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Lipid Nanoparticle (LNP) COVID-19 mRNA Vaccines

F.P. Polack et al. New England Journal of Medicine (2020).

Interdisciplinary Science Feat: RNA and Nanoparticles
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Lipid Nanoparticle (LNP) COVID-19 mRNA Vaccines

And Many Others!

F.P. Polack et al. New England Journal of Medicine (2020).

Interdisciplinary Science Feat: RNA and Nanoparticles
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Lipid Nanoparticle (LNP) COVID-19 mRNA Vaccines

Can mRNA LNPs revolutionize pharmaceuticals? Key bottleneck: delivery, new 
nanotechnology

And Many Others!

F.P. Polack et al. New England Journal of Medicine (2020).

Interdisciplinary Science Feat: RNA and Nanoparticles
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Mitchell Lab: LNPs that Deliver Nucleic Acids into Target Cells 
and Tissues In Vivo, Ex Vivo, In Utero

Lipid Nanoparticles
(LNPs)

Genetic 
Engineering of 

Immune Cells in 
Body

Cancer 
Immunotherapy

LNPs for mRNA 
delivery to a range of 
cells and tissues:
• Immune cells 
• Stem cells
• Brain
• Heart
• Kidney
• Lung
• Liver
• Tumors
• Bone, bone marrow
• Placenta
• Fetus
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Mitchell Lab: LNP Toolbox for Nucleic Acid Delivery

Combinatorial Chemistry 
Synthesize Ionizable Lipids 

and Polymers (>1000)

Han, Zhang, Mitchell et al. Nature Communications (2021)

X. Han et al, Nature Nanotechnology (2023)
X. Han et al, Nature Communications (2023)
R.S. Riley et al. Science Advances (2021)
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Mitchell Lab: LNP Toolbox for Nucleic Acid Delivery

Combinatorial Chemistry 
Synthesize Ionizable Lipids 

and Polymers (>1000)

Microfluidics for 
Controlled LNP 

Formulation

S.J. Shepherd et al. Nano Letters (2021)
S.J. Shepherd et al. PNAS (2023)

Han, Zhang, Mitchell et al. Nature Communications (2021)

X. Han et al, Nature Nanotechnology (2023)
X. Han et al, Nature Communications (2023)
R.S. Riley et al. Science Advances (2021)
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Mitchell Lab: LNP Toolbox for Nucleic Acid Delivery

Combinatorial Chemistry 
Synthesize Ionizable Lipids 

and Polymers (>1000)

Microfluidics for 
Controlled LNP 

Formulation

Molecular Barcoding and DOE 
for High-Throughput In Vivo 

Screening and Analysis

P.P.G. Guimaraes et al. PNAS (2013)
R. El-Mayta et al. Biomaterials Science (2021)
P.P.G. Guimaraes et al. J Control Release (2019)

Han, Zhang, Mitchell et al. Nature Communications (2021)

S.J. Shepherd et al. Nano Letters (2021)
S.J. Shepherd et al. PNAS (2023)

X. Han et al, Nature Nanotechnology (2023)
X. Han et al, Nature Communications (2023)
R.S. Riley et al. Science Advances (2021)
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Mitchell Lab: LNP Toolbox for Nucleic Acid Delivery

Combinatorial Chemistry 
Synthesize Ionizable Lipids 

and Polymers (>1000)

Microfluidics for 
Controlled LNP 

Formulation

Molecular Barcoding and DOE 
for High-Throughput In Vivo 

Screening and Analysis

Accelerate the design and identification of LNPs for unlocking 
delivery to new cells and tissues

Han, Zhang, Mitchell et al. Nature Communications (2021)

P.P.G. Guimaraes et al. PNAS (2013)
R. El-Mayta et al. Biomaterials Science (2021)
P.P.G. Guimaraes et al. J Control Release (2019)

S.J. Shepherd et al. Nano Letters (2021)
S.J. Shepherd et al. PNAS (2023)

X. Han et al, Nature Nanotechnology (2023)
X. Han et al, Nature Communications (2023)
R.S. Riley et al. Science Advances (2021)
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In Situ CAR T Cell Engineering

CAR T

Ex Vivo CAR T Cell Engineering

In situ benefit: injectable particle approach to potentially bypass laborious 
ex vivo CAR T cell engineering

Making CAR T Cells and Macrophages in the Body via 
mRNA LNPs
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Making CAR T Cells and Macrophages in the Body via 
mRNA LNPs

Billingsley, June, Mitchell et al. Accepted
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Making CAR T Cells and Macrophages in the Body via 
mRNA LNPs
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LNP Targeting via Functionalization 
with Antibody Fragments
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Making CAR T Cells and Macrophages in the Body via 
mRNA LNPs
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tLNPs for T Cell-
Specific mRNA 

Delivery Injectable LNP Therapeutic to 
Bypass Laborious Ex Vivo 

Cell Engineering

Billingsley, June, Mitchell et al. Accepted
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Maternal Health: One Shot mRNA LNP Cure for 
Preeclampsia  

Kelsey 
Swingle
Penn BE PhD 
Student

Swingle, Weissman, Mitchell et al. J Am Chem Soc (2023)
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Scalability Challenge of Formulating mRNA LNPs

New York Times, 2021

Can we develop new tech to formulate mRNA LNP vaccines and 
therapeutics at industrial scale?
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Shepherd, Issadore, Mitchell et al, PNAS (2023)

Parallelized Microfluidic Tech to Scaleup mRNA LNPs

Sarah “Scaleup” Shepherd, PhD
Penn BE PhD Student, Mitchell/Issadore Labs

• Microfluidics: small, homogeneous LNPs

• Challenge: not scalable, pressure issues

• Bulk mixing: used in industry, results in larger, 
heterogeneous LNPs

• Filtration required, large number of empty LNPs

• Solution: parallelized microfluidic device 
(PMD) for clinical scale LNP formulations
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Formulation of LNPs at 15 L/hr with SCALAR 256x Chip

Experimental setup Total volumetric throughput ~ 15 L/hr

New technology to address scaleup challenge of 
mRNA nanoparticle therapeutics

Shepherd, Issadore, Mitchell et al, PNAS (2023)
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