes the samples in PI/RNase-A

solution.

3.10 In vivo therapeutic efficacy study of GNPs-HDM2 treated RB xenograft mice

model

The in vivo study was performed as per the regulations of the Committee for the
Purpose of Control and Supervision of Experiments on Animals (CPCSEA) facility under
the Government of India and followed the Association for Assessment and Accreditation
of Laboratory Animal Care (AAALAC) guideline. The experimental protocol was
reviewed for carrying out animal experimentation and was approved by Institutional
Animal Ethics Committee (IAEC Protocol Approval No: SYNGENE/TAEC/430/10-
2013).The experiment was performed with the second safety level under in a laminar flow

hood following sterile condition.
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Table 3.7 Animal detail and experimental condition to induce Retinoblastoma xenograft in nude
mice model

Animal details

Source Harlan, Netherlands

Strain Hsd: Athymic Nude-Foxn1™
Sex Female

Age at the start of experiment 5-6 weeks

Body Weight of animals 18-22¢g

No. of animals/group n="7

Cancer cell line

Y79 (Retinoblastoma)

Cell concentration

1 x 107 cells/animal

Xenograft induction

Subcutaneous cell injection

3.10.1 Animal maintenance

Animals were maintained in standard condition with 50 (20 % humidity, 22 (3°C
temperature, with light/dark cycle of 12 hours each with certified irradiated laboratory
rodent diet. The drinking water was RO purified and autoclave provided ad libitum via

bottle fitted with nozzle during the study period.
3.10.2 Animal selection

The animals were selected for the study was acclimatized for a period of 5 days,
and a thorough physical examination was performed before study initiated. The health,
animal was selected and labeled individually with details like date of tumor implantation
and, randomization, tumor type, mouse strain, gender. After randomization, the animal was
grouped in 3 different treatment categories, which include vehicle control, GNPs-1-HDM2

and GNPs-2-HDM?2 group.
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3.10.3 RB tumor induction

Human RB cells (Y79) with a viability of >90 % were chosen for the study. Ideally
10 X 10° Y79 cells were re-suspended in 200 ul of serum free media containing 50% of
matrigel kept in ice. Nude mice (Hsd: Athymic Nude-Foxnl1™) housed in Individually
Ventilated Cages (IVCs) was injected with Y79 retinoblastoma cell subcutaneously in the
flanks or back of theanimalsand implanted area was monitored for tumor growth [255].
Once the tumor attained palpable size, the animals were randomized based on tumor

volume (TV~80mm?®) and the treatment was started.

3.10.4 Tumor growth inhibition study in GNPs-HDM2 treated RB xenograft mice

24 mice were divided into 3 groups with 10 in vehicle control and 7-7 in each
treatment group. The first group was used as a vehicle control and the other two groups,
was used for treatment with C-GNPs-HDM2 and V-GNPs-HDM2. The group one was
treated with 100ul of sterile water, whereas the second and third group were treated with
Sug/100ul/animal of V-GNPs-HDM?2 and C-GNPs-HDM2 till 24 days. The treatment was
injected in two-cycle, the first cycle was from 0 till 16 days with a daily dose of
S5ug/100ul/animal and the second cycle was started after 17th till 24th day and the treatment

dosage was repeated twice a day.

3.10.5 Apoptosis array study for analysis of apoptotic protein involve in RB tumor

growth reduction

Apoptosis-related proteins profiling was performed to understand the effect of the
therapeutic molecules on the apoptotic and signaling pathways. The “Human Apoptosis
Array”’(Cat.No.ARY009,R&D) is a fast, sensitive and economical method to detect the

relative levels of expression of 35 apoptotic pathways related protein.
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The RB xenograft tumor from treated (V-GNPs-HDM2 and C-GNPs-HDM2) and
an untreated group was used for the apoptosis array analysis. 400 pg tumor lysates was
used for the analysis of apoptosis. The protocol was followed according to kit instruction.
2.0 mL of array buffer was added into each well to block the membrane followed by 1h
incubation on a rocking platform shaker. 250 pl/array (400pg) tumor lysate from each
sample were added, and the array was incubated at 2-8 °C overnight in bark on a rocking
shaker. After incubation, the array was washed thrice with 20 mL of1X wash buffer for
every 10 minutes on a rocking shaker and 15 pL of reconstituted antibody cocktail to 1.5
mL with 1X array buffer 2/3 were added. The excess wash buffer was allowed to drain
from the array. The array was placed in 4 well plate and incubated for 1h with an antibody
cocktail using rocking shaker followed by washing. The Streptavidin-HRP was prepared
by diluting in 1X using, array buffer 2/3, and pipette 2.0 mL on each array followed for 30
minutes incubation and washing. The array was placed on the plastic and pipette 1 mL of
“Chemi Reagent” and evenly spread on each membrane and incubate for 1 minute and was

detected by Chemi Doc. The analysis was confirmed using Image J software.

3.10.6 Cytokines array study for analysis role of cytokines in tumor growth reduction

in RB xenograft model

Cytokines and chemokines are extracellular signaling molecules and can change
their expression in a disease condition. It can be released out from the cells and have an
important role in cellular growth, differentiation, gene expression, migration, immunity
and inflammation. Most of the immunological responses were regulated by the network of
cytokine. The “Mouse Cytokine Array (Cat.No.ARY006, R&D) was used for the

expression profiling of cytokines in the RB nude mice xenograft model serum sample.
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The RB (xenograft animal) serum treated (V-GNPs-HDM?2 and C-GNPs-HDM?2)
and untreated (control) group was used and the protocol was followed according to kit
instruction. Briefly, 2.0 mL of array buffer-6 was added into each array and then blocking
buffer was incubated for 1h on a rocking platform shaker. 1 ml (300pug) of serum sample
mixed with 0.5 mL of array buffer 4 was adjusted to a final volume of 1.5 mL with array
buffer 6. Following to this 15 pL of reconstituted “mouse cytokine array panel A detection
antibody cocktail” was added to the array and incubated for 1h. After 1h blocking the
sample/antibody mixtures was added to each array and was incubated overnight at 2-8 °C
on a rocking shaker. After incubation, each array was washed with 20 mL of 1X wash
buffer for 10 minutes on a rocking platform shaker and was repeated 6 times. Streptavidin-
HRP conjugated antibody was diluted in array buffer 6 and 2.0 mL of diluted streptavidin-
HRP was added into each array and incubated for 30 minutes at RT on a rocking shaker
followed by washing using wash buffer. The 1 ml of Chemi Reagent was added on each

array and spread evenly with 1 minute incubation at RT.

3.10.7 Xenograft RB tumor tissue preparation for FTIR analysis

Tumor specimens were obtained from 3 mice, including one without any treatment
which was used as a control, and the other two mice having their tumor treated with GNPs-
1 and GNPs-2 as a test, respectively. Fresh tumor samples were snap frozen in a liquid
nitrogen immediately after tumor excision without fixatives and anti-freeze media. For
each type of RB tumor sample, two 7 m-thick tissue sections were obtained from a cryostat
and transferred onto a glass slide for histopathological assessment after hematoxylin and
eosin staining, and onto an IR-transparent calcium fluoride (CaF>) circular window (0.5

mm thickness by 13 mm diameter, Crystan Ltd, Dorset, UK) for FTIR imaging
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measurement, respectively. All tissue sections were dried in a dry cabinet before FTIR

spectral data collection.

3.10.8 Focal Plane Array (FPA) FTIR microspectroscopic imaging

The FTIR study of the ex-vivo RB xenograft tumor samples was performed to
identify the difference between the samples. FPA-FTIR microspectroscopic images were
recorded using a Cary 620 FTIR microscope using cooled liquid-N2 environment with 128
x128 element FPA detector objective lens, 15x (0.62 NA) attached with FTIR spectrometer
(Cary 670 FTIR spectrometer, Agilent Technologies at School of Chemistry, Centre for
bio-spectroscopy, Monash University, VIC, Australia). The FTIR Spectra were collected
in a transmission mode in the spectral range between 3800-900 cm-1. A single FTIR image
was acquired in an area of 700 x 700 cm?. A single FTIR spectral image contain the array
of 64 x 64 spectra obtained from binning of the signal captured on detectors from each
square of 4 on FPA array consist of 128 x 128 element. A resultant a single spectrum of
sample collected in FTIR image acquired on ca. 10.9 x 10.9 m? revealed the molecular
information about the sample functional group. From each tumor sample 5 FTIR spectral
images were obtained with a resolution of 4-cm™ with 128 co-added scans, Blackman-
Harris 3-Term apodization, Power-Spectrum phase correction and a zero-filling factor of 2
using Resolutions Pro software package (Agilent Technologies)”. Before each sample
measurement, background measurements were performed using a clean surface of the

substrate with the same acquisition parameters [256].
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CHAPTER 4

4 Synthesis, characterization and biocompatibility evaluation of self-therapeutic

Surface-Enhanced Raman-scattered (SERs) active gold nanoparticles (GNPs)

This chapter discusses the first specific objective of the dissertation on the synthesis
of GNPs using biological and chemical methods. The in vitro cellular compatibility of
GNPs/has been studied using human breast cancer, retinoblastoma and non-cancer in order
to study the application as synthesized GNPs for cancer therapy. The SERs dye doping has
been used to show the potential application of the as-synthesize GNPs as a Surface

Enhanced Raman (SERs) substrate.

4.1 Background

The use of naturally occurring biomolecules for reduction of Au salt agent is the
growing field of research which can bridge the gap between green chemistry and
nanotechnology. The green chemistry based method of GNPs synthesis has an advantage
over the chemical method of synthesis of nanoparticles to decrease or remove the use of
substances toxic to the human health as well as environment [130, 257]. The appropriate
choice of the reducing agent, capping agent and solvent used in the GNPs synthesis process
can reduce the toxic effect of metallic nanoparticles [258]. The use of natural occurring
plant extracts and its derivatives could be an attractive ecofriendly alternative method for
the synthesis of nanoparticles. The GNPs have been synthesized using phytochemicals
from Terminalia chebula, Breynia rhamnoides, Memecylon edule leaf extract,
Cinnamomum zeylanicum, Macrotyloma uniflorum. These reports indicate that
phytochemicals could be an active compound for the reduction of the Au salts [259, 260].

The sub cellular organelle, chloroplasts also used for the GNPs [241]. These biologically

103



derived GNPs have high impact in the field of biomedical especially cancer theranostic.
Antioxidant and anticancer molecules are present in the seeds, fruit, rhizomes and stem of
the various part of the plant have been existed in use for instance curcumin, an active
component of the turmeric and Vitis viniferea. Among nanomaterial, metal nanoparticles
have an added advantage due to their Surface Plasmon Resonance (SPR) and the SERs
properties [261, 262]. The application of GNPs in cancer theranostic is more promising
when compared to other metal nanoparticles because of such as biocompatibility and
controllable size, shape, surface charge.

GNPs are good substrate for the Raman enhancement and GNPs with SERs
signatures are used extensively for imaging and diagnosis due to high sensitivity and
stability compared to fluorescent based imaging [263]. The introduction of noble metal
substrates leads to enhanced Raman intensities by as much as 10'#-10'° times compared to
the weak Raman signal exhibited inherently by the molecules [264]. Several advantages of
SERs include high spectral specificity, improved contrast, long term stability and
availability of large pallets of reporter molecules for multiplexing capabilities [265-267].
The SERs active GNPS are useful for bio labeling, bioassay, clinical diagnosis and therapy.
The promising properties of GNPs and emerging nanotechnology enabled the target
specific efficient use of GNPs as a nanocarrier in biomedical applications [268].

However, synthesis of green method based SERs active GNPs is a need of an hour
for biocompatible material synthesis. The most common method to obtain the SERs
encoded nanoparticles involves conjugation of the Raman active dye on the surface of
nanoparticles and further encoded with the polymers molecules or biomolecules to retain

the functionality of the dye molecules [269, 270]. Since, the synthesis process reported
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earlier involved has complicated processes involving multiple steps, there is a need for
rapid synthesis of gold nanoparticles with SERs signature instead of using synthetic
chemicals for stabilization of metallic nanoparticles as reported earlier, here we used
phytochemicals from fruits of Vitis vinifera L. and Curcuma L. (Curcumin) to reduce
NaAucly for the synthesis of SERs active GNPs. GNPs synthesized with different reducing
agent of anticancer and antioxidant property as a new ecofriendly platform to synthesize
the novel self-therapeutics GNPs to obtain multi-functionality such as biocompatibility,

and SERs substrate, etc.

4.2 Materials and Methods

The methodology used for the experiment performed in this chapter has been
explained and discussed in detail in Chapter 3. A brief outline of the experiments performed

has been mentioned in the Figure.4.2.
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Figure 4.1 The schematic representation of the experimental plan for the synthesis and

characterization of GNPs
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4. 3 Results
4.3.1 Synthesis of GNPs using Vitis Vinifera L. and Curcuma L.

The GNPs synthesis reaction is presented in equation 1&2. In brief, the synthesis
involved the heating of the NaAuCly, reducing agent and stabilizing at boiling temperature.
The aqueous solution of NaAuCls upon heating dissociate into ionic from Au (111)CI 3 .

The following reaction represents a typical reaction for GNPs synthesis.

A (80-100°C)

NaAuCl4

Au (ITI) Cl; + Nacl -----—---(1)

The Au (III)Cl; react with the reducing agent to form GNPs presented by the following

reaction.

Au (IIDCl;T ————> Ay’ e 2)

Reducing agent

The synthesis involved the addition of the preheated gum arabic and Vitis vinefera
L.and curcumin 80°C to NaAuCly, followed by rapid cooling on ice to stop the reaction
(Figure 4.2). In case of curcumin GNPs, curcumin was used for the reduction of NaAuCly.
The long term stabilization of the GNPs was attained by the addition of the gumarabic,
therefore, gum arabic was used as a stabilizer to avoid aggregation of GNPs. It is a highly
branched polysaccharide structure containing arabinogalactan and glycoproteins. The
glycoprotein coating is known to reduce the toxicity of the metal nanoparticles [271]. The
glycoprotein is a plant derived green component, provides an additional advantage as a
stabilizing agent. The glycoproteins can function as a biochemical active multifunctional

GNPs with controllable uniform size and shape [272].
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Metallic nanoparticles, particularly GNPs coated stabilized with natural
polysaccharides are covalently linked to the gold cluster and have found important
applications in MRI. Moreover, in biological system, carbohydrate protein interactions,
which are ubiquitous therefore presence natural polysaccharides on GNPs as a coating
inhibit the aggregation of the GNPs but it also help in the interaction/binding of the peptide
or other molecules with GNPs. Multiple interactions between carbohydrates and protein
systems have a unique application in ligand-receptor-mediated delivery of the specific
molecules [273]. The Vitis vinifera L. The extract could reduce NaAuCly salt and produce

GNPs, but the long term stability required the stabilization the GNPs.

; NaAuCl, a3+
NaAUCH, (a0 I — (Aus)

- ~
Reduced by active compound of Firis (Vitis
vinifera/Curcumin and stabilized by vinifera/Cur
gumarabic cumin

Gumarabic)

B‘oiling temperature

~h !

A .
| ’

SERSs active GNPs
GNPs

Figure 4 2 A schematic process for GNPs synthesis using Vitis vinifera L.and curcumin L. , reducing

agent
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Table 4.1 Important aparameters which have a critical role in the GNPs synthesis

Size of | NaAucl4 | PDI | Zeta | Tempera | Time Vitis Gum | Reaction
GNPs | (0.1mM) Pote | ture (°C) | (minutes | Vinife | arabic | Volume
(Mean ntial ) ra (mg) (ml)
+ SD) (mV Extra
) ct (ub)
14+1 100pul 0.422 |-32 |80 1-2 600 72 36
28+2 | 600 pl 0.625 |-24 |80 2-3 600 72 36
61£2 | 600 pl 0.411 [-22 |45 2-5 600 72 36

4.4.1 Characterization of GNPs synthesized by Vitis vinifera L.
4.4.1.1 Uv-Visible spectroscopy and DLS

GNPs were characterized using UV-visible spectroscopy (Figure 4.4). GNPs with
a diameter of 14+1 nm shows the maximum absorption at 528 nm. This absorption
indicates the size of the GNPs as homogeneous isotropic spheres [274]. Furthermore, the
A maximum of the SPR band can also predict the size of the GNPs [275]. The absorption
of the maxima (SPR band) of the GNPs depends on the size of the gold nanoparticles.
Whereas, the absorption intensity depends on the concentration of the GNPs of the same
size. The A max at wavelength 520-540 attributed the spherical size of GNPs. According
to Mie theory, the red shifts in SPR is because of dielectric properties of the medium of the
GNP or due to the specific adsorption of materials on the surface of the GNPs. The SPR
band at 528nm, (Figure 4.4a) is indicative of spherical particles less than 20 nm diameter.
The A maximum (SPR band) of 28+2 nm and 61+2 nm showed a red shift at 530 nm and
541 nm respectively, (Figure 4.4c and e) with respect to 14+1nm (Figure 4.4a). A similar
red shift of the bigger nanoparticles was observed with different sizes of GNPs [276].
Consistent with the prediction of particle size of SPR analysis, the average size measured

by the Dynamic Light Scattering (DLS) number distribution is 14+lnm (Mean+SD)
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(Figure 4.4b). The size analysis of DLS technique measures is based on random motion
(Brownian motion) of particles in suspending fluid. DLS the size measurement is
calculated by “Stokes-Einstein (Furth 1956) theory of Brownian motion” in a coherent light

source [277]. The Stokes—Einstein relation is described in Equation 3.

D0 =kBT/ 3and (3)
kB------- Boltzmann constant, T -------- Temperature in Kelvin, 1 -------- solvent
viscosity at T, DO0----- “Particle’s translational diffusion coefficient at zero solution

concentration”.

Whereas, the monodispersity of GNPs is express by autocorrelation function gl (t) is

express as per the following equation (4) (Figure 4.3).
gl (1) =[dt F) exp (L1 ---mmmmemv (4)

“where I is the particle relaxation rate (s—1) and is equal to gD, q being the scattering
wave vector (q = 4nn sin (6/2)/A,n is the refractive index of the solvent, 0 is the scattering
angle and A is the wavelength of the incident laser beam) and D is the particles’ collective
translational diffusion co-efficient, t is the delay time. F (I") gives the distribution function
of [',i.e. D, which in turn gives the particle size distribution”. The previous studies found
GNPs size <20 nm to be more suitable for biological application compared to the particles
of bigger sizes as their cellular uptake is higher and they can cross the blood brain barrier
in the animal models, therefore, for the present study, we selected GNPs sized 14+Inm

(DLS size) for characterizations [278].
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In accordance with the predicted shape of the particles from absorption
measurements, TEM micrographs (Figure 4.5 a) also showed spherical GNPs <20 nm. The
GNP size calculated from the TEM analysis is 16+2 nm (Figure 4.5 b). This value is closer
to the size measured by DLS (14+1nm). The GNPs were characterized by X-Ray
diffraction to understand its composition. The autocorrelation function indicates the

monodispersity of the spherical shape of GNPs (Figure 4.3).

[F=——__ Cumulants Fi (Record 7: goid NPs 1.2.13 1) = Cumuisnts Fit Data (Record 7 goid NPs 1.2.13 1)]

Figure 4.3 A autocorrelation graph is an indication of mono-dispersion of GNPs. The mono-
modal (only one peak) fitting and also indicates the spherical or nearly spherical shape of

the particles.
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Figure 4.4 UV-Vis spectra of the different sizes of GNPs. a) 20 nm ¢) 60 nm and e) 93 nm. DLS
histograms of the gold nanoparticles showing the distribution of GNPs b) 20 nm d) 60 nm f) 93
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Figure 4.5 TEM micrograph shows particle morphology, size and shape (a). The mean particle size
is analyzed by the image J software (b).

112



4.4.1.2 XRD analysis

The XRD spectrum exhibited peaks at 38°and 44° which is indicative of planes of
the face-center-cubic (fcc) of gold respectively, indicates the crystalline nature of the GNPs
(Figure 4.6). The indexing of the peaks using ICDDC (International Committee for
Diffraction Data) files reveals that the characteristic X-ray peaks could be attributed to
face-centered cubic Au structure. Earlier, reports of synthesis of GNPs exhibited additional
diffraction peaks at additional diffraction peaks at 64.8° and 78.8° were ascribed to (214)
and (311) planes, respectively [241]. The diffraction intensity of the (111) plane is much
higher compared to that of the indicating that planes are predominant in our fabricated
GNPs. An overwhelmingly strong diffraction peak at (111) plane compared to other facets
were observed in earlier reports on GNPs synthesis.

The literature reports that the plane has lower surface energy which results in weak
bonding ability and chemical reactivity as compared to other planes [279]. The weak
bonding ability and chemical reactivity of might be attributed to the adsorption/coating of
the biomolecules from Vitis vinifera L. fruit extract on the Au crystal facets. The adsorption
of the bio molecules from the Vitis vinifera L. influences the surface property of GNPs and
make biocompatible as well as SERs active. The Vitis vinifera L. mainly contains the sugar;
glucose and fructose, organic acid; tartaric, malic, citric, phenolic compound anthocyanins,

tannins, nitrogenous compound amino acid, peptides and proteins [280].
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Figure 4.6 XRD spectra from the particles. The particles were recorded at 40 KV voltage and 40
MV current using Cu-Ka radiation (1 =1. 5405 A, scan rate 10 /min)

4.4.1.3 FTIR analysis

The FTIR analysis was performed to detect the vibration mode of the chemical
compound and comprehend the biochemical composition of the Vitis vinifera L. and GNPs
(Figure 4.7). The sharp peak of GNPs at 3785 cm™! is due to O-H stretch indicating the
presence of the phenols from the Vitis vinifera L. fruit extract. The fruit extract consists of
a variety of polyphenols, aldehydes, peptides and proteins [281, 282]. The peak of 2934
cmand 2071 cm™! indicates the C-H and C=H of alkenes and alkynes respectively (Figure
4.7 A) Whereas, peaks at 2917 cm™! and 2836 cm™ are indicative of C-H and H-C=0 bonds
of aldehydes from Vitis vinifera L. Fruit extract. The peaks at 1641 cm™' (Figure 4.7 a)
and 1659 cm™ (Figure 4.7 b) represents N-H bond vibrations from amide groups of the
proteins present in Vitis vinifera L. fruit extract as well as in the GNPs [283, 284] The peak
at 1420 cm! is suggested to be the C-C stretch from the polyphenols of the Vitis vinifera

L. present on the surface of GNPs. On the other hand peak at 1247 cm™, 1061 cm™ might
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be aliphatic amines with C-N stretch and 630 cm™! from alkanes Pt in the Vitis vinifera
L. (Figure 4.7 A). The similar peak at 1042 cm™ and 711 cm™ in the spectrum could be
from the aliphatic amines C-N stretch and C- H rocks bond of the alkanes respectively
present on the GNPs. (Figure 4.7 B). Earlier reports, have attributed this peak to the
presence of alkanes [285, 286]. The overlapping peak of the functional group of Vitis
vinifera L. present on the GNPs also corroborates our results biomolecules from the Vitis

vinifera L. are coated on the surface of GNPs and might form a covalent bond with GNPs.

115



a

o S GNPs (V-GNPs)
o
c
(]
)
= 50

€

n

c

S 25
= 71 1

o cm-
S~ 1220 S04 ofn-1

0- 2917 cm-1 1659 cm-1

4000 3500 3000 2500 2000 1500 1000 500
A
Wavenumber (cm )

0.06 b

Vitis vinifera

0.05
0.04 -
0.03

0.02

% Transmittance

0.01 4

0.00

4000 I 35|00 I 30|00 I 25|00 I 20|00 I 15|00 I 10|00 I 5(|)0
-1
Wavenumber (cm )

Figure 4.7 FTIR spectra of as-prepared GNPs. The spectrum was recorded from 450-4000 cm-1 in
the transmittance mode (a) GNPs and b) Vitis vinifera, a reducing agent for GNPs synthesis.

4.4.1.4 Stability of GNPs

The stability of nanoparticles is an indispensable parameter for biomedical
applications. In in vitro studies, stability of the GNPs (Figure 4.8 a and b) was evaluated
by monitoring the plasmon wavelength (A max) and in borate buffer, RPMI, NaCl,
RPMI+FBS, cysteine and histidine, NaCl (1 and 15 days) after the synthesis of GNPs. The
plasmon wavelength in the above buffers did not show a shift in SPR band for 1 day,

whereas after 15 days SPR band exhibited a small shift of less than ~ S5Snm. The constant
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SPR band indicated that GNPs are stable in all buffers and cell culture medium. The 24 h
data indicates that there is no difference in the SPR band in all the buffers with respect to
GNPs alone (control). Our results are consistency with other studies on the stability of

GNPs synthesized from plant compound [155].
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Figure 4.8 Stability of GNPs measured by Uv-Vis spectra of the GNPs in various buffers

SPRs is a function of the time and stability in the different biologically relevant solvents. a)
Afterlday b) After 15 days
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4.4.1.4 SERs activity of GNPs

SERs is a unique property of metal nanoparticles that can be used for the imaging
applications. Therefore, in the current work the GNPs of various sizes (14+1nm and
61+2nm) were tested for the SERs signature. In our study, the Raman intensity was
measured from 500 to 2000 cm™! (Figure 4.9 a). The Raman spectral peak intensity is
observed at 570,788 and 1102 cm™'. The peak intensity of the different sizes revealed that
Raman intensity is the proposal directly to the GNPs sizes. In agreement with the present
work, earlier reported indicates that the increased SERs intensity with the increase in the
particle sizes [287]. The Raman spectral peak intensities from the Vitis vinifera L. fruit
extract is also observed at 570, 788 and 1102 cm! signifying that the Raman reporter
molecule (s) from the extract are retained on the GNPs during the synthesis process [288].
Interestingly, the Raman signal intensity is higher in GNPs compared to the Vitis vinifera
L. extract alone indicating SERs effect (Figure 4.9 a). The SERS activity of biological
molecules such as histidine, cysteine and lysine using gold substrate is reported previously.

The RE calculated as described by Chia-Wei —Chang et al., [289].

EF for R6G doped GNPs= [(IrgoNe/NRr6gGNP)] /[(IR6gN/R6g) ]+ vnvevenennennnn. (5)

Irsgone and Nregonp 1s Raman intensities of R6G dye doped GNPs dye at Raman peak
1360cm-1 and the number of R6G molecules on GNPs, respectively. IregN/rog 18 the Raman
intensities of R6G and number of dye molecules. The number of molecules is calculated
using the Avogadro number for dye doped GNPs and R6G with the known concentration
of R6G. The number of molecules is 120.4 x10'#and 6.23x10%°, for dye-doped GNPs and

R6G, respectively. The EF for dye-doped GNPs are R6G 3.4X10” The EF of 10® has been
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reported for R6G doped GNPs previously. The number of the Raman reporter molecules
present on the GNPs is unknown therefore we consider peak high for the calculation of RE
of without dye-doped GNPs and EF of R6G dye doped GNPs has been extrapolated for
without dye-doped GNPs. The RE for GNPs (61 nm) Raman Peak at 1102cm-1 is 4x10*

SERs activity is known to be dependent on two key factors: (1) resonant surface
plasmon excitation of a metal substrate and (2) proximity of analytic molecules to the metal
substrate surface. The surface chemistry of metal substrate was considered as one critical
factor for SERs activity because the analysts must be located within 0—4 nm of the substrate
surface or the electromagnetic field. Therefore, we proposed that the GNPs had Raman
reporter molecule (s) in the close proximity of the Au metal surfaces resulting in SERs
enhancements [290]. We hypothesized that the aromatic compounds from the Vitis vinifera
L. extract acted as SERs nano tags. The Raman peaks at 570 cm™! could be due to in plane
bending from carbon and oxygen from the phenolic compound aromatic acids such as p-
coumaric acid this phenol is presented in Vitis vinifera L. fruit extract and resins [291, 292].
The vibrational peak at 1102 cm™! could be from the trehalos sugar molecules present in
Vitis vinifera L extract [280]. The vibrational peak at 788 cm™ could be from the amino
acid as the Raman reporter molecules. The RE for the R6G reporter molecule is higher than
the trehalose Raman reporter indicating the closer proximity of the R6G with Au metal
surface associated with the sugar molecules on the GNPs.

The long term stability of the GNPs is assessed for their potential application after
storage of the particles. The lack of shift in Raman peaks after one month compared to the
freshly synthesized particles indicating the stability of the Raman reporter molecules on

GNPs (Figure 4.9 b). On the other hand, stored Vitis vinefera L. extract cannot reduced

119



the Au salt to form GNPs with SERs signature. The newly synthesized and stored GNPs
can be used for biomedical applications. Earlier studies used SERs active gold
nanoparticles for in vivo tumor cell targeting and sensitive cancer detection. However, these
studies employed GNPs synthesis using NaBH4 as reducing agent and synthetic dyes as
SERs reporter molecules. Our method of synthesis of SERs substrate is

faster and safe than recent synthesis using NaBH4 and ascorbic acid.
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Figure 4.9 Synthesized GNPs function as SERs substrate (a) Raman Spectra from GNPs of different
sizes. Black color, Vitis vinefera L., black color - spectrum from 14£1nm GNPs and pink color -

spectrum from 61+2 nm GNPs (b) Raman spectrum of R6G doped GNPs. Red color
4.5 Biocompatibility evaluation (cell viability evaluation)

Biocompatibility is essential to evaluate before a nanomaterial, can use for the
biological application. The in vitro cytotoxicity effect of nanomaterials is most often
assessed by mitochondrial enzyme activity using tetrazolium salt (MTT assay), with
respect to the untreated cell as a control [293, 294]. We have studied the cytotoxicity of the

GNPs using MTT assay in non-cancerous Muller glial (MIO-M1) and breast cancer cells
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(MDA-MB 453) and Y79, a RB cell line (Figure 4.10 a and c). The GNPs are non-toxic to
the cells up to 100 uM concentration. The cell viability does not decrease after 6h and 12h
of treatment with increasing concentrations of GNP from 10 to 100 uM (P<0.05) in both
normal and breast cancer cell lines, when compared to the control untreated cells.
Cytotoxicity of the GNPs was previously reported to be dependent on the GNPs
concentration, time of treatment and cell types. GNPs synthesized using synthetic and toxic
chemicals such as Lithium borohydride (LiBH4) penetrate the membranes at high
concentration and decrease cell proliferation via generating ROS, in turn decreasing the
mitochondrial enzyme activity ATP content of the cell causing cell damage [295].

In contrast, GNPs synthesized using green nanotechnology were nontoxic even at
higher concentrations. The cell viability is more than 85% till 12h of treatment in the M1O-
M1 and MDA MB-453 (P<0.05). However, 100 uM of GNPs treatment at 24h showed
70.28 % cell viability in MDA MB-453 cells (Figure 4.10 b). Whereas MIO-M1 showed
no significant decrease (P<0.05) in the cell viability after 24h of GNP treatment (Figure
4.10 c). According to the ISO-10993-5 guideline [296] a material can be used for
biomedical application if the material shows more than 70% cell viability. The GNPs from
the 10-100 uM concentration are safe to use for in vitro biological studies. Whereas in the
case of Y79, a RB cell GNPs decreases the cell viability. The cytotoxic effects of GNPs
from the 10-100 uM concentration up to 24h of treatment in RB cell line were studied
(Figure 4.10c). The percentage of cell viability indicates that 100 uM of GNPs shows anti-

proliferative effect on Y79 RB cells at 24h of treatment, which could be due to the presence
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of reducing agents (Vitis vinifera polyphenols) on the GNPs. The cancer cell death from

the treatment of 10-100 uM GNPs concentration was studied (Figure 4.10 c).
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Figure 4.10 Cell viability measurements of GNPs in different cell lines at various concentrations
(a) MIO-M1 (Muller Glial, non-cancerous) (b) MDA-MB 453 (Breast Cancer) and (c) Y79 (RB).
The cell viability percentage was calculated with respect to untreated cells.

The cell viability percentage was calculated with respect to untreated cells. * Represent the
significant difference at p<0.05. GNPs treated on Y79 RB cells at varying dosages for 6h, 12h, and
24h showed the decrease in cell viability, which depends on concentration and time of treatment. #
indicates the statistical significant difference with respect to the controls at S0uM at 24h. Barr
indicates the mean of 3 values and error bars represent the + standard error of the mean of 1-3
independent experiments.

4.5.1 Characterization of Curcuma L. reduced GNPs

The optimized parameters for GNPs synthesis by Vitis viniferea the similar
synthesis condition was used for the synthesis of curcumin GNPs. The boiling (100 °C)
temperature is essential for complete dissolution of curcumin and it has been reported that
curcumin can be dissolved at high temperature in the water solvent and can function as
reducing and capping agent. The predominant tautomeric forms of curcumin, is phenolic

and enolic-OH which donate hydrogen and reduces the Au®" ions [297]. Unlike, Vitis
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vinifera, curcumin is not soluble at lower temperature and reduction of Au salt required
higher temperature for Au salt reduction. As discussed in the preceding section the
optimum size of GNPs for targeted therapy and as a self-therapeutics should be in the range
of 15-20 nm therefore, the representative GNPs (Cur-GNPs) size range is further

characterized.

4.5.1.1 Uv-Visible spectroscopy, DLS, TEM, and XRD
The Cur-GNPs characterized by Uv-Visible, DLS, TEM and XRD (Figure 4.11 A

&D). The SPR band at ~530nm is observed predominantly indicates the spherical shape of
the particles [266]. The number distribution shows that the sizes of GNP’s are in the range
of 15 to 30 nm in diameter, however majority of particles are of a size 21nm (Figure 4.11
a &b). The zeta potential of GNP was -40.5 mV, which indicates that GNPs are stable in
the aqueous solution. TEM micrographs (Figure 4.11 c) also showed GNPs ~20 nm. The
predominant shape of particles as indicates spherical shape, another shape of particles also
noticed, this indicates that the synthesis is less controllable in case of Cur-GNPs, which
gives different morphology.

X-ray powder diffraction studies of Cur-GNPs confirm the plane at 38.2°C in of
Cur-GNPs are shown in Figure 4.11 d. In XRD spectra of Cur-GNPs complex, the
characteristic X-ray diffraction of the Au shown at 111 (38.2°C) which reveal the presence
Au in the Cur-GNPs. A similar plane has been observed for the Vitis vinifera reduced
particles also. The diffraction spectra of Cur-GNPs demonstrated an amorphous behavior
nature of the GNPs which could be due to capping of the curcumin on the GNPs. The plane

confirmed that particles nucleate and grow, and most of them are face- centered cubic (fcc).
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The plane surfaces in the nano scale range is lowest-energy facets which also confirmed

the crystalline nature of particle [298, 299].
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Figure 4.11 Characterization of Cur- GNPs Representative images and graph for Cur- GNPs (a)

DLS represents the no distribution (b) UV, visible graph indicate the characteristics SPR band (c)

TEM micrograph of the GNPs shows the shape of the particles. (d) XRD spectra which shows a

predominant peak at 38.5° [300]
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4.5.1.2 Fourier Transform Infrared spectroscopy (FTIR)

The FTIR spectra of curcumin, Cur-GNP, are shown in Figure 4.12. Characteristic
peaks of curcumin and change in the spectral pattern in Cur-GNP also proves the
coating/capping of curcumin on GNP. From the visible differences in FTIR spectra, it was
concluded that the reduction of Au, capping and stabilization GNPs and conjugation of
curcumin on GNPs occur successfully.

The broad peak at ~3456 and ~ 3427 cm’! has been shown in the Cur-GNP-and
curcumin respectively, corresponded to H-bonded alcohols/phenols present in the
curcumin. The narrow band 2923 and 2933 cm™! is assigned to the signal (C-H stretch of
alkanes) in the Cur-GNPs and curcumin, respectively (Figure 4.12). The narrowly spaced
peak at 1645 and 1635cm™ can be assigned for the symmetric and an unsymmetrical
stretch of the strong diketones group present in the curcumin and also assigned the Enol
form of the curcumin [301]. The stabilized cur-GNPs shows the 10 cm™ (1645c¢cm™) shift
in the C=0O peak of a cur in (1635 cm™) could be an SPR effect of GNPs. It is predicted
that C=0 of an enolic group of curcumin help in capping and reduction of Au salt. Cur-
GNPs formation is supported by the density function theory . The other important peak at
1509 cm™ C=C aromatic ring of the Curcumin after the stabilization with the GNPs the

shift in the peak which appears at 1441 cm™ in the case Cur-GNPs [302].

4.5.1.3 Stability analysis in different biological relevant solvents

The in vitro stability is an important parameter, which has been studied using
various biological relevant solvents of different pH. The curcumin GNP which shows
stability in a range of solvent namely NaCl, Cysteine, Histidine, borate, DTT, RPMI, and

DMEM. It has been noticed from the stability graph that of Cur-GNPs (Figure 4.12 b) SPR
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bands are unaltered and characteristic peak of GNP remains unaltered in aqueous solution
after 24h of incubation at room temperature except culture medium. The cell culture
medium which contains the 10% serum protein from a red shift was observed ~530 to ~555
nm (Figure 4.13) (indicates by the arrow). The serum protein binding with GNPs, which

could increase the absorbance and also shows the Red shift in SPR band.
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Figure 4.12 a) FTIR spectra of as-prepared GNPs and curcumin stabilized nanoparticles. The
spectrum was recorded from 450-4000 cm-1 from the GNPs in the transmittance. (b) Stability of
curcumin GNPs in various solvent and culture medium. The arrow indicates the SPR shift.
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4.5.1.4 Raman Spectroscopy of Cur-GNPs
The Raman shift has been observed at 1417, 1570, 1381, 1321, 1172 and 1464 cm™

!, which are notated to the vibration band of the curcumin coated on the surface of GNPs
(Figure 4.13) [303, 304]. The major advantage of Raman over the FTIR includes, fewer
water molecules interfere and large Raman scattering cross section [305]. 1570 cm™ could
be assigned to the benzene ring, and 1172 cm™ were signified to C-O—-C and C-O-H
vibrations of the curcumin. The most intense bands appearing at 1417 cm™' could assign
for the , (C=C) of an aromatic moiety. Whereas, 1381 and 1321cm-' represents the bending
of the phenolic group presents in the curcumin. The decrease intensity of Raman shift
except 1417 cm! indicates that the C=O carbonyl band and C-OH hydroxyl group

participates in the binding with the metal in the Cur-GNPs complex [306].
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Figure 4.13Represent the Raman spectra of Cur- GNPs. The spectra indicate the SERs effect.
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4.5.1.5 Cell viability (MTT Assay)

The cell viability of cell treated with curcumin GNPs was calculated with respect
to control (Figure 4.14). The cell viability in Y79 and WERI, RB after 6 h of treatment
was 73% and 48% respectively, at 150 um of GNPs. Whereas, at the same concentration
(150 pm) after 24 of treatment cell viability was decreased significantly (P<0.05%) with
maximum cell viability was 16% and 17% in Y79 and WERI, respectively. The maximum
cell viability noticed at 50 um was 21% (P<0.05) proves that Cur-GNPs has an anti-
proliferative effect on RB cells. MCF-7 and MIOM-M1, the adherent cell lines show the
difference in the cell viability compared to the RB, the suspension cell line. In both cases,
there is no significant (P<0.05) cytotoxicity observed for 6hr treatment. The cell viability
was observed more than 90% with 150 pm of GNPs concentration. Whereas, the cell
viability was 33% and 60% (P<0.05) in MIO-M1 and MCF-7 respectively, after 24h of
treatment. The result infers that cell viability reduced significantly with respect to control
at a 24h treatment time for all the cells treated with Cur-GNP. This data clearly indicates
the Cur-GNPs shows anti-proliferative effect, which is desirable for cancer cells. However,
it could also be noted that there was significant reduction in viability of MIO-M1 cells,
especially for 24 hour treatment that is a non-cancerous human neuronal cell. The cell
viability data confirm that Cur-GNPs are anti-proliferative in nature and more effective as
an anticancer self-therapeutic particles compared to MCF breast cancer cell line with same

concentration.

4.6.1 Sodium citrate reduced GNPs

Citrate reduced particles were synthesized by Turevich’s method using sodium

citrate as a reducing the NaAuCl4 [307]. The citrate reduces GNPs were used as a control
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material for the comparison of the biological synthesized GNPs for the in vivo experiment.
The sodium citrate reduced particles are comparable in size and shape with the sodium

citrate reduced GNPs procured from the British Biocell International (BBI).
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Figure 4.14 Cell viability using MTT assay after treatment with of GNPs in different cell lines at
various concentrations (a) MIO-M1, (b) MCF, (c¢) & (d) WERI and Y79

The cell viability (% of treated cells with respect to untreated cells) of different cell lines treated at
various time periods. Muller Glial, non-cancerous, Breast Cancer (adherent cell lines). RB,
(suspension cell line). * Represent the statistical significant at p<0.05.
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4.4 Discussion

The data obtained in the current experimental condition are discussed further with
an emphasis on the synthesis procedure, parameters which affect the size of particles and
the cytotoxicity effect of GNPs using different cancer and non-cancer cell line. The
different sizes of GNPs were synthesized by changing the temperature, concentration of
NaAucl4 and reducing agent (Table 4.1). GNPs with a diameter of ~20nm (Figure 4.2 D)
size were synthesized at 80°C. Increasing the time of reduction resulted in particles of
bigger size (~60nm). The ~93nm GNPs were synthesized at 45°C with higher Au salt
concentration. The different sizes of GNPs are dependent on two independent processes of
growth and nucleation of the Au atoms during particles synthesis [308, 309].

The bigger size of nanoparticles can form due to increase in time of growth and
nucleation processes during synthesis. At higher temperatures and less Au salt, the atoms
vibrate strongly at their lattice positions and exchange energy with neighboring atoms
[310]. The lower temperatures resulted in the reduction in the diffusion and the higher
strain energy that lead to the formation of bigger sized particles The GNPs of different
sizes were reported previously with varying the annealing temperatures on the seeded ZnO
sacrificial template and polymethyl silsesquioxanes [311]. The zeta potential of the
particles is -32mV and the bigger GNPs had reduced zeta potential of -22mV, indicating a
lower stability of the particles compared to ~20 nm (TEM size) GNPs. Similarly, the result
observed in current data the zeta potential of the 14+1 nm (DLS size) particles is -32mV.
The bigger GNPs had reduced zeta potential of -22 mV, indicating a lower stability of the
bigger particles compared to the 14+2 nm GNPs (Table 4.1). However, the negative zeta

potential for all the GNPs indicates the relative stability in biological relevant solvents.

131



Apart from the temperature, pH is a vital parameter which controls the growth and
nucleation at the time of the reduction of Au salt and synthesis of nanoparticles. It has
reported that low pH facilitates the reaction kinetics of gold ions which increases the size
of the GNPs and this effect is responsible for the ellipticity and different size of GNPs form
during the growth and nucleation process .

The metal intrinsic toxicity is the major concern in the field of nanomaterial for
biomedical applications. The potential adverse effects of nanomaterial in biological
application could reduce to a greater extent with the use of the GNPs synthesized from the
natural plant compounds such as polyphenolics and phytochemicals that are known to have
abundant antioxidant and anticancer properties [312, 313]. Curcumin as a reducing agent
helps in the delivery of Curcumin through GNPs as a capping agent and increases its
bioavailability. Hence, it can act as the most effective drug for cancer therapy with
sustained-release on the tumor site. In addition to this, coating of Curcumin on GNPs solve
the problem of solubility during the synthesis of GNPs at 100°C at this temperature the
Curcumin is completely dissolved [314]. The anti -carcinogenic, anti-oxidant properties of
Curcumin and Vitis Vinifera have been demonstrated in different types of cancer for
therapy [315].

A single step economic and eco-friendly method of bio-synthesizing SERs
substrate is successfully established using Vitis vinifera L. extract and same procedure used
to synthesize the GNPs with the curcuma L. The synthesis of Cur-GNPs indicates that the
method of the SERs active GNPs synthesis is reproducible with different reducing agent.
The synthesized GNPs were spherical in shape, coated with aromatic compounds

(proteins/peptides) from the Vitis vinifera L. and the phytochemicals from the Vitis vinifera
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L. extracts a reducing agent for synthesis and a Raman reporter molecule. The multivalent
glyconanoparticles have been employed in many areas including the identification of
biomarkers by glycan coated on GNPs which can bind with proteins present on the cell
surface [316, 317].

In this consideration, multifunctional gold nanoparticles (GNPs) synthesis and
functionalization is the quest for targeted cancer therapy. Over the decades therapeutics for
the cancer has been changed significantly towards nanotechnology to deliver biomolecules,
in particular carbohydrate and protein coated multifunctional metal nanoparticles is a new
venture for biomedical application. The toxicity of the metal nanoparticles is reduced by
surface coatings [318]. This coating might be responsible for the observed low toxicity in
the normal and breast cancer cell lines as it inhibits the direct interaction of the metal
nanoparticles to the cells and makes these particles more biocompatible than the uncoated
particles. The gum arabic coated GNPs were previously tested in animal models and found
to be non-toxic [319]. The method is rapid, simple and highly reproducible, studies
demonstrate a promising potential of a new class of GNPs as a self-therapeutics which can
be a candidate material for cancer theranostic. In the current method, phenolic compounds
and polysaccharides might have reduced the aurochloric acid into GNPs. The Vitis vinifera
reduced GNPs is more promising due to stability, uniformity shape, and monodispersity
index and reproducibility compared to the Curcumin GNPs therefore, the further work has
been carried out with the Vitis viniferea GNPs. Apart from this the role of Vitis vinifera as

a major component is studied in RB cancer for the anti-proliferative activity.
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4.5 Chapter Summary

The Vitis vinifera L. and Curcuma L. (curcumin) shows the kinetic potential to
reduce the Au salt.

The GNPs are SERSs activity, and the reducing agent can act as a Raman reporter
molecule

The method of GNPs synthesis can be used for synthesis of GNPs using different
reducing agents

GNPs act as a self-therapeutic as it shows the anti-proliferative activity in the
cancer cell

The bioavailability and aqueous solubility of the anticancer molecules can
overcomes with the current method of GNPs synthesis.

Vitis vinifera L. (V-GNPs) is crystalline in nature with better therapeutic

potential compared to Curcuma L.
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CHAPTER 5

5 Evaluation of radical scavenging property of antioxidant peptide functionalized

GNPs in Retinoblastoma in vitro

This chapter addresses a specific aim of the project to target the reactive oxygen
species in a cancer cell. The antioxidant property of the novel tri-conjugate (GNPs-Pep-A)
prepared by conjugation of thioctic acid, modified peptide-A with GNPs (Vitis vinifera)
discussed in Chapter 4. The delivery of thiotic acid modified antioxidant peptide using
GNPs as a carrier molecule to study the radical scavenging property of peptide in the RB

cancer cell.

5.1 Background

Cancer cell reported to show higher ROS compared to the normal cell due to the
stressed condition. Chemotherapy is the most common method in use for cancer treatment
and during the treatment many anti-neoplastic agents (anticancer agent) produce oxidative
stress, reactive oxygen species (ROS) in the cancer cell. ROS negatively interfered with
the cellular component such as DNA/RNA, proteins and lipids, which impaired the cellular
functionalities [320]. Some of the chemotherapy drugs such as doxorubicin, carboplatin,
“anthracyclines, most alkylating agents, platinum coordination complexes,
epipodophyllotoxins, camptothecins and etoposide” are known to generate ROS above
threshold and thereby leading to apoptosis [321, 322]. However, this method has many
disadvantages such as the evolution of more aggressive drug resistance, invasion and
metastasis of tumor cells. In addition to this, ROS generated during cancer therapy may
interfere with the anti-neoplastic activity and hence reduce the efficacy of the treatment

[323, 324]. Redox-active agents such as antioxidants can enhance the benefits of
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conventional anti-cancer therapy, without affecting the normal cells and would be an
effective strategy in the clinical management of RB and other cancers [325, 326].

5.1.1 Reactive oxygen species (ROS) and oxidative stress

The redox imbalance in a cell due to ROS can be correlated with the oncogenic
stimulation of the cancer cell (Figure 5.1). The ROS is oxygen-free radicals, which
generated during the natural metabolism are an important signaling molecules [327, 328].
ROS can induce DNA damages, which increase the genetic instability and this is the
ultimate cause of mutations and tumor genesis [329]. The DNA damage and ROS also
increase nitrous oxide N>O exposure. RB tumor aggressiveness can be correlated with the
presence of iNOS (inducible nitric oxide synthase) and (NT) nitrotyrosine in the RB [330,
331]. The most common form of the radical species is oxygen (O?), superoxide (O%),
hydroxyl (OH') and peroxyl (ROO") radicals Apart from the ROS, the reactive nitrogen,
sulphur, iron, copper and chlorine species are collectively called as ‘reactive species’.
Hypochlorous acid (HOCI), hydrogen peroxide (H>0O2), ozone (O3) and aldehyde (HCOR)
are non-radicals. Transition metals such as Fe**, Cu?" ions act on hydrogen peroxide to
release the reactive hydroxyl radical.

This reaction is called the Fenton reaction, as described in equation (1)

Fe™+ H20; » Fe"*+ OH' +OH (1)

5.1.2 Biomolecules, targets of reactive oxygen species

An increase in ROS generation causes oxidative injury to cell’s biomolecules mainly DNA,
proteins, and lipids, which increases more chances to enhance the disease. Protein
oxidation usually forms aldehydes, keto compounds, and carbonyls. 3-nitrotyrosine serves

as a marker for oxidative damage of protein. The hydrogen peroxide and superoxide
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radicals, mainly target the proteins and peptides predominately which contain the SH such
as cysteine and methionine amino acid. This interaction leads to the change in the
confirmation of the proteins and peptides which causes the structure changes or
degradation of the peptide/protein molecules. The most common lesion observed in the
DNA is the C-8 position to yield 8-hydroxydeoxyguanosine (8-OHdG) which causes
mutations in the genetic material, and it is the extensively studied DNA lesion [332].

Cancer cell showed more ROS compared to normal cell due to oxidative stress and it can be targeted

for the cancer therapy [333, 334].

Figure 5.1 Multiple roles of ROS in cancer. It can inhibit or stimulate the cancer cell different

ROS play role in endothelial progenitor
activation, signaling of VEGF and
angiopoietin, recruitment of perivascular

cells, releﬁse of VEGF

Induced DNA, protein and metabolites
| damage, gene/chromosome mutation,
genomic instability

Matrix metalloproteinase secretion,
invadopodia formation, plasticity in
cell motility

ROS are involvetyi in p53 activation,

loss of contact inhibition, and loss of
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cellular process such as “survival, proliferation, invasion, angiogenesis, and metastasis”.
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5.1.3 Antioxidant and targeted therapy

An antioxidant is a molecule that protects a cell against the electrophilic stress, and
oxidative damage by reducing the ROS increased scavenging of radicals, bind metal ions
and enhanced the antioxidant effect. Antioxidant molecules are widely studied for targeting
reactive oxygen species [335, 336] and their use may lead to suppression of tumor growth
[337]. Antioxidants have the property to counterbalance free radicals by electron exchange.
The physiological conditions of the oxidation state decide cellular redox reactions in which
an antioxidant can play dual roles as antioxidants, it donates the electron and a pro-oxidants
it accepts an electron both these forms favored and reduced the ROS burden in the cell
[338]. It has been reported that neuronal damage due to with L-Glutamate (Glu) -induced
cytotoxicity can be protected by active antioxidant therapy [339]. Phenolic antioxidants
(PA) play an important role in the reduction of inflammatory cytokines by inflammatory
stimuli [340]. PA of Vitis vinifera acts as a chemopreventive agent by preventing DNA
damage induced by mitomycin C. When an antioxidant neutralizes free radicals, it becomes
inactive, thereby protects the cells from ROS, which cause excessive oxidative damage to
the membrane lipids, protein and DNA [341]. Every cell develops either antioxidant
enzymes or non-enzymatic antioxidants based protective mechanism against the ROS
generated in the cell. The first line of defensive enzymes are “superoxide dismutase (SOD),
glutathione peroxidase (GPx), and catalase (CAT)” and other low-molecular
weight antioxidants are ascorbic acid (Vitamin C), a-tocopherol (Vitamin E), glutathione
(GSH), carotenoids and flavonoids are shown effective in antioxidant function.
Paradoxically, superoxide active sites of dismutase (SOD) and catalase contain metal ions
to combat ROS generated by metal ions. Cancer cells, in general, have 10-100 times less

catalase than normal cells, requiring them to use externally administered antioxidants such
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as vitamin C for repair [337, 342]. Antioxidant treatment can increase hydrogen peroxide
levels, and induce cancer cells to undergo apoptosis [343, 344].

In contrast, cancer cells can adapt to increased ROS levels, which promotes cell
survival and drug resistance [343, 345, 346]. ROS can alter the genes, which has an
important role in proliferation and signal transduction pathways [347-350]. Antioxidant
molecules have been extensively studied as biomarkers, targeting agents, and as diagnostic
tools in diseases like atherosclerosis, diabetes, and cancer [351-354]. The biological
significance of antioxidant peptide is understood by ROS scavenging activity. Peptides are
emerging as versatile materials that can be modified to perform specific tasks by
functionalization on nanomaterial [355, 356]. Peptides have therapeutic potential due to
their small size, biocompatibility and a stability in a wide range of pH in the different
solvent in vitro and in vivo .The therapeutic application of peptide/protein molecules in its
native form is difficult limited due to the instability of these molecules in the in vivo system.
Therefore, the functionalized nanomaterials are attracting more attention, as it can provide
stability to the biomolecules. The metal nanomaterials are a choice for the delivery of such
molecules, but the toxicity is a major concern. Hence, nanomaterial synthesized based on
natural materials such as those obtained from plants, and its derivatives can be explored
for biomedical applications as an alternative.

Understanding and controlling bio-Physio-chemical properties of nanoparticles are
biological system is a big task. Therefore, it is imperative to develop a suitable
biocompatible material for specificity [357] using natural plant products like
polysaccharides, phenolics and phytochemicals for the synthesis of nanoparticle [358].

GNPs synthesized using natural polyphenols could reduce the effect of toxic chemicals and
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increase the potency of functionalization biomolecules [359-361]. Recently, we have
reported the synthesis of GNPs from Vitis vinifera L. extract, and showed the dose and time
dependent biocompatibility of GNPs with non-cancerous Miiller glial (MIO-M1) and
breast cancer (MDA-MB-453) cell lines [94]. The inhibitory effect of Resveratrol, a major
component of Vitis vinifera L. on Y79 (RB) cell proliferation was observed by Sareen D et
al. [362]. In this study, an effort has made to synthesize a novel nano-bio conjugate using
short peptide (PHCKRM) and GNPs to develop a nanocarrier mediated delivery of peptide.

The in vitro functional study was performed using Y79 (RB cancer) cells as a tumor model.

5.2 Materials and Methods

The methodology used for the experiment performed in this chapter has been
explained and discussed in detail in Chapter 3. A brief outline of the experiment performed

is mentioned in the Figure.5.2

In Silico peptide -A structure prediction

’ Functionalization of GNPs Peptide functional study
’ Characterization and In vitro study In vitro cytotoxicity, ROS &SOD enzyme activity
’ UV-Visible, FTIR DLS, Stability, MALDI I In vitro FACS and microscopy study

qRT-PCR mRNA expression study
(SOD,GPX & CAT)

Figure 5.2 Schematic presentation of experiment performed in the chapter
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5.3 Results
5.3.1 Structure prediction of the (PHCKRM- Peptide) Modelling and Dynamics

Fasta sequence of the peptide sequence was taken as an input, and a sequence based
search against PDB database was carried out using protein BLAST (BLAST-P) search.
BLAST-P search was performed using a very low e-value threshold=0. 001 and a threshold
of expect (e) -value = 0.001, in order to extract only homologous sequences. From the
BLAST-P results, it was observed that the given peptide showed very high sequence
identity (83%), and 100% query coverage to the C - terminal Domain of transcription factor
IIB from Trpayanosoma Bruce (PDB ID: 3H4C).Three-dimensional structure of given
peptide was modeled using Modeller 9.12 taking 3H4C as template.

DOPE (Discrete optimal potential energy) score was used to select the best model
from the generated 1000 structures. Further, the stability of the peptide structure was
assessed by performing molecular dynamics (MD) simulations. Conventional molecular
dynamics simulations were carried out using GROMACS-4.5 suit package [363] using the
AMBER force field. The system was prepared by solvating the homology modeled
structure of peptide in a cubic box of SPCE water molecules. The additional charge on the
system was neutralized by adding counter ions (2 Cl ions). The neutralized system was
then energy minimized using steepest descent and conjugate gradient methods. The
stability of the predicted structure was assessed by calculating c-alpha backbone RMSD
(Root mean square deviation), grms programme in gromacs was used to plot c-alpha
RMSD. Moreover, the potential energy of the structure at all frames were plotted using
g_energy programme of gromacs. The conformations with lowest potential energy were

averaged to obtain the final optimal conformation. C-alpha backbone RMSD trajectory
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analysis of the peptide in simulated conditions suggest the stability of the predicted
structure, as it showed least deviation (>1 Angstrom) throughout the simulation (Figure 5.3
a & b). These results confirm the stability of Pep-A through in silico approach. Further

studies were carried out in vitro to demonstrate its chemical and biological properties.
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Figure 5.3 a) Showing c-alpha RMSD of peptide structure formed during the course of 50ns
simulation, which suggests the stability of the predicted structure to be least deviation (>1
Angstrom) throughout the simulation. (b) Optimal confirmation as averaged from low po potential

energy structures from Molecular Dynamics Simulation.
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5.3.2 Cytotoxicity (MTT) Assay with Pep-A and Pep-B

Cell viability analysis results showed that the peptide was non-toxic to non-
neoplastic (MIO-M1) and cancer (Y79) cells up to 48h of treatment (Figure 5.4 a & c). The
Y79 RB cell viability ranged between 115-157% and 111-126% after 24 and 48h of
exposure with Pep-A, respectively, with respect to control (untreated cells) (Figure 5.4 a)
Whereas, Pep-B showed 89-107% and 93-114% of viability after 24h and 48h (Figure 5.4
b), respectively in Y79 cell line. These peptides were also tested on non-neoplastic MIOM1
cells, which showed an average of 105% of viable cells (Figure 5.4 c). This further confirms
that this peptide is not toxic to non-neoplastic MIOM1 cells as well as to the cancer cells.
The increased in the cell viability is due to the enhanced mitochondrial enzyme activity,
which is more than the control cell and this could be the reason of showing the cell viability

more than 100% in peptide treated condition.

200
180

140 *
120
8
6
Fil
2
60 100

Control 10 30
Concentration of Antioxidant peptide A (M)

a

2

Cell Viability (%)
[
o O O O 8

o

m24h m48h

143



140 -
b
120 -
g 100 -
£ 80 -
%
> 60 - m24h
S a0 m 48h
20 -
0. -
Control 10 30 60 100
Concentration of Antioxidant peptide B (uM)
130 -
120 - C
110 -
100 -
90 -
xX
E 80 -
3 70 -
% 60
© 50 -
40
30 4
20
10
0 50 100 50 100
Antioxidant peptide A Antioxidant peptide B
Concentration of Antioxidant peptides (uM)

Figure 5.4 Cell viability assay. Effects of Peptide A and B were analyzed at 24 and 48h in Y79 RB
cells (a) & (b), and MIO-M1 non-neoplastic cells (c), which were found to show no cytotoxicity in
vitro.

* indicates the statistical significant at P<(.05 relative to control (without peptide only cells).
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5.3.3 Evaluation of intracellular ROS reduction levels upon Pep-A and Pep-B

treatment

Proteins and peptides with sulphur containing amino acids and aromatic side chains
can protect lipids from oxidative damage [364, 365]. The antioxidant property of the
peptides (Pep-A and Pep-B) was determined by inhibition of intracellular ROS with and
without peptide treatment. Pep-A showed a dose-dependent inhibition of ROS levels from
4-40% relative to untreated control. In contrast, Pep-B showed inhibition in the range of
32-38%, and the inhibition level was inconsistent (Figure 5.5). Nutritionally, peptides are
normally more bioavailable than proteins and free amino acids, and this property enhances
their functional specificity [366-368]. Higher inhibition of ROS levels with Pep-A
treatment could signify the occurrence of sulfur containing amino acids (Met & Cys) that
are involved in the radical scavenging activity compared to Pep-B. Furthermore, a cysteine-
containing tri-peptide has been reported to exert peroxynitrite activity [369]. Thiol based
antioxidant systems are present in mammals to provide antioxidant functionality that is
necessary for disease prevention [345, 359]. Amino acids with aromatic or sulfur-
containing side chains are involved in ROS scavenging. For example, “His (imidazole
group), Trp (indolic group) and Tyr (phenolic group)” act as a hydrogen donator while
methionine and cysteine are hydrogen acceptors [368]. Change in the catalytic activity of

cancer cells using antioxidants is a potential approach to cancer therapeutics [245, 370].
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Figure 5.5 Evaluation of Antioxidant activity of Pep-A and Pep-B, Inhibition of ROS and levels by
antioxidant peptide. The antioxidant activity of Pep-A and Pep-B was evident from the decrease in
ROS levels in Y79 RB cells in peptide treatment. The figure shows the percentage decrease in ROS
levels relative to untreated control. Data point indicates £+ SEM and * indicates statistical

significance at P<0.05 relative to 10uM of peptide A
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5.3.4 Evaluation of SOD enzyme activity on Pep-A and Pep-B treatment

Superoxide dismutase (SOD) enzyme activity levels decrease with increasing
concentrations of an antioxidant peptide from 10-50 uM. At 100uM peptide concentration,
SOD activity increased by 1.79 folds for Pep-A, indicating that this is an optimum dose
required to exert the antioxidant function (Figure 5.6). Whereas, Pep-B showed
concentrations independent SOD enzyme activity in Y79 RB cells. Earlier reports showed
on free radical scavenging peptides derived from gelatin hydrolyzate, increased the first
line defense antioxidant enzymes suggesting that the peptides it is involved in the
maintenance of redox balance [371, 372]. Based on the above results Pep-A was selected
for conjugation with GNPs as Pep-A showed effective antioxidant properties compared to

Pep-B.

Effect of antioxidant Peptide on SOD activity
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Figure 5.6Antioxidant Pep-A and Pep-B treated Y79 RB cells.

The initial decrease in SOD activity, when treated at 10-50uM and as 100 uM the enzyme activity
increased. SOD activity was calculated as an inhibitory activity of xanthine oxidase and depicted
as increase /decrease relative to untreated control. The data indicates a mean of two or more
independent experiment Error bar is + SEM of duplicate values.
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5.3.5 Uptake of Pep-A, GNPs-Pep-A, and GNPs

The Peptide-A (Pep-A) uptake was measured by the FACS (fluorescence activated
cell sorter) in Y79, a RB cell line. The FACS analysis results for Pep-A showed a
concentration dependent uptake into the Y79 cells. The histogram statistic indicates that
there is a significant shift in the FITC positive population (Figure 5.7 a, X-axis) from M1
to M2. In the control samples (cells without Pep-A) shows M1 population 99.99 whereas
the M2 population is 0.01 whereas in the case of S0uM of Pep-A, M1 population 99.97
whereas the M2 population is 0.03. Similarly, 50uM of Pep-A shows M1 population 99.95
and the M2 population is 0.05. The shift of the population from M1 to M2 in the peptide is
an indication of the peptide internalization. In addition to the histogram statistic, overlay
graph (Figure 5.7 b) further confirms the concentration-dependent internalization of the
peptide into the Y79 RB (Figure 5.7 b). The increase in the number of counts (Y axis,
Figure 5.7 b), as well as the FITC positivity M2 population, compared to the control,
indicates that peptide is internalized by the Y79 cells[373]. It has been reported that the
uptake of the peptide is mainly by CPP (cell penetrating peptide) that follows the
endocytotic pathways, endocytosis, macropinocytosis and clathrin-mediated endocytosis.
The proteoglycan contributes mostly for internalization of the peptide by increasing the
concentration of the peptide at the membrane surface by enhancing recruitment of peptide
via electrostatic interactions and helps in the reorganization of the F-actin to facilitate the
internalization of the peptide [374, 375]. The amino acid composition also significantly
alters the internalization of the peptide [376]. Arginine is an important amino acid, which
enhances the internalization of the peptide, this could be due to the cationic nature of
arginine, which disrupts the membranes of macropinosomes and this may lead the peptides

into the cytosol. Alternatively, hydrophobic counter-anion molecules may help the
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translocation of arginine peptides into the cytosol. In the case of Pep-A (PHCKRM) the P
(Proline) and M (Methionine) amino acid are hydrophobic in nature which could help in

internalization of peptide in addition to the arginine (R) [377].
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Figure 5.7 FACS, the histogram showed the FITC positive population in untreated (a) and treated
(Peptide-A) Y79 RB cells. Cells treated with 50 and 100 uM of Pep-A showing maximum 99% of
the FITC positive population in M2. d: Overlay picture shows concentration dependent peptide
uptake of the peptide.
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5.3.5 GNPs-Pep-A (conjugate) characterization
5.3.5.1 UV-Visible Spectroscopy and DLS

UV-Visible was performed confirming the presence of the peptide on the GNPs
(Figure 5.8 a & b). The surface plasmon resonance (SPR) absorbance band peak of GNPs
shows a Red shift at 540nm after the addition of Pep-A (Figure 5.8 a). The arrow indicates
the SPR band of the GNPs. The similar red shift was observed in surface plasmon
absorbance peak observed after the binding of cysteine molecules to the GNPs. The red

shift in plasmon absorbance is attributed to the presence of peptides on GNPs [378, 379] .

The hydrodynamic size of the conjugate has changed since 49.6+0.4 to 91.7<1.17,
which is likely to because of the peptide on GNPs rather than from the aggregation of GNPs
(Table.5.1). The zeta potential of the GNPs-Pep-A (-26.5+0.2) is larger than that of GNPs
alone (-22.5+0.2) indicating a greater stability of these nanoparticles than the GNPs in
vitro. The absorbance, hydrodynamic size, its distribution and increase in zeta potential
indicate that the conjugate is very stable. The size of GNPs (%, number distribution) of
GNPs-Pep-A in the range of 25-60 nm whereas V-GNPs in the range 15-35 (Figure 5.9b
inset). The increase in hydrodynamic size (GNPs are 49.6 + 0.4 and the size increased to,
91.7 £ 1.7 in GNPs-Pep-A) and % number distribution is due to the presence of peptide
molecules capped on the surface of the GNPs (Table.5.1). The DLS measurements
(Figure.5.8b) indicate a mono-dispersion of GNPs-Pep-A in the solvent water [380]. A
similar study using bombesin peptide conjugated with GNPs is reported earlier. The

concentration of bombesin peptide increased the hydrodynamic size of the nanoparticles

150



% Number Distribution

(Au—-BBN-1 115, Au-BBN-2 137, Au—BBN-3 155, whereas the core size of particles was

ported as 16 £7 nm [381].
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Figure 5.8 The graph shows a shift in SPR for GNPs-Pep-A.

(a) GNPs-Pep-A stability of conjugate in different solvents. Black which is actually not visible, but
is merged with blue line and for GNPs-Pep-A in the different buffers did not alter the shift which
confirms the stability of the conjugate in vitro, (b) Size distribution of GNPs-Pep-A. (¢) Size of

GNPs.
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5.3.5.2 Stability analysis of the GNPs-Pep-A in various biological solvent
The stability of the GNPs-Pep-A was tested in different solvents using UV-Visible

spectroscopy and DLS measurements (Table 5.1). The absorption peak of GNPs-Pep-A at
540 nm remained unaltered in various solvents except histidine (Figure 5.9a) and zeta
potential has been altered all the solvent except NaCl. The Zeta potential of the GNPs and
GNP-Pep-A increased from -22.5+1.77-26.54+2.02, respectively (Table.5.1). The increased
zeta potential of the conjugates indicates that there is no aggregation occurring. However,
the sulfur containing amino acid cysteine and DTT also increased the zeta potential to -
36.96+1.17 and -35.443.95, respectively. This increase in absorbance with histidine
indicates its binding with GNPs-Pep-A hybrid could be due a positive charge on a histidine
imidazole functional group which changes its binding affinity with the metal nanoparticles
[382]. The zeta potential of GNPs-Pep-A-His is also higher (-32.0+0.25) than GNP-Pep-A
indicating a greater stability in this solvent (Table 5.1). Even the ionic strength salt such as
NaCl does not alter the zeta potential due to an electric double layer of the GNPs and
decreases the probability of the salt Na*ions to cause any aggregation to the hybrid [383,
384]. Thus, the GNPs-Pep-A is stable in various biologically relevant solutions, making
these agreeable for their potential applications.

Table 5.1 Effect of different solvents on stability of GNPs-Pep-A

Sample Zeta Potential (mV) | DLS Size (HD- Hydrodynamic)
Conjugate (GNPs- | -26.5+2.02 91.17+1.17

Peptide A)

DTT + Conjugate -35.4+3.95 92.36 + 0.30

NaCl + Conjugate -22.6+1.98 89.48+ 0.31

Cysteine + Conjugate -36.96+ 1.17 91.05+ 0.99

Histidine + Conjugate -32.0£0.25 95.96+ 0.88

GNPs -22.5+ 1.77 49.6+ 0.4
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5.3.5.3 FTIR and MALDI characterization

The Pep-A attachment to GNPs is either by covalent or electrostatic attraction. This is
evaluated by using FTIR vibrational spectroscopy as this method gives specific vibrational
patterns for the ligand bound to GNPs [385]. Spectroscopic analysis of GNPs-Pep-A by
FTIR (Figure 5.9) showed specific vibrational bands at 3446-2365 cm™', 2620 cm™ and
1641-663 cm™. The presence of 1641 and 1669 cm™ bands of Pep-A and GNPs-Pep-A
confirms the presence of the amide bonds. The peptide coating on the GNPs exhibited a
characteristic IR band at 3448 cm!, indicating the presence of O-H and COOH functional
group, whereas, 2920 and 2854 cm™' can be assigned to the symmetric and anti-symmetric
vibration bands for CH; and CH3; group and C=O stretch of an amide I. In a study, COO™
band assigned in 1600 and 1390 cm—'are asymmetric and symmetric whereas a band at a
broad range 3000-3500 cm—" range was assigned for NH3"of amino acids.

The FTIR spectral differences between Pep-A and GNPs-Pep-A (conjugate)
corroborate with the DLS and UV-visible data. Specifically, FTIR data show a shift in
wave number from 1641 for Pep-A to 1669 for the GNPs-Pep-A conjugate, this shift in
amide bond could be due to the SPR effect of GNPs on the amide bond for the conjugate.
The peak at 2129 cm™! in the spectra of the conjugate indicates Au-S bond formation after
Pep-A conjugation. The spectrum of Pep-A conjugated with GNPs is quite different from
that of GNPs alone (Discussed in Chapter 4) and Pep-A alone (Figure 5.9). The GNPs-
Pep-A nanoparticles showed a significant peak shift from 1641 to 1669 cm™ when
compared to Pep-A alone indicating an effect of metal surface on selective surface—induced
functional group shift. A similar changes in vibrational modes in the presence of metallic
nanoparticles are observed before [386]. The shift in the vibration peak intensities may

indicate covalent binding of Pep-A to the GNPs to form GNPs-Pep-A nanoparticles [380].
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The peak at 2129 and 2365 cm™! in the spectra of the Pep-A indicates a S-H bond in the
peptide molecule whereas the disappearance of these peaks in GNPs-Pep-A may suggest
the absence of S-H bonds and the presence of the Au-S bond.

The GNPs-Pep-A was characterized by the mass spectroscopy to detect the
additional mass of the peptide from GNPs-Pep-A nanoparticles compared to GNPs alone
(Figure 5. 10 a & b). The Au metal is confirmed by the presence of spectral peak masses
in 1379.74, 1576.77 and 1772.98 which indicate Au;, Aug and Aug gold clusters,
respectively [239, 240]. The presence of peptide mass (959.47) apart from the gold clusters

indicates the presence of the Pep-A in GNPs-Pep-A nanoparticles.
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Figure 5.9 The FTIR spectral of the VGNPs-Pep-A and Pep-A conjugate formation. Disappearance
0f 2365 cm-1 and SPR shift of 1669 cm-1 to 1641 cm-1 along with the spectral difference indicates
the formation of the bond between GNPs-Pep-A.
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Figure 5.10 MALDI spectra of the GNPs (A) GNPs-Pep-A (Inset-Pep-A). The Au7-9 cluster
confirmed the presence of gold atoms and highlighted peak confirms the presence of the peptide
on GNPs (B). The molecular weight of Pep-A is 959.80 (Inset).
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5.3.6 Internalization and morphological study

The internalization of the nanoparticles is further visualized by the presence of red
fluorescent signal from the cells treated with the R6G dye doped GNPs and GNP-Pep-A1l
nanoparticles (Figure 5.11). The R6G doped GNPs had been successfully used as a
fluorescence sensor to detect heavy metals [387]. In our current results, the GNPs
(Figure.5.11¢c & d) and GNPs-Pep-Al (Figure 5.11) shows the red fluorescence of the R6G
dye on V-GNPs. However, when FITC conjugated peptide was attached to the GNPs, green
fluorescence of the dye was not observed (Figure 5.11). The fluorescence quenching could
be the reason of disappearance of FITC signal, which is due to the proximity of the metal
atoms in GNPs. [388]. The optical microscopic images of Y79 (RB) cells treated with the
peptide, GNPs and GNPs-Pep-Al (Figure 5.11) show the morphological changes
compared to the untreated cells. The cells treated with the peptide alone (Figure 5.11) have
a similar cell surface morphology as the control untreated cells (Figure 5.11) whereas the
cell morphology treated with GNPs and GNPs-Pep-A1 showed significant differences. The
cell fragments were observed, indicating apoptotic bodies formed during the process of
membrane blebbing (Figure 5.11¢ & f). The cell membrane blebbing, clustering of cells,
shrinkage, change in size and condensation of the cytoplasm is in accordance with
apoptotic or necrotic cell death, are most commonly observed microscopic features. [7,
389, 390]. The better performance of the GNPs and GNP-Pep-A compared to the peptide

alone in cell death the cells indicate the potential application of the nanoparticles for cancer.
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DAPI DAPI+FITC  DAPI+R6g DAPI+R69
Figure 5.11 Micrographs showing internalization of FITC labeled peptide Pep-A after 3h of

treatment in Y79 RB cells. First panel: Control, second panel: Pep-A, third panel: GNPs, fourth
panel: GNPs-Pep-A. Magnification 10 x Magnification: 10X (Scale bar: 10um)

5.3.7 ROS scavenging and SOD enzyme activity of GNPs and GNPs-Pep-A
GNPs-Pep-A1l (100uM of Pep-A) and GNPs-Pep-A2 (250uM of Pep-A), have used
for ROS measured in Y79 a RB cell. In the case of GNPs-Pep-A1 ROS levels decreased
significantly (75% at P<0.05) compared to GNPs alone (9%) (Figure 5.12a). The peptide
concentration on the GNPs was increased to 250 pM (GNPs-Pep-A2) to study the
concentration-dependent effect on ROS inhibition. There was a 66% decrease in ROS
production at this concentration. Very high dosages of antioxidant Pep-A may prevent them
from exerting their antioxidant action, and it may also alter the biological redox state.

Combination therapy with multi-scavengers and sustained release formulations are

157



suggested for antioxidant therapy [336]. Therefore, 100 uM of Pep-A could be the
optimum dosage, which showed (Figure 5.5) about 30-40% decrease in the ROS
production. The GNPs-Pep-A1 nanoparticles were more efficient at scavenging ROS than
their individual component GNPs and Pep-A (Figure.5.12a) indicating a synergistic
antioxidant effect due to the combination of the two metals and organic phases in the
conjugate. After confirming the effectiveness of ROS inhibition with the GNPs-Pep-Al
and GNPs-Pep-A2 for the SOD enzyme activity for GNPs-Pep-A1l was selected which
shows 81% SOD enzyme is reduced compared to 61% for the untreated control, implying
that the innate antioxidant defense function of the SOD enzyme is reduced by GNPs-Pep-
Al. The 20% reduction in the SOD activity in GNPs-Pep-A1 could be the synergistic effect
since GNPs alone showed 70% reduction in SOD activity compared to the control (Figure
5.12b). The SOD enzyme activity inhibition in both; GNPs and GNPs-Pep-Al could be
attributed to the presence of polyphenols on the GNPs and Pep-A in conjugate (GNPs-Pep-
A) [391].

The presence of alternating aromatic and cationic amino acids also provides
effective antioxidant properties and efficient membrane penetration .The supramolecule
system utilizes monolayer protected gold nanoparticles (GNPs) and the antioxidants
improves its functionality, which is consistent with the assertion that the organic molecules
in organized assemblies have a reactivity enhanced than the monolayer as an individual
layer. Thus, the constituent amino acids in a peptide determine its effectiveness [369, 393].
Au@Trolox, an organic drug, organic, inorganic nano composite is 8 fold more reactive
than the with the Trolox monomer, indicating that the cooperative effect of supra-molecular

assemblies to increase the free radical scavenging. Trolox is water-soluble analog of
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vitamin E and functions as an antioxidant, supporting the current findings that not only the
peptides but other antioxidant molecules perform better in organic-inorganic hybrid form.
Reactive oxygen species (ROS) are formed as a by-product of normal cellular metabolism
as well as physical stress to the cell. ROS damage DNA, oxidizes amino acids and lipids,
and inactivate essential enzymes. Cells scavenge these species with the help of first line
defense enzymes: GPX, CAT, and SOD. Resveratrol is known for its antioxidant function
and the peptide under the current study (PHCYAM) is an antioxidant peptide [394]. The
antioxidant effect of total polyphenolic content (TPC) of Vitis vinifera, shows antioxidant
effect in (HepG2) and cervical (HeLa) cancer cell against oxidative DNA damage caused
by the ROS. It has been shown that polyphenolic also inhibited OH- and ROO-induced

DNA damage in the cancer cell [395].

Cancer cell shows intrinsic oxidative stress, which hindered the action of the anti-
neoplastic, hemotherapeuticals agent and inactivate caspases . Similarly, polyunsaturated
fatty acids, which are in use along with chemotherapy can cause oxidative stress [396, 397].
Antioxidant can help in reduction of oxidative stress by enhancing the apoptosis in the
cancer cell and oxidative stress, which may further help in enhancement of cancer therapy
[398, 399]. Similarly, polyunsaturated fatty acids which are in use along with
chemotherapy can cause oxidative stress which can reduce by antioxidants to
prevent polyunsaturated fatty acid-induced oxidative stress may further enhance
the impact of cancer therapy [401, 402].This finding confirmed that antioxidant therapy
might be advantageous. Trolox, with arsenic trioxide has shown to induce the ROS
mediated cell death of some types of cancer, such as leukemia, myeloma, and breast

carcinoma, etc. In addition to this, vitamins are known for its antioxidant activity, one such
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example is vitamin C enter via glucose pumps which highly expressed in cancer cells and
enhanced the cancer cell apoptosis [272]. Similarly, Menadione and Thioredoxin,, a
synthetic derivative of vitamin K which induces cytotoxicity in cancer cell induced by the
ROS [400]. The action of thioredoxin can enhance the cytotoxicity effect of daunomycin
in human breast carcinoma MCF-7 cells. The current findings indicate that antioxidant
molecules can be used to target cancer cell. Apart from targeting ROS, an antioxidant
enzyme up regulation also used for antioxidant molecules based cancer therapy [401-404]..
The SOD enzyme which is known for the oxidative stress modulator which target the
superoxide [401]. The up regulation of the SOD in GNPs-Pep-A condition confirms that
the antioxidant function of the peptide which is due to enhancing the antioxidant function
of peptide tagged GNPs. On the other hand, the down regulation of SOD in case of GNPs
treated cells confirmed that nanoparticles can induce the oxidative stress, which has

confirmed in vitro using different types of inorganic nanoparticles [402-404].

5.3.8 Quantitative mRNA expression study
Quantitative real-time PCR analysis of GPX, CAT and SOD in the Y79 cells treated

with GNP and GNPs-Pep-A1l, showed 2 fold down-regulation of SOD and GPX and 2.7
fold down-regulation of CAT enzymes (Fig.5.12c) GNPs-Pep-A1l showed 2.1 fold up
regulation of CAT and SOD and 2.5 fold up regulation of GPX enzyme gene expression.
The current results indicate that polyphenols from grapes are synergistically acting with
Pep-A. It has been reported that Resveratrol, a key component of Vitis vinifera controls
apoptosis and regulate antioxidant enzymes in cancer cells, and this could increase

apoptosis in Y79 cells [372]. Cells scavenge ROS species with the help of first line defense
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enzymes. The results indicate that polyphenols from Vitis vinifera are synergistically acting

with Pep-A to decrease the oxidative stress in the Y79, RB cells in vitro.
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Figure 5.12 GNPs-Pep-A1 ROS, and SOD effect.

ROS decreased the ROS levels in Y79 RB cells adequately compared to GNPs alone and peptide
alone (Figure 2a). The final concentration 50 uM of GNPs (Moles of gold) was used for functional
study. GNPs-PepA| and GNPs-PepA., contain the final concentration of Pep-A is 100 and 250 uM,
respectively. Each column indicates mean percentage inhibition of ROS levels from triplicate
values relative to untreated cells. Error bars: SEM of triplicate values. (b) GNPs-Pep-A1l increased
the SOD enzyme activity by 1.3 fold compared to 1.1 fold increase by GNPs alone. Each column
indicates SOD activity (inhibition rate %) from triplicate values. Error bars indicate SEM from
triplicate values. * Represent the statistical significant compared to control at P<0.05; # represent
the significant difference relative to GNPs at P<0.05.
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Figure 5.13 C) Y79 RB cells treated with GNPs and GNPs-Pep-A were analyzed for mRNA
expression of first line defense antioxidant enzymes.

GNPs and GNPs-Pep-A down-regulated and up-regulated the SOD, GPX and CAT enzyme gene
expression levels respectively. Each column indicates mean £SEM of duplicate values.

5.4 Discussion

The results obtained in the current study is discussed to understand the organic-
inorganic bio conjugates functional properties, with a particular focus on ROS scavenging
property of Pep-A and GNPs-Pep-A. Nanomaterials are in use for a wide range of
application, which includes biosensor, drug delivery, imaging and therapy [405, 406]. The
bio-functionalization of nanoparticles requires particular modification which confers them
with specific functionality. The proteins or peptides are of specific interest as because it
helps in internalization of the gold nanoparticles. The multi-functional nanoparticles have
an added advantage due to its unique coating and reduction of the metal ion exposure to

cells directly.
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It has been reported that the organic-inorganic hybrid material retains its original
property along with the improved properties such as stability, thermal behavior, aqueous
solubility and additional novel properties are introduced in conjugated material which
shows the synergistic effect of the hybrid materials [407]. The assembly and degree of
organization between targeted moiety and nanomaterial not form hybrid material and
improve the functional property of material in terms of structure, function, dimension and
availability of the materials at the interface. Therefore, it is imperative to develop suitable
biocompatible nano-materials for specific applications [357, 408, 409]. The gold
nanoparticle has many therapeutic applications due to its unique biocompatibility property,
which increases its application as a delivery and next generation imaging agent.
Nanotechnology can open novel avenues by target specific delivery of these antioxidants
to the cancer cell through nano carrier to target ROS in a cancer cell. Small antioxidant
peptide (Peptide-A) which contain alternative aromatic or sulfur-containing amino acid
side chains are hypothesized to enhance the radical scavenging property of Pep-A and can
regulate oxidative stress (Figure 5.5) [185]. However, the stability of peptides in the body
fluids is of great concern, therefore, nanoparticles for delivery of peptide improve the
delivery and target therapy. The conjugation of biomolecule on the inorganic nano
materials generates hybrid material with very specific interaction with the targeted group
by ligand exchange, electrostatic adsorption and non-covalent interactions [40]. Here we
have used a tri conjugate approach to increasing the stability and therapeutic efficacy to
target ROS in the cancer cell. Tri-conjugate prepared by conjugation of GNPs with thioctic
(TA) acid, modified Pep-A and GNPs used in the conjugation was synthesized by Vitis

vinifera, known for antioxidant and anticancer property [410] The bio-inspired GNPs
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synthesized using natural polyphenols could reduce the effect of toxic chemicals, inherent
metal toxicity and increase the potency of functionalized molecules through change in the
reactivity due to co-existence of different phases in a conjugate [361, 411, 412].

The improved functional activity of the novel hybrid nanomaterial is assessed by
studying cancer cell death by controlling the oxidative stress in RB cancer cells in vitro.
Thiol based antioxidant systems are present in mammals to provide antioxidant
functionality that is necessary for disease prevention [359]. The change in the catalytic
activity of cancer cells using antioxidant peptide is an efficient approach for cancer
therapeutics [370]. The GNPs synthesized from polyphenols are self-therapeutics as it
would function as an antioxidant and anticancer agent due to coating of these compounds
on the GNPs [413, 414] The organic-inorganic combination in hybrid not only provides
the stability to the conjugated peptides but can introduce the new functionalities and
stability to the biomolecule [131, 415].The final material could gain the large synergistic
effect due to their coexistence of the two phases and their interaction though the size and
chemical reactivity of individual can be altered [416]. Moreover, resveratrol an essential
compound in Vitis vinifera L. present on the GNPs as a coating, has been reported as an
anticancer molecules that lead to the apoptotic cell death of retinoblastoma cells [362].

Earlier the functionalized GNPs have been reported as anti-cancer and antioxidant
bio-functionalized nanomaterial [417, 418]. Modification of the GNPs with smaller
molecules such as peptides and proteins determines its interaction and stability in
biological system. The current findings give an insight that Vitis vinifera coated and
reduced GNPs can be a candidate material for the antioxidant peptide delivery. Our

findings confirm the stability of Pep-A by in silico studies, and its antioxidant activity in
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the biological system. The dose-dependent increase in ROS inhibition and modulation of
SOD enzyme activity was observed after treatment with GNPs-Pep-A treatment, which
greatly enhanced the Pep-A antioxidant efficiency. Thus, antioxidant peptides conjugated
with GNPs may be a candidate biocompatible hybrid nanocomposite for therapeutic
application. With research evidence of oxidative stress and its contribution to RB
pathogenesis, we evaluated the effectiveness of this novel GNPs-Pep-A using
retinoblastoma as a tumor model. There is promising scope for further research on
evaluating antioxidants in cancer therapy in combination with self-therapeutics or GNPs

and chemotherapeutic agents.

5.5 Chapter Summary
e Antioxidant peptide (A & B) up to 100uM found nontoxic to the RB (Y79) and

non-cancer cell (MIO-M1) cells.

e The inhibition of ROS is more effective in GNPs-Pep A conjugate compared to
GNPs and peptide-A, alone. The gene expression results confirm that the first line
defense genes are altered in the GNPs-Pep A treated condition.

e SOD activity and ROS levels were altered after treatment with the GNP-Pep. The
GNPs-Pep A, regulate the expression of antioxidant gene SOD, CAT, GPX. The
increase the antioxidant activity of GNPs-Pep-A leads to Y79 RB, cancer cell death

by ROS scavenging activity
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CHAPTER 6

6 In vitro and in vivo preclinical study for tumor growth inhibition by anti-HDM2

peptide functionalized GNPs

This chapter discusses the therapeutic application of GNPs-HDM?2 conjugate using
the RB model system. The study carried out to understand the therapeutic efficacy of the
newly synthesized GNPs-HDM2 conjugate using in vitro and in vivo system using

Retinoblastoma cell line and xenograft study in nude mice model.

6.1 Background

Nanocarriers based approach to targeted therapy has emerged as an attractive
strategy for the cancer therapy [419, 420]. Nanomaterial functionalized with target specific
biomolecules like peptide, proteins help in the delivering and homing of molecules at
tumor sites can serve [169]. Gold nanoparticles (GNPs) are the most suitable therapeutic
molecule nano carrier due biocompatibility and colloidal stability, physical and chemical
properties that could utilize to carry the biomolecules [44, 421]. Functionalized GNPs has
many applications in therapy. Henceforth, a novel GNPs-HDM2 conjugate is synthesized
to target the HDM2 (Human Double Minute 2) oncogene, a potential therapeutic inhibitor
of the HDM2. It is a proto-oncoprotein which is over-expressed in many cancers, including
Retinoblastoma (RB) and are used as a clinical target. HDM2 bind with tumor suppressor
protein p53, which has a vital function to prevent the proliferation of damaged/abnormal
cells to induce malignancy in normal cells. The feedback inhibition of HDM2 and p53
maintain the cellular homeostasis of p53 and HDM?2 in the normal cell. E3 ubiquitin ligase
activity of HDM2 degrade the p53, whereas HDM2 is transcriptionally activated by p53.

Hence, in normal cell HDM2 and p53 form a feedback loop, which control expression of

166



HDM2 of p53 in a healthy cell. HDM2 is amplified in certain tumors and results in
inactivation of p53, which contribute to the malignant growth of the cell [422, 423].
Because of the crucial role of the HDM2 and its interaction with p53 in human cancer, it
is imperative to identify the target molecules which inhibit the HDM2 expression and
activates the apoptosis in the cancer cell. Therefore, identification of anti-HDM?2 peptide
against the HDM2 onco- protein up-regulate in cancer is an approach for targeted cancer
therapy. Here, we developed a GNPs-HDM?2 nanocarrier conjugate, which inhibits the
interaction between the HDM2-p53 through blocking the HDM2 loop that has p53 binding
site (Figure 6.1). This conjugate destabilizes the interaction and subsequently attenuates
HDM?2-mediated the p53 polyubiquitination and degradation, which could enhance the p53
activity. The p53 leads to apoptosis and cell death by slowing down the cell cycle
progression [424]. When DNA is damaged, HDM2-p53 interaction decreases and p53 is
activated to arrest the abnormal proliferation of the cells. The p53 is not required for the
noncancerous cell and maintains its low level through HDM2 pathways. HDM2 protein
breakdown the p53 in the cytoplasm through ubiquitin-mediated or suppression of p53 in
the nucleus [425]. In a cancer cell, which shows HDM2 and p53 interactions only un-
phosphorylated HDM2 can reside in the cytoplasm. The apoptosis is induced by releasing
the endogenous, wild-type p53 from its negative inhibitor, HDM2. HDM2’s over amplified
in many cancers and is selective targeted through small molecular inhibitor, which bind
with HDM2 protein that can inhibit the binding between HDM2 and p53. Several, studies
have shown that the distribution of p53 and HDM2 interaction shows the promising

therapeutic application in cancer [426-429].
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HDM2, the peptide is explicitly derived from the p53 domain and deliver through
the GNPs explored for the first time in RB [249]. Apart, from the delivery of HDM2 peptide
for targeted therapy of RB, the significance of the type of reducing agent used in the GNPs
synthesis was explored as a complementary approach along with HDM2 for antitumor
effects. In addition to this, the lack of understanding of GNPs used for the targeted therapy,
interested us to explore the effect of the V-GNPs and C-GNPs in combination with anti-
HDM2 peptide for efficient tumor targeting. The RB xenograft mice in vivo model were

used to study the in vivo response of GNPs-HDM2.
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Figure 6.1 Schematic presentation of the regulation of HDM2 by anti-HDM?2, a potential
therapeutic strategies to target HDM?2 oncogene.

(A). In normal cells, the tumor suppressor gene, P53 is regulated by an auto regulatory feedback
mechanism between HDM?2 and p53. The wild-type p53 gene unregulated the expression of HDM?2
protein, which bind to the p53 and control the transcription activity p53 (B). In a cancer cell HDM2
over express and inactivation of p53, which contribute to malignant growth (C). The
nucleocytoplasmic transport of HDM2 and P53 is an important mechanism of the regulation of
HDM?2 [430].
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6.2 Materials and Methods

The detailed experiment and protocol for each method has been explained in
Chapter 2. An outline of the experiment performed in the current chapter is described in

Figure. 6.2

Figure 6.2 Schematic representation of the experiment performed in the current study
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6.3 Results
6.3.1 HDM2 expression in RB tumor sample with clinical, pathological feature RB
6.3.1.1 HDM2 mRNA expression in RB tissue by qRT-PCR

RB tumor tissues and normal retinal tissues were analyzed for HDM?2 expression
at mRNA level, which were studied by qRT-PCR and normalized by using GAPDH a
housekeeping gene. The clinico-pathological information on RB tumor tissue has been
shown in Table 6.1.a. The figure 6.3a shows the mRNA overexpression of maximum ~6
fold compared to control sample. All samples showed statistically significant (p<0.01) up
regulation of HDM2 and two RB samples did not show the significant change in expression
compared to control sample. The significant difference in the tumor sample correlated with
the tumor differentiation stage. The clinicopathological feature of these two samples shows
that RB is poorly differentiated with no invasion found in the choroid and optic nerve in
both the samples. Whereas, the other sample, which shows the significance with normal

retina is well and moderately differentiated and are invasive tumors.

Table 6.1 Represent the clinicpathological detail of RB sample included for the HDM2, mRNA

expression study

Sample Sex/Age Y&m OS/OD Clinicopatholoigcal information

1 F/90 0OS/ 0D NR

2 M/2Y (0N} RB ,Ex, WD, NI

3 F/3Y OD RB, PD, Inv; FC (<3mm), ON, LC

4 M/3Y oS RB, MD, NI;

5 F/5Y OD RB, PD Inv;Ch (<3mm), Pre.L,Post.L
and ON

6 M/3Y OD RB, MD, Inv; RPE, Pre.L,Post.L

7 F/3Y (0N} RB; PD, NI

8 M/3 m oS RB,PD NI

9 F/11Y oS RB, MD, Inv; FC (<3mm) and Post L.

10 (@) F/3Y, 4m (N} RB, PD, Inv; RPE
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Figure 6.3 (a) Representative q-RT-PCR data on the HDM?2 expression. Transcriptional (mRNA)
level expression of HDM2 in RB cancer tissue sample normalized with corresponding (3 actin).

RB samples, clinical details are tabulated (Table 4.5). The HDM2 mRNA expression in 9 tumor
tissue is expressed as fold change with respect to normal retina. The * represent the significant
difference with respect to the normal (Sample 1) at p<0.01. The HDM2 mRNA expression in 9

tumor samples relative to the normal retina.

Abbreviation: NR- Normal Retina, RB- Retinoblastoma, M- Male, F- Female, y- years, Mon-
Months, OD- right eye (unilateral), OS- left eye (unilateral), Ex- Exophytic. WD- well
differentiated, PD- poorly differentiated, MD- moderately differentiated, NI-No Invasion, Inv-
Invasion, ON- optic nerve, Post L- post laminar, PreL- pre laminar, RPE- retinal pigment
epithelium, LC- Lamina cribrosa, Ch- Choroid. (@) Indicate that the sample used for protein

expression study also
6.3.1.2 HDM2 protein expression in RB tumor tissue

HDM2 protein expression was measured in RB tumor tissues and compared with
normal retina tissue by immunoblotting using human HDM2 antibody. The WB specific
band of HDM2 indicated at 55 kDa in all tumor samples with difference in the protein

expression (Figure 6.3b) The clinicopathologic features of RB tissue used in the protein
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expression study are tabulated in Table 6.2. The protein band intensity was measured and
normalized with respect to - actin protein band intensity (Figure 6.4). It is observed that
HDM2 is over-expressed in all the samples while there is no invasion of the optic nerve,
choroid, and RB tissue is also poorly differentiated. All samples are coming under to D and
E category of ICRB classification of RB. Group A- RB up to 3 mm in size; Group B - RB
> 3 mm in size, macular location, or minor sub-retinal fluid; Group C - RB with localized
seeds; Group D-RB with diffuse seeds; and Group E-massive RB necessitating enucleation
[431]. The different size HDM2 protein have been reported, and it could be due to
proteolytic cleavage, alternative splicing or post-translational modification [432]. The
immunohistochemical analysis of tumor samples was performed to exemplify the protein
in RB samples.

Table 6.2 Represent the clinic-pathological detail of RB sample included for the HDM2 protein
expression by WB

Sample OS/OD  Sex/Age Y&m Clinicopatholoigical feature

1 (D) oS M/3Y RB, PD, NI

2 (E) OS M2Y RB, PD, Inv; Pre.L, Post.L and ON
3(D) oD 2y/m RB, PD, NI

4 (E) (ON] 3 m/m RB, PD, NI

5(E)@) OS 3/ 4F RB, PD, Inv; RPE

Abbreviation: - RB- Retinoblastoma, M-Male, F-Female, y-Years, Mon- Months, OD- right
eye (unilateral), OS-left eye (unilateral), PD-poorly differentiated, MD-moderately
differentiated, WD-well differentiated, MnD-Minimal differentiated, ON-optic nerve, Inv-
Invasion, NI- No Invasion, PostL- post laminar, PreL.- pre laminar, LC- Lamina cribrosa, Ch-
Choroid, RPE-retinal pigment epithelium.(@)Indicate that sample used for protein expression
study as well. D and E classification as per the norms of ICRB (International Classification of

Retinoblastoma) [17].
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Figure 6.4 (b & c¢) HDM2 protein expression data, studied by western blot. 2-3 fold more
expression in RB compared to NR confirmed the up-regulation of HDM2 in RB

6.3.1.3 Immunohistochemical analysis in RB

RB tissue sections were used for the HDM?2 protein expression using
immunohistochemical analysis. The clinicopathological information of the sample was
described in Table 6.3. The sample shows HDM2 expression based on their differentiation,
the nature of the invasion of optic nerve and choroid. The cytoplasmic immunoreactivity
observed in RB samples is variable due to the invasiveness of tumor in different part of the
eye (Figures 6.5). All the 7 tumor tissue stained positive for HDM2 protein and
heterogeneous of the protein was observed between 20-100% positivity. The moderately
differentiated RBs exhibited 60-90% positivity for HDM2 protein. The HDM2 expression

have been previously reported in the cytoplasm and nucleus in RB [68].
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Table 6.3 Represent the clinicopathological detail of RB sample included for the HDM2 expression

by IHC analysis

S

N.

1 3Y/F oD
2 4Y,3m/F  OS
3 2/M oS
4 2/M OS
5 4/F OD
6 2/F oD
7 5/F OD

Age/Sex Age/Sex (%) Positive
Cells & Staining

)

(£) 90-80
(£) 70

)

(*) 40
(+) 60
(+) 90

Clinicopatholoigcal Results

RB, PD, Inv; FC, LC, ON and Post L
RB, PD , Inv; RPE

RB, WB, Ex

RB, WB Inv; Fc, RPE, ON and Post L
RB, MD , Inv; RPE

RB, MD, Inv; FC

RB, PD, Inv; Ch (<3mm) , Pre L. Post
L and ON

Abbreviations RB- Retinoblastoma, , M- Male, F- Female, y- years, mon- Months, OD- right

eye (unilateral), OS- left eye (unilateral), Ex- Exophytic. WD- well differentiated, PD- poorly

differentiated, MD- moderately differentiated, MnD- Minimal differentiated, ON- optic nerve,

PreL- pre laminar, PostL- post laminar, Inv- Invasion, NI- No Invasion, RPE- retinal pigment

epithelium, LC- Lamina cribrosa, , Ch- Choroid. Positive (+), Dull (£) and Negative (-)
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Figure 6.5 Photomicrograph shows HDM2 immunoreactivity in RB tissue sections. (a) Retina
shows negative staining for HDM2 40X, (Inset 10X). (b&c) immunoreactivity (DAB staining with
hematoxylin counter stain and rosette formation indicated by Yellow Arrow 10X & 40. (d) Choroid
invasion and HDM2 positivity.

6.3.2 Structure prediction of anti-HDM2 peptide (QETFSDLWKLLP)

Molecular dynamics were performed to predict the structure of peptides by
simulation. All the simulations were performed using GROMACS 4.5 suite [363, 433].
The AMBER force field was employed to calculate the interactions of simulation. The
peptide was solvated in a cubic box of TIP3P H>O, and the charge of the system was
neutralized by adding either chloride or sodium ions. The neutralized system was
minimized and then equilibrated with NPT-NVT ensembles. The production run was
initially carried out for 10ns and extended up to 50 ns depending on the convergence of the
system. The structure for the peptide sequence was modeled by performing homology

modelling with PDB (PDB_ID: 1YCR) structure as a template. Further, the model was
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refined using molecular dynamics simulations. RMSD plot was used to assess the stability
of the model. The in silico data confirm that the peptide is linear in structure (Figure 6.6).
The peptide shows 50% hydrophobicity, which anchor peptide into the cell membrane. The
HDM2 peptide QETFSDLWKLLP, with aromatic ring Phe (F) and Trp (W) amino acid
shows more fluctuation which could increase the fluctuation of peptides on the GNP
surface. In a study using the di/tripeptide and mono, amino acid confirm that tri-peptides
are more flexible after adsorbed on GNPs and fall farthest from the GNPs other. In addition
to this, the aromatic ring amino has an important role in the fluctuation of the peptide on

the GNPs [434].

Figure 6.6 Lowest energy confirmation attained at 380 72th time frame and RMSD plot of Anti-
HDM2 peptide where the structure, after initial fluctuation, converges (after 30ns) into stable
conformation with RMSD between 1 and 2 A (Inset).
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6.3.4 In vitro characterization and functional study of GNPs-HDM2
6.3.4.1 UV- Visibleand DLS

Prefix V- indicates the Vitis vinifera reduced GNPs and C-indicates sodium citrate
reduced GNPs. The suffix HDM2 indicates that the peptide conjugated with GNPs

The GNPs-HDM2 peptide synthesis was characterized by UV-Visible and FTIR
(Figure 6.6). The optimization of the saturation of the GNPs was performed by using a
different ratio of the peptides (Figure.6.6a) which confirms that 1: 3 GNPs: peptide was
the optimum ratio which saturates the GNPs. The increased absorbance (Figure 6.6a) with
respect to GNPs in the GNPs-HDM2 conjugate confirms that peptide absorbed on the
GNPs. The SPR absorbance peak of GNPs-HDM2 conjugate in both types of GNPs
indicates the shift of SPR band ~ 5nm in comparison with GNPs used for the formation of
GNPs-HDM2. A red shift from 532 nm indicates that peptide molecules are coated on the
surface of the GNPs, which could be due to aggregation of GNPs in the presence of peptide
on the surface of GNPs as indicated in the Figure.6.6.a. As discussed previously (Chapter-
5) the similar red-shift was observed in the conjugation of GNPs-Pep-A. As, already
observed by the Red shift in plasmon absorbance is attributed to the presence of peptides
on GNPs [378, 379].

The “hydrodynamic diameters (HD)” and “polydispersity index (PDI)” of the V-
HDM2-GNPs and C-HDM2-GNPs were measured by the DLS showed the increased HD
compared to the respective GNPs used for the formation of GNPs-HDM2 conjugate. The
observed HD of V-GNPs-HDM2 were 267+13.47 with PDI of 0.42 compared to the V-
GNPs which was reported 14+1 with PDI of the 0.422 (Chapter-4). Whereas, the C-GNPs

-HDM?2 showed the HD 84.76+0.45 with PDI of 0.03 compared to the C-GNPs which

177



showed HD 38.714.243nm. The change in the HD was increased, according to the surface
modification with an amount of the agglomerate, however the DLS quality report was
good and autocorrelation function shows the mono-modal fitting dispersion of the solid
line [380]. A similar increase in size was reported using bombesin peptide conjugated with
GNPs is reported earlier. Similarly, increases in size were observed in a study with gold
nanoparticles, which was reported size and surface charge dependent bio-distribution of

different sizes of GNPs injected into the rats as in vivo model [435].

6.3.4.2 FTIR characterization
The V-GNPs-HDM?2 and C-GNPs-HDM2 conjugation further confirmed by the

FTIR (Figure 6.7d). The broad IR band centered at 3482 cm™' can be specified to phenolic
O-H stretch H-bonded. The bands at 2914 and 2904 cm™! can be assigned to the asymmetric
stretching of methyl functional groups. The strong asymmetric band at 1645 cm!'signifies
the carbonyl stretching characteristic to both GNPs-HDM?2 and HDM?2 peptide present in
the conjugate. This band at C-C 1645 cm™ is typically a weak absorbance. The series of
bands between 1500 and 1200 cm™ can be accounted for the asymmetric and symmetric
stretching and bending modes of aliphatic and aromatic amino acids presented in the
HDM2 peptide sequence (QETFSDLWKLLP), respectively. Additionally, the weaker
bands between 850 and 450 cm™! can be associated with the phenyl ring stretching and out
of plane vibrational modes of CH moieties presented in the HDM?2 peptide or the molecules
coated on the GNPs surfaces. The presence of peaks at 2914, 2904 in V-GNPs-HDM2 and
C-GNPs-HDM2 respectively, and 2855 cm™ in HDM2 (peptide alone) are attributed C-H
stretch of the methylene groups of 3 mercaptopropionic acid attached to the HDM2 peptide

(MPA) [436]. Reduced transmittance of MPA peak in the case of V-GNPs and C-GNPs
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indicates MPA is contributing to the formation of the bond between the HDM2 peptide and
GNPs. The presence of a strong peak at 1625 cm™ is ascribed to the amide between the
MPA and the HDM2 peptide (Peptide alone) (Figure 6.7 d). The shift of 1625 cm™ peak
of the HDM2 peptide alone in case of V-GNPs-HDM?2 and C-GNPs-HDM?2 1655 and
1645 cm™! respectively, compared to the HDM2 peptide alone (1625 cm-1) provide a
confirmation for the formation of the amide bond. Remarkably, the broad O-H band in
HDM2 peptide spectra has missed while a distinct alkyl stretching vibration have observed
in GNPs-HDM2 spectra. The FTIR data give good evidence that HDM2 peptide is
conjugated with the GNPs though the difference are observed in the spectral peak intensity.
Since, the spectral peak is similar in both the conjugate is documented that the MPA-
functionalized HDM2 peptide is covalently bound with GNPs.

Interestingly, the majority of the peaks obtained in (Figure 6.7 d) HDM2 peptide
alone disappears, leaving sharp, intense bands at around 1600 and 1450 cm™', which can be
attributed to C=C vibrations in aliphatic aromatic compounds presented in the amino acid.
An additional peak at around 1025 cm™ observed in the V-GNPs-HDM2 and C-GNPs-
HDM?2 ascribed to alkene C-H bend. The rest of the bands can be accounted for considering

various vibrational modes of aliphatic and aromatic CH moieties present in the peptide.
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Figure 6.7 The figure shows the character of the GNPs- HDM2. The peptide coated on the GNPs
confirmed by the shift in SPR band with respect to the GNPs (without peptide) (Indicated by the
arrow).

The inset picture indicates the GNPs and GNPs coated with the peptide (Change in color of
conjugate due to an aggregation of the peptide on the surface of GNPs). The Red shift indicates the
binding of the GNPs with peptide (a, b & c). FTIR spectra show the changes in spectral peak and
FTIR band assigned to the functional group (d). V-GNPs-1 (GNPs synthesized by Visit vinifera),
C-GNPs-2 (GNPs synthesized by sodium citrate). HDM2-Peptide sequence (QETFSDLWKLLP),
V-GNPs-1-HDM2 (HDM2 conjugated with V-GNPs) and C-GNPs-2-HDM2 (HDM2 conjugated
with C-GNPs).

6.3.4.3 Internalization of the particles (TEM)
The GNPs and GNPs-HDM?2 internalization was visualized by the TEM after 24h of

culture in the Y79 a RB cells to confirm the uptake of the particles as well as to confirm
the stability and the morphology of particles inside the cells in culture medium to confirm
the stability of the nanoparticles. The TEM results indicate that GNPs are stable in vitro in
a high ionic salt concentration of the biological medium until 24h of treatment. It has been
observed that in the case of C-GNPs (Figure 6.8c¢), particles tends to aggregate whereas, in

cases V-GNPs, V-GNPs-HDM?2 and C-GNPs-HDM?2 which is coated with the polyphenols
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and proteins respectively prevent the aggregation (Figure 6.8a,b &c). This protein coating
changes the basic physiochemical interaction of GNPs by the dynamic interfaces between
the nanoparticles and the biomolecules inside the cell. This interaction could affect the
internalization of nanoparticles and consequently change the cellular responses, therefore,

it is imperative to consider the stability of the GNPs inside the cellular environment [437].
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Figure 6.8 The TEM micrograph represent the internalization of the GNPs in Y79 cells.

A) V-GNPs (GNPs-1), B) V-GNPs-HDM2, C) C-GNPs (GNPs-2) and D) C-GNPs-HDM2. The
arrow indicates the particles inside the cells. The size and shape of particles, and scale bar represent
100 nm.

6.3.4.4 In vitro HDM2 knockdown in Y79 cells

The HDM2 at a concentration of 50uM of V-GNPs-HDM?2 and C-GNPs-efficiently
knockdown HDM2 at 24h of treatment compared to the V-GNPs & C-GNPs. An optimized
concentration and time related (12, 24 and 48 h) knockdown study determines the optimal

time and concentration required for the HDM2 gene knockdown. The down regulation of
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HDM2 at transcription level significantly (P<0.05) was observed compared to control
sample (untreated Y79 cell) (Figure 6.9). HDM2 down regulation of 5.8 and 4 fold was
observed in V-GNPs-HDM2 and C-GNPs-HDM2, respectively. The down regulation of
HDM?2 was also observed in the protein level by the western blot. As noticed, the
significant down regulation of the HDM2 in C-GNPs-HDM2 and V-GNPs-HDM?2
(P<0.05) (Figure 6.9a) whereas the C-GNPs and V-GNPs is not effective in HDM2 down
regulation compared to untreated (control sample). Interestingly, V-GNPs-HDM?2 and V-
GNPs showed the up-regulation p53 significantly (P<0.05). However, C-GNPs-HDM2
and C-GNPs does not up regulate the expression of p53 after the treatment. The difference
in the knockdown of the HDM2 and p53 with respect to C-GNPs and V-GNPs conjugated
anti-HDM2 peptide indicates that apart from the anti-HDM?2 peptide, type of GNPs used
for the conjugation affect the knock down of HDM2 and p53 in treating Y79. Interestingly,
it is noticed that V-GNPs-HDM2 is more promising with respect to the knockdown of the

HDM2 compared to the C-GNPs-HDM2 at both mRNA and protein level.
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Figure 6.9 (a) qRT-PCR study for the functional analysis of mRNA reveals that the HDM2 peptide

is functional

* (b) Represent the significant difference in fold change with respect to the control sample at
p<0.05. The Western blot results indicate the knock down regulation of the HDM2 in the case V-
GNPs-HDM?2 and C-GNPs-HDM2, whereas, pS3 up-regulated in V-GNPs-HDM2.

6.3.4.5) Knockdown of HDM2 by GNPs and GNPs-HDM2 lead to apoptosis

The in vitro apoptosis study was performed to understand the effect GNPs-HDM2
and GNPs in the Y79 cells. The knock down effect of HDM2 in treated Y79, a RB cell
after 24h of treatment, was analyzed by the annexin-V/PI staining. The proportion of cell
viability significantly decreased after treatment compared to control (Figure 6.11a & b). A
significant difference was observed in the V-GNPs, V-GNPs-HDM?2, and C-GNPs-, C-
GNPs--HDM2 compared to control. Interestingly, it has observed that V-GNPs-HDM2

inducing the cell death by apoptosis, whereas the C-GNPs-1-HDM2 shows more of
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necrosis population. The necrosis population is not statistically significant compared to
control. However, a statistical significant difference (P<0.05) was noticed in C-GNPs-
HDM2 compared to C-GNPs (Figure 6.10b).

This finding indicates that the cell death exclusively induced due to the effect of
HDM2 although it is not an apoptosis. Whereas, in case of V-GNPs-HDM?2 a statistical
significant difference (P<0.01) was noticed in the apoptotic population compared to
untreated cells. Moreover, the V-GNPs-HDM?2 showed statistical significant necrosis
compared to the V-GNPs. The current result confirmed that apoptosis is due to knockdown
of HDM2. Interestingly, V-GNPs-HDM2 confirm that there is a significant effect of the
reducing agent on the cell death and a statistical significant (P<0.01) apoptosis population
noticed. C-GNPs-HDM2 instead showed the necrotic population with respect to control

cells.
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Figure 6.10 (a) Represent the apoptosis data by. The Y79 RB cells treated with V-GNPs, C-GNPs,
V-GNPs-HDM2, and C-GNPs-HDM2.

The Y79, RB cells were evaluated for the concentration 50uM (Concentration of GNPs atom of
gold) at treatment for 24 h. Quadrants portions indicates: lower left: Live cells (Annexin and PI —
ve), lower right: early apoptotic (Annexin+ve and Pl-ve), upper right: Apo-Necrosis (late
apoptotic) (Annexin +ve and PI +ve), upper right: necrotic cells (Annexin —ve and PI +ve). (b)
Apoptosis population was observed in treating Y79 cells. Error bar represents the mean + SD of
triplicate samples. The ‘@’ represent significant difference with respect to V-GNPs to V-GNPs-
HDM2, # and * represent with respect to control and V-GNPs to V-GNPs-HDM?2 at p<0.05 and
0.01. Whereas ** shows significant GNPs-2 to GNPs-2-HDM2 at p<0.05.

6.3.4.6 Cell cycle analysis in treated Y79, RB cell

Cell cycle regulation is one of the important cell fate process and deregulation of
cell cycle associated with cancer progression. A strategic response of cancer cell can
modulate cell cycle associated proteins and switch the cell cycle from apoptosis to cell
cycle arrest which leads to tumor inhibition. The anti-proliferative effects of C-GNPs-

HDM2 and V-GNPs-HDM?2 are due to cell-cycle and altered phosphorylation of pRb.
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Analysis of a cell population in a different stage of the cell cycle can be studied by
fluorescence labeling of nucleic acid of cells. Since the amount of DNA is different in the
different stage of the cell cycle, the amount of fluorescent observed is also varied. This can
be established by quantifying the fraction of cell populations in G1, S, and G2 phases. As
the histogram clearly indicates that, after the treatment with the GNPs and GNPs-HDM2
the increasing population in the S phase and GO/G2 phase compared to the control. The
significantly increased population in GO/G1 stage in the case of V-GNP from 19.26 +
0.322986 compared to the control, 13.77 £ 3.5 (P<0.01) indicates that V-GNPs has effects
on cell cycle whereas, C-GNPs does not show significant difference with respect to control.
Whereas, in the case of V-GNP shows the statistical significant change in the S phase,
which shows 17.49 + 0.6 compared to control, 14.23 + 1.5 (P<0.05). This data clearly
indicates that V-GNPs arrest the cell in S phase, which is synthesis also when V-GNPs
conjugated with the HDM2 peptides it affected the G2/M, which is a transition between
DNA synthesis and division. Both are significantly increasing compared to the control
indicates that the cells are not in the dividing stage (Figure 6.11 a). On the other side, C-
GNPs-HDM2 and C-GNPs also show the increased population in the S-phase of the cell
cycle. The significantly increased population of the V-GNPs in G2/M and S phase of cell
cycle indicates that the cell cycle arrested in the V-GNPs treated sample whereas, in case
of V-GNPs-HDM2 the effect is not statistically significant. Similarly, C-GNPs-HDM2 also
statistically non-significant. V-GNPs which has polyphenols shows a significant S phase
arrest (P<0.01) and G2/M phase arrest (P<0.05). It has been reported that Resveratrol, a
major component of Vitis vinifera polyphenols control apoptosis and different stage of the

cell cycle in Y79 cell line [438]. The growth and apoptosis arrest by Resveratrol have been
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reported in many types of cancer such as colorectal, epidermoid carcinoma cancer cell
[439]. Therefore, resveratrol has been identified as a as novel promising agent for cancer
therapy which would be a altered the in signal transduction pathways which intern induced
apoptotic cell death [440]. The cell cycle results confirmed GNPs has the significant effect

on the cell cycle.
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Figure 6.11 (a) Y79 cell cycle analysis in treating the sample with V-GNPs, C-GNPs, V-GNPs-
HDM?2 and C-GNPs-HDM?2 treated.

The Y79, RB cells were treated with 50uM concentration (Concentration of GNPs) for 24 h of
treatment. The treated cells were washed, fixed and stained with PI and subjected for FACS
analysis. Cells in sub-G1 phase represent the hypodiploid DNA content an indication of apoptotic
cell death by DNA fragmentation. Due to treatment S phase cell population increased. (b) Cells in
G0/G1, S, and the G2-M phase of the cell cycle are plotted and present as a histogram. (A, B) Mean
+ SD of triplicate sample. * and # represents as compared to untreated control sample at p<0.05
and p<0.01, respectively.
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6.3.4.1 In vivo preclinical evaluation of antitumor effect of GNPs-HDM?2 using RB

xenograft model

After successfully showing functionalization of GNPs with HDM2 and functional
study showing the knockdown of HDM2 in vitro in RB model, the novel conjugate were
tested for the targeting therapy for tumor growth reduction, in Y79 induced xenograft nude
mouse model. The pharmacokinetics of GNPs-HDM?2 increased in the animal model by
coating of this particle with the PEG. The PEGylation help in the reduction of the
nonspecific adsorption of proteins and limit the non-specific interactions of the GNPs in
RB xenograft animal model in vivo in the current study. The PEGylation and the chain
length of the PEG (PEG-1000 kD) does not affect the biocompatibility of the GNPs-
HDM2, and the current formulation and dose of administration confirms that GNPs-HDM?2
is non - toxic to the cells. The targeted therapy using nano-carrier works in the solid tumor
through homing of the target molecule at the tumor site, which is attributed to the EPR
effect of cancer cells. The passive accumulation of the GNPs can be attained due to the
unique property of the tumor, which shows characteristics feature such as leaks and

immature blood vessels [441].

6.3.4.2 In-life study (body weight measurement)

Body weights were measured once every three days during the study period.
Animals were observed for visible clinical signs once every three days during the study
period, mortality and body weight changes. The results of the percentage change in body
weight following the treatment with V-GNPS-HDM?2 and C-GNPs-HDM2 represented in
Figure 6.12 a. The change in body weight by the treatment with the V-GNP-HDM?2 and C-
GNP-HDM2 confirmed that the given dose of the treatment was relatively well tolerated

with no mortality. During the experimental period (until 24 days) there was no significant
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body weight loss in control, V-GNP-HDM?2, and C-GNP-HDM2. There was a transient
body weight loss (-0.5%, Day 6-9) in C-GNP-HDM?2. However, in subsequent treatments
the body weight was regained, and there was no visible sign of abnormal behavior or

clinical symptoms in any of the treatment groups.
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mean body loss between days 6-9.
6.3.4.3 In-life tumor growth Kinetics and antitumor activity measurement
The tumor volume was measured by caliper on the day of randomization (Day 0)
and then once every three days (i.e. On the same days when body weight was taken). Using
a vernier caliper the length (L) and width (W) of the tumor was measured.
Tumor volume (TV) was calculated using the following formula:
Tumor Volume (mm?*) =L x W?/2,  -memememeev (1)
Where, L = Length (mm); W = Width (mm).
Standard Deviation (SD) and Standard Error of Mean (SEM) were calculated for

individual groups.
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6.3.4.4 Antitumor activity measurement using the following criteria

Antitumor activity was evaluated as maximum tumor volume inhibition versus the
vehicle control group.

I) Test/Control Value in % (% T/C)
Tumor inhibition on a particular day (T/C in %) was calculated by using the

below formula:

(Mean TV of the test group on Day x
- Mean TV of the test group on Day o)
T/C (Day x) = -x 100%

(Mean TV of the control group on Day x
-Mean TV of the control group on Day o)

The minimum (or optimum) % T/C value recorded for a particular test group during an
experiment represents the maximum antitumor activity for the respective treatment.

TV= Tumor volume (mm?)

IT) Tumor growth inhibition (TGI)
TGI was calculated using the following formula:

TGI=(1 - T/C) x 100

Where, T = (Mean TV of the test group on Day x - Mean TV of the test group on Day 0)
C = (Mean TV of the control group on Day x - Mean TV of the control group on Day 0)

The GNP peptide conjugate shows tumor growth reduction in Y79 xenograft tumor
model. The mean tumor volumes on Day 24, for control group (Injected with sterile water),
V-GNP —-HDM2 and C-GNP ~-HDM2 groups were 1755 + 116 mm?, 1463 + 109 mm® and

1288 + 210 mm™ respectively (Figure 6.13 b). The tumor growth reduction during this
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period is shown in Figure 6.12 C & D. An optimal T/C value of 83% and 72% with shows
% tumor growth inhibition (TGI) was found to be 17% and 28% respectively on Day 24.
The current data indicate that there GNPs-HDM2 conjugate is homed at the tumor
site [281] without toxicity and mortality of the animal during the study period. Also the
retention of the GNPs-HDM?2 at the tumor site. A similar kind of findings was observed in
a study using glucose and polyethylene glycol (PEG) coated GNPs confirmed that - life
of GNP improved the in vivo coating of the particles. This finding also emphasized that the
selective system due to the homing of GNPs at the tumor site helps in effective radiotherapy

through the interaction of X-rays with GNPs [279].
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Figure 6.13 (a-d) The representative image of excise tumor, growth kinetics, and tumor reduction.

(a) The representative image of the tumor. (b & c) tumor growth kinetics and tumor volume (d). In
life tumor growth reduction. C-GNPs-HDM2 shows the statistical significant difference in
comparison with a control sample P<0.001 using two ways ANOVA followed by Bonferroni post-
hoc test was performed using the Graph Pad Prism v5.
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6.3.4.5 Biochemical and Hematological analysis

The biochemical and hematology analysis was performed at the end of the
experiments, on the day of the euthanization. The blood was collected under light
isoflurane anesthesia from all the groups for clinical assessment of liver function, Serum
glutamic oxaloacetic transaminase/ Serum Aspartate Aminotransferase (SGOT/AST)) and
Serum glutamic pyruvic transaminase/ Serum Alanine Aminotransferase (SGPT/ALT)
((Fig.6.14 a) & Kidney function Blood Urea Nitrogen (BUN, Creatinine) (Fig.6.14 b).
Additionally peripheral blood smears were prepared and stained with May-Grunwald
Giemsa stain and evaluated for the Differential Leukocyte Count (DLC) (Fig.6.14c).

Kidney function (BUN, Creatinine) & Liver function (SGOT, SGPT) parameters
between the V-GNPs-HDM2, C-GNPs-HDM2 and vehicle control group (Figure 14.a &
b). This indicates that there is no possible evidence of treatment related to specific organ
toxicity (Liver/Kidney). Similarly, the results of Differential Leukocyte Count (DLC)
revealed no significant changes in the percentage of lymphocytes, neutrophils, monocytes
& eosinophils compared to control (Figure 14.a). The current results from DLC indicates
that there is no possible evidence of bone marrow suppression (Figure 14c¢). In the current
work, no signs of toxicity were noticed in liver and kidney functions with the dose of 5
pg/100ul/animal of C-GNPs-HDM?2 and V-GNPs-HDM?2 in terms of such as (Figure 6.14
a, b & c). The liver and spleen, which consist reticuloendothelial system confirms that the
treatment given to the animal was not phagocytize; instead the treatment homed at the

tumor site [442].
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Figure 6.14 (a) Biochemical parameter; ALT (Serum glutamic oxaloacetic transaminase SGOT)
AST (Serum glutamic pyruvic transaminase, SGPT), b)BUN and urea. C) %Total cell count Data
expressed as the mean of 2-4 animals in each group.

Statistical analysis is carried out by one-way ANOVA. The data are statistically non-significant
when V-GNPs-HDM?2 and C-GNPs-HDM?2 compared to control group.
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6.3.4.6 Histology (Hematoxylin-eosin staining)

The histopathological analysis of the preserved tumor tissue and organs, liver,
spleen, lung, heart, and kidney, was performed. The tissue was trimmed, processed,
embedded in paraffin blocks and sectioned at 4-5 microns thickness. Tissue sections were

stained with hematoxylin and eosin stains for microscopic evaluation.

(I) Histological features of tumor xenograft

The tumor tissue was evaluated for the histopathology analysis from C-GNPs-
HDM2 and V-GNPs-HDM2 and control groups (Figure 6.15 a). The common feature all
the 3 group includes the arrangement of cells & type of stroma. The cells are arranged
loosely in sheets with a moderate amount of fibro-vascular stroma confirms the epithelial
origin of the cells without any attachments. The cytological features of cells indicate cells
are round with medium sized and the minimal amount of eosinophilic cytoplasm and
distinct cell borders. The nucleus is large a characteristic feature of the RB cell rounded in
shape with centrally located, hyper chromatic with finely stippled chromatin. The nucleus
to cytoplasm ratio is altered with the nucleus occupying majority of the cell and each

nucleus shows the presence of 1 or 2 nucleoli.

(I1) Histological features of liver tissue

The liver tissue was analyzed for control, C-GNPs-HDM2 and V-GNPs-HDM2
appeared normal (Figure 15.b). The hepatic lobule hepatocytes were arranged in cords
radiating away from the central vein with sinusoidal spaces in between lined by
endothelium. The hepatocytes were normal sized with distinct cell boundaries, large
nucleus with 1 or 2 nucleoli and vesicular cytoplasm containing many secretory vacuoles

giving it a vacuolated appearance. Portal area at every alternate corner of the hepatic lobule
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are present the portal area comprising of a branch each of the hepatic artery, portal vein

and bile duct in fibrous connective tissue septa.

(IIT) Histological features of lung tissue

The lung tissues from different groups appeared normal including the vehicle
control group. The common features include- Alveolar spaces - The alveolar sacs lined by
flattened epithelial cells in close conjuncture with thin-walled capillaries were observed
which was spread evenly over the lobes. There was no evidence of emphysema or
atelectasis and the alveolar spaces were free of any exudate. Bronchioles -Terminal and
tertiary bronchioles lined by simple ciliated cuboidal epithelium were seen at regular

intervals. The lumen was clear of any discharge.

(IV) Histological features of spleen

The spleen from all the groups appeared normal with the following features- white
pulp aggregates of mostly lymphocytes and macrophages, which are arranged around the
arteries in the form of follicles in the white pulp (Figure 15d). Red pulp- majorly consists
of vascular tissue with multiple erythrocytes in the vascular sinuses. These are sinusoids a
specialized type of capillary, which is very leaky. The sinuses are interspersed with cords

forming the framework.

(V) Histological features of heart

The heart tissue from various groups seemed to have the following normal features,
Myocardium- the cardiac muscles appeared striated with intercalated discs and a single
nucleus. The individual muscle fibers, were in close association with other fibers and no

separation was seen (Figure 15 e).
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(VI) Histological features of kidney

Kidney tissue appeared normal across all groups with the following features-
Cortex- the cortical tissue showed multiple glomeruli/renal corpuscles associated closely
with capillaries as well as tubules (PCT and DCT). No interstitial or tubular exudation or
inflammation was noticed. Medulla- the medullary tissue consisted of multiple tubules,
mainly collecting ducts with no renal corpuscles. No inflammation was seen in the medulla
as well (Figure 15 f).

In summary, the tumor tissues obtained from animals of various treatment groups
and the untreated vehicle group showed no significant differences and showed common
characters in all the tissues. The other organs collected, namely liver, lung, spleen, heart

and kidney appeared normal across all groups with no deviations.

Control V-GNPs-HDM2 C-GNPs-HDM2

201



Control V-GNPs-HDM?2 C-GNPs-HDM2

a) Tumor tissue, b) Liver, ¢) Lung, d) spleen e) Heart and f) Kidney

Figure 6.15 (a-f) Representative histological photographs (40X) of tumors from nude mice bearing
Y79 xenograft

(a) Representative histological photographs (40X) of tumors from nude mice bearing Y79
xenograft. Mitotic figure (White arrow); Fibro-vascular stroma (Yellow arrow); Apoptotic figure
(Red arrow); Neutrophil (Green arrow). Mitotic features: 1 to 2 multinucleate cells/ mitotic figures
seen in a single field. Apoptotic figures: multiple (5-6) cells undergoing apoptosis seen in a single
field (40X magnification). The other features a few neutrophils and monocytes have seen. (b)
Representative photographs (20X) from the liver. PT- portal triad; CV- central vein; Hp-
hepatocytes. (¢). Representative photographs (20X) lungs. A-Alveoli; Br- Bronchiole; BV- Blood
vessel. All photographs taken at 20X magnification. (d) Representative photographs (20X) of the
spleen. WP- White Pulp; RP-Red pulp; C-cords. All photographs were taken at 20X magnification
(e) Representative, photographs (20X) of heart from two animals in each group. All the fields show
evenly arranged striated, cardiac muscles with a few RBCs in between the muscle fibers.
Representative photographs (20X) of kidney.
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6.3.5 RB, xenograft tumor sample apoptotic protein profiling

The apoptosis, is a natural process, which shows distinct biochemical changes and
regulated by both apoptotic and anti-apoptotic molecules expressed in the cells. The two
important families involved in the apoptosis are inhibition of apoptosis (IAP) and B-cell
lymphoma 2 (Bcl 2). It has observed that an apoptotic maker X-linked Apoptotic Protein
(XTAP) increased 0.36 fold and survivin 0.19 fold (p<0.05) (Figure 6.16 c), can act as an
inhibitor of the apoptosis which shows increased expression in the C-GNPs-HDM?2 treated
animal [443]. SMAC/Diablo, a mitochondrial protein that negatively regulates XIAP
expression is increased 0.27 fold (p<0.05) in C-GNPs-HDM2. The increase in the
expression of the SMAC/Diablo enhanced the apoptosis by inhibiting the action of XIAP
through binding of XIAP with Caspases. This interaction leads to the activation of
Caspases activity and which induces the apoptosis of the tumor cell. Caspase activity
which is a protein involved in cell death induced in the tumor sample could be specifically
activated due to the targeting of the HDM2 through GNPs-HDM2.P?! (CDKN1a) protein
down-regulate by 0.84 and 0.5 fold in C-GNPs-HDM2 and V-GNPs-HDM2 treated
condition, respectively (Figure 6.16 c). The regulation of p21 gene is (CDKNla) is
controlled by the p53 dependent cell cycle arrest in G1 phase during the stress condition.
The CDKN1a regulate the cell cycle through interaction with the proliferation of cell
nuclear antigen (PCNA), which is a DNA polymerase accessory factor which plays an
important role in S phase of cell cycle through a DNA replication, damage and repair. This
protein was cleaved by CASP3-like caspases though activation of CDK2, and involved in
apoptosis by caspase activation.

It is noticed that Pro-Caspase-3 and Cleaved Caspase-3 both are increased in the

treated condition infer that the programmed cell death is the case of C-GNPs-HDM2 and
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V-GNPs-HDM?2 is mediated through the caspase pathways. The activity of the caspase in
C-GNPs-HDM2 and V-GNPs-HDM?2 is depending of the types of the GNPs used for
targeting to HDM2 in RB xenograft tumor model. The current data infer that is target
specific inhibition of the function of HDM2 through anti-HDM2 peptide.

Bcl-2 is an important target of the HDM2 which induce the apoptotic cell death
through the intrinsic mitochondrial apoptotic pathway is down-regulated 0.2 fold (P<0.05)
in case of V-GNPs-HDM?2 whereas, Bcl-X1 up regulated, 0.67 fold (P<0.05). However,
Clusterin a negative regulator of the apoptosis 0.4 fold decrease the expression in C-GNPs-
HDM?2, support to our findings that HDM?2 peptide induce the cell death and reduces the
tumor growth through targeting the HDM2 protein (Figure 6.16) [444]. In case of V-GNPs-
HDM2, the clustering up-regulated compared to control. The significant increase 0.11 fold
(p<0.05) expression of the Cytochrome-c, protein in C-GNPs-HDM2 and Smac 0.27
(P<0.05) in both conditions confirms the anti-proliferative effects in the treatment [445].
Survivin is an apoptotic protein of the IAP family member and shows significant increase
by.0.2 fold and 0.19 fold (p<0.05) in V-GNPs-HDM?2, C-GNPs-HDM2 respectively,
indicates that stress induced amplification of Survivin protein. The up regulation of
Survivin may correlate with the GNPs induced resistance of malignant with the cell. It has
reported that the anticancer compound in combination with metal as a composite drug can
induction the alternative cell death pathways [446, 447]. Similarly, here we observe that
Survivin amplification, which is an alternative effective approach to combat with the
cancer cell in stress condition. It can be an alternative method adopted by the cells to reduce

the oxidative stress and enhanced the cell apoptotic cell death.
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Figure 6.16 b
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Figure 6.16 ¢
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Figure 6.16 (a-c) Represent the expression profiling of important apoptotic protein. Apoptotic array

panel indicates 30 proteins and the important which shows significant difference are marked.

(a) Represent the expression profiling of important apoptotic protein .a) Control sample, b) C-
GNPs-HDM2 and c¢) V-GNPs-HDM2. It has Pro-apoptotic intrinsic proteins, extrinsic death
receptors, and anti-apoptotic, cell cycle checkpoint, and stress responsive proteins.

(b) Apoptotic protein profiling A) V-GNPs- 1-HDM2 B) C-GNPS-2HDM2 2. * represent the
statistical significance at P<0.05. p21, Bcl-2, XIAP, Catalase, Cytochrome c specifically show the
significant difference in C-GNPs-HDM2 treated animals whereas SMAC Bcl-x in V-GNPs-HDM?2
treated animals. Clusterin and Survivin, in both the condition.

(¢) Apoptotic protein profiling, relative fold change with respect to untreated sample # represent
the statistical significance with control and * between the group at P<0.05. Statistical analyzed was
performed by one-way ANOVA and Turkey’s post-hoc was used for multiple comparisons between
groups. P?! though the significant difference was noticed in the intensity of due to high standard
deviation in the mean in a mean density post-hoc test of multiple comparison does not show
statistical significance difference.

207



6.3.6 Serum cytokines profiling in treating mice samples

Cytokines have a role in immunotherapy, which can lead to the destruction of
tumors by either direct antitumor effect or an indirect improved of the antitumor responses
of an immune system. A direct antitumor cytokines, like necrosis factor (TNF) alpha,
interferon (IFN) alpha, TNF-a expression has decreased after the treatment with the V-
GNPs-HDM2 and C-GNPs-HDM?2 compared to the control sample which indicates that
the macrophages mediated inflammation is not induced after the treatment with the GNPs-
HDM2 in both the condition. Moreover, in the case of V-GNPs-HDM?2 treated animal the
expression of the TNF-a is further down-regulated by 0.7 fold (Figure 6.17 ¢) in
comparison with the C-GNPs-HDM?2 suggest that is due to Vitis vinifera as a reducing
agent and the TNF-a is down regulated significantly [448].

This infers that there is no inflammation associated with the TNF-a. In addition to
TNF, other cytokines which act directly with tumor cells is interleukin-6 (IL-6) to stop the
growth of tumor cell. Although these cytokines are more effective with a combination and
have a synergistic effect accruing from different cytokines. TNF-alpha have shown down-
regulation compared to the control and in both the samples C-GNPs-HDM2 and V-GNPs-
HDM2. Whereas, the IL-6 expression is not altered in treating samples, indicate that there
is inflammation occurs after the treatment with the GNPs-HDM2. The cytokines change in
TNF-a without alteration the IL-6 in treating samples confirms that there is an antitumor
activity, which occurs after treatment with GNPs-HDM2. The GM-CSF, sICAM-1 and
BLC/CXCL13, IL-1a is increasing significantly in the case of C-GNPs-HDM?2. Whereas,
the sSICAM-1 and GM-CSF expression is down regulated by 1.9 and 1.2 respectively,
compared to control in the case of V-GNPs-HDM2. The expression of Il-la and

BLC/CXCL13 decreased further in case of V-GNPs-HDM2 compared to C-GNPs-HDM2
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[448]. GM-CSF (granulocyte—macrophage colony-stimulating factor) can act with indirect
pathways for the tumor reduction by intecting without cytokines. It has been reported that
GM-CSF can interact with antigen-presenting cells (APCs) and enhanced the synthesis of
cytokines which can facilitate the activation of lymphocytes. It is clearly indicated that
increasing GM-CSF has antitumor activity through immune response in case of C-GNPs-
HDM2 whereas V-GNPs-HDM?2 the antitumor activity is not associated with the immune
response infer that this sample inhibiting the tumor growth through direct pathways.
Whereas, in case of C-GNPs-HDM2 immune responses is dominated, it corroborates
because, IL-1a another cytokine act indirectly through immune response and it is also up-
regulated in the C-GNPs-HDM2 treated condition. In another study using “iron-saturated
bovine lactoferrin (Fe-bLf) nanocarriers/nanocapsules” for the colon cancer cell stem cell
targeted therapy, confirm that there is a significant change in IL-1p, which induces the
apoptosis and is specifically released during apoptosis [36]. Whereas, IL-6 has dual
function both proinflammatory, and an anti-inflammatory cytokine was reported less in
concentration in nude mice (absence of T cells) compared to wild-type mice [449].
Similarly, in the case of V-GNPs-HDM2 and C-GNPs-HDM?2 the IL-6 unaltered
support our finding that there is no inflammation induced by the treatment in RB bearing
xenograft nude mouse model. ICAM-1 (Intercellular Adhesion Molecule 1) or
CD54 (Cluster of Differentiation 54) is a cell surface glycoprotein, which is expressed
on endothelial cells as well as cells which are specific to the immune system. As indicated
that the il-la is up-regulating in the C-GNPs-HDM2, which intern up-regulate the

expression of CD54, and indicate that C-GNPs-HDM?2 treated animals are showing an
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antitumor effect due to the immune system. Whereas, in V-GNPs-HDM?2 treated tumor

bearing animal ICAM-1 is released less compared to regulating similar to the TNF-a.
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Figure 6.17 (a-c) Represent the expression profiling of important cytokines.

(a) Represent the expression profiling of important cytokines (a) Control sample, b) C-GNPs-
HDM2 and ¢) V-GNPs-HDM2. Cytokines array panel indicates cytokines, chemokines, and acute
phase proteins, which involved in signaling, infection/inflammation and regulate the process of an
immune system.

(b) The * indicates the significant difference with respect to the control sample at p<0.05. The
expression of, TNF o was reduced and that of BLC, CXL13, c5/c5a and IL-1a increased in both
the groups compared to the controls. Whereas, GM-CSF and sICAM-1 decreased in V-GNP-
HDM2 whereas C-GNP-HDM?2 shows increase expression.

(c) Cytokines and chemokines profiling, relative fold change with respect to untreated sample #

represent the statistical significance of control and * between the group at P<0.05. Statistical
analyzed was performed by one way ANOVA and Turkey’s post-hoc was used for multiple
comparisons between groups. TNF-a though significant difference was noticed in the intensity of
due to high standard deviation in the mean in a mean density post-hoc test of multiple comparison
does not show statistical significance difference.
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6.4 Discussion

The experimental results presented in the current study have been discussed with
specific emphasis on the antitumor effect of anti-HDM2 peptide GNPs conjugate in RB, in
vitro and in vivo and the significant difference in the responses of the cytokines and
apoptosis protein in treating C-GNPs-HDM2 and V-GNPs-HDM?2 xenograft tumor
samples.

In designing, nanoscale based delivery vehicles for the targeted therapy using
peptide it is required to the limit off-target effect without altering the native structure and
function of the delivered molecule [450]. Bioconjugation of an anti-HDM?2 peptide with
PEGylated GNPs could reduce the RES uptake, the common problem encounters in the
delivery of therapeutic molecules by the GNPs in vivo whereas in in vitro condition the
RES is not effective. This formulation, GNPs-HDM?2 increases the stability of peptide
contribution and increased the probability of homing of the peptide at tumor site [451]. By
this approach, GNPs-HDM?2 do reach to the target site by the existence of favorable
pharmacokinetics in vivo.

In the line of though, the current work has shown the HDM2 expression in the RB
tumor to confirm the expression profile of the HDM2 in the RB tumor (Figure 6.2 and 6.3),
which may help in vasculature of tumor. Therefore, the knockdown of the HDM2 could be
an attractive approach to target the RB tumor. HDM2 knockdown (Figure.6.9) is more
effective after treatment with the V-GNPs-the HDM?2 and C-GNPs-HDM?2. Whereas, in
case of C-GNPs-HDM?2 the knockdown of HDM?2 is observed at mRNA and protein level
shows significant (p<0.05). P53 expression doesn't regulate significantly in case of C-
GNPs and C-GNPs-HDM2 at both mRNA and protein level. The data indicate that C-

GNPs-HDM2 and V-GNPs-HDM2 shows the cell death induced by the knockdown of

212



HDM2 but the V-GNPs-HDM?2 could show the p53 dependent pathways, whereas, C-
GNPs-HDM2 could follow p53 independent pathways as because HDM2 knockdown
could either regulate by p53 dependent or independent pathways [452, 453]. A similar
type of study showed that antisense anti-MDM2 in breast cancer model, confirm that the
p53 level elevated by, resulting from specific down regulating MDM?2 expression in MCF-
7 cell line, which contain the wild type of P53 similarly, RB also has wild type of P53 [44].
Whereas the MDA-MB-468 cell line which containing mutant p53, after specific inhibition
of the MDM2 the p53 level hasn't elevated. This finding corroborates our in vitro data
which shows knockdown in both types of GNPs but the p53 up regulation have observed
only in V-GNPs-HDM2 treated Y79, a RB cell could be due to the presence of Vitis vinifera
polyphenols in V-GNPs, which help in elevation of p53 [454]. Several studies suggest the
anti-proliferative function of Vitis vinifera on different cancer have reported which
confirms the anticancer effect of the active component present in Vitis vinifera [455, 456].

To further confirm the effect GNPs-HDM?2 for tumor growth reduction in vivo,
using the subcutaneous xenografts model, induced by the Y79 cells to mimic the in vitro
studies which can make the link at in vitro and in vivo results. In a study using anti-HDM?2
peptide has shown the effective antitumor function in the RB tumor model, similar results
we observed in the current studies in vivo level [249]. The nude mice injected with C-
GNPs-HDM2 exhibited a significant reduction in Y79 cells tumor growth (p<0.001) 28%
whereas, the V-GNPs-HDM2, which is more effective in vitro shows 17% reduction
compared to vehicle control. A, moderate tumor growth reduction was noticed in the V-
GNPs-HDM2 until the 9 days of treatment which shows 43% tumor growth reduction.

Interestingly, at the same time C-GNPs-HDM?2 shows 37% tumor growth reduction
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corroborate our finding that V-GNPs-HDM2 is more effective compared to C-GNPs-
HDM2 at in vitro and in vivo. Afterward, both group animals were performing similar
tumor growth reduction until 21% days of with a single dose of treatment per days.
Ambiguously, one of the mice in the C-GNPs-HDM2 group shows relative tumor volume
(RTV) 1.19 compared to other animal which shows RTV in the range of 5-13 %. This could
be attributed to better performance C-GNPs-HDM2 over the V-GNPs-HDM?2 in a later
stage of the experiment, from day 10" till 24" day (Figure 6.13 d). To further understand
the difference observed in the in vivo response with due consideration of GNPs used for
the targeted therapy in RB using anti HDM2 peptide, an apoptotic array was performed.

It has been reported that HDM2 have the multiple mechanism of regulation of cell
death either p53 dependent or independent. The apoptotic protein profiling of the C-GNPS-
HDM2 and V-GNPs-HDM2 treated xenograft bearing RB, confirms that there is a variation
in effect apoptotic protein expressed in treated mice compared to untreated (Control). The
apoptotic protein profiling of ex vivo tumor sample (Figure 6.13) confirms the cell death
mediates through the activation of the apoptotic proteins which shows p53 dependent
pathways in V-GNPs-HDM2 treated condition whereas C-GNPs-HDM2 shows p53
independent apoptotic cell death. Inside, a similar kind of study using RNAi -mediated
silencing of HDM2 in breast cancer cell confirms that it reduced tumor cell growth and
induced apoptosis, cell death by decreased Bcl-2 expression with increased caspase level
as well as altered the cell cycle by arresting the cell cycle at G1 phases by suppresses
expression of cyclin and Cdk proteins [457]. Similarly, C-GNPs-HDM2 and V-GNPs-
HDM2 showed the less the Bcl-2 expression and increased the Bel-xi confirmed it could

follow the p53 dependent, knockdown of HDM2 and induces the antitumor effect [457].
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Similarly, findings have been observed using plant flavonoids apigenin (4',5,7-
trihydroxyflavone) in human prostate cancer cell lines and xenografts in a thymic nude
mice model [458]. The exposure of apigenin to 22Rv1 cell line led to a decrease expression
of Bcl-x1. and Bcl-2 and increase the expression of Bax, which interns triggers the caspase
activation to lead to apoptosis. These findings reveal that apoptosis mediates through p53-
dependent and independent pathways which cumulatively induce the cell death. Apart from
that the result also confirms that 22Rv1 cell line apoptosis induced by mitochondrial
membrane potential disruption and also by transcription dependent/ independent p53
pathways. The study further confirmed that apigenin-induced p53 stabilization through
pl4ARF-mediated down-regulation of MDM?2 protein.

Apart from the oncogene status of HDM2, the growing evidence confirms that it
HDM2 has p53-independent effects and can function as a tumor suppressor gene [459].
Therefore, it can be a remarkable gene and important target in cancer therapy. The p53
independent activity of the HDM2, which leads to apoptosis mediated through the
regulation of anti-apoptotic protein XIAP. It has been reported that MDM?2 bind to the
mRNA that express XIAP and improves it changes, which intern leads to the amplified the
expression of XIAP. The MDM2 mediated increased expression of XIAP enhanced the
caspase which lead to apoptosis [460]. Similarly, in case of C-GNPs-HDM2, treated the
tumor, 20% (P<0.05) increased expression of XIAP compared to control could lead to
apoptosis in xenograft tumor sample. This finds confirmed that the reducing agent which
used in the synthesis of GNPs play an important role, which not only affect the in vivo
responses, but also change the apoptotic protein profiling through regulating the p53

dependent and p53 independent pathways. A study reports that to cleavage of Mdm?2 at
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Asp-Val-Pro-Asp (DVPD) via activation of a temperature-sensitive p53 and caspase-3-
activity. Moreover, MDM2 can cleave by caspase-3 at a higher level than caspase-2, and
it can lead to degradation of Mdm?2 through introducing extra cleavage sites [461, 462].

The apoptotic pathways driven by the anti-HDM2 in RB in vivo, further studies
were carried out and cytokines profiling described the role of immune system in relation
to the HDM2 mediated antitumor effect. The current, observation with cytokine profile
helps to understand the effect of C-GNPs-HDM?2 and V-GNPs-HDM2 mode of action with
the change in cytokine profiles. The ICAM-1 and TNF-a are specifically regulated by the
V-GNPs-HDM2, which confirms the synergistic effect of Vitis vinifera reduced GNPs on
the antitumor effect along with the HDM?2 peptide [461]. It has been reported that peptide
[463] such as cationic cell-penetrating peptide, (cPPs,) Antennapedia homeodomain-
derived peptide (Antp), nona-arginine and Tat-derived peptide, inhibit tumor necrosis
factor (TNF) induced signal transduction through down regulating the receptor by
endocytosis mechanism. The TNF-a has many role in apoptosis and cell survival along
with apoptotic pathways as well as inflammation and immunity. The GNPs tagged with
TNF- a reached on early-phase of clinical trials in which the 27-nm citrate reduced GNPs
used for the tumor targeting. It has shown that GNPs tagged with factor-a (TNF-a)
(Aurimmune; CytImmune Sciences, Rockville, MD) has the dual effect of increasing tumor
targeting reduce the toxicity of TNF-a and delivery at the target site. TNF-a is known for
dual role as a cytotoxic and immunomodulator agent [172].

The recent studies on the regulation of the ICAM-1 of reactive oxygen species
(ROS) indicate that ICAM-1 expression up-regulated whereas the antioxidant attenuated

the ICAM-1 expression [464]. A similar observation is noticed in V-GNPs-HDM2 and C-
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GNPs-HDM2 treated samples. V-GNPs-HDM2, significant down-regulate the ICAM-
lexpression (P<0.05) compared to the control sample (untreated sample). One of the basic
functions of the Cell Adhesion Molecules (CAMs) in the multicellular organism is cell-
cell interaction. Apart from the cell adhesion it has a various role in the cellular process
such as cell migration, cell-cell signaling, and morphogenesis [465]. Endothelial cells
expressed ICAMs or CAMs constitutively. ICAMs, helps in the dispersion of T
lymphocytes on endothelial cells. Based on the current finding and the fact that resveratrol
exhibits antioxidant property corroborate our findings that V-GNPs-1-HDM2 not only
better in the tumor growth reduction, but it shows antioxidant potential [466-468]. In a
similar kind of study using GNPs conjugated peptide for anti-cancer therapies using murine
bone marrow macrophages indicates that the conjugate were recognized by the
macrophages indicates that the conjugate was recognized by the macrophages.
Consequently, the macrophage proliferation was stopped in GNPs-peptide treated
condition which inhibits the pro-inflammatory cytokines TNF-alpha. Similarly, in the C-
GNPs-HDM2 and V-GNPs-HDM?2 the pro-inflammatory, IL-6 expression does not
change, whereas TNF-alpha expression lower in case of V-GNPs-HDM2 significantly
(P<0.05) which activates the macrophages and suppresses the expression of the TNF-alpha.
Furthermore, the study confirms that macrophage activation is independent with the nature
of the peptide but dependent on the pattern of peptide coating on GNPs.

The cytokines profiling helps to understand the design of the GNPs-peptide
conjugate and its responses with the immune response either activate/deactivate immune
responses. The immune responses could base on peptide coating and the sequence of

peptide coating [469]. V-GNPs-HDM?2, which is coated with the phenolic of the reducing
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agent can regulate TNF-alpha expression in macrophages, which is an indicator of the
inflammation induced by antioxidants [470]. There is an indeed a need to identify the role
of the C-GNPs- and V-GNPs conjugated HDM?2 peptide to understand the role of these
two type of reducing agent in combination with the peptide for targeted therapy and
combination therapy can develop for RB cancer. In general, in order to effectively use this
newly developed organic-inorganic hybrid conjugate nano vehicle for targeted therapy.
Since, the cytokines profiling of V-GNPs and C-GNPs not only help to understand the role
of peptide in tumor growth reduction, but gives an insight to understanding the role of the
immune system.

However, further detailed studies with the different mode of injection are strongly
recommended to understand the bio-distribution, antitumor effect, molecular pathways and
synergistic effect, which complements the HDM2 antitumor effect. There is no statistical
significant difference was observed in the accumulation kinetics of GNPs between, V-
GNPs-HDM2 and V-GNPs-HDM2 whether it is single or repeated administration. It has
been reported in a similar kind of study that the mode of injection, either IV or to
intratumoral doses not affect the distribution of GNPs and antitumor property in a laser
coupled photoplasmonic treatment the other important parameter to consider is instillation
of a single dose or multiple dose and the tumor size. [471, 472].

The use of nanotechnology is continuing to expand within the biomedical
application, particularly for targeted cancer therapy, in order to use GNPs (~10 nm and 300
nm) as a nanocarrier, it is necessary to consider the mode of administration, distribution,

accumulation, toxicity, apoptosis and cytokine/chemokine, the dose and size of the tumor
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during the treatment to consider the nanomaterial as a candidate vehicle for the targeted

therapy.

6.5 Chapter Summary

e HDM2 expression studies in RB tumor tissues revealed evidently a high expression
of HDM2 protein, significant higher amplification of HDM2 mRNA at different
levels, confirmed that HDM2 is a potential molecular target for RB cancer therapy.

e The in vitro, mRNA and protein level knockdown and in vivo result confirms that
HDM2 is functional after conjugation with the GNPs and the tumor growth
reduction has observed in both types of V-GNPs and C-GNPs conjugate

e The results suggest that C-GNP-HDM?2 conjugate showed 28% (P<0.001) in tumor
growth reduction, whereas V-GNPs-HDM2 showed 17% compared to control

e The protein profiling and cytokines profiling indicated that the difference in the
apoptotic pathways induced by both typed of GNPs which are different at the same
time. The cytokine profiling also confirms that the immunogenic responses
difference in both samples is due to the presence of the different reducing agent in

GNPs.

219



A

p53 activate

HDM2
Degrade

3 N\
[ Survivin| | ——

N | (_\_‘[xmp N2
— & TCIusterin B

T : \ -/\1 Beld >~ S
( Bazfl PAf ) >~
% . I

( SMACI )
Apoptosis T s, © g

P33 M Homz A V-GNPs-HDM2 Q C-GNPs-HDM2

Acivate ey Upregulate T e I Down regulate

= HDM2 degrade A \

bl 4 p53 not active

| Survivin| |
A J

)
iy
S

!

Figure 6.18 Proposed mechanism of apoptotic by V-GNPs-HDM2 and C-GNPs-HDM?2 by the

dissociation of the active HDM?2 after binding with anti- HDM2 peptide.

V-GNPs-HDM?2 activate the apoptosis by re p53 targets apoptotic gene such Bcl-2 and SMAC and
kept significant protein level low (P<0.05). Where as in C-GNPs-HDM2, released HDM?2 free to
promote the degradation of its other target p21 and thus the level of p21 protein significant low
(P<0.05) due to HDM2 degradation and insufficient transcription activation of p21 which interns

cells undergo to apoptosis.
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CHAPTER 7

7 FTIR spectroscopic imaging of xenograft RB tumor tissue a tool for molecular

diagnosis

This chapter reports the application of vibrational microspectroscopy to understand
the differences observed in the tumor growth reduction after treatment with V-GNPs-1-
HDM?2 and C-GNPs-2-HDM2 in the xenograft RB tumor sample. FTIR, (Fourier
Transform Infrared) is a powerful method for imaging macromolecules in biological
systems. The non-destructive label free spectroscopic techniques in combination with
multivariate data analysis provide the molecular fingerprint to identify the chemical
interaction of the HDM2 functionalized GNPs and therapeutic importance of the novel

conjugate synthesized for therapeutic application in RB.

7.1 Background

Over the last few decades, FTIR spectroscopy has become a modern photonics
technique in the field of cancer diagnosis [284, 285]. It has opened a new path in the field
of molecular diagnosis, which can effectively identify the presence or absence of a specific
interaction between the biomolecules the cellular component, qualitatively and
quantitatively. FTIR microspectroscopy is a potential approach in contrast to the available
molecular and histopathological techniques, which rely on the statistical confidence and
operator expertise [283]. Whereas, vibrational spectroscopy relies on non-perturbing
identification of molecules arising from the inherent chemical composition of the tissue
sample [282]. The identification of the differences non-invasively and fast by unique the

spectral signature of each endogenous molecular functional group of the biomolecule is the
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ultimate aim to achieve with the spectroscopic technique [289, 473]. The microbial cell
was used first to identify the biomolecules using FTIR in the mid-infrared frequencies from
4000 to 600 cm™ [301, 474]. The amide I which arises from the coupled C=O stretching
and N-H bends of protein is the most common and prominent vibration band observed in
biomolecules [297, 302]. The amide I is a very sensitive bond which shows variation
according to the protein secondary structure [296, 475].

FTIR technique is to identify the differences in the complex cancer tissue, which
involves a wide range of spectral profile contributed by particular vibrational peak shifts,
band shapes, intensity [303]. The spectroscopy can be a new diagnostic tool for the analysis
of the tumor sample due to the sensitivity and specificity without interference of the
chemicals used in the processing of the tissue for the analysis unlike IHC [300]. Early
detection of cancer is indeed a primary requisite for the effective treatment of cancer, as it
is asymptomatic during the initial stage of disease progression. Similarly, the chemical
interaction between the cellular macromolecules and therapeutic molecules can also
studied with FTIR, which give an insight for interaction between the target moiety
(Therapeutic molecules) and specific macromolecule such as DNA, RNA and protein,
lipids, carbohydrates and nucleic acids. This molecule shows a distinct band in FTIR
spectra, which is identical with respect to each molecule [290-292].

The detailed study of xenograft RB tumor samples for the identification of
interaction with cellular macromolecules such as protein, nucleic acid, and lipids. Our
results indicate that the interaction of the novel conjugate (GNPs-HDM2) with tumor cell
changes the chemical composition in terms of quantity, which we hypothesize could be

due to differences in the specific interaction of the reducing agent used for the synthesis of
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GNPs. Similarly, after interaction of GNPs-HDM2 with tumor tissue can change
biomolecules quantitatively and qualitatively. This is first attempt to understand the
interaction of the GNPs-HDM?2 with the cellular component at the molecular level. It can
help in understanding of tumor growth reduction attained by V-GNPs-1-HDM?2 and C-

GNPs-HDM2 treated in vivo (Discussed in Chapter-6) [305].

7. 2 Materials and Methods

The methodology used for the experiment performed in this chapter has been
explained and discussed in detail in Chapter 3. A brief outline of the experiments performed

mentioned below.

Sample preparation ( RB, cryo section 5-7uM)

Focal Plane Array (FPA) FTIR imaging micro spectroscopic

Data collection and analysis, (absorbance spectra and imaging )

Chemo metric analysis , HCA and PCA

Figure 7.1Flow chart shows the methods used in the FPA-FTIR data analysis
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7.3 Results

7.3 .1 Multivariate data analysis, Hierarchical cluster analysis (HCA)

HCA analysis of RB, xenograft tumor sample was performed on, control, (Vehicle
control), GNPs-1 (V-GNPs-HDM2) and GNP-2 (C-GNPs-HDM?2). The representative
tumor from each group has been shown in the Figure7.2. The Multivariate data analysis
was performed using HCA CytoSpec v. 1.4.02 (Cytospec Inc., Boston, MA, USA) and
PCA uses Unscrambler 10.1 software package (CAMO Sofware AS, Oslo, Norway). The

main criteria include the appropriate sample thickness, which includes the absorbance over

the 1620-1680 cm 1 spectral and the other criteria includes spectral absorbance either less

than 0.2 or greater than 0.8.

==
(111 ] i

Figure 7.2 The representative image of ex-vivo Retinoblastoma xenograft tumor use for the analysis

A) Vehicle control (Control) B) GNPs-1 (V-GNPs-1-HDM?2) and(C-GNPs-2-HDM2)

The cluster analysis was performed on pre-processed “2" derivative” data of the
area-normalized spectra in the region 930-3040 cm™- The spectral range for vector
normalized was in between 930-1800 and 2810-3040 cm—1. Figure7.3. Discrimination
between the three samples in a hierarchical tree was made with multi-dimensional

Hierarchical Cluster Analysis (HCA) using Ward’s algorithm, which is the most
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appropriate method for quantitative variables and clustering into group [476]. The HCA
analysis the similarity between pairs of spectra from all the three samples and groups them
into distinct clusters in a dendrogram until the overall analysis is complete.

HCA revealed the intragroup similarity within the control (untreated tumor) and
tumor treated with V-GNPs-HDM?2 and C-GNPs-HDM2 and generated5 clusters in each
group. The average spectra were obtained from the second derivative with a baseline,
smooth and vector normalization at 930-1800 and 2810-3040 cm—1. The maximum
heterogeneity level was found in the lipids and nucleic acid regions. Lipids were observed
in the IR absorption spectrum according to available literature as mentioned earlier in the
spectral range 930-1800 and 2810-3040 cm—1. The difference in the spectral range was
established by considering the similar areas of biological functional groups in all the
sample with the highest possible difference between same tumor samples. The dendrogram
clearly showed distinct clusters between control, GNPs-1-HDM2 and GNPs-2-HDM2
treated groups. All samples were clearly discriminated and formed one sub-cluster (Figure
7.4). These results show that the biochemical composition of the RB xenograft tumor

sample is influenced by the treatment of the GNPs-HDM2 conjugate differently.
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. Map after HCA map

Map of original data Mal’#asft(esf llg;lahty (930-1800,2
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GNPs-1
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GNPs-2
(C-GNPs—-HDM2)

Figure 7.3 Represents the micro-spectroscopic images of Control, V-GNPs-1-HDM2 (GNPs-1) and C-GNPs-2-HDM2 (GNPs-2) tumor

from each group were used for the spectral processing for each group after the second derivative analysis.
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HCA Dendrogram HCA average spectra of each cluster

=T =20 A e

Figure 7.4 HCA on pre-processed 2"derivative” data (version 3 with quality test and noise
Reduction). HCA dendrogram and average spectrum of each cluster. Control (A & B), V-GNPs-
HDM2 (C&D) and V-GNPs-HDM?2 (E&F). 5 cluster were selected in each sample for the HCA
analysis.
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7.3.2 Principle Component Analysis (PCA)

PCA was performing on absorbance spectra of the data set of three samples
obtained from each group includes control, V-GNPs-HDM2 (GNPs-1) and C-GNPs-
HDM?2 (GNPs-2). The total raw spectral data are 1493 from all three groups, which include

543 spectra from control, 486 spectra from GNPs-1 and 464 spectra from GNPs-2

Absorbance {a.u.)

Tt W S A HALLL T P O T N LT T T NP PN 2 PRI R T S I Lo Lt TR LCRTT T DY S N TR PG T P

Wavenumber (cm?)

Figure 7.5 Represent the absorbance spectra of the raw data set (Total no. of spectra=1493) with
total scattering recorded in the RB sample.

7.3.2.1 Spectral processing in bio bands

The absorbance data were used for the Extended Multiplicative Scatter Correction
(EMSC) performance using "biobands". The biobands of the wavenumber between 3040-
2810, 1800-930 with interval 1-60,320-548 was selected for analysis. The actual biobands
wavenumber is 3039.234-2811.677, 1808.883-929.51. The specific range was selected
since, it is useful in identification of the lipids and protein molecules present in the

mammalian cells (Figure 7.6). The many spectral bands overlap in the unprocessed
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spectrum, therefore it is imperative to process the data and use the second derivative to get

the distinct individual bands from the original data set. (Figure.7.6).
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Figure 7. 6 Represent the spectra of bio-band. The marked difference in the spectrum (compared to
Figure 7.5) is due to the representation of spectra of interest alone from the bio-band

7.3.2.2 PCA analysis of the raw data set in the bio-band range

PCA performed to extract the most significant difference between the three groups
of spectra of the xenograft, RB tumor samples. The score plot visualization of the data in
PCA whereas, the loading plot is an indicator of the biochemical functional group obtained
in PC level [477]. The total spectral data analysis was carried out using Bioband to extract
the most relevant information (Figure 7.7).

PCA was performed on the spectral data of "BioBands" through cross-validation at
7 PCs. The interval = 1-60,320-548 in the range (wavenumber): 3040-2810, 1800-930. The
actual biobands wave number was 3039.234-2811.677 and 1808.883-929.51 cm-1. The

recommended PC was up to 4 levels, which shows 95.22% of the variance. The clear
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discrimination between the three groups is a function of the PC level. It was observed that
at PC-1, C-GNPs-HDM2, and V-GNPs-HDM2, PC-3 the clearly showed more loading,
respectively. As it has been noticed that in a PC score plot of unpriced original data that all
the three groups, (Control, C-GNPs-HDM2, and V-GNPs-HDM?2) shows clear scattering

at different PC level.
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Figure 7.7 Scores Loadings
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Figure 7.7 b PC-1 (59%)

PC-3 (11%)
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Figure 7.7 PCA score and loading plot shows of un-derivatized dataset (A &D). A -PC-score plot,

B) Loading, D) Cumulative variance explained by PC for Control, GNPs-1 (V-GNPs-1-HDM?2)
and GNPs-2 (C-GNPs-2-HDM?2)

7.3.3.1 Spectral processing using 2"! derivative spectra of all the data sets

The second derivative (Figure 7.8) was obtained from the normalized spectra is
Figure 7.4 &7.7. 2™ derivate performed with 13-point smoothing and 3 polynomial order.
The spectra obtained for second derivative after EMSC was performed using “biobands"
in the wave number range 3040-2810, 1800-930 with data interval of 1-60,320-548. The

actual wavenumber was 3039.234-2811.677, 1808.883-929.51.
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Figure 7.8
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Figure 7.8 The spectra obtained after the EMSC to obtain the maximum difference in the PC to
differentiate the Control, V-GNPs-1-HDM2 and C-GNPs-2-HDM2 after EMSC analysis

7.3.3.2 PCA analysis of the 2nd derivative set in the bioband range

The 2™ derivative PCA was performed from spectral sets of "biobands" with cross-
validation and 7 PCs with the interval of 1-60,320-548 cm-1.The leverage correction was
done in the biobands of wavenumber 3040-2810, 1800-930 cm-1. The actual band
wavenumber was 3039.234-2811.677 and 1808.883-929.51 cm-1 the recommended PC-4
which accounts for 89.24% of the variance in the 2" derivative data set. The scatter plots
of PC1 (variability; 51%) and PC2 (variability; 11%) and PC2 and PC3 (variability; 13%)
are shown in Figure 7.9, respectively. The scatter plot of PC-1 (Figure 7.9) showed
difference between control and C-GNPs-HDM2 whereas, PC3 showed difference against
control and V-GNPs-HDM2 clearly confirmed that same type of tissue (RB xenograft)

showing the difference due to different treatment condition. The loading difference in all
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three samples with the difference at PC-1, PC-2, and PC-3 indicated the difference in the
sample. In case of PC-1 (Figure 7.9A) the loading of protein and lipids are in both the
direction (negative and positive) while PC-3 shows loading in almost always in the positive
direction (Figure 7.9 C). In contrast, PC-2 showed very less loading in both the direction

with positive and negative (Figure 7.9 B)

Figure 7.9
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Figure 7.9 Shows the 2nd derivative PCA score indicates the PC-loading and variance. PCA score
and loading plot shows of 2nd derivative dataset (A &D).

A -PC-score plot, B) Loading, D) Cumulative variance explained by PC for Control, GNPs-1 (V-
GNPs-1-HDM?2), and GNPs-2 (C-GNPs-2-HDM?2).
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Figure 7.9 b
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Figure 7.9 (b) PCA score and loading plot shows at PC-1, PC-2 and PC-3 level

7.3.3.2 Interpretation of 2" PC loadings with Control, V-GNPs-1-HDM2 and C-
GNPs-2-HDM2

Classification of xenograft samples shows the difference in PC laden. These
differences are expected to be due to the differences in the treatment of V-GNPs-1-HDM2,
and C-GNPs-2-HDM2. We attempted to interpret each PC loading in terms of the
difference in positivity and negativity loading of the functional group. The PC
corresponding to V-GNPs-1-HDM2 (PC3) and C-GNPs-2-HDM2 (PC1) has different
reducing agent which corresponds to the differences observed in the PC loading. The
results of the different bands at different PCs level are compiled in Table 7.1. For the
loadings observed in all three samples, there are two common marker stand out are Amide

III beta (Amide III: b-sheet) at ~1249 cm-1 in V-GNPs-HDM2 and C-GNPs-HDM2
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whereas 2948- ,as (C—H) from methylene (—CH2) groups of lipids and 2888 s (C—H) from
methyl (~CH3) groups of lipids in all three groups suggesting that this marker is
informative concerning to the group separation. Based on this result, the loading of PC-1
had a strong positive correlation at 1092 and 2847 corresponding to the phosphodiester
backbone of DNA/RNA; and the CH2 group of lipids. In addition, negative loading was
detected in 1649- indicating a Amide-1la helix. The loading of PC-3 showed a positive
correlation at 982, 1029 and 1675 corresponding to Ribose-2’-OH vibration of RNA,
CH>OH of polysaccharides, and Amide-1p turn respectively. Whereas a negative loading
was observed at 955 and 1649 corresponding to Ribose-2’-OH vibration of RNA and the -
Amide-1a helix.

The difference in the loading observed between V-GNPs-HDM?2 (GNPs-1) and C-
GNPs-HDM2 (GNPs-2) could be correlated with the biological response such as difference
in tumor growth reduction, variations in gene expression and cytokine profiles as discussed
in the chapter-6. The PC-3 corresponding to V-GNP-HDM?2 showed the highest number
of loading both positive and negative compared to C-GNP-HDM?2 and control. (Table-7.1).
The GNPs-1 (V-GNPs-HDM?2) is reduced with the Vitis vinifera, which consists of
polyphenols and hence resulted in higher biochemical changes in a wide range of the
macromolecules such as lipids, protein and nucleic acid (Table 7.1 Figure 7.10 C).
Alternatively, C-GNPs-HDM2 (GNPs-2) synthesized with the sodium citrate showed
interaction mostly with the lipid molecules as discussed and could justify the reduction in

loading as observed in PC-1.
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Figure 7.10 ——PC
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Figure 7.10 PCA score loadings of PC1-PC3. The major band observed, and the positive (+) and

negative loading (-) bands are tabulated in the Table-1. PC-1 (C-GNPs-HDM2), PC-2 (Control)
and PC-3 (V-GNPs-HDM2)
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Table 7.1 The major band assignment for thelevel, which group in each PC level which shows the difference in Control, V-GNPs-HDM2
(GNPs-1) and C-GNPs-HDM2 (GNPs-2) [256, 478, 479].

Level Loadings Wavelength (cm1), -Stretching Vibration, s —Symmetric Stretching Vibration
of PC vas- Asymmetric Stretching Vibration, 8- in plane bending vibration
PC-1 > 1092 -PO>" group of DNA/RNA and phospholipids backbone
(@) > 1242- B-sheet of amide III bond
> 1622- Antiparallel B-sheet , (C=0) of carboxylate and , (C=C) of aromatic compounds of amide I bond
> 1738- (C=0) bond of esters group from fatty acids and lipid triglycerides
> 2847- ,s(C—H) bond of methylene (-CH2) of lipids
> 2929- ,as(C-H) bond of methylene (—CH2) of lipids
PC-1(- » 1758- + (C=0) bond of esters group from fatty acids and lipid triglycerides
) > 1649- , (C=C) of di substituted cis-olefins and a-helix of amide I
> 1388- 3s(CH3) and ds(CH2) of lipids and proteins
PC-2 > 1257
(@) > 1377- 3s(CH3) from cholesterol and fatty acid radicals
> 1441- (C-N) of the pyridine ring
> 1526- Parallel mode of the a-helix of amide I1
> 1625- Antiparallel b-sheet of amide I, ,(C=0) of carboxylate and , (C=C) of aromatic compounds
> 2851- ,s(C—H) from methylene (~CH2) groups of lipids
> 2937- yas(C-H) from methylene (—-CH2) groups of lipids
PC-2(- » 1675- B-turn of amide I:
) > 1150- vas(CO—O-C) group of glycogen and nucleic acids (DNA and RNA)
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PC-
34

PC-3(-

V V V V V V V V V V V V V V VY

982- ,(=CH) of trans isomers and conjugated trans, vibration involving OH group of ribose rings in RNA
1029- (C—C) coupled with 3(CH2) of “CH2 in -CH2OH groups of polysaccharides

1109- ,s(C-0) at the 2'-OH group of ribose rings in RNA

1249- B-sheet of amide 111

1342- ;,wag(CH2) of “CH2 groups in polyethylene chains

1416-°rock(CH2) of di-substituted cis-olefins

1468-3scissor(CH2) from methylene (—-CH2) groups in acyl chains of lipid bilayers in orthorhombic packing
1555- a-helix and antiparallel B-sheet of amide II

1675- B —turn of amide I

2888- s (C—H) from methyl (~CH3) groups of lipids

2948- ;as(C—H) from methylene (—-CH2) groups of lipids

1649- , (C=C) of di-substituted cis-olefins and a-helix of amide I:

1529- Parallel mode of the a-helix in amide II:

1056- s (R—O—P-O-R) from ring vibrations of carbohydrates

1229- -(PO2") POy group of DNA/RNA and phospholipids backbone
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7.4 Discussion

The transformation of the tissue states from normal to cancer is attributed to
biochemical changes within the tissue. Similarly, after the treatment cancer cell with drug
molecules, small molecules can also change the chemical stage of the cell by interacting
with the cellular biomolecules. This change can be studied using the FTIR in combination
with chemometric analysis at the molecular level, thereby giving a vital information with
regard to the interaction of target molecules as the cellular component. The combination of
FTIR spectroscopy and multivariate analysis can provide a reproducible and non-invasive
method to study the biomolecules changes in treatment condition.

FTIR spectroscopy is currently being employed as a tool to derive biochemical
signatures of a wide range of cells and tissues. The FTIR has been used to distinguish the
normal and cancer cells due to the presence or absence of macromolecules such as nucleic
acids, proteins, lipids and carbohydrates and differences in their configurations [480, 481].
For the first time an attempt was made to identify the difference induced by the treatment
of GNPs-HDM2 to RB xenograft tumor samples. The comparison of the FTIR spectra of
PC-1- PC-3 clearly reveal the difference induced by C-GNPs-HDM?2 and V-GNPs-HDM2.
The major difference observed in the amide, nucleic acid, polysaccharides and lipids in the
spectral range 3040-2810 and 1800-930. The resultant score plot (Figure 7.10) clearly
reveals the separation of 3 ex-vivo xenograft tumor sample. The PC- 1 loading plot shows
a strong positive band At 1622 cm-1 of Amide I, antiparallel b-sheet of carboxylate of
aromatic compounds which could attribute binding of C-GNPs-HDM2 with the protein
molecules and due to the SPR effect of the GNPs it shows the shift of from the 1625 cm-1

observed in PC-2 (Control samples/untreated RB xenograft tumor). In addition to this, a
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significant difference was observed in the lipid loading between PC-1 and PC-2. The data
indicate that in the case of PC-1 a strong positive peak at 2929 cm-1 is observed, which
attributed to methylene (—CH2) groups of lipids. The presence of strong positive loading
of these lipids attributes the activation of the fatty acid synthesis, which could be due to
the presence of citrate in C-GNPs-HDM?2 [482]. It has been reported that citrate has an
important role in fatty acid synthesis pathways. Whereas, in the case of V-GNPs-HDM2
treated samples lipids bands completely disappears indicates that there are no lipids
loadings. The other important difference, which can consider for the impact on the
classification of PC-3 is a strong positive loading at 1555 cm-'Amide II, a-helix and
antiparallel b-sheet, 1029 cm-1 for CH20OH groups of polysaccharides and 1109 cm-1 for
2'-OH group of Ribose rings in RNA. The PC-3 loading plot reveals that 1343, 1416, 1468
and 1555 cm-1 are accounted for the difference in lipids, proteins and nucleic, acid
composition (Figure 7.11) and confirmation in C-GNPs-HDM2 treated tumor samples. The
bar graph indicates that the PC-3 (Figure 7.10) shows more positive loading for all the
biomolecules compared to control and treated samples a remarkably negative loading of
the lipids are observed in the PC-1 (Figure 7.10 &7. 11).

It should be emphasized that the GNPs used in the targeted therapy using peptides,
HDM2, complementary affected by the nature of the GNPs used for the delivery of peptide
molecules at the target site. In the line of current findings, we can hypothesize that a
targeted moiety can interact with the different biomolecules during the treatment. As we
have noticed here that although a peptide (HDM?2) was used for the targeting the protein
molecules due to difference in the carrier molecules (GNPs), the interactions were not

limited to the protein and a significant difference was observed in interactions with various
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biomolecules as revealed by the PCs loading (Figure 7.10) compared to the control
samples. As discussed C-GNPs-HDM2, which shows predominantly lipid loading whereas
V-GNPs-HDM2 which shows mostly proteins, lipids and polysaccharides of different
composition confirm that both the treatment are showing the difference at the molecular
level. The difference in the specific band loading is a mean to identify the difference of the
biomolecules. In a similar kind of study using FTIR analysis to differentiate between
normal and a mutated genome have been used to screen the mutagenic potential effect of
the drug [483]. The application of FTIR in combination with specific biological assays can
be utilized for assigning the differential band position and intensity of specific molecular
events between samples compared [484].

In addition, most of the research studies widely use molecular biological techniques
such as gene expression and protein expression studies to analyze the mechanism of action
of drugs, peptides or siRNA. For instance, the validation of peptide or siRNA based
experiments is limited to protein expression while the differences in the other biomolecules
are ignored. Since, biological systems are complex, modulation of one specific group of
biomolecule (eg., Protein) can cause a cascade of changes that does not limit itself to target
group for instance, protein, hence a method that would provide a holistic view of
interactions between different biomolecules are vital [485]. Application of FTIR, fulfills
the above-mentioned criteria. Our results reiterate the need for a method like FTIR for
understanding the complete array of biomolecule interactions. Additionally, the
combination of FTIR with multivariate analysis could provide a non-invasive and
reproducible method of assessing the differences between untreated /treatments,

cancerous/non-cancerous stage of the tumor samples. The transformation of the tissue
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states from normal to cancer of treated to untreated is attributed to biochemical changes
within the tissue. Since the tumor is abnormal stage of the cell associated with the chemical
changes at the molecular level, the tumor cells can be monitored in comparison with the
normal cells based on their chemical composition, thereby giving a vital information with

regard to early diagnosis of the tumor stages, benign or malignant in human tissue.
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Figure 7.10 Summary of the biomolecules positive and negative loading with respect at PC-1, PC-
2, and PC-3 level

The current findings indicate that biological responses observed in the GNPs-
HDM?2 created RB xenograft cancer model at in vitro, in vivo (discussed in Chapter 6) and
current xenograft RB sample FTIR date corroborate at each level. The molecular
fingerprint observed by multivariate analysis (such as PCA) supports our hypothesis that
reducing agent used in the synthesis of GNPs is a playing important role apart from the
therapeutic response by the HDM?2 therapeutic peptide. To understand this effect in depth

to get an insight at the molecular level through identify the chemical fingerprint the FTIR
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spectroscopic technique has used to divulge the difference at the molecular level. The
identification of spectroscopic signature unique for the particular interaction would be
highly beneficial for the development of the new chemotherapy drug/therapeutic agent for
the targeted therapy [486]. This technique would be a new motivated path in the field of
drug-biomolecules interaction for the improvement of chemotherapeutic responses to
achieve more target specific treatment modalities [487]. To interaction can be classified by
chemometrics analysis. which includes statistical and mathematical methods to analyses
and elicit the important information with high sensitivity, selectivity due to FPA technique
[488]. Apart from this, the usefulness of the technique lies in the diagnosis, unlike other
techniques the spectroscopy like non-invasive, easy sample preparation and unique
vibration pattern of each biomolecule. The characteristic band that mainly reveals the

information about the interaction and confirmation as a signature.

7.5 Chapter summary

e V-GNPs-HDM?2 and C-GNPs-HDM2 interact differently at macromolecule level.

e FTIR molecular fingerprint can aid in understanding the interaction of therapeutic
molecules at lipid proteins and nucleic acid level

e These findings would explain better how the chemo-bio interaction affect the

biological responses at cellular and genomic levels.
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CHAPTER 8

8 Summary and future perspective

This chapter summarizes the major findings obtained in this dissertation. This
chapter concludes the results of novel SERs active GNPs and GNPs-peptide (organic-
inorganic hybrid nanomaterial) conjugate for cancer theranostic. The conjugate, GNPs-
Pep-A, and GNPs-HDM2 showed antioxidant and antitumor effect in RB cancer models,

respectively. This chapter also includes the future scope of current work.

8.1 Conclusion

8.1.1 Major findings of the current dissertation;

1) The first report on the GNP synthesis with Vitis vinifera L. and Curcumin L. successfully
stabilized with SERs and self-therapeutic activity in the cancer cell.

2) The Vitis vinifera L. GNPs (V-GNPs) is crystalline in nature and showed multifunctional
activity and high therapeutic index compared to the Curcumin L. in Retinoblastoma (RB)
cancer model.

3) The Peptide-A conjugated GNPs (V-GNPs-Pep-A) showed synergistic effect and was
more efficient in ROS reduction and SOD enzyme activity compared to V-GNPs and Pep-
A alone.

4) HDM2 over-expression was observed in RB tumor samples both at mRNA and protein

levels in all the analyzed samples.
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5) Knockdown of the HDM2 expression, in vitro, in the RB cancer model, confirmed that
the anti-HDM2 peptide was functionally active after conjugation with GNPs (V-GNPs-
HDM?2 and C-GNPs-HDM?2).

6) Apoptotic and cytokine profile in xenograft RB tumor and serum sample, respectively,
indicates that V-GNPs-HDM2 and C-GNPs-HDM?2 induced the cell death through
different signaling pathways. In addition to this, the apoptotic gene downstream to HDM2
pathways was different which could be due to the difference in signaling pathways
modulated by the metal-peptide complex and the peptide alone.

7) Label free spectroscopy of a xenograft RB tumor sample with FTIR further confirmed
that V-GNPs-HDM2 and C-GNPs-HDM2 showed a difference in PC loading at
macromolecule level corroborate with our findings that the reducing agent used in the
synthesis of GNPs significantly affected the interaction of the conjugate at the molecular
level.

More detailed conclusion of each study is summarized below:

I Green technology for GNPs synthesis

The present dissertation resulted in the development of novel SERs active GNPs
with polyphenols from the plant molecules. Nontoxic, and eco-friendly plant derivatives
known for their anti-cancer and anti-oxidant properties were used for the GNPs synthesis.
The gold precursor NaAuCls reduced by the Vitis vinifera and Curcumin to form the gold
nanoparticles and gum arabic was used to increase the colloidal stability of GNPs. The
GNPs synthesis protocol is quick, easy and highly reproducible to generate the GNPs with
different reducing agent. The GNPs of different sizes can be developed in the range from

10-1000 nm by changing the synthesis parameters which includes temperature,
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concentration of salt and time of reduction. The therapeutic index of the V-GNPs is more
compared to curcumin reduced GNPs and hence V-GNPs are more promising for
therapeutic application in the RB cancer model. The in vitro, stability studies of GNPs
confirmed the stability of GNPs in biologically relevant solvent and culture medium.
Furthermore, the GNPs were assessed for their stability and anti-cancer effect on the

biological system.

IT Novel GNPs- peptide -A (GNPs-Pep-A), an antioxidant for RB therapy

Reactive oxygen species (ROS) generated as an initial signal in the cancer cell
during the oxidative stress condition. Antioxidants are the molecules that protect biological
molecules such as protein, DNA, lipids, etc., against the oxidative damage caused by ROS
generated during anti-cancer therapy. This study for the first time report that an antioxidant
peptide (Pep-A) showed an antioxidant effect in RB cancer cell and reduced the ROS level
upon treatment with the Pep-A alone. In addition to this, GNPs-Pep-A is more effective
due to the synergistic effect of GNPs compared to the Pep-A. The synergistic effect has
been observed due to the presence of polyphenols coated on the surface of GNPs (reported
in the chapter-4). This enhances the antioxidant effect of the GNPs-Pep-A compared to
Pep-A, which corroborate the results reported for the antioxidant effect of Vitis vinifere.
The expression of antioxidant genes GPX, SOD and CAT at mRNA level were up regulated

and SOD enzyme expression after treatment with the GNPs-Pep-A.

IIT HDM2 knock down for targeted therapy in RB

The HDM2 is an oncogene, which inhibit the expression of a P53 gene. The

feedback regulation of HDM2-P53 controlled important cellular function apoptotic cell

247



death and tumorogenesis. The up-regulation of HDM2 at mRNA and protein level were
observed in RB tumor tissues, which confirmed the role of HDM2 in tumor progression.
The V-GNPs-HDM2 and C-GNPs-HDM2 conjugate showed significant down-regulation
of the HDM2 in vitro and up-regulation of p53 in the case of V-GNPs-HDM?2. The result
(Chapter-6) obtained in the current work is corresponding to the earlier report on p53
expression, enhanced by the Vitis vinifera.

The in vivo tumor growth reduction data confirmed that C-GNPs-HDM2 and V-
GNPs-HDM2 suppress the tumor growth through p53 independent and p53 dependent
pathway, respectively. However, knockdown of HDM2 induces the apoptosis irrespective
of C-GNPs-HDM?2 or V-GNPs-HDM?2. The Vitis vinifera, a polyphenol, contains the major
component resveratrol, which is known for tumor growth inhibition in Y79, RB cells
complements the HDM2 peptide and induces the tumor reduction RB in vitro and in vivo.
In conclusion, this study proved that HDM2 could be a good target in RB. The GNPs
successfully functionalized with HDM2 peptide and knockdown the HDM?2 specifically by
anti-HDM2 functionalized GNPs, which lead to apoptosis in RB. The reducing agent used
in the synthesis of GNPs plays an important role in biological response, this is evident from
observation from the current data which showed clear differences in biological responses

such as level of HDM2 knock down, apoptosis protein profiling and cytokine expression.

IV Label-free spectroscopy, a tool for identification of therapeutic responses at

molecular level

Spectroscopic imaging in combination with multivariate analysis, principal
component (PCA) was performed to study the chemical mapping and detecting the

distribution of the cellular macromolecules in C-GNPs-HDM2 and V-GNPs-HDM2
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treated xenograft RB tumor samples. The differences observed in the tumor growth
reduction during in life study (discussed in chapter-6) in the nude mouse model was studied
by the multivariate PCA analysis. The complete disappearance of lipid loading and positive
loading for polysaccharides confirm the effect of V-GNPs-HDM2 in xenograft RB samples
which are virtue of the appearance of Vitis vinifera in addition to an anti-HDM2 peptide,
which could affect the tumor growth reduction, apoptosis and cytokine profile observed in
V-GNPs-HDM2. This result proved that reducing agent used for the synthesis of GNPs
indeed affects the tumor growth reduction as a synergistic effect in the presence of anti-

HDM?2 peptide, which lead to cell death.

8.2 Future scope of the work

The application of GNPs for cancer theranostic will be more promising by reducing
the toxic effect of metal nanoparticles, and hence green nanotechnology holds the promise
to reduce the nanoparticles toxicity. The future scope of the current work opens a new path
and direction for Nanomedicine research. This requires a determined long-term effort to
achieve the real solution in a clinical setup. These include design and development of
multifunctional GNPs for integrated cancer therapy and theranostic application. Use of
multiplexed nanoparticles for diagnostics to study clinical outcome, treatment response and
individualized therapy. The possible new venues are open to continuing the current work
as follows;

e Resveratrol, a major component of the Vitis vinifera, can be used for the GNPs
synthesis, which could be more specific in terms of the self-therapeutics effect of

GNPs in RB management.
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Though curcumin act as a reducing agent to form GNPs, it has limitation in terms
of the reproducibility and aqueous solubility, in future, it is imperative to optimize
the synthesis protocol of GNPs to get the reproducibility and aqueous solubility of
curcumin for successful use of Cur-GNPs for biomedical application.

The identity of the Raman reporter molecule (s) coated on V-GNPs, is presently
unknown, therefore in the future work will carry out to study the polyphenols,
peptides and protein compounds present in the Vitis vinifera L. extract.

SERs active GNPs will be more specific and multi-functional if functionalized by
cancer cell surface-specific biomarkers. This could overcome the non-specific
organ uptake and RES uptake of target moiety.

The V-GNPs will explore further for therapeutic application in another cancer
model. Self-assembled GNPs can be synthesized using antioxidant and anticancer
biological reducing and capping agent.

Since, HDMX family member HDM4 over-express in RB, in future it can be
studied whether GNPs functionalized with HDM4 along with HDM2 and used for
the RB therapy.

The novel V-GNPs HDM2 showed tumor growth reduction in vivo in mice model;
the future study needs to explore different modes of administration such as L.V.
(Intra venous), L.P. (Intra-peritoneal). In addition to this the dose of V-GNPs-
HDM2 can be optimized to enhance the tumor reduction with no toxicity in a vital
organ.

In future, the different gold nano structure can be formed and optimized for the

delivery of anti-HDM2 peptide for therapeutic application in RB and other cancer
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model. Future studies will focus on photothermal and imaging by SERs active
GNRs and GNPs, respectively

Since, V-GNPs doped successfully with Raman dye (R6G) a multiplexing approach
could be used for the targeting multiple biomarkers along with imaging.

In future, green technology can be explored in detail in terms of the synthesis of
GNPs by using the different reducing agent and obtain self-therapeutic GNPs,
which could be more useful in terms of cancer cell apoptosis and specific targeting.
Spectroscopic signature can be identified by vibrational spectroscopic techniques
such as Raman and FTIR to generate the molecular spectral signature in RB as a
diagnosis tool.

The orthotropic model of RB would be an appropriate choice better to understand

the role of this novel conjugate as an intravitreal delivery vehicle.
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APPENDIX I (LIST OF CHEMICALS)

S.N | Chemicals Company

1 Acetone Merck

2 Acetonitrile Merck

3 Annexin V apoptosis kit, BD Biosciences
4 Antibiotic antimycotic solution HiMedia

5 Anti-HDM2 antibody Santa cruz

6 Anti-P53 antibody Santa cruz

7 Anti-f actin antibody Sigma Aldrich
8 Chloroform Merck

9 Curcumin Sigma

10 Dicholorodihydrofluorescein fluorescence assay kit, Cell Biolabs
11 Diethyl ether Merck

12 Diethyl pyrocarbonate Sigma Aldrich
13 Dimethyl sulfoxide Sigma Aldrich
14 DMEM Gibco

15 DTT Sigma

16 Enhanced chemiluminescence kit Pierce

17 Fetal bovine serum Gibco

18 HDM2-Peptide Sigma Aldrich
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19 Isopropanol Merck

20 MTT Sigma Aldrich

21 Mouse anti-mouse antibody Santa-Cruz

22 PEG-1000

23 NaAuCl4 Sigma Aldrich

24 Peptide-A Ana Spec

25 Ponceau S Sigma Aldrich

26 RNAse out Sigma Aldrich

27 Reverse Transcriptase kit Applied Biosystem
28 SYBR green real time RT-PCR master mix Applied Biosystem
29 Sodium Citrate Merck

30 Triton X 100 HiMedia

31 Trizol Sigma Aldrich

32 Trypsin Sigma Aldrich

33 Vitis Vinifera Local vendor
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APPENDIX IIT (REAGENT PREPARATION)

S.N. Chemical Composition
1 RPMI/DMEM(Cell culture | 445 ml culture medium
medium) 50 ml FBS
5 ml Antibiotic-antimycotic
2 Tris-HCI Buffer (pH 8.8) Tris-9.0gm
Water-25ml
Adjust the pH to 8.8 withIN HCI and
made up to 50ml with Distilled water
3 Tris-HCI Buffer (pH6.8): Tris-3.0gm
Water-25ml
Adjust the pH to 6.8 with 1N HCI and
made up to 50ml with Distilled Water
4 10% APS Ammonium per sulphate -10gm
Distilled water -100ml
5 10% SDS SDS -10gm
Distilled water-100ml
6 10%gel 30% Acrylamide - 4ml
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Tris HCI pH 8.8 -2.5ml
10%APS -50ul
TEMED -5ul

10%SDS -100ul

Distilled water -3.344ml

4% Acrylamide

30% Acrylamide -1.33ml
TrisHCI- (pH 6.8) -2.5ml
10%APS -50ul

TEMED -10ul

10%SDS -100ul

Distilled water -6.01ml

Western blotting transfer buffer

Tris -3.3g
Glycine -14.4¢g
SDS -1.0

Dissolve in 100 ml of distilled water

Ponseau stain

Ponseau S -0.5gm
Glacial acetic acid -1ml

Made up to 100ml with distilled water.

Prepared just before use.

Electrophoretic buffer (5x):
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Tris base -15.1gm
Glycine -72.0gm
SDS -5.0gm

Distilled water made up to 1000ml

10

Radioimmunoprecipitation buffer

(RIPA-Lysis buffer)

Tris - 50mM

Nacl - 150mM

SDS - 0.1%

Triiton X-100 - 0.5%
Dissolved in 10 ml dH20

Protease inhibitor cocktail (PIC) -
Img/ml

RIPA buffer and PIC solution -10ml
HEPES+300ul PIC

Sample loading Buffer (3x):
IM Tris HCI (pH 6.8) -2.4ml
20%SDS -3ml

Glycerol -3ml
B-Mercaptoethanol -1.6ml

Bromophenol Blue -0.006gm

11

Tris buffered saline (pH:7.6) (TBS

Sodium chloride -8gm
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IM Tris HCI -20ml

Tween-20 -10ml.

Diluted to 1000ml with distilled

water.

12

5% Skimmed milk

2.5g of skimmed milk powder was

dissolved in 50ml of TBS
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