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RESEARCH SKILLS

* Nanotechnology: Synthesis, fabrication and development of inorganic nanomaterials (gold,
silver and platinum nanoparticles) and development of targeted nanoconjugation using plasmid
DNA, siRNA, antibodies and anticancer drugs etc.

* Green chemistry: Bio-synthesis of metal nanoparticles using plant extracts and their
therapeutic applications.

* Analytical techniques: Physico-chemical characterization of nanomaterials using UV Visible
spectroscopy, XRD, FTIR, TEM, SEM techniques.

* Molecular biology techniques: DNA and RNA isolation, recombinant plasmid DNA isolation,
primer designing, PCR, gene expression, purification of His tagged proteins, gel binding assays

* Protein biochemistry techniques: Protein estimation, SDS-PAGE, Western blotting and
ELISA.

* Microbiology: Culturing various bacterial strains, bacterial transformation and measuring anti-
bacterial activity using assays such as minimum inhibition concentration (MIC), zone of
inhibition assays

e Invitro studies: Culture and maintenance of various mammalian cell lines (cancer: A549, SK-
OV-3, B16F10, SK-BR-3, MDA-MB-231, MCF-7 and GL-261 and normal: CHO, NIH-3T3,
HEK-293, COS-1 and HUVEC)




e Invitro cell culture assays: Cell viability/proliferation (MTT, SRB, tryphan blue, BrDU and
thymidine incorporation), cell cycle analysis using FACS, immunofluorescence, cell migration
(scratch/ wound healing), gene transfection, apoptosis estimation, FACS and fluorescence
based cell uptake studies

e Exvivo: Chick embryo angiogenesis

e In vivo studies: Establishment of xenografts in nude mice, syngenic tumor models in C57BL6
mice, administration of treatments to mice through various routes (intra-peritoneal, oral gavage
and subcutaneous etc), animal imaging using Irn vivo imager, biodistribution studies
immunohistochemistry, isolation of RNA from tumor tissues, TUNEL assay, and western blot
from tumor lysates.

* Toxicity and pharmacokinetics: Sub-acute toxicity studies, pharmacokinetics studies of
nanomaterials in blood, urine and feces in mouse models.
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Introduction

Engineered fusion protein-loaded gold
nanocarriers for targeted co-delivery of
doxorubicin and erbB2-siRNA in human epidermal
growth factor receptor-2+ ovarian cancery

Rajesh Kotcherlakota,®® Durga Jeyalakshmi Srinivasan,:© Sudip Mukherjee, (2 £°
Mohamed Mohamed Haroon,” Ghulam Hassan Dar,“ Uthra Venkatraman,®
Chitta Ranjan Patra (2 *®® and Vijaya Gopal*©

Designed recombinant proteins comprising functional domains offer selective targeting of cancer cells
for the efficient delivery of therapeutic agents. The efficacy of these carriers can be further enhanced by
conjugating engineered proteins to nanoparticle surfaces. However, recombinant protein-loaded
nanoparticle-based drug delivery systems are not well addressed for ovarian cancer therapy. In the
present study, using a combinatorial approach, we designed and fabricated a drug delivery system by
combining gold nanoparticles (AuNPs) with an engineered bi-functional recombinant fusion protein
TRAF(C) (TR), loaded with an anticancer drug, namely doxorubicin (DX), and erbB2-siRNA (si), to mediate
target specific delivery into SK-OV-3, a model human ovarian cancer cell line over expressing HER2
receptors (i.e. human epidermal growth factor receptor-2). The nanoparticle-based targeted drug
delivery system, designated as TDDS (Au-TR-DX-si), was found to be stable and homogenous as
revealed by physicochemical and biochemical studies in vitro. In addition, TDDS was functional upon
evaluation in vivo. Intraperitoneal administration of TDDS at 2.5 mg kg™ of DX and 0.25 mg kg™t of
erbB2 siRNA into SK-OV-3 xenograft nude mice, revealed target specific uptake and consequent gene
silencing resulting in significant tumor suppression. We attribute these results to specific co-delivery of
erbB2 siRNA and DX mediated by TDDS into SK-OV-3 cells via HER2 receptors. Additionally, the
biodistribution of TDDS, as quantitated by ICP-OES, confirmed tumor-specific accumulation of AuNPs
primarily in tumor tissues, which firmly establishes the efficacy of the nanomedicine-based
combinatorial approach for the treatment of ovarian cancer in a non-toxic manner. Based on these
findings, we strongly believe that the nanomedicine-based combinatorial approach can be developed as

a universal strategy for treatment of HER2+ ovarian cancers.

in the United States alone, 21 290 new cases were identified in
women with ovarian cancer and 14180 death cases were
recorded.' Traditional therapies for the treatment of ovarian

Cancer is a global health problem." Among all cancers, ovarian
cancer is the most common malignancy in women with poor
prognosis, usually diagnosed after stage ITI/IV.>™* For example,
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cancer comprise surgery, chemotherapy and radiation therapy,
to name a few.”® Among these, chemotherapy is highly sought
as a popular approach,” although a major limitation is non-
specificity and poor bioavailability that leads to toxicity and low
efficacy. It is increasingly evident that nanotechnology plays a
vital role in the systemic delivery of drugs and nucleic acids
to malignant cells in a targeted manner.® Such strategies
synergistically reduce the toxicity of the anti-cancer drug while
increasing the therapeutic efficacy.® Nanomedicine approaches
widely employ AuNPs in gene and drug delivery due of their
unique fundamental properties (chemical, physical, electrical,
optical), surface plasmon resonance (SPR), tunable size, ease
of synthesis and surface functionalization. Moreover, a long
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Curcumin loaded mesoporous silica: an effective
drug delivery system for cancer treatment+

Rajesh Kotcherlakota,? Ayan Kumar Barui,®® Sanjiv Prashar,© Mariano Fajardo,®
David Briones, Antonio Rodriguez-Diéguez,® Chitta Ranjan Patra**° and
Santiago Goémez-Ruiz*®

In the present study, we report the delivery of anti-cancer drug curcumin to cancer cells using meso-
porous silica materials. A series of mesoporous silica material based drug delivery systems (S2, S4 and S6)
were first designed and developed through the amine functionalization of KIT-6, MSU-2 and MCM-41 fol-
lowed by the loading of curcumin. The curcumin loaded materials were characterized with several
physico-chemical techniques and thoroughly screened on cancer cells to evaluate their in vitro drug
delivery efficacy. All the curcumin loaded silica materials exhibited higher cellular uptake and inhibition of
cancer cell viability compared to pristine curcumin. The effective internalization of curcumin in cancer
cells through the mesoporous silica materials initiated the generation of intracellular reactive oxygen
species and the down regulation of poly ADP ribose polymerase (PARP) enzyme levels compared to free
curcumin leading to the activation of apoptosis. This study shows that the anti-cancer activity of curcumin
can be potentiated by loading onto mesoporous silica materials. Therefore, we strongly believe that
mesoporous silica based curcumin loaded drug delivery systems may have future potential applications

www.rsc.org/biomaterialsscience for the treatment of cancers.

Introduction

Curcuma longa has extensively been used as a food additive
and conservant in India, China and other Asian countries.! In
addition, it has been used for domestic remediation in
Chinese medicine for different diseases such as diabetes,
hepatic dysfunctions and other health problems.> For this
reason, during the last decades a high number of studies have
been carried out in order to determine the biological activity
and pharmacological properties of Curcuma longa and its
extracts.” Curcumin is the major curcuminoid and the main
bioactive component of Curcuma longa. It has diverse biologi-
cal applications as an antioxidant, antimutagenic, antidiabetic,
antibacterial, antifungal and especially as an anticancer
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agent.” Curcumin has also been used in clinical trials for the
reduction of the inflammatory processes after surgery.’
Furthermore, earlier reports demonstrate that curcumin is
cytotoxic to various cancer cells through the induction of apop-
tosis and decrease of cell invasiveness of the tumoural area.®
Dose dependent toxicity studies in normal cell lines suggest
that curcumin is well tolerated at high doses without any toxic
effect. However, the administration of curcumin in the human
body as an anti-cancer agent has not been found to be
effective due to its lower systemic bioavailability originating
from its low solubility and instability.” To overcome these
limitations, researchers have been engaged in making
different formulations such as the encapsulation of curcumin
with polymeric nanoparticles or silicalization of curcumin-
loaded solid lipid nanoparticle (SLN)/micelle dispersions,®
metal or non-metal nanoparticles, phospholipids, microemul-
sions or by the preparation of other curcumin analogues.’
Amongst all these approaches, the prevalent one is the
encapsulation of curcumin with nanoparticles. However,
rigorous studies are still needed to evaluate the efficacy and
toxicity of the nanoparticles.'**?

A different approach for developing novel drug-delivery
systems is the use of mesoporous silica materials because of
their interesting properties, such as (i) variable and controll-
able particle sizes ranging from 50 nm to microns that lead to
an easy endocytosis by cells and possess low cytotoxicity,
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Au-CGKRK Nanoconjugates for Combating Cancer through T-Cell-
Driven Therapeutic RNA Interference
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ABSTRACT: Numerous prior studies on fighting cancer have been
based on using inhibitors of JAK-STAT pathway (signal transducer
and activator of transcription 3 (STAT3) inhibitor in particular), a
signaling pathway responsible for progression of many types of
cancer cells. However, recent studies have shown that STAT3
activation leads to upregulation of program death receptor-ligand 1
(PD-L1, an immune checkpoint protein that plays a major role

behind evasion of immune systems by growing tumors) expression (SN N N ] - JI. o b .
levels in tumor cells, leading to enhanced immune suppression. This L T AN oo
is why global efforts are being witnessed in combating cancer - ‘
through use of immune checkpoint inhibitors. Herein, we report on

the design, synthesis, physicochemical characterizations, and
bioactivity evaluation of novel tumor- and tumor-vasculature-
targeting noncytotoxic Au-CGKRK nanoconjugates (17—80 nm)
for combating tumor. Using a syngeneic mouse tumor model, we show that intraperitoneal (i.p.) administration of the Au-
CGKRK nanoparticles (NPs) complexed with both PD-L1siRNA (the immune checkpoint inhibitor) and STAT3siRNA (the
JAK-STAT pathway inhibitor) results in significant (>70%) enhancement in overall survivability (OS) in melanoma-bearing
mice (n = S) when compared to the OS in the untreated mice group. The expression levels of CD8 and CD4 proteins in the
tumor lysates of differently treated mice groups (by Western blotting) are consistent with the observed OS enhancement being
a T-cell-driven process. Biodistribution study using near-infrared dye-loaded Au-CGKRK nanoconjugates revealed selective
accumulation of the dye in mouse tumor. Notably, the overall survival benefits were significantly less (~35%) when melanoma-
bearing mice were treated (i.p.) with Au-CGKRK NPs complexed with only PD-L1siRNA or with STAT3siRNA alone. The
presently described Au-CGKRK nanoconjugates are expected to find future use in therapeutic RNA-interference-based cancer
immunotherapy.
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1. INTRODUCTION (phosphorylated) in numerous cancer cells. In consequence,
STAT3 is emerging as an important target in cancer therapy
either through use of RNA interference (RNAi, using
STAT3siRNA) or using small-molecule inhibitors of STAT3
phosphorylation such as SUS4, WP1066, AG490, curcumin,
and analogues of curcumin,”’~>*

Our immune cells fail to eliminate tumor cells because
growing tumors develop strategies to evade our immune
system. Such immune evasion happens through immune
checkpoint interactions between programmed death receptor
1-ligand 1 (PD-L1) expressed on tumor cells and programmed
death receptor 1 (PD-1) on the surface of T-cells (an
interaction that inhibits proliferation of cytotoxic T-cells).”>*°
This is why unprecedented global efforts are being witnessed in

Many of the contemporary cancer treatment modalities
including chemotherapy, radiation therapy, surgery, etc. suffer
from severe toxic side effects. They not only kill cancer cells
but also, due to their nonselective nature, kill noncancerous
healthy body cells. Global efforts are being witnessed toward
developing tumor-cell-selective treatment strategies for com-
bating cancer. High-affinity ligands for receptors overexpressed
on tumor cells are being covalently tethered to the exosurfaces
of various biocompatible drug carriers (with loaded drugs)
such as biodegradable and injectable polymer-based sustained
release microparticles,' ™ cyclodextrin-based systems,*® den-
drimers,”® gold-mesogorous silica h?rbrid theranostics,” silk-
fibroin nano;)articles,1 liposomes,''~'” and metal-based nano-

particles.'"
The signal transducer and activator of transcription 3 Received: May 18, 2018
(STAT3) is a transcription factor that plays a pivotal role in Accepted: July 23, 2018
tumor cell proliferation® being constitutively activated Published: August 3, 2018
ACS Publications  © 2018 American Chemical Society 8663 DOI: 10.1021/acsomega.8b01051
4 ACS Omega 2018, 3, 86638676
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Ag,[Fe(CN)sNO] nanoparticles exhibit anti-
bacterial activity and wound healing properties
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ABSTRACT:

Therapeutic agents harboring both wound healing and antibacterial activities have much demand
in biomedical applications. Development of such candidates with clinically approved materials
adds more advantages towards these applications. Recently, silver metal complex nano-materials
have been playing a major role in medical uses especially for anti-bacterial activity and wound
healing. In this report, we designed and synthesized silver nitroprusside complex nanoparticles
(abbreviated as AgNNPs) using sodium nitroprusside and silver nitrate (both are FDA approved
precursors). The nanoparticles (AgNNPs) were thoroughly characterized by various physico-
chemical techniques such as XRD, FTIR, TGA, DLS, EDAX, Raman, ICP-OES, HRTEM and
FESEM. The cell viability assay in normal cells (EA.hy 926 cells, NIH 3T3) using MTT reagents
and CEA assay (CEA: Chick embryo angiogenesis assay) in fertilized eggs demonstrate the
biocompatibility of AgNNPs. These nanoparticles show effective antibacterial activity against
both Gram positive and Gram negative bacteria through membrane and DNA damage.

Additionally, AgNNPs accelerate the wound healing in C57BL6 mice by altering the
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A new series of 2-imino-4-thiazolidinone derivatives (7a-7t) has been synthesised and screened for their
cytotoxicity against three cancer cell lines (B16F10, A549, PANC-1) and normal cell line (CHO). Among the
compounds tested, compounds 7k, 7m, 7n showed potent cytotoxicity against BI6F10 cell line with ICsq
between 3.4 and 7 uM. Interestingly these three compounds are non toxic to non cancerous CHO cells and
induced apoptosis in BIGF10 cells observed by DNA damage analysis through PI/Hoechst double staining
method. Compounds 7k and 7n induced GO/G1 cell cycle arrest while compound 7m induced G2/M cell
cycle arrest in B16F10 cells which confirms that these compounds have role in cancer cell cycle regula-
tion. Additionally, compound 7m showed generation of intracellular reactive oxygen species (ROS) in
B16F10 cells that may contribute in the cell cycle arrest whereas compounds 7k and 7n show anti-cancer
activity through independent of ROS formation. Induction of apoptosis, cell cycle arrest in B16F10 cells
are found to be the anti-cancer mechanism of these three compounds. The results all together demon-
strate the potent cytotoxic nature of these compounds in cancer cells could be considered as new class
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of chemotherapeutic agents in near future.
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Cancer is one of the leading causes of death in the world.!
Genotoxicity and cytotoxicity of anti-cancer drugs to the normal
tissues is major problems in cancer therapy and produces the risk
of inducing secondary malignancy as well as leads to many side
effects. Among the various therapies such as surgery, chemother-
apy, radiation and monoclonal antibody therapy,? chemotherapy
is a most common treatment for all type of cancers. In clinics,
new combination of chemotherapeutic drugs has been used for
the better treatment of different cancers. However, cancer research
always requires the discovery of new drugs that can kill the cancer
cells or stop the growth of cancer cells more specifically and over-
come the limitation of toxicity to normal tissue which leads to
many side effects. In order to develop drugs with such capabilities,
scientists have focused upon many different aspects of cancer
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biology during their research. In this framework, five-member ring,
4-thiazolidinone derivatives have attracted much attention over
the years since it is a significant and versatile scaffold that has
occupied a prominent position in medicinal chemistry.® The
detailed literature survey of 4-Thiazolidinone and its derivatives
demonstrated a wide broad spectrum pharmacological properties
such as anti-microbial,**® anti-malarial,°>*® anti- HIV,°*® anti-
inflammatory,”* anti-oxidant,**" anti-tuberculostatic®*" and
COX-2 inhibitor activities.'® Various researchers have documented
the progress of this scaffold through chemical modifications.!'~!”
Among the thiazolidinone derivatives, substituted 4-Thiazolidi-
none such as MKT-077, 1-ethyl-2-[[3-ethyl-5-(methylbenzothia-
zolin-2-ylidene)-4-oxothiazolidin-2-ylidene|methyl]pyridinium
chloride) I (Fig. 1) (formerly known as FJ-776) know for anti-
proliferative activity against cancer cell lines through its ability
to inhibit members of the heat shock protein 70 (Hsp70) family
of molecular chaperones. However, MKT-077 is rapidly metabo-
lized, which limits its use as either a chemical probe or potential
therapeutic. ALC 67 molecule II (Fig. 1), exhibit potent and
selective in vitro antitumor properties in human cancer cell lines
(example liver, colon, breast and endometrial cancer) which were
also demonstrated to induce apoptosis by activating caspase-9.



