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Abstract

Cancer is a leading cause of death worldwide. The available conventional treatment options of
surgery, chemotherapy, hormonal therapy, and immunotherapy have increased overall cancer
patient survival. Among them, chemotherapy is the major treatment option followed to treat all
cancer types. Cancer initiation and progression depend on multiple receptors or signaling
cascades. Phosphoinositide-3-kinases (PI3K) are a family of lipid kinase enzymes that
transduce signals from cell surface receptors to downstream effectors of various cellular
processes, including survival, proliferation, differentiation, metabolism, and angiogenesis.
Various PI3K inhibitors have been evaluated in multiple cancer therapies. However, single
PI3K inhibitor based treatment has limited therapeutic efficacy. Histone deacetylase (HDAC)
inhibitors belong to the family of epigenetic enzymes that regulate the expression of various
cancer related proteins, including p53 and p21. Recent studies have shown that dual targeted
PIBK/HDAC inhibitors have synergistic mechanisms to inhibit cancer cell growth by
simultaneously inhibiting phospho-AKT and c-Myc levels. Additionally, inhibition of
phospho-AKT and c-Myc levels are synergized with DNA damaging anti-cancer agents
(anthracyclines) and inhibitors of BCL2 family proteins. Combinatorial cancer treatment with
multiple drugs suffers from low bioavailability, unsynchronized pharmacokinetics, off targeted
toxicities, and drug resistance, which limit their therapeutic efficacy in cancer therapy.
Nanoparticle (NP) based drug delivery systems can overcome almost all limitations associated
with free anti-cancer drug treatment. NPs can also passively and actively target cancer cells,
thus increasing drug accumulation in the tumor and minimizing anti-cancer agents' toxic effects
on healthy cells. Moreover, enhanced bioavailability and sustained release of incorporated anti-

cancer agents can be achieved through NP mediated drug delivery.



The present work is focused on the development of Pluronic® modified polylactic acid block
copolymeric nanoparticles for delivery of novel dual targeted PI13-K&/HDACS6 inhibitor in
combination with BCL-2/BCLXL inhibitor and anthracyclines for cancer therapy. In addition,
tumor targeted delivery of anti-cancer agents encapsulated NPs were also evaluated to
minimize the off targeted toxicity and maximize the therapeutic efficacy of encapsulated anti-
cancer agents for cancer therapy. Pluronic® modified PLA block copolymers with different
hydrophilic and hydrophobic block ratios were synthesized, characterized, and biologically
evaluated for their potential drug carrier for cancer therapy. The synthesized hybrid block
copolymers of mPEG-PLA and PLA-PEG-PPG-PEG-PLA were characterized using Gel
permeation chromatography (GPC), Nuclear magnetic resonance (NMR), and Fourier
transform infrared spectroscopy (FT-IR). These block copolymers were used to prepare NPs
through the nanoprecipitation method, and the best block copolymeric nanoparticles (PLA/
L61,5s/mPEG7s NPs) based on size and stability was further selected for encapsulation of anti-
cancer agents. The confocal microscopy studies confirmed the cellular internalization of
rhodamine-b  encapsulated PLA/L61,s/mPEG7s NPs  block  copolymeric  NPs.
Cytocompatibility and hemocompatibility studies demonstrate that the PLA/MPEG7s/L6125
block copolymeric NPs are nontoxic to healthy cells (HEK-293 and L929) and red blood cells
at a concentration of up to 1 mg/ml and 7 mg/ml, respectively. Furthermore, in-vivo
biodistribution studies of indocyanine green (ICG) dye encapsulated NPs have showed higher
tumor accumulation as compared to free ICG after intravenous administration into mice tail
vein.

These NPs were used to encapsulate and deliver novel dual targeted PI13-K6/HDACG inhibitor
for cancer therapy. The prepared P13-K&/HDACG6-NPs showed an average diameter of 96 £3
nm, a zeta potential of -17+2 mV, and PDI of <0.2 with a slow and sustained release profile of

PI13-K6/HDAC6 inhibitors in phosphate buffer saline (pH 7.4). In-vitro studies with PI13-



K&/HDAC6-NPs have demonstrated substantial growth inhibition of breast cancer cell lines,
MDA-MB-468, SUM-149, and Ehrlich ascites carcinoma (EAC), as well as downregulation of
phospho-AKT, phospho-ERK, and c-Myc levels. Importantly, bi-weekly treatment of Balb/c
wild-type mice harboring EAC cells with P13-K6/HDAC6-NPs at a 25 mg/kg dose resulted in
significant tumor growth inhibition. The treatment with PI3-K6/HDAC6-NPs had no
significant effect on the mice's body weights. The comparative in-vitro and in-vivo studies of
P13-K6/HDACG6-NPs resulted in better therapeutic efficacy than SAHA-NPs and IDL-NPs.
These results demonstrate that a novel PI3-K6/HDAC6 dual inhibitor encapsulated
PLA/L6125/mPEGy7s block copolymeric nanoparticles (HSB-510) represents as a promising
approach for breast cancer therapy.

A combination of PI3-K&/HDACG6 dual inhibitor with BCL-2/BCL-xL inhibitor (Navitoclax)
was also evaluated for breast cancer therapy. The prepared dual drug loaded PI13-K6/HDACG6-
NAV-NPs have shown high encapsulation efficiency, size, and polydispersity of ~93%,
159+2.6 nm, and 0.19+0.03, respectively. These P13-K6/HDAC6-NAV-NPs exhibited slow
and sustained release profiles of P13-Ko/HDACS6 inhibitor and Navitoclax in PBS (pH 7.4).
The in-vitro cell proliferation inhibition studies done with PI3-K6/HDAC6-NAV-NPs in ER*
breast cancer cell lines have shown a synergistic effect with lower 1Cso values as compared to
individual PI3-K&/HDAC6-NPs and NAV-NPs. PI3-K6/HDAC6-NAV-NPs of 1:3 weight
ratio (1:3-NPs) were selected based on their lower combination index value for in-vivo studies.
The therapeutic potential of PI3-K8/HDAC6-NAV-NPs (1:3-NPs) was assessed in ER* breast
cancer syngeneic mice tumor model (EAC), which resulted in complete tumor eradication after
twice a week L.V. dosing for three weeks at a dose of 4 mg/kg. The treatment with PI3-
K&/HDAC6-NAV-NPs (1:3-NPs) at a dose of 4 mg/kg did not show any significant body

weight change of mice, confirming no overt toxicity. These results demonstrate that a unique



nanoformulation of a novel P13-K6/HDAC6 dual inhibitor in combination with Navitoclax
represents an alternative approach for an efficient treatment option for ER* breast cancer.
Another combination of novel PI13-K&/HDAC6 dual inhibitor with commonly used anti-cancer
agent Epirubicin was also evaluated for breast cancer therapy. The co-encapsulated NPs, P13-
K&/HDAC6-Epi-NPs, showed size of 99£3 nm and PDI of 0.18+0.07 with a sustained and
slow-release profile in PBS (pH 7.4). The in-vitro cell proliferation inhibition studies done in
MCF-7, SUM149, and EAC cells confirmed the synergistic effect of PI3-Kd/HDAC6-Epi-NPs
(1:3-NPs) with lower 1Cso and combination index value. Additionally, twice a week treatment
(1.V.) for three weeks with PI13-K6/HDAC6-Epi-NPs (4 mg/kg) resulted in complete tumor
eradication in EAC tumor bearing Balb/c mice. In contrast, the PI3-K&/HDAC6-NPs and Epi-
NPs at the same dose resulted in tumor growth inhibition of 15.86% and 81.59%, respectively.
These studies further predict that the clinical use of PI3-K&/HDAC6-Epi-NPs may be effective
in breast cancer treatment.

In addition to the above research work, we also explored a novel PLA-PEG-PPG-PEG-PLA
biomimetic nanoparticles modified with cell membranes of cancer cells and macrophage cells
for tumor targeted delivery of anti-cancer agents i.e., PI3-K&/HDAC6 dual inhibitor,
Epirubicin, and Navitoclax. The prepared biomimetic NPs of PI3-K&/HDAC6 dual inhibitor,
Navitoclax, and Epirubicin showed an average diameter of 169+4 nm, 191+9 nm, and 163+4
nm, respectively. The in-vitro drug release profile of anti-cancer agent encapsulated
biomimetic NPs showed slow and sustained cumulative release of about 15-24% over a period
of 7 days in PBS (pH 7.4). These biomimetic NPs have shown faster internalization to source
cancer cell lines, confirming the tumor targeting. Furthermore, in-vivo biodistribution studies
confirmed the higher accumulation of biomimetic nanoparticles at the tumor site as compared
to untargeted NPs. Targeted delivery of anti-cancer agents using biomimetic nanoparticles

improved their therapeutic efficacy. Among all biomimetic nanoformulations, CMP-Epi-NPs



at a dose of 3 mg/kg twice a week for three weeks showed 100% tumor regression with 100%
survival. Altogether, these studies predict the applicability of CMP coated Epi-NPs for the

treatment of breast cancer with higher therapeutic efficacy.
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