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Abstract

Cancer is a major global health issue with approximately 19.3 million cases diagnosed and 10
million deaths in the year 2020. Current standards of cancer treatment — surgery, chemotherapy,
radiation therapy, hormone therapy and immunotherapy have increased overall survival rates
in most cancer types. However, their response has not been optimal as cancer therapy is an
intricate process which needs to cover all facets of tumor growth. Newer approaches that
combine two therapeutic modalities such as chemotherapy with radiation, targeted therapy,
hormone or immune therapy have emerged to overcome the limitations of the current clinical
practices. Combination therapy approaches, especially those based on two or more chemo
drugs or chemotherapeutics with biological molecules have shown remarkable potential by
being able to target multiple pathways simultaneously and therefore reducing the chances of
resistance and relapse. However, these approaches are based on systemic delivery of free drugs
which still suffers from issues such as low aqueous solubility, poor stability and bioavailability
in systemic circulation, complicated dosage regimes and sub-optimal biodistribution profile.
In recent years, nanoparticle-based drug delivery systems for combination therapies have
gained a lot of momentum. Nanodelivery vehicles can overcome poor solubility, bioavailability
and stability issues which would in turn improve biodistribution and tumor accumulation of
the combination drugs, making nanomaterial-based delivery systems promising candidates for

improved combination cancer therapy.

The present research work is focused on the development of polylactic acid-based block
copolymeric nanoparticles for concomitant delivery of BCL-2 family inhibitors with
chemotherapeutic drugs. PLA based block copolymers with different molecular weights and
hydrophobic/hydrophilic block ratios were synthesized and evaluated for preparation of
anticancer agent loaded nanoparticles. A hybrid block copolymer, synthesized via ring opening

polymerization using L-Lactide, with methoxy polyethylene glycol 5000 and Pluronic L-61 as
iv



macroinitiators was chosen as the final polymer. The synthesized block copolymer was
characterized using GPC, proton NMR and FTIR spectroscopy. Block copolymer was found
to have an average molecular weight of ~25kDa. Proton NMR spectrum showed characteristics
peaks of PLA at 5.2 and 1.6 ppm while peaks at 3.6 ppm and 1.2 ppm confirmed the
incorporation of PEG and PPG blocks into the hybrid block copolymers. The synthesized
copolymer was used to prepare MS1 peptide and Navitoclax loaded single and dual
nanoparticles with a high encapsulation efficiency, spherical morphology, and uniform
dispersion. The use of PLA based copolymer for concomitant delivery of MS1/Paclitaxel and
Navitoclax/Decitabine resulted in sustained release with rapid cellular internalization and
localization at target intracellular site. Biological activity of MS1 NPs was evaluated in five
different breast cancer cell lines and a moderate inhibition of cellular proliferation was
observed with 1Cso ranging from 142-612nM for different cell lines (MCF-7, MDA-MB-468,
SUM-149, ZR-75-1, SK-BR-3). The synergistic potential of MS1 with Paclitaxel, a widely
used drug for breast cancer treatment, was evaluated for breast cancer therapy. However, out
of the five breast cancer cell lines chosen for the study, synergistic effect of MS1/PTX dual
NPs was observed only in MCF-7 cell line, which is a hormone-dependent breast cancer. No

significant improvement in cytotoxicity was observed in the other cell lines.

Navitoclax/Decitabine dual NPs with a NAV/DCB molar ratio of 1:1 exhibited significant
improvement in 1Cso over single NPs in breast cancer and AML cell lines. Treatment with
single drug loaded NPs led to ICso values in the range of 0.055-7uM for NAV NPs and 0.092-
5.5uM for DCB NPs in breast cancer and AML cell lines. Exposure to NAV/DCB dual NPs
led to synergistic cytotoxicity and caused a reduction of 4 to 13-fold in ICso values depending
on the cell line. In vivo biological activity of NAV/DCB NPs evaluated in AML xenograft
model in NOD-SCID mice demonstrated 43.6% reduction in tumor on treatment with dual NPs

as compared to control group. Pharmacokinetics and biodistribution studies of NAV/DCB NPs



conducted in EAC tumor bearing BALB/c mice confirmed prolonged blood circulation and
significant accumulation in tumor tissue. The dual NPs showed good cytocompatibility and
hemocompatibility with reduced in vivo platelet toxicity. Tumor inhibition studies in murine
syngeneic breast cancer model with dual NPs resulted in 94% reduction in tumor size as
compared to control while treatment with single NAV NPs and DCB NPs resulted in 45% and
13.5% reduction respectively. Concomitant delivery of Navitoclax and Decitabine using PLA
based hybrid block copolymeric nanoparticles presents a novel, safe and effective

nanoformulation for combination cancer therapy especially for breast cancer.
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Serum stability of Navitoclax/Decitabine single and dual NPs as observed in PBS 7.4
with 10% fetal bovine serum at 37+2°C

In vitro protein adsorption quantification for blank, Navitoclax/Decitabine single and
dual loaded NPs after 6 and 24 hours of incubation with bovine serum albumin
(Img/mL).

Cellular uptake analysis of dye tagged NAV/DCB dual loaded NPs in EAC cells post 2
hours treatment by a) confocal laser scanning microscopy (Red: RhoB-DCB Green:
FITC-Navitoclax Blue: DAPI) and b) flow cytometry (95.5% positive cells in red
channel representing RhoB-DCB uptake and 99.9% positive cells in green channel
representing FITC-NAV uptake)

Intracellular localization of Navitoclax: Confocal laser scanning microscopy images of
EAC cells incubated with FITC-NAV NPs for 2 hours at 37+2°C and cross stained with
MitoTracker dye. Co-localization of navitoclax with mitochondria evaluated using
Pearson’s coefficient (Pearson’s coefficient=1 represents 100% colocalization)
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Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Figure 4.17

Figure 4.18

Figure 4.19

Cytocompatibility of prepared blank, NAV/DCB single and dual loaded nanoparticles
on noncancerous human embryonic kidney HEK-293 cells as determined by MTT assay
after 72 hours of NPs incubation.

Percentage hemolysis of murine RBCs on exposure to prepared blank, DCB, NAV
and DCB/NAYV dual loaded nanoparticles for 2 hours at 37+2°C. Positive control —
double distilled water

Cytotoxicity of navitoclax/decitabine single and dual NPs against a) THP-1 and b)
WEHI-3B cells as determined by CCK-8 assay. 10* cells/well were exposed to
NAV/DCB single and dual NPs for 72 hours at a concentration range 0.1-1000nM

Comparison of therapeutic efficacy of NAV/DCB dual NPs loaded with different molar
ratios of NAV and DCB in a) THP-1 and b) WEHI-3B cells as determined by CCK-8
assay. 10* cells/well were exposed to NAV/DCB dual NPs for 72 hours at a
concentration range 0.1-1000nM

Time dependent cytotoxicity of NAV/DCB single and dual NPs in THP-1 cells as
assessed by CCK-8 assay at 24, 48, 72 and 96 hours. 10* cells/well were exposed to
NAV, DCB and NAV/DCB NPs at 1uM concentration

In vivo dose tolerability determination for NAV/DCB dual NPs: Dose tolerability was
evaluated in healthy BALB/c mice using intravenous injections of NAV/DCB NPs via
tail vein. Three dosing schedules — 7.5mg/Kg twice a week (green), 10mg/Kg once a
week (maroon) and 10mg/Kg twice a week (black) were evaluated. Body weight was
measured every three days.

Tumor inhibition efficacy of NAV/DCB NPs in AML xenograft model. Tumor bearing
mice were divided into two groups: Control and NAV/DCB NPs treated. Treated mice
were given twice weekly 1.V. doses of dual NPs via tail vein at total drug dose of
7.5mg/Kg -100uL for three weeks

Cytotoxicity of NAV/DCB single and dual NPs on a) MCF-7, b) MDA-MB-468 and c)
EAC breast cancer cells as determined by MTT assay. 5x10° cells/well were exposed to
a drug concentration range of (0.1-10000nM) for 72 hours.

Comparison of therapeutic efficacy of NAV/DCB dual NPs loaded with different molar
ratios of NAV and DCB in a) MDA-MB-468 and b) EAC cells as determined by MTT
assay. 5x10° cells/well for MDA-MB-468 and 2.5x10° cells/well for EAC were exposed
to NAV/DCB dual NPs for 72 hours at a concentration range 0.1-1000nM

Time dependent cytotoxicity of NAV/DCB single and dual NPs in EAC cells as assessed
by CCK-8 assay at 24, 48, 72 and 96 hours. 2.5x10° cells/well were exposed to NAV,
DCB and NAV/DCB NPs at 1uM concentration

Analysis of mitochondrial membrane potential in EAC cells after treatment with
NAV/DCB single and dual NPs. 10° cells/well were exposed to 100nM DCB, NAV
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Figure 4.20

Figure 4.21

Figure 4.22

Figure 4.23

Figure 4.24

Figure 5.1

and NAV/DCB NPs for 48 hours and change in mitochondrial membrane potential was
assayed using flow cytometry via Rhodaminel23 dye

Analysis of apoptosis using confocal laser scanning microscopy and flow cytometry in
Annexin V/PI dual stained EAC cells after 48 hours of incubation with 100nM
NAV/DCB single and dual NPs

Nanoencapsulation of navitoclax ameliorates thrombocytopenia: platelet count in
healthy BALB/c mice 24 hours after intravenous injection of 10mg/Kg Navitoclax,
NAV NPs and NAV/DCB NPs.

(@) Pharmacokinetics and (b, ¢) biodistribution of NAV/DCB dual NPs in EAC
syngeneic tumor bearing BALB/c mice. Mice were administered intravenous injection
of NAV/DCB NPs via tail vein at a single combined dose of 7.5mg/Kg

Tumor inhibition and survival study: a) EAC tumor growth curve after inoculation in
BALB/c mice and serial 1.V. treatment with NAV NPs (6.15mg/Kg), DCB
NPs(1.35mg/Kg) and NAV/DCB NPs (7.5mg/Kg) on days 1,4,8,11,15 and 18. b)
Kaplan-Meier survival curves of EAC syngeneic tumor bearing mice post treatment with
NAV/DCB single and dual NPs

Microscopic images of tissues stained with H&E after isolation from a) control, b) DCB
NPs, ¢) NAV NPs and d) NAV/DCB NPs treated mice. First panel — Control- normal
heart, kidney and spleen while liver shows mild sinusoidal congestion (SC) and lung
shows mild alveolar congestion (AC). Section from tumor shows focal tumor necrosis
(N) and vascular proliferation (VP). Second panel — DCB NPs — Heart, lung and spleen
are normal while kidney shows edema around the glomeruli (E) while the liver shows
portal triaditis (PT) and sinusoidal congestion (SC). Section from tumor shows focal
tumor necrosis (N). Third panel - NAV NPs — Heart, kidney and spleen are normal while
liver shows mild sinusoidal congestion (SC). Section from tumor shows moderate
necrosis. Fourth panel — NAV/DCB NPs — Heart, spleen and kidney are normal while
liver shows mild sinusoidal congestion (SC). Section from tumor shows extensive tumor
necrosis (N)

Schematic representation of chapter-wise accomplishments as concluded in this thesis
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