cPiL

Methods in Drug Development

SsiRNA Therapeutics and
Lipid Nanoparticle Drug Delivery

Prof. Christian Heinis christian.heinis@epfl.ch, BCH 5305, 021 693 93 50



Principle of lipid nanoparticle RNA drug delivery
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Historical perspective
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Discovery of mRNA
and its function®

Development
of liposomes?*

In vitro translation of
isolated mRNA in a
cell-free system™

Development of liposome—
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Historical perspective

Free mRNA translation
post intramuscular
injection in mice?

Development of cationic
LNP-mRNA formulations®*

Injection of vasopressin
mRNA into rat brain as
protein replacement
therapy for diabetes
insipidus®*

Development of liposome—
mENA formulations as
influenza vaccine'®*

LNPs encapsulating
small molecules
(doxorubicin or
amphotericin B) were
approved by the FDA™

Injection of
carcinoembryonic antigen
mRNA into mouse muscle
as a cancer vaccine'?

First clinical trial of mRNA-
engineered dendritic cells

(NCT00004211)

Mucleoside-modified
mREMNA shows reduced
immunogenicity'®?

LNPs encapsulating
daunorubicin were
approved by the FDA
and the EMA?®

LNPs encapsulating
verteporfin were
approved by the FDA™




Clinical trial of mRNA
therapeutics using
protamine—-mRNA
formulations

(NCT00204607)

Historical perspective

Clinical trial of LNP-mEMNA
formulations for cancer

LNPs encapsulating
vincristine were
approved by the FDA™

immunotherapies (NCT02316457)

First in-human test of
personalized mRNA
cancer vaccines'™

* Clinical trial of LNP-mRNA formulations
as influenza vaccines (NCT03076385)

* Clinical trial of LNP-mRNA formulations
for protein replacement therapies
(NCT03375047)

LNPs encapsulating
irinotecan were
approved by the FDA™

LNPs encapsulating
cytarabine were
approved by the FDA™

* mMRNA-1273 and BNT162b (LNP-mRNA
formulations) COVID-19 mRNA
vaccines obtained authorization from
regulatory agencies in multiple
countries

* Clinical trial of LNF formulations
delivering gene-editing components
for genetic disorders (NCT04601051)

Onpattro (LNPs
encapsulating siRNA),
the first siRNA drug,

was approved by the
FDA and the EMA™

Fig. 1| Timeline of some key milestones for mRNA and lipid nanoparticle development. COVID-19, coronavirus
disease 2019; EMA, European Medicines Agency; FDA, United States Food and Drug Administration; LNP, lipid

nanoparticle’™' =",




First siRNA drug: onpattro
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