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Cs vaccine (OMV) strain was used to formulate a polymeric surface-
functionalized ligand-based nanoformulatig Nilose: not less than 500 TCID units; 0.25 mL) was encapsulated in

of normal and cancer tissue fro Bioinformatics tools confirmed the viral hemagglutinin capsid protein interaction
with human Caspase-I, NLRP.

Asion protein interaction with COX-II and Caspase-I after successful delivery of
of hyaluronic acid with CD44 on the surface of prostate cancer cells. Particle size =

ial were shown by zeta analysis, while the thiolated group in NFs was confirmed by

Conclusion: A ¢ targeted, efficacious, and sustained delivery of formulated oncolytic MV is a potent moiety in cancer treatment at
lower doses with safe potential for normal prostate cells.
Keywords: green synthesis, controlled release, immunotherapeutic agent, in vitro studies, oncolytic activity, oncolytic measles virus,

prostate cancer, targeted virus/drug delivery system, thiolated chitosan, tumour targeting, vaccine-based nanoformulation

Introduction
Prostatic adenocarcinoma (PaC) is the second most commonly diagnosed adenocarcinoma globally after lung cancer in

elderly males, accounting for approximately 2 million new cases per annum and a quarter of all cancers.' The metastatic
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for efficaciou Crapies. These therapies include NFs of OVs which was not yet extensively studied, and are
under considera in clinical trials for multiple cancers including PaC.* Oncolytic viruses, such as parvovirus H1,
reovirus, vaccinia vils, Edmonston-derived strains of the MV, and several strains have revealed the therapeutic potential
for the treatment of various human malignancies and are commonly known as dynamite for cancer cells in this era.” The
efficacy and pharmacological activity of the oncolytic activity of viruses depend on the selectivity of cancer cells and
increased cytotoxicity at specific sites leads to immunological action against cancer cells with the expression of various
antigens coupled with danger-associated and pathogen-associated molecular patterns (DAMPs and PAMPs) and cyto-
kines of specific tumors. These markers ultimately improve the prognosis and overall survival of sufferers.®

After proving exceptional preclinical anticancer potential with safety profiles, many oncolytic viruses including MV
show efficacious pharmacological activity as a potent therapeutic moiety for the treatment of various types of cancer. The

live attenuated vaccine strain of OMYV, ie, Leningrad-16, is with a remarkable array of oncolysis and lack of genotoxicity.
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Its immunogenicity is proven in the early phases of clinical trials that data support its safety and efficacy.” MV,
a negative-strand RNA virus of the genus Morbillivirus belongs to the Paramyxoviridae family and causes the highly
contagious but common, acute measles disease. The length of the genome is approximately 16 kb, which encodes six
structural and two non-structural proteins. The viral glycoproteins hemagglutinin and fusion mediate receptor cause
binding and fusion at the plasma membrane, respectively. The wild-type MV binds with CD150/SLAM and epithelial
nectin-4 receptors on lymphoid cells while the vaccine strains of OMV infect cells primarily via receptors CD46.
Because there is some kind of mutations in the receptor attachment glycoprotein hemagglutinin (H) in vaccine strain,
resulting in the high affinity of H for CD46 resulting in syncytia formation as a typical cytopathic effect that ultimately
undergoes apoptotic death of specific cancer cells.® The vaccine strain of MV is not infectious to normal cells because of
a mutation in H-protein which is involved in viral attachment with cells and its entry.

One of the limitations to the administration of oncolytic viral vectors is their delivery. Thg ave way to deliver

without degrading its oncolytic action and prepare sustained/controlled releas
and can present on the mucous layer via physical interactions includi

electrostatic forces of attraction between oppositely charge
using raw material extracted from a biological sq
products involved and therefore it is the most pref

with a plethora of side effects for the environment

) S and carries a negative charge. Its functionally reactive sites
provide the carboxylic acid gr g acid group, N-acetyl group, and primary and secondary hydroxyl groups,
which plays role in the conj

flexibility of modificati i it highly favorable for therapeutic purposes. CD44 is a receptor that is highly

nternalized by the cellular endocytosis pathway, followed by the pH-sensitive release of the
virus encapSWed in the HA enclosed nanosystem inside the cancer cell.'® In recent studies, the potential of HA for the
biocompatible d®tvery of viruses to target tumor sites is being extensively exploited due to the targeted interaction of this
polymer with CD44 on cancerous cells.'’

The major objective of the current research was to formulate the novel sustained/controlled and targeted viral delivery
system with the outermost coating of ligand for surface-functionalization by encapsulating weak attenuated measles virus
by following measures of green synthesis. This NF targeted the cancer cells actively after selective attachment with
receptor CD44, protecting the virus from antibody-mediated clearance. Release of the oncolytic virus by following
receptor-mediated endocytosis at tumor cells as a potent oncolytic immunotherapeutic agent is a highly effective
approach to bypassing off-target toxicities and for gaining the highest desired on-target pharmacological effect as

shown in schematic flow in Figure 1.
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Figure | Schematic illustration of PaC cells uptake and intracellular trafficking of OMV-loaded NFs with HA-CD44 (L-R) binding at a spg
oncolytic viro-immunotherapeutic agent.

g oncolysis as an

Methodology

Materials
Thioglycolic acid (TGA), Tripolyphosphate polyanions (TPP), and low molecular

ordered from Sigma-Aldrich USA and provided by Science Home s
lab, Atta-ur-Rehman School of Applied Biosciences (ASAB), N
Islamabad, Pakistan has provided distilled water and some _solvents

Pakistan. The Virology and immunology
of Science and Technology (NUST),

CD44 Expression by Bioinformatics Ana
Bioinformatics tool GEPIA (Gene ExpressiquffPte&@hing [@ractive Analysis) was used to analyze the expression of
PIA (http://gepia.cancer-pku.cn) extracts normal tissue

and tumor data from the GTEx (Geno g ¥) and TCGA (The Cancer Genome Atlas).

Protein—Protein Dockj
After confirmation of L-R binding with the previous study, in silico analysis of viral and host cells,

2.0) and PyMOL (1.8). ClusPro is used for protein—protein docking servers

emagglutinin (H) and viral fusion protein (F). Both of the proteins are a type of glycoproteins
ile the H protein acts as the receptor binding site.”® Sequence for both the proteins was extracted

1CX2), Caspase-I (PDB ID: 6BZ9), and NLR family pyrin domain containing 3 (NLRP3) (PDB ID: 7PZD) because they are most
abundant cells and when interacted with foreign proteins such as viral proteins can stimulate the immune response to the cancer
cell death.?'* The weighted energy scores for all the interactions are shown in Table 1.

Preparation Method Optimization for NF

The central composite design was selected by Design of Expert (DOE) version 8.0.6.1 following the factorial design of
BoxBehnken to get the results for an optimized NF (Table 2). The dependent variables as responses included the particle
size of NF, the polydispersity index (PDI), and zeta potential. An optimized formulation was selected, and further
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Table 1 Weighted Energy Scores for Host and Viral P-P Interactions

Sr. # Name of Receptor Protein Name of Ligand Protein Weighted Energy Scores in KJ/mol Obtained From
| Caspase-| Measles virus Hemagglutinin -1,071.2 ClusPro
2 NLRP3 Measles virus Hemagglutinin -1,218.9 ClusPro
3 TNFa Measles virus Hemagglutinin —1,283.6 ClusPro
4 COX-II Measles virus fusion protein -1,290.8 ClusPro
5 Caspase-| Measles virus fusion protein —1,066.4 ClusPro

characterizations were carried out. The ligand concentration (HA), polymer solution (TCs), ic measles virus

(OMYV) were variable by keeping the concentration of cross-linker solutions (TPP) const

Oncolytic Measles Virus (OMV) Strain

A stock solution of 1x10'? plaque forming units (PFU) in PBS of live attenuate 1rus vacceine Edmonton strain
vaccine was courteously provided by the National Institute of Health (
from the Connaught strain, a strain of measles virus derived from the iginal i other vaccine strains, such
as Schwarz after 69 passages in avian leucosis-free chick embryo fibr es. All vials were stored at —80°C and
every time ice was used for thawing before each experiment.*

Table 2 Concentrations of Variables Including Ligand (HA), Polym§@Solution (J¥s), and Oncolytic Measles Virus (OMV) for the
Development of OMV-Loaded NFs

Std | Run | Factor | Factor 2 F r3 Response | Response 2 | Response 3
A: HA conc (mg) | B: TCs con C: (dose) | Particle Size (mm) | PDI Zeta Potential tmV

8 [ 5.00 5.50 1.00 1683 | —24

7 2 0.50 I. 614 0.401 13.8

12 1.00 680.4 0416 4.88

3 0.55 736.1 0.528 13.3

10 0.10 463.9 0.363 16.4

5 0.10 393.1 0.472 12

I 1.00 387.3 0.591 -237

1 1.00 0.55 275.6 0.372 1.5

6 5.50 0.10 396.2 0.524 —25.6

14 5.50 0.55 339 0.363 18.1

4 I 5.00 10.00 0.55 752 | 28.5

2 12 5.00 1.00 0.55 438 0.678 —29.6

13 13 2.75 5.50 0.55 740 0.468 5.65

9 14 2.75 1.00 0.10 416 0.584 —25.7

Note: The bold values show the concentration of chemicals for the formulation of HA-coated OMV-loaded TCs.
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Preparation of Polymer and Cross-Linking Agent Solutions

The 0.1% TCs (polymer) solution was prepared with distilled water and 0.1 mg/mL TPP (cross-linker) was dissolved in
distilled water for optimized formulation by following the ionic gelation method and green synthesis. Once dissolved, distilled
water was used for dilution and filtered through a 0.22 mm filter to make a stock solution of 0.4% chitosan (w/v, 4 mg/mL)
with a viscosity of 2.5460.1 centi Poise (cP) as measured using a Model DV-III plus Programmable Rheometer (Brookfield
Engineering Laboratories, Middleboro, MA). The formulation was sonicated by using a probe sonicator at 30 mA for 3
minutes. The 0.5 mg/mL HA was used for the outermost coating around the formulation, it was then centrifuged, lyophilized,
and further stored at 4°C.**

Preparation of OMV-Loaded NF
After the slight modification, the OMV-loaded NFs were formulated by following the green syntj

named HA-coated OMV-loaded TCs.

Characterization of OMV-Loaded NFs

Physiochemical and Morphological Properties of
Several properties of HA-coated OMV-loaded TCs-NFs were ev:
targeted moiety in cancer therapeutics. The size of particles, PDI,

ted for their imnM¥fent characteristics as an active
jal was determined by zeta analysis, and

surface morphology and shape were checked by scanning electro

ent/encapsulated in the NFs falls into various categories

on-activated (non-infectious) progeny.25

pse (TCID50)
Following the d—Muench protocol, the viral titre was calculated by measuring 50% TCID. The 1:10 titer solutions of
dried OMV-loadeN@liE's with dilution ratio 10 to 10~'" were prepared in PBS buffer 10 uL at pH 7.2. The 96-well plates
of PC3 cells at a seeding density of 0.5x10 cells per well were immunized with 10X serial dilution of OMV-loaded NFs
and put in 5% CO, incubation at 37°C. The total number of infected and uninfected units at several dilutions on the post-
day infection 7 (p.d.i) were counted and this titre was reported as TCID50 per mL, also known as endpoint dilution assay, as
shown in Figure 3. The amount of sample in one TCIDS50 is equal to that infecting 50% of the testing sample. PC3 cells
inoculated with OMV served as positive control while PC3 cells with growth media only served as a negative control.?’
Cytopathic Effects (CPE)

The cell morphology analysis helps us to determine the physiological changes a cell undergoes following exposure to specific
treatment in a time-dependent and dose-dependent manner. The OMV-loaded NFs as compared to pure MV were added to
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Figure 2 Schematic diagram of determining the virus titer by Plaque forming assay (PFA) after infecting the lls with serial dilutions of OMV stock solution.

Step 1: PC3 cells cultured in growth
media at a seeding density of 0.5x10*
cells per well

\/

OMV dilutions

OMV solution
in PBS

infected with OMV, visualized
them and TCIDS0 calculated

°
Step 3: Monolayer of the PC3 e
=
°

Figure 3 Calculation of TCID50 for OMV-loaded NFs by following Reed—Muench protocol with the help of |:10 serial dilution of viral solution in PBS.

PC3 cells at different dilutions in a 6-well plate and incubated in 5% CO, at 37°C after draining the growth medium from the
confluent monolayers. The cells were washed with PBS and replenished with a growth medium after incubation with a virus
formulation for 24 hours.?® The cells were observed for morphological changes including rounding, disaggregation, erosion
from the culture plate, and/or vacuolization in the cell layers at p.d.i 7. The cytopathic effects (CPE) were observed by inverted
phase contrast microscopy after 12 and 24 hours exposure (TCM-400, OEM-Optical, Labomed, USA).
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Multiplicity of Infection (M.O.l.)

The 6-well plates were prepared at the growth surface of a seeding density of 2x10° cells/10 cm”. The prepared OMV-
loaded NFs and OMV vaccine strain were inoculated at 0.1, 0.5, 1, 3, 5, 10, 15, and 20 in cells. The plates were incubated
for 2 hours just to make the virus adhere to the cells. The cells were washed twice with serum-free DMEM to remove the
unattached virus. After that, the cells were incubated in 5% CO, at 37°C for 3 days.26

In vitro Release of Virus from NFs
The lyophilized HA-coated OMV-loaded TCs-NFs 0.1 g was poured into the dialyzing membrane and put in the PBS 50 mL at pH
7.2. The dissolution assembly was kept at 100 rpm on a magnetic hot plate for continuous stirring at 37°C. The 1.5 mL samples
after specified time interims, ie, 0, 0.5, 1, 2,4, 8, 10 12, 24, 36, and 48 h, were collected from the mixture and centrifuged at 10,000

epartment of Molecular

d in tissue culture flasks of 75 cm?.?’

Cell Viability Analysis of OMV-Loaded NFs
The growth inhibition of OMV vaccine strain solution and OMV-loa

protocol with slight amendments. These cells were cultured ig

cked by following a previously published
ding density of 1x10* in each well and put

get the desired confluent layer of cells at their
pells along with the 1 mM sodium pyruvate, 2 mM

The outcomes taken/calculated from the experiments were analyzed by statistical tools including one-way analysis of variance
(ANOVA) and Student’s #-test with a significant P<0.05 with the mean values of multiple readings and standard deviation
(mean+SD).

Outcomes

CD44 Expression in PaC vs Normal Prostate Tissues
The CD44 expression in prostate adenocarcinomas (PRAD) compared to GTEx and normal TCGA data using the web
server GEPIA. The dot-plot data showed clear up-regulation of CD44 as shown in Figure 4.
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Figure 4 (A) TCGA tumor data (red) and its associated normal and GTEX data (green) were giv€n. N: no
X-axis: number of normal and tumor samples. (B) A GEPIA box plot showed a difference j
showed visible high expression of CD44 in PaC tissues.

T: tumor; Y-axis: transcripts per million (log2(TPM+1));
4 in normal (N=152) vs tumor tissues (T=492) and

discussed below.

Measles Viral Hemagglutinin and

¥ exhibits only polar contacts between the proteins. The type of polar

and ionic interactions. There were 10 polar contact points between the

tinin and human caspase-| interactions and distances

ceptor Protein) Amino Acid (Ligand Protein) Distance (A°) Type of Interaction
GLN-248 20 Polar
GLU-277 22,27 Polar
3 ARG-383 TYR-214 1.9 Polar
4 ASP-288 ARG-212 1.8, 1.9 Polar
5 GLU-250 ASN-200 24 Polar
6 ARG-178 PRO-263 1.9, 2.0 Polar
7 THR-180 HIS-271 2.0 Polar
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Figure 5 The interaction between Caspase-| (A), TNF (B), and NLRP3 (C) indicated by Greel
the side chain are shown on the left side of the figure.

uman TNF-alpha interactions and distances

otein by Blue sticks. The complete P-P interactions with

Amino Acid (Ligand Protein) Distance (A°) Type of Interaction

ASN-200 1.9 Polar

ARG-195 20, 2.1 Polar

SP-351 CYS-606 22 Polar

4 ARG-385 CYs-606 24 Polar
5 LYS-493 ARG-556 1.7 Polar
6 LYS-493 GLU-535 1.7 Polar
7 ASN-439 ILE-559 2.0 Polar
8 LEU-498 SER-550 2.8 Polar
9 ARG-423 ASP-505 25,18 Polar
10 ARG-440 GLU-389 1.8 Polar
I ARG-440 SER-588 24 Polar
12 ASN-439 ARG-533 33 Polar
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Measles Virus Hemagglutinin and Human NLRP3, P-P Interaction

Figure 5C shows the P-P interactions and exhibits only polar contacts between the proteins. The most significant
interaction in this was between the majority of glutamine residues of both receptor and ligand proteins. There
were 11 polar contact points between the proteins. All of the contact point interaction distances are within the
acceptable range, indicating strong bonding between the proteins, as shown in Table 5.

Table 5 Measles virus hemagglutinin and human NLRP3 interactions and distances

Sr.# Amino Acid (Receptor Protein) Amino Acid (Ligand Protein) Distance (A°) Type of Interaction
| GLN-35 GLN-248 1.9 Polar

2 GLN-35 ILE-238 2.6 Polar

3 GLN-45 GLN-278 23 lar

4 GLN-45 GLN-334 1.9 P

5 SER-5 GLN-225 P

6 GLU-293 ARG-7 olar

7 GLU-15 ARG-261 Polar

8 ARG-12 ILE-260 Polar

Interpretation via BoxBehnken Factorial Degg
The dependent variables such as nanoparticle size, the
Expert (DOE) version 8.0.6.1 for optimization of HA-c
parameters related to the selected formulation

potential were measured via Design of
ded NF, as shown in Table 2, and the

Figure 6.

B TCS conc

Zota potentlal

B:TCS conc

Figure 6 3D graphs via BoxBehnken factorial design of dependent variables particle size (A and B), PDI (C), and zeta potential (D and E) by using DOE responses for the
optimization of HA-coated OMV-loaded NF.

Preparation of OMV-Loaded NFs
The HA-coated OMV-loaded TCs-NFs for comparison with the OMV vaccine strain were formed by following
the ionic gelation method with the ionic bonding between the cationic amino group (-NH3+) of thiolated
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chitosan and anionic HA molecule and were characterized for various morphological and physiological proper-
ties, as described below.

Physiochemical and Morphological Behavior

The extensive characterization of HA-coated OMV-loaded TCs-NFs was analyzed for various properties along
with stability testing. The morphology of the prepared NFs had a spherical shape with good dispersion, but it did
not have adhesion or subsidence damage. The measurement of these particles showed a fairly even distribution
by a zeta sizer, and the outcomes for NFs after optimization are shown in Figure 7. In the current study, the
minimum nanoparticle size for blank TCs-NF was 265.9 nm with a zeta potential of +22.3 mV and PDI of 0.225
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Figure 7 Blank NFs (A and B), OMV-loaded TCs (C and D), and HA-coated OMV-loaded TCs-NF (E and F) for their particle size, PDI, and zeta potential.
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Figure 8 SEM images of blank NF temperatures (A) added TCs (B) and HA-coated OM ed TCs ( ile TEM image showed Nanosize particles of HA-coated OMV
loaded TCs (D) at 50um.

at the polymer concentration of 1.0 ! r, the NFs of OMV-loaded in TCs presented a slighter
increase in mean nanoparticle size zeta potential +17.8 mV. When HA-coated OMV-loaded
TCs-NF was analyzed, it showe
0.372 at the polymer (TCs)

The SEM analysis sh

Raman analysis by sh

Cre particle size with a zeta potential of +11.5 mV and PDI of
A 0.5 mg/mL with a half dose (not less than 500 TCID units) of OMV.

amide C=0 in all formulations. The inclined stretching peak at the app. 2,496 cm ™'

¥ showing the presence of thiol (-SH) groups and confirming the successful thiolation of
chitosan ( ¢ 9). The crystalline nature of the prepared formulation enclosing OMV was examined by the XRD
phenomenon pure 9). The formulations went through high-temperature ranges from 50 and 300°C to check the
thermal stability. The thermograms prepared by DSC showed that even after the thiolation of Cs, the NF

encapsulating the OMV was not stable at high temperature.

Viral Quantification of NFs of OMV

Tissue Culture Infective Dose (TCID50)

A validation test was performed to calculate the TCID50 of prepared OMV-loaded NFs as compared to the commercially
available MV vaccine at 7 p.d.i in PC3 cells. After calculating the proportionate distance (PD) between two dilutions by
Reed and Munich, ID50 = 4.6. This refers to the dilution that would infect 50% of inoculated test units, known as
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Figure 9 Spectrum obtained from FTIR of NF-TCs (A),Blai
NFs of TCs (A), Blank HA-coated TCs (B), OMV-loa
coated OMV-loaded TCs (D).

gV-loaded TCs (C), and HA-coated OMV-loaded TCs (D). XRD analysis (Top: Right)
MV-loaded TCs (D). Raman analysis (Lower: Right) NFs OMV-loaded TCs (C), and HA-

TCs-NFs, ID50=10"
2.34x107 TCID5Q&al .

To investigatd g cffect of OMV-loaded NFs and pure OMV for measuring the efficacy of NF. The cells were
treated with diffc@at concentrations of 10, 50, and 100 pg/mL of 100 pL of NF and pure OMV for 24 hours (concentrations
were adjusted for dil®on factor). The cell morphology was analyzed using an inverted microscope at 12 and 24 hours with

a 10x lens. The results exhibited that PC3 cells underwent apoptosis in a dose- and time-dependent manner. The least
cytotoxicity was observed at 10 pg/mL. The concentration of 50 pg/mL showed a mild change in the shape of cells, while the
highest toxicity was observed at 90 ng/mL, which was exhibited by rounding, detachment, and clumping of treated cells, as
shown in Figure 10. The apoptosis induced in cells treated with OMV-loaded NFs was comparable to cells treated with a pure
drug which confirms that prepared novel NFs can deliver virus efficiently maintaining its cytopathic effect while the targeted
delivery capability of NF will spare normal cells from this toxic effect of the drug.
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Figure 10 Change in cellular morphology of PC3 treated cells in time- and dose-dependent manner after the tré i -coated OMWI(oaded TCs compared with
pure MV vaccine.

In vitro Virus Release of NFs

The release amount of virus from OMV-loaded NFs was completed for ours, which indicated the sustained

and continuous release of the virus as compared to comm available

V vaccine solution. The experi-

ment was repeated three times and, at each point, the doff was meagyred in triplicate, as shown in Figure 11.

tive OMVrelease %

0.5 1 2 4 8 10 12 24 36 as
Time (h)
— s = OMV-VACCING ¢ o @ o ¢ OMV.TCSNPs  wmlBe  HAOMV-TCSNP

Figure 11 In vitro release profiles of virus from OMV-loaded NFs in PBS at pH 6.8. Mean values were analyzed using the Student’s test. Data were presented as mean values
of £SD.

In vitro Anticancer Activity of OMV NFs
Cell Viability Analysis of OMV NFs

Prostate cancer cell line PC3 was inoculated at MOI (0.1, 0.5, 1, 3, 5, 10, 15, 20) of OMV- encapsulated NFs and the CPE was
calculated for determination of the inhibitory dose 50 (IC50). MTT colorimetric assay was performed following 72 hours
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Figure 12 In vitro anti-cancer activity of the OMYV vaccine and NFs on prostate cancer cell line PC3 for IC50 (A). The growth inhibitiglt different MOI OMYV vaccine

and NFs (B and C).

Figure 12.

Stability Parameters
The stability parameters of the HA-coated OMV loaded TCs-NI@were obserp®d for variation in surface morphology,

particle size, PDI, and zeta potential after 12 wee form g ile the NF was stored at an ambient

asles vaccine. The liquid formulation exhibited
al changed from +11.5 mV to —23.7, and PDI

temperature of 37°C and refrigerated was °C along

an increase in particle size from 275.6 nm to

for long-term storage and use.

The oral measles vaccine w Wusly diluted at the time of use with the diluent and then the zeta
3.9 nm with PDI=0.363 and zeta potential was +16.4 mV. After
reased to 1683 nm with PDI=1, and zeta potential was —24.0 mV, as
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Figure 13 Zeta analysis of HA-coated OMV-loaded TCs liquid NF including particle size, PDI & zeta potential (A and B), and SEM of lyophilized NF (C) after 3 months
storage.
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Figure 14 Zeta analysis of oral measles vaccine liquid formulation including particle siz:
PDI, & zeta potential (C and D).

I, & zeta potgllial (A and B), and after 12 weeks of formulation, particle size,

Discussion
Initially, the notion to use MV for the t
disease to tumor reduction. Live weal

clinical trials and safety profile. Xperiments with various MV strains and their derivatives including

Edmonston B, Moraten-Schw, Zagreb, AIK-C, rtMVHul91, as well as Leningrad-16 cancer treatment

remain unharme
substantial dg

V incltiding the activation of the immune system against viral disease, delivery of oncolytic MV to the
and unhindered oncolytic viro-immunotherapy.”’ One of the biggest problems faced after the system
administration 0Wthe OV delivery system is escaping the humoral immune response of the patient. The neutralization of
the virus happens before reaching the desired area in the presence of an immune system and circulating viral progeny
become rapidly cleared by opsonization with the antibodies, complementary cascade, and coagulation factors present in
the hepatic system resulting in sequestration by the mononuclear phagocytic system (MPS).

In this current research, a live attenuated oral measles vaccine (OMV) strain was used to formulate polymeric surface-
functionalized ligand-based nanoformulation (NF). The surface functionalization of nanoparticles by ligand is one of the
promising approaches for making the virus-based delivery system targeted rather than any genetic/structural modification
and silencing of the viral capsid or genetic proteins. These ligands like hyaluronic acid protect the oncolytic OMV from

antibody-mediated clearance. The NFs of HA-coated OMV-loaded TCs were extemporaneously formulated using the
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ionic gelation method with the help of cross-linker TPP. No organic solvents or harsh chemicals are used that could
destroy the virus or reduce its infectivity according to green synthesis protocols.*

Chitosan has exhibited the ability to activate macrophages and dendritic cells, and initiate cytokine release through
binding with mannose receptor, and TLR4 (toll-like receptor). The presence of ionic interaction with the anionic
membrane of cells, a cationic charge of chitosan supports its high uptake by Antigen Presenting Cells (APCs). This
cationic interaction also promotes ionic binding with anionic DNA for vaccine delivery and antigens. According to the
previous literature nanoparticles formulated with chitosan or its derivatives such as thiolated chitosan have shown more
stability, adjustable cross-linking, controlled drug release, adhesion to biological surfaces, and cellular uptake than other
vaccine delivery systems — such as liposomes, exosomes, and immune stimulating complexes. The increase in cellular

uptake is due to the formation of both disulfide and covalent bonds between cysteine-rich mucosa and polymer, which is

a more favorable binding interaction compared to electrostatic interactions of pure chitosan.**
Computational studies strongly stated the binding of HA with the CD44-R at both A & B 4

interaction of the viral fusion protein with COX-II and caspase.'®'" The NLRP3 j
activating the innate immune system, which promotes the activation of caspase-

The HA-coated OMV-loaded TCs-NFs prepared in our study@emonstrategthat the average particle size was 275.6
nm with PDI=0.372; these results further supplemented the pr published in 2010 by Prego and co-

workers. They prepared the nanoparticles of chitosan wj

method, after encapsulating the avian influenza virus in e particle size increased up to 397 nm.”> Another
study reported a particle size of about 80 nm for Chitosa It the inclusion of the A/HINI influenza antigen
the nanoparticles range up to 106 nm.** In ap i ing a lentogenic vaccine strain of Newcastle disease virus

into chitosan nanoparticles resulted in a 3 i ize. Qe variations in nanoparticle sizes can be attributed to the
molecular weight of chitosan used, th Bl group attached with chitosan, the volume ratio of chitosan

to TPP solution, and the other pre s including stir and sonication time, etc. which varied in each study.*”
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.
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Figure 15 OMV intracellular pathways. 1) ligand binds to Toll-like receptor (TLR-4) which in turn activated NG-kB inside the nucleus releasing and increasing the

concentration of inflammatory cytokines (TNF-A), COX2, and NO producing ROS that leads to the formation of NLRP3 inflammasome. 2) Inactive NLRP3 and pro-IL}
released from the nucleus bind deubiquitinase BRCC3 and caspases that cause apoptosis of the cancer cell.
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The applications of NFs are dependent on their nanoparticle size, charge quantity, and distribution in the cells which
affect the loading, encapsulation, and release of the drug, in vitro and in vivo authenticity, prepared formulation toxicity
profile, and stability parameters. Small-sized nanoparticles have a high surface-to-volume ratio and rapidly release the
encapsulated material as they adhere to the surface of the cell membrane.*

OMV-loaded TCs-NF zeta potential decreased from +17.8 mV to £11.5 mV after coating with HA, similar surface
charge measurements related outcomes were shown by Prego with co-workers in 2010.%* They also stated that the surface
charge in recombinant hepatitis B surface antigen-loaded in chitosan nanoparticles was decreased as compared to the
blank nanoparticles from 30 mV to 5.9 mV. Another study reported 4.29 mV zeta potential after encapsulation of AIV in
chitosan nanoparticles. When the vaccine strain of NDV was encapsulated in chitosan, the nanoparticles showed 2.84 mV
zeta potential, inducing better protection of immunized SPF chickens than the live NDV LaSota vaccine strain and the
inactivated NDV vaccine.*® The reduction in surface charge achieved in the current study after ga lation of OMV in

higher uptake by direct permeation in comparison with neutral or anionic NPs."'!
In recent reports, the inactivated Rift Valley Fever Virus (RVFV) loaded into

clearance rate from systemic circulation as compared to neutral partic
scavenging of the nanoparticles by anionic acidic cancer cells.

OIs 0.1, 0.5, 1, 3, 5, 10, 15, and 20 of the

ere inoculated on prostate cancer cell lines (PC3, an
androgen receptor-independent cells) with Pand 3.52, respectively. Growth inhibition of PC3 cells was
observed after the 72 hour incubation : assay showing apoptotic cell death of the cancer cells. Our
outcomes explained that the HA-cq@e dWI'Cs-NF had higher oncolytic activity compared with the
commercially available OMV vaé¥ine 0. We have reported several novel findings regarding the viral-delivery
system of polymer-coated biocom%@ible material after encapsulating live attenuated virus strain from

a commercial vaccine.

Conclusion
The current inves carried out to enhance the efficacy and immunotherapeutic potential of OMV with a surface

coated w, Bni ch was prepared by ionic gelation method with green synthesis protocol without using any

organi for targeted oncolytic viral delivery. Prostate cancer (PC3) AR-independent aggressive cells
produce less PSA” and spread outside the prostate earlier were chosen to check the efficacy of the prepared
nanoformula at different MOIs in cell culture systems. The NF produced, with a particle size in the 200-300 range,

has a less positiv€ zeta potential that favors measles virus uptake by anionic cancer cells at acidic pH. It has shown good
stability with an excellent sustained release profile. Furthermore, these formulations showed significant comparable growth
inhibition with commercially available oral measles vaccine (p<0.05) after quantification of a significant amount of
encapsulated virus titer and active viral progeny. All of these properties enhance the potency, efficacy, and active targeting
of NFs of OMYV as a strongly targeted immunomodulator in cancer therapeutics. The key advantage of sustained-release
virus-based systems is to minimize the adverse effects of therapeutic moiety by widening the range between the lowest
effective and toxic dose. We hypothesized that this approach can increase patient compliance by decreasing the frequency of
drug administration and reducing the overall regimen with increased on-target efficacy. These outcomes will be further

supported by extensive in vitro and in vivo experiments.
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