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Course Outline & Objectives

Introduce drug delivery systems (DDSs) and their role in
optimizing therapies.

Explore the distinct needs of small-molecule drugs vs.
macromolecules

Highlight cutting-edge advancements, including gene
therapy

|dentify key factors influencing the choice of DDS.
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Why we need drug delivery systems I



Why we need drug delivery systems I

* Improve Therapeutic Efficacy:

Ensure drugs reach their intended target in
optimal concentrations.

e Minimize Side Effects:

Reduce off-target exposure and toxicity.
Example on image:

* Enhance Patient Compliance: « Ambisome (Liposomal Amphotericin B):
Simplify dosing regimens and improve Reduces nephrotoxicity.
adherence.

e Control Drug Release:
Enable sustained or controlled drug release e Sl
over time.

DL

* Overcome Delivery Barriers:
Facilitate drug transport across biological 9
barriers (e.g., blood-brain barrier).

Fildy
Amphotericin B
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Why do we need *controlled* drug delivery systems

loxic level

/\\ \

Drug Concentration in Bloc

Minimum
Eftective les

Time

neentration in Blood

Drug Ce

Conventional dosage forms:
The drug amount & duration of action

Controlled release DDS:

The drug amount & duration of action +
Release kinetics

Zero-Order vs. Nonzero-Order Systems

[1me



History and Evolution of Drug Delivery Systems

Liposomes (lipid-based
nanoparticles): discovery of
self-assembling liposomes for
the delivery of both lipophilic
BT rophilic drugs

Dexedring
(Spansule):
sustained-release
oral capsule
containing
dextro-
amphetamine to
treat ADHD

Transderm Scop:
transdermal system for
delivery of scopolomine

Ocusert: sustained-
release ocular product
delivering pilocarpine
to treat glaucoma

1952 1957 1964 1974 1975 1976 1979

Medihaler: Extended release of
rescue inhaler for biomacromolecules:
bronchial asthma first encapsulation

and controlled release
of macromolecules
(e.g. proteins,

nucleic acids)

Biostator: controlled insulin
release and continuous
glucose monitoring device

for diabetes
: " : S
i ol 1950s, 1960s, 1970s: Development 19
0 Vhe i, P e iy, & - 0] %0, of oral and transdermal extended- Lol
b S o - e R, FROERITERE RENPENS, Sy V) release delivery systems. Discovery sy
and research into particle systems fo

(polymers, liposomes)

Resaid® (phenylpropanolamine &
chlorpheniramine)

Green, red, and white spherical
beads within a capsule. Each color
of beads represents a different
coating level. Some beads release
the drug immediately. Some beads
release after a short while, some
after a longer while.

Baryakova et al. Nat Rev Drug Discov 2023



History and Evolution of Drug Delivery Systems

Liposomes (lipid-based

nanoparticles): discovery of

self-assembling liposomes for

the delivery of both lipophilic

and hydrophilic drugs
Dexedrine Transderm Scop:
(Spansule): transdermal system for
sustained-releass delivery of scopolomine
oral capsule
containing Ocusert: sustained-
dextro- release ocular product
amphetamine to delivering pilocarpine
treat ADHD to treat glaucoma

1952 1957 1964 1974 1975 1976 1979

Extended release of
biomacromaolecules:
first encapsulation
and controlled release
of macromolecules
(e.g. proteins,

nucleic acids)

Medihaler:
rescue inhaler for
bronchial asthma

Biostator: controlled insulin
release and continuous
glucose monitoring device
for diabetes

|
1950s, 1960s, 1970s: Development
of oral and transdermal extended-
release delivery systems. Discovery
and research into particle systems
(polymers, liposomes)

g28 @

Baryakova et al. Nat Rev Drug Discov 2023
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History and Evolution of Drug Delivery Systems

Decapeptyl SR:
injectable polymeric
microspheres
containing triptorelin for
treating prostate cancer NuvaRing: intravaginal
contraceptive
effective for 3 weeks
Suk
Doxil: liposomal onc
formulation of inje
doxorubicin bug
used to treat tres
cancer

979 1982 1986 1988 1995 2000 2001 2003

ParaGard: copper Cypher: sirolimus
es5: IUD effective for eluting stent for
1 up to 10 years treating coronary
ease artery disease
25
Concerta (OROS):  Yuti
sustained release  deli
oral methyl- ace
Osmosin: phenidate for non
osmotic-pump treating ADHD
controlled-release
formulation of
indomethacin
. I A AN I AN
1980s: Development of 2000s: Development
long-acting parenteral of responsive systems
systems that are effective and nanctechnologies
for months to years
1990s: Refinement of controlled 20U
release and development of biol
zero-order delivery devices RNA

Baryakova et al. Nat Rev Drug Discov 2023



History and Evolution of Drug Delivery Systems

Decapeptyl SR:
injectable polymeric
microspheres
containing triptorelin for
treating prostate cancer

NuvaRing: intravaginal

contraceptive
effective for 3 weeks
| for
mine Suk
Doxil: liposomal onc
formulation of inje
doxorubicin bug
used to treat tres
cancer use

979 1982 1986 1988 1995 2000 2001 2003

of ParaGard: copper
a5 LD effective for
1 up to 10 years
sase
25

Osmosin:

osmaotic-pump
controlled-release
formulation of
indomethacin

. AN

Cypher: sirolimus
eluting stent for
treating coronary

Concerta (OROS):
sustained release
oral methyl-
phenidate for
treating ADHD

AN AN

[
1980s: Development of
long-acting parenteral
systems that are effective
for months to years

2000s: Development
of responsive systems
and nanctechnologies

1990s: Refinement of controlled
release and development of
zero-order delivery devices

20m
biolt
RMNA

A————

DOXIp
(doxorubicin
liposome injec;,

'Omg (2 mg

derile, singl

LTAVENOLS INF

PEG

Lipid Membrane

Dox

Methylphenidate HCI (Concerta®)
Extended-Release Tablets: Trilayer
Capsule-Shaped Tablets

Orifice/Exit Port

Drug _
Owercoat

Rate-
Controlled
Membran@

Before Operation

Drug
Compartment #1

Drug
Compartment #2

Push
Compariment

During Operation

Concerta® (methyiphenidate HCI) extended-release tablets [package insert]. Mountain View, Calif: Alz

Corporation; 2006; Greenhil LL et al. for the Work Group on Quality Issues of the American Acadeny of

Child and Adolescent Psychiatry. J Am Acad Child Adolese Ps 2002:41:285-435

Baryakova et al. Nat Rev Drug Discov 2023



History and Evolution of Drug Delivery Systems

Liposomes (lipid-based
nanoparticles): discovery of
self-assembling liposomes for
the delivery of both lipophilic

and hydrophilic drugs
Dexedring Transderm Scop:
(Spansule): transdermal system for
sustained-release delivery of scopolomine
oral capsule
containing Ocusert: sustained-
dextro- release ocular product
amphetamine to delivering pilocarpine
treat ADHD to treat glaucoma

1952 1957 1964 1974 1975 1976 1979

Extended release of
biomacromolecules:
first encapsulation
and controlled release
of macromolecules
(e.g. proteins,

nucleic acids)

Medihaler:
rescue inhaler for
bronchial asthma

Biostator: controlled insulin
release and continuous

Decapeptyl SR:
injectable polymeric
microspheres
containing triptorelin for
treating prostate cancer

1982 1986

ParaGard: copper
IUD effective for
up to 10 years

Csmosin:
osmotic-purmp

Doxil: liposomal
formulation of

doxorubicin bupranorphine for
used to treat treating opicid
cancer use disorder

Rybelsus: GLPIRA
oral peptide tablet
with pH shield and
absorption enhancer
for diabetes

MNuvaRing: intravaginal
contraceptive
effective for 3 weeks

Sublocade:
once-monthly
injection of

1988 1995 2000 2001 2003 2017 2018 2019 2021

Cypher: sirolimus-
eluting stent for
treating coronary
artery disease

Concerta (OROS):  Yutig: intravitreal implant
sustained release  delivering fluocinolone
oral methyl- acetonide to treat
phenidate for non-infectious uveitis

treating ADHD

Apretude:
bimonthly injection
of cabotegravir for
HIV PrEP

Present

(In development)

» Single-injection,
multi-dose vaccines

+ Sense-and-respond
systems

= Targeted

ultrasound and

light-triggered

therapies

« Oral delivery of
biologics

= Cell-based
immunotherapies

glucose monitoring device
for diabetes

Comirnaty/Spikevax: PEGylated
lipid nanoparticles encapsulating
COVID-19 mRNA vaccine

controlled-release
formulation of
indomethacin

A AN AN A S

|
1950s, 1960s, 1970s: Development
of oral and transdermal extended-
release delivery systems. Discovery
and research into particle systems
(polymers, liposomes)

| |
1980s: Development of 2000s: Development
long-acting parenteral of responsive systems
systems that are effective and nanotechnologies
for months to years

1990s: Refinement of controlled
release and development of
zero-order delivery devices

2010s: Delivery of delicate
biclogics (e.g. proteins,
RMAI, mRNA)

Seminal research findings

Clingal advancements,
Baryakova etal

at Rev Drug Discov 2023







Introduction to Small Molecules and Challenges

Small molecules £ 1000 Daltons

|
Small Molecule Size C#mparisun
|




Introduction to Small Molecules and Challenges

Challenges in Small Molecule Delivery:

High Optimal
- Poor Solubility / Low Permeability 0<LogP <3
2
E Poor Lipid Bilayer Paz;ous
E permeability ?;uhility
>
o}
- Rapid Metabolism: Requires frequent
dosing (first-pass liver metabolism). low |____ ————
- Short Half-Life: Limits therapeutic i

. Log P
effect, reduces compliance. ¢

- Toxicity: Off-target effects can cause
side effects.



Available DDS Systems for Small Molecules

Examples of DDSs:
- Oral Systems: Tablets, capsules, prodrugs.
- Injectable Systems: IV, SC formulations.
- Transdermal Systems: Gels, patches.

- Inhalation Systems: Aerosols, inhalers.

=t

14 clear patches (2-week kit)



Mechanisms of release and examples of common
drug delivery systems Dexedrine

ad Reservoir-based system

Dextroamphetamine, ADHD

Examples Mechanism
R OO0~ SR~
_ L,

Extended-release pill

_______

l'.. 1] i ]
G | L -
ot - 4 ]
= _| - [
D £ -
a-* I 0 i ’
I | L -, .

/MIEFD[]E rticle Oral capsule or susﬁénsiﬂn
depot



Mechanisms of release and examples of common
drug delivery systems

b 0Osmotic pump-based system

Mechanism
Exit hole

Examples

____.--' | (1] "- .
( a s, Jr
L e .

et - o
Extended- 1t
release pill Water

Invega, paliperidone, schizophrenia

b

Swellable
‘push’ layer

C Matrix-based system

Examples Mechanism

Water
p . .
< - &> Sl
Extended- RS
release pill ty t 2

Keppra XR, levetiracetam, epilepsy



Mechanisms of release and examples of common
drug delivery systems

d Matrix-based system with rate-limiting membrane

Examples Mechanism Drug-depleting
. layer
. Enwrﬂnment
+ Conc.-
Non-degradable
implant
- J— Top- dawn Cross
section
Matrl:-: Memhrane
uD

Intravaginal ring



Mechanisms of release and examples of common
drug delivery systems

Transdermal Microneedle
patch array patch
_ilTl— - I-.II‘.; -'_‘- -."r- .'q- : (b ll‘r:nm{?d':a?oo ¢) sublingual film \
‘ 1 I. 'I |- !
o o lel %o
Permeation Penetration
i & | @ €

Buprenorphine, opioid addiction
sublingually or buccally

Fluzone (flu vaccine)



Polymeric

L

Polymersome Dendrimer

Nanosphere

Polymer micelle

* Precise control of particle
characteristics

* Payload flexibility for hydrophilic
and hydrophobic cargo

* Easy surface modification

* Possibility for aggregation
and toxicity

Inorganic

& .

Silica NP Quantum dot
Iron oxide NP Gold NP

* Unique electrical, magnetic and
optical properties

* Variability in size, structure
and geometry

* Well suited for theranostic
applications

* Toxicity and solubility limitations

Lipid-based

Lipid NP

D

Emulsion

* Formulation simplicity with
a range of physicochemical
properties

* High bioavailability

* Payload flexibility

* Low encapsulation
efficiency

S SIS

Nanoparticle drug delivery systems

NPs have the potential to
improve the stability and
solubility of encapsulated
cargos, promote transport
across membranes and
prolong circulation times to
increase safety and efficacy

Nanomedicine could help
overcome the limitations of
conventional delivery —
(biodistribution barriers,
intracellular trafficking
barriers)

Mitchel et al., Nat Rev Drug Discov . 2021



Example: Doxil, the first FDA-approved Nano Drug, 1995

Drug: Doxorubicin
« chemotherapy for multiple cancers

* Inhibits topoisomerase Il, an
enzyme that cancer cells need to
divide and grow

Challenges:

-Cardiac toxicity

-Rapid clearance from the bloodstream
-Fast degradation

-Drug resistance

Doxormbicin

Liposome

Methoxypolyethylene
glycol (MPEG)

DDS Solution: Doxil (liposomal doxorubicin)

Reduced Systemic Toxicity

Improved Pharmacokinetics

Enhanced Passive Targeting of Tumor Tissue (
enhanced permeability and retention (EPR) )

Prevention of Drug Degradation

Reduced Drug Resistance

100

Cardiac Event Rate

80 -
60 _
40 -

20

Conventional doxorubicin

arensnanennn Pegylated liposomal doxorubin (PLD)

P <=0.001

100 200 300 400 500 600

Cumulative Anthracycline Dose

Barenholz, Y., J. Control. Release 2012



Example: Taxol vs Abraxane, 1970

Drug: Paclitaxel (Taxol) — invented in
1970’s

« chemotherapy for solid tumors (lung,
ovarian, and breast cancer)

* a mitotic inhibitor

Challenges:

- Poor solubility requiring the use of
solvents (castor oil and ethanol - Taxol),
leading to toxic side effects.

- Limited bioavailability

- Rapid clearance from the bloodstream.

DDS Solution: Abraxane (Albumin-bound
paclitaxel nanoparticles)

 Reduces the need for toxic solvents

¢« Same concentration in tumor, less in
plasma

 Less breast cancer stem cells in mice
tumors

nab™-paclitaxel individual
molecule

nab™-paclitaxel complex /

4-14 nm in size®"

Albumin
el

Paclitaxel
s

i i 10
130 nm in size A single molecule of albumnin can bind up to 6 or 7 molecules of
pacitaxel®

Hebao et al., Mol Pharm. 2020






Classes of Macromolecule Therapies

Peptide Therapies:

Examples: GLP-1 analogs (e.g.,
Liraglutide)

*Size: ~3-4 kDa

*Small chains of amino acids,
typically smaller than full proteins.

Therapeutic Proteins:
*Examples: Insulin (~5.8 kDa),
Erythropoietin (~30.4 kDa)
*Size: Typically between 5-150
kDa

*Full-length proteins with more
complex structures compared to
peptides.




Classes of Macromolecule Therapies

Monoclonal Antibodies (mAbs):
*Examples: Rituximab (~145 kDa),
Trastuzumab (~148 kDa)

*Size: ~145-150 kDa

sLarge, Y-shaped proteins that specifically
target antigens

Nucleic Acid-Based Therapies (Antisense
Oligonucleotides, siRNA):

Examples: Nusinersen (~7 kDa), Patisiran (~14
kDa)

*Size: Varies but generally ranges from 7-30 kDa
*Short synthetic sequences of nucleotides that
interfere with gene expression.

§_ Growth fac

receptor

lllllllll

GD|

tor

iiiii

Adalimumab

signaling
pathway

P
GTP  GDP

Reduction of
inflammation,
cell growth/
cell proliferation




Challenges of Macromolecule delivery

Poor Oral Bioavailability
1. Degradation in the Gl tract
2. Poor absorption

Limited Cellular Uptake

Size and polarity
Endosomal entrapment (vs.
passive diffusion)

Rapid Clearance and Short Circulatory Half-Life
Kidney filtration
Immune reactions/toxicity

Immunogenicity



Challenges of Macromolecule delivery

Poor Oral Bioavailability
1. Degradation in the Gl tract
2. Poor absorption

Limited Cellular Uptake

Size and polarity
Endosomal entrapment (vs.
passive diffusion)

Rapid Clearance and Short Circulatory Half-Life
Kidney filtration
Immune reactions/toxicity

Immunogenicity

Poor Stability
Degradation by enzymes (e.g. RNAses)
Structural sensitivity
Limited shelf-life

Crossing Biological Barriers
Blood-brain barrier (BBB)
Tumor penetration

Patient Compliance
Invasive delivery methods
Frequent dosing



Delivery of siRNA, mRNA



Timeline of events leading to LNP-enabled RNA vaccines and therapeutics

1958: Central 1978: 1995: DODAP, 2001: Cationic 2013: LNP siRNA 2024: Multiple
dogma DNA > Genentech an ionizable lipids induce phase | trials to LNP mRNA
RNA - protein? formed cationic lipid'® non-bilayer silence TTR products in clini
structures® successful'®
1964: 1982: 1988: Vical founded 1997: PEG 2006: SNALP 2021: LNP
[_)ISCOVGW of Recombinant 1988: Bethesda lipids that formulation of mRNA gene
liposomes 35455 insulin Research lipofectin dissociate from | siRNA using editing in clinic'®
. approved license liF:IICFSC’I'I'IESI':J2 DLinDMA: gene
1973: Genetic silencing in vivo' 2020: LN
engineer- . . :
engn 1984: Synthetic 1993: 1999: st mMRNA COVID-19
ing™ mRNA expression DNA Keystone vaccine'®
1973: in vitro"2 vaccine® non-viral 2012: LNP
Liposome 1981: The gene SiRNA 2015: LNP
ethanol Liposome 1986: pH 1990: DNA and delivery containing mMRNA transfects
dilution Company loading of mRNA injection confer- MC3 ionizable | liver following
method®® founded cancer drugs'*4 | in vivo muscle® ence lipid” i.v. injection1#13
1965: Poly 1975: 1979: Cloned 1985: High- | 1987: 1992: Inex 2001: SALP 2012: LNP 2018: LNP siRNA
cationic Asilomar | virus infectious pressure DOTMA founded formulation saRNA effective to treat hATTR
DEAE dextran | confer- in vivol&222 extrusion® cationic of antisense as vaccine'™ < (Onpattro)
transfection® | ence'™”® 1979: Extrusion lipid” 1995: Liposomal IUSiI.'lg DODAP approved by FDA™
to form doxorubicin (Doxil) [pn:;%ble
1973: liosomes®™  1983; Liposome- 1989: mRNA approved by FDA | P97 5510, |NPSIRNA  2017: LNP mRNA
CaPhosphate mediated insulin Lipofection containing KC2 effective as Zika
transfection gene delivery® in vitro® ionizable lipid™ vaccine in mice™
method®
1978: Lipid 1986: Plasmid 1990: Recombinant 1999: SPLP
polymorphism and reporter genes v-src oncogene induced  plasmid

membrane fusion®%

expressed in vivo®

sarcoma in vivo®#

formulation™®



Extracellular barriers

A B - - = o - — )
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Intracellular barriers
“5 7 (if) Endocytic
- L recycling

(i) Intracellular

uptake === (iii) Endosomal escape
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Chl i

o .|'.-
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c
2 Y MNuclear |] o

Transcription X pnP mRNA oo, MIRNA
“-Q\ pore L Fa Ve e e FalVal
w&x HDR
e Endogenous / Ty J
template RNA - A
Gene editing . (iv) Nuclear /' Ribosome | L RISC - - %
El'ltl']' : i = A 9;:.'4:

QS“ | @ i F'r:én \.

Hamilton et al. PLoS Biol, 2023

MNucleus | |
i

. T Protein @ 4 Protein

Challenges with nucleic
acid delivery

-Stability

-Efficient Cellular Uptake & Release
lmmune Response

*Targeting Specific Cells

*Rapid Clearance

-Off-target effect

RNA
-Stability
*Rapid

Clearance pDNA/ Gene therapy

*Nuclear Delivery

-Off-target Effects and
Integration Risks (Insertion into
unintended locations)
*Long-term Expression Control
sImmunogenicity



Small RNA therapeutics: siRNA, ASO, ADAR

d
siRNA: ~13 kDa

I ©+
HO

J __RISC

y
[

MmO

HO |
mRNA T

RISC-mediated mRNA cleavage

AS50: ~6 kDa
[— LTEEEETTETTET T
RNAase H1 (" )Ribosome

L )
. Translation arrest

RNase Hl-mediated by blocking the
mRNA silencing ribosome

]

i
f

s ~Splice
./ repressor

e SN

Splicing modulation
by splice repressor
occlusion

ADAR-oligonucleotides: ~24 kDa

Hi“I:-':IIIIIIIIIIIII N N ’

A — | ADAR-mediated mRNA editing

Paunovska et al. Nat Rev Genet 2022



a
siRNA: ~13 kDa

I
HO

J _IRISC

;‘imm@jrﬂ\\
|
mRNA Wiy, MAAA

RISC-mediated mRNA cleavage

Small RNA therapeutics: siRNA

Synthetic gene-
specific siRNA

siRMA delivered
into cell

/

The RNAI Process

siRNA enters into
RISC and unzips

Passenger Strand

Complementary
pairing

Target mREMNA

g

() Target mRNA
cleavage and
degradation



DDS for siRNA/ ASO delivery: ligand/antibody conjugation

Can be used for siRNA/ ASO ONLY, NOT mRNA or CRISPR

Active targeting

b SYQ
GalMNAc
SRNA K GalNAc—siRNA

[T M.
\‘1\“ ...l'
GalNAc conjugated in the laboratory b

ASGPR-mediated
endocytosis

- N Receptor
Antibody ra "'—-Z _ _J——
\ SiR MA- CDnjugatﬁ' (—) I Il'llif.m_ll\—~7
. e |I |
> : “:>

_— _—
|

s -~

N )\ |

Receptor-mediated
endocytosis

>




FDA-Approved siRNA with GalINAC conjugation

{ GIVLAARI & OXLUMO 2 LEQVIO’ OmVUtt!’C‘ ¢

(vutrisiran)

(Qlvosiran)garsz=== (lumasiran) s, (inclisiran) s
_ _ _ Hereditary
Acute hepatic porphyria Primary hyperoxaluria type Hyfpercholesterolemla transthyretin-mediated
(AHP) 1 (PH1) (high cholesterol) amyloidosis (hATTR)
2019 2020 2021 2022

The RNAI Process

Synthetic gene-
specific siRNA

siRMA delivered
into cell siRNA enters into

RISC and unzips Complementary
pairing -

Target mRNA

L) Target mRNA
cleavage and
degradation

Passenger Strand %



FDA-Approved ASO with GalNAC conjugation

For US Healthcare Professionals Onty

E )
r : 5 polyneuropathy of hereditary
I’ WAl N UA 2023 transthyretin-mediated
(eplontersen) «n, amyloidosis

injection for subcutaneous use

REDUCES TTR PROTEIN
LIVER-SPECIFIC TARGETING TTR mRNA DEGRADATION PRODUCTION
wnmun} ‘- “ '
L 4

ol efade >/ FNae r WAIN UA

- 7Y
o £ Rl : Mutant or wild- t:.rpe _

; "":.L-f.: A ‘:r'.' - g~y TTR mRMNA

dE y T',I"' oy ot ! | TTR protein

s bade < L0400 TTRme'em
¥
HEPATOCYTE
Source of TTR production J.
Aa

® TTR amyloid




Large RNA therapeutic payloads: mRNA

b mRNA: ~340 - 2,300 kDa (GFP = Prime)

¥ o' 5°UTR Open reading frame 3" UTR AAARA
C Cytidine deaminase Reverse transcriptase
domain fused to a Eas.13a
Casd)  sgRNA ~ dCas9 Casdnickase, oo gRNA crRNA ADAR |dCas13b
Lﬁ\ j Polypeptide
|DNA __% £y Ribosome
R ~— - ~— T V\r_/ » AAAAA /“Wmm
:ﬁ @ mRNA «
Cas9-mediated dCas9-mediated Prime-mediated Casl3a-mediated  dCas13b-mediated Protein replacement
indel formation base editing gene writing RNA cleaving RNA editing or mRNA vaccine

Paunovska et al. Nat Rev Genet 2022
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Lipid-based structures

d Acuitas/BioNTech/Pfizer
COVID vaccine
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Cholesterol

ALC-0315 |

DDS for RNA delivery: Lipid nanoparticles

Can be used for siRNA, mRNA or CRISPR

Liposome

Cholesterol Helper lipid (such as DSPC)

o] 0
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The role of ionizable lipids in endosomal escape

,,(__ Cell membl_'ane

e D @" G/

Neutral charge

. o G
g positive charee 30
a
_..-.-n-o.* J.‘,.--l--.,A ;¢‘ £
Endocytosis mRNA release 44 g
‘rlmRNA
(=)

Failed endosomal escape-> cargo
suuiforn - dl@gradation

Q

(P
Da 2 L : 60
Ou()(_){_;ut)u'}

Lamellar phase Hexagonal phase

Successful endosomal escape-> cargo release

Endo-lysosome

Early Endosome Late Endosome
Lysosome



FDA-Approved -LNP: Patisiran (Onpattro) (2018)

» Treatment of OnIOOtter
polyneuropathies resulting |

(patisiran) s
from the hereditary “
disease transthyretin-

®
7
® M %2 Endosomal
mediated amyloidosis H S 2 membrane
| & oF
(hATTR) S DD 2 =
' == I L = =
® f; "::’?\ (% R = S‘:‘g
= | § . S
This drug acts by \ %, KOS
inhibiting the synthesis K o Uiy &
= H=~ @® I“h - S
of the transthyretin o e \ *
L . Lipoprotein ?\“\@\“‘\ A\ )
(TTR) protein in the liver particle o %)
_— Recruitment ApoE-binding R
ApoE of ApoE |

cell surface receptor
(e.g. LDLR)

1 Fenestration

Ny

RISC
Hepatocyte R_NA' |.nduced
silencing complex

pH 7.4

Blood compartment Space of Disse



FDA-Approved mRNA-LNP: COVID19 Vaccines

SARS-CoV-2

&1( Spike protein

Spike gene

- o L
[ X :
’ff' .e ’0.@
ﬁ
= av
:
&
@fSplkemRNA
'.
¥
'\“:".

Proteasome

Epitopes
o

CD4*

. _. T cell

O

48
Fecie

Vaccinated cell

——

|
L\f

5

\ Lysosome APC

———

Zaks et al. Nat Rev Mater 2021



mMRNA for cancer therapy: cancer vaccines

a
mRNA cancer N
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mMRNA for cancer therapy: cancer vaccines

Investigational mRNA Vaccine
Induced Persistent Immune
Response in Phase 1 Trial of
Patients With Pancreatic Cancer

« Share v
By Jim Stallard, Sunday, April 7, 2024

Dr. Vinod Balachandran says mRNA vaccines could stimulate the immune system to recognize and attacl

pancreatic cancer ¢

ells.

In 8 patients, the vaccine activateda T
cell response, and 6 of these patients
had not seen their cancers return
during the follow-up window. The other
2 patients relapsed.

Cancer returned in 7 of the 8 patients
whose immune systems did not
respond to the vaccine during the study
period.

In the 8 patients who responded, 98%
of the T cells specifically activated by

the cancer vaccines were not present
before vaccination.

More than 80% of the vaccine-induced
T cells persisted from two to up to three
years after treatment.



MRNA for cancer therapy: tumor suppressors

b mRrRNA encoding tumour suppressor

Functional tumour
suppressor mRNA
delivery
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Synthetic mRNA nanoparticle-mediated restoration of
p53 tumor suppressor sensitizes p53-deficient cancers
to mTOR inhibition

NA KONG . WEITAD . XIANG LING, JUNQING WANG . YULING XIAQ, SANJUN SHI, XIA0YUAN JI, ARAM SHAJN, SILVIA TIAN GAN, [...], AND JINJUN SHI
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SCIENCE TRANSLATIONAL MEDICINE - 18 Dec 2019 - Vol 11.lssue 523 - DOl 10.1126/scitranalmed. aawl 565

Article | Published: 17 September 2018

Restoration of tumour-growth suppressionin vivo via
systemic nanoparticle-mediated delivery of PTEN
mRNA

Mohammad Ariful Islam, Yingjie Xu, Wei Tao, Jessalyn M. Ubellacker, Michael Lim, Daniel Aum, Gha Young

Lee, Kun Zhou, Harshal Zope, Mikyung Yu, Wuji Cao, James Trevor Oswald, Meshkat Dinarvand, Morteza
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From Bench to Bedside: Nanoparticle Pipeline

The hallmarks of a clinically relevant delivery system

.57+ Scalable,
‘}l*”,’ biodegradable
Re-dosable | | chemistry
without
change in l
efficacy e
or safety < W\

: m

= = | %’

]
! —
e

Consistent activity g'nnéggﬁ?gé Manufacturable
across batches at human scale

Acceptable

NHP safety at doses on-/off-target
greater than those delivery profile in NHPs

required for efficacy

‘ / . “"vsp'
- b b\ 4

Paunovska et al. Nat Rev Genet 2022



From Bench to Bedside: Nanoparticle Pipeline

a
Nanoparticles

typically tested Thousands <10 One or two One
Cell lines I > Mice > Rats » MHPs =
Delivery relationship: Tolerability tends to decrease Efficacy and tolerability tend to
poor in rats; otherwise unknown. decrease in NHPs; otherwise unknown.

b % of bw Rats % of bw NHPs % of bw Humans % of bw
Brain 21 0.9 @ 5 1.4 1.9
:.
Heart g 0.6 i 0.4 & 0.4 & 0.4
Lung [0 0.7 & 0.5 ) 0.6 gQ 1.0
45 3.0 q 22 qq 2.0
Spleen 04 4 0.2 * 01 4 0.2

Kidney N 14 .“. 0.8 e 0.4 e 0.3



Key Factors in DDS Design (Interactive!) e

Which factors might influence your design in a
new drug delivery system? (multiple)




Key Factors in DDS Design (Interactive!) e

Drug Properties: Solubility, stability, molecular size.
Method of treatment: Local vs. systemic delivery.
Therapeutic situation: Prevention or treatment?
Route of Administration

Desired Pharmacokinetics and Pharmacodynamics: Controlled
release, half-life.

Dosage Frequency

Biocompatibility and Safety: Minimizing immune response.
Cost and Scalability: Manufacturing feasibility and affordability.
Patient age

Patient condition (sedated vs awake)



Thank you for your attention! ©



Back-up slides



(a) Simple diffusion of
fat-soluble molecules
directly through the

phospholipid bilayer

© I3 Pamme Eoucsban,

{b) Carrier-mediated facilitated
diffusion
via protein carrier specific for one
chemical; binding of subsirate causes
transport protein to change shape

{c) Channel-mediated
facilitated diffusion
through a channel
protein; mostly ions
selected on basis of
size and charge

Aquaporin

(d) Osmosis, diffusion of a
solvent such as water
through a specific
channel protein
(aquaporin) or through
the lipid bilayer
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