
Genetic engineering of megakaryocytes 
from blood progenitor cells using 
mRNA lipid nanoparticles 
Jerry Leung

Technical Session II: Gene Delivery and Gene Editing I 



The need for better platelet transfusion products

• Bleeding the leading cause of death worldwide

• Platelets transfused to restore hemostasis
o Not always efficacious

• Enhanced platelets a potential solution

Challenging to modify

https://www.alamy.com/tem-transmission-electron-microscope-image-of-human-platelets-computer-image5196635.html
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Megakaryocytes – The platelet precursor cells

• Large polyploid cells that produce platelets 
by cytoplasmic extensions

• Single MK can yield thousands of platelets
o Exploited for in vitro platelet production

No non-viral transfection agents 
to genetically modify MKs

https://www.thrombocyte.com/wp-content/uploads/2015/10/megakaryocytes-definition.jpg; Lefrançais et al., Nature (2017)
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MK Engineering
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LNP Formulations

Neutral Ionizable Lipid

Protonated Ionizable Lipid

Cholesterol

Structural Lipid

PEG Lipid

RNA

Pa#siran
• DLin-MC3-DMA
• DSPC
• Cholesterol
• PEG-c-DMG

Tozinameran
• ALC-0315
• DSPC
• Cholesterol
• ALC-0159

Elasomeran
• SM-102
• DSPC
• Cholesterol
• PEG-DMG

Ethanolic phase

o Ionizable Lipid
oDSPC
oCholesterol
oPEG Lipid

Aqueous phase
omRNA

§ EGFP
§ Firefly 

luciferase
§ Factor VII
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MKs robustly express exogenous EGFP reporter 
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LNP transfection does not impair MK maturation or viability
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LNP transfection does not impair MK maturation or viability
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MKs can express FVII to elicit a functional change
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Decreased clot time Increased rate of clot formation



Summary
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LNP readily transfect MKs without impacting maturation①

② Transfection yields functional changes



Summary
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Summary

13

Platform Technology
Effective 

Transfusions
Targeted

Therapeutics
Research 

Tool

Neutral Ionizable Lipid

Protonated Ionizable Lipid

Cholesterol

Structural Lipid

PEG Lipid

RNA

Neutral Ionizable Lipid

Protonated Ionizable Lipid

Cholesterol

Structural Lipid

PEG Lipid

RNA

Neutral Ionizable Lipid

Protonated Ionizable Lipid

Cholesterol

Structural Lipid

PEG Lipid

RNA

Harvest enhanced 
platelets for 
transfusion



Acknowledgements
Kastrup Lab:
UBC
•Colton Strong
•Emma Kang
•Madelaine Robertson
•Francesca Ferraresso
•Zechariah Noronha

Versiti BRI
•Dr. Christian Kastrup
•Dr. Katherine Badior
•Dr. Mitch Dyer
•Dr. Monica Seadler
•Dr. Manoj Paul
•Dr. Laura Ketelboeter
•Michael England
•Matteo Ferraresso
•Youjie Zhang 
•Amanda Weitrzny
•Noah Peng
• Taylor Chen

• Rachel Dziekan
• Amber Haugen
• Geoffrey Rodriguez
•Megan Gehl

Cullis Lab:
• Dr. Pieter Cullis
• Dr. Genc Basha
• Dr. Igor Zhigaltsev
• Dr. Miffy Cheng
• Dr. Karen Chan
• Dr. Yan Mei
• Dr. Bin Zhao
• Dr. Arash Momeni
•Dr. Cedric 
Brimacombe
• Dr. Terri Petkau
•Dr. Ehsan Ansari 

Dezfouli
•Dr. Suiyang Liao
•Cayetana Schulter

•Harrison Fan
•Yao Zhang
•Kevin An
•Kevin Fox
• Lane Messier
•Rajan Leung
• Jessica Eckel-Foster

Zandstra Lab:
• Dr. Peter Zandstra
• Dr. Asel Primbetova
• Dr. Andrew Hagner
• Han Hsuan Hsu

Foster Lab:
• Dr. Leonard Foster
• Brenna Hay

Devine Lab
• Dr. Dana Devine

14


