Chemotherapeutic Nanomedicines
For simultaneous Brain and GBM
Targeted Treatments

Dr. Jason Duskey
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Glioblastoma Multiforme

* Most malignant Brain Tumor
* 17,000 cases a year, 5 in 1000 affected

@ CAR-T Cell Therapy

® Dendritic Cell vaccme ® EGFRvIII Inhibitors

® mTOR Inhibitors [# EGFR inhibitors | |@ Heat Shock Protein Vaccine
& cMET Inhlbtl{)rs

* Poor Life expectancy

Drug

® Oncolytic Viral Therapy|

® Novel Immunotherapy
® Molecule Inhibitors
® Novel Vaccines

@ Neoantigen Vaccine
@ Persoanlized Vaccine
@ BRAF Inhibitors

| [#immune Checkpoint Inhibitors

® Novel Oncolytic Virus
® Novel Combinational
Therapy

* Age Linked
g SURVIVAL RATES AFTER DIAGNOSIS :@ @ @
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https://cmedresearch.com/spotlights/glioblastoma-experience/ : 10.1093/neuonc/nov029. Epub 2015 Mar 10: https://doi.org/10.3390/ph13110389:

10.1093/neuonc/nov029. Epub 2015 Mar 10: cancer.org
https://www.healio.com/news/hematology-oncology/20190703/despite-incremental-progress-longterm-survival-rates-have-not-budged-in-glioblastoma:

emedicine.medscape.com
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Adding Tumor-Treating
Fields to SOC

TTFields + temozolomide
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Why Nanomedicine?

Lipid based  #5-
Nanocarriers
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Technology (Nab)

Polymer based
Nanocarriers

e MEnnanopa
i Block copolymer micelles
P \ N\ Nanocrystals
i O [ Metal nanoparticles

Polymeric
Micelle

Nanoscale

Antibody-Drug Ty Silica
Conjugat C> Nanoparticle
Drug %7 Inorganic

veta  Nanoparticles

Nanoparticle
6

Hafnium Oxide
Nanoparticle

Pharmaceuticals Conjugates "reoeo
* Poor Solubility %

* Poor Stability g -t
* Poor Bioavailability
* Toxicity

* Untargeted - (Off Target Effects)

(o),

Viral Nanoparticles
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PLGA nanoparticles Nanomedicine (NPs+PROTEIN): ACCUMULATION in NEURONS

PLGA: poly(lactic-co-glycolic acid)

Targeted PLGA (Pre-modified)

PLGA capsule

o o
* G7 peptide s
HO o}/“ Inner core p p E
* Targets Brain =
*o 2 Antimicrobial =
compound o
. * Opioids receptor derivative ‘;
Figure I- Schemadc of an Antimicrobial Encapsuloted by a PLGA 2
* Safe (FDAapproved) * Can be linked to PLGA *
® Not extremely expensive ¢ Still forms similar nanoparticles
® Possible to chemically modify with ligands * Can carry small molecules, peptides, - il
® Double emulsion nanoparticles proteins, and enzymes to the brain -
® 200 nm * 10% of injected dose o

® -20 mv charge

WIDS-KO
Wt

Number of NPs per optical field
g

Fig.5: Number of NPs per optical field evaluated on
brain slices by confocal microscopy. Hunter and wild-

) ) type mice (both n=3) were injected with NPs+/Alb.
doi.org/10.1371/journal.pone.0156452  *p<0.05
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GBM Targeted Nmeds: Formulation
Characterization

£ e , P
POST-MOD > ;\:__ = & -
(Surface Modification) T4 i s =X

- 7 N
PLGANPs PN

NMed
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MO8-NMeds

MO8J-NMeds

g7-NMeds

PAAVF-NMeds

MO8-NMeds

MO8J-NMeds
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GBM Targeted Nmeds: Formulation
Characterization

POST-MOD > (@ AL
(Surface Modification) TN i ==

PLGA NPs AT - / )I \5"'

NMed Ligand Amount % Residual of

formulation (ug) Slae (am) ro! Z potential (mV) surfactant Weight yield %
Oiﬁ\“;i;ed 0 157558 0.07£0.01 45624 1225 8749 * Size—150-170 nm
vie:
D < vi Y . .
DMeds il 0 1662 10 0.122001 33210 107 9326 MonOdlsperse (pdl < 02)

mock reaction

27-NMeds 155= 13 0.09+0.03 34=11 9=8 92+5 o WY > 90%

PAAVF-NMeds ; 1569 0.08£0.01 259 105 11210 ° C0n5|stent surfactant content
MO8-NMeds 164+ 10 0.16+0.01 =26 =10 116 97+9

MO8J-NMeds 16111 0.11£0.02 =318 11£5 102+ 7 (10%)
27-NMeds 159= 10 0.080.01 31+13 8§=9 1045 . . .

ey * Zeta potential varies slightly*
MO8-NMeds 10 160= 14 0.18%+0.03 -32+9 116 119+ 4

MO8J-NMeds 159=11 0.10+0.02 -29=11 9+9 1104
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GBM Targeted NMeds: Cell Uptake

[NP] - independent [NP] - independent o
[Ligand] - independent [Ligand] - dependent Viability: Cell #
g7 MO8J
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[NP] - dependent
[Ligand] - dependent
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Selectivity: co-culture of C6 (GBM)
and DITNC1 (Healthy astrocytes)

Selective uptake into GBM cells?

Astrocytes B GBM

-
»
(=]

60

o)
CY5-labeled NMeds g 100
Calcein-AM labelled % 5
@ \l | S0 g
E= ®non-treated
- f\(\ - _‘ 5 * %
® -0 3 1 = ® ® non-targeted
‘ ° T 2
‘e =
L A 3 7T - 8" 5w | PR
/ =, 5 ¥
e Q\ 5 é " PAAVF-NMeds
I Confocal . 2
N?" oea Cell uptake 3 30 Z 40 B MO8)-NMeds
DITNC1 icroscopy Quantification: g o ® MO8-NMeds
(healthy astrocyte) CY5-NMed ot )
520 g 20
fluorescence = 8
* Effect on cell growth < . .
10 0
Astrocytes GBM
0

non-modified g7-NMeds PAAVF-NMeds MO08-NMeds MO08J-NMeds

MO8 NPs:

* Selective For C6
Allows improved Astrocyte #'s
Potential therapeutic effect?
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Paclitaxel- Ioaded MO8 NMeds

A) Quantification of apoptosis B) Cell Vitality: real time impedence measurements

% apoptotic (Annexin V positive)

Annexin V: apoptotic cell marker

J Impendance = 1 Cell death

*** ke §
100, 3h after treatment T b 9-150
o
90- E ﬁ—mu
=3
80 85 ol S
704 ﬁ g = Treatment F ‘
0 R . v
60- E
w 150
2 501 L i~
© 40 time [min]
304
201
104 PLGA Mt smphy 250 14h after treatment
WP PLGA NMeds_empty M08 Ab-targeted 3 = Xk x
10 nM 50 nM 100 nM 500 nM PLGA NMeds_PTX-loaded MO8 Ab-targeted E oy 200 [
. free PTX =
Apoptosis rate compared to Free PTX: g =P
* Increases with concentration =2
.. . . 0 =
* Non-targeted, Non-loaded NPs show minimal shift towards apoptosis =
. -t e
* Non-loaded MO8-NPs have an effect without PTX gg i
. 3
(=]

100

PTX-M08 NMeds > Biological effect than
100% of cells show apoptotic markers) all other NMeds

*MOB8-PTX-NPs (50 nM) already appear to saturate already at 50 nM (near
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BBB- Targeting
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GBM targeting (MO8) ';\’)\:’

A

BBB targeting (g7) @
GBM and BBB targeting (g7) %

MOS8 — PLGA NMeds colocalize with

» Neurons (NeuN)
» Microglia (Ibal not shown)
» NOT with GFAP+ astroglia
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IP injection 20 mg/Kg A
Sacrificed after 6 hours - /

AP/NP/DAPI

I

NeuN/NP/DAPI
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Advancing Towards The Future:
Improved Specificity
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Advancing Towards The Future

Hybrid particles: co-delivery of
siRNA and/or Temozolomide

Microfluidic Lipid Particles for:

Plasmid DNA — siRNA - mRNA

Advanced characterization and
Different Drugs

PLASMID ultrasonication
in TE buffer ’Mj_' L, 41
XN v gl he PCS
. TE buffer—= ‘ L_‘ {{ ¥ B syringe pumps + \‘ AF4
RN ‘ et/ REY IS ¢ micromixer NTA
. Aol LC-MS/MS

DPPC P
A Catianie ipia-palymer HNP HMRsIRMA camplez Chol .
N ROTaE High throughput
N\'N)\;‘ DOPE-Rhod set-up
in methanel aantte HoH
o N T Trametinib
b. F S
‘ ’
MY ——=
PLASMID
Develop a single, versatile nanomedicine to in TE buffer
/" therapeutic effectiveness separately deliver TMZ and siRNA
(demonstrated synergistic effects) simultaneously to GBM cells

- efficacious dose for each drug

- adverse drug effects » BE @
Different physical-chemical properties (i.e SIRNA

solubility, biodistribution) limit their

simultaneous delivery

Special Issue in
Pharmaceutics

Gold Chip

Surface Plasmon
Resonance

Light source CCD Camera
10.2147/1JN.S457302 [n submission /
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https://doi.org/10.1016/].ijpharm.2024.123994
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