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Abstract

Introduction: Exosomes are a type of extracellular vesicle that 

can transfer complex molecules between neighboring and 

distant cell types, enabling cell to cell communication. 

Translational research efforts have been focusing on 

harnessing this communication mechanism to deliver 

exogenous payloads to treat a variety of diseases.

Codiak’s unique engExTM platform utilizes proprietary scaffold 

proteins to generate engineered exosomes functionalized 

with a variety of structurally and biologically diverse proteins.

The goal of the work presented here is to engineer exosomes 

to direct tropism to neuronal cells for the treatment of 

neurological disorders.

Methods: We designed exosomes that contain ligands that 

have previously been demonstrated to target neuronal cells, 

transferrin (to target various cells), and a peptide from the 

rabies virus glycoprotein (RVG) (for neuron targeting), both of 

which were fused to PTGFRN for display on the exosome 

surface. 

Results: We successfully engineered exosomes expressing 

transferrin, achieving high density of >2000 copies per EV.  

ExoTransferrin demonstrated rapid and increased uptake on 

murine neuroblastoma cells (N2A). 

Summary/Conclusion: Our current results demonstrate the 

potential of our engExTM platform to modulate exosome 

tropism by generating novel exosome therapeutic 

candidates with high density ligand display and target 

various cell types of interest in the nervous system. 

PTGFRN is a novel EV scaffold for protein surface display

Figure 1. Identification of PTGFRN as a novel EV scaffold

protein. OptiPrep density gradient centrifugation was used to purify

exosomes from high density suspension cell culture (A). Transmission

electron microscopy (TEM) images confirmed purity and morphology

(B). Proteomic analysis led to the identification of a highly abundant

exosomal protein PTGFRN, highly enriched in exosomes purified from

the producer cells. Cryo-electron microscopy analysis showed ~25

nm projections densely packed on the surface of exosomes

overexpressing PTGFRN (C). PTGFRN is a single-pass type-I

transmembrane glycoprotein composed of six tandem extracellular

IgV domains and a short cytoplasmic tail. Recombinant proteins, like

60 kDa single chain hIL-12 (scIL-12) can be efficiently anchored to

the exosome surface by PTGFRN fusion (D).
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Engineered exosomes for cell-specific tropism

Figure 2. Illustration of  design strategy to achieve cell specific targeting Routing ligands, 

including natural ligands, antibodies or homing peptides are efficiently anchored to the exosome 

surface by PTGFRN fusion, the ligands will bind to the receptors expressed on the membrane of 
the target cells to achieve exosome precision delivery

PTGFRN Enables High-density EV Surface display of TF

Figure 3. exoTF shows high transferrin expression level and high copy numbers. Semi-quantitative 

Western Blot is used to detect transferrin expression and calculate copy numbers on engineered 

exosomes. Recombinant Transferrin protein at different doses are used as loading controls. ImageJ was 

used to quantify and analyze the bands intensity. Based on the linear standard curve generated by 

protein controls, transferrin copy numbers on engineered exosomes are calculated compared to the 

loading controls.

Transferrin Receptor Expression Profile Across Cell Lines

Fast exoTransferrin uptake in neuro2A cells 

ExoRVG increases uptake in neuro2A cells 

Tissue specific multifunctional exo-DRUGs

Summary

• High surface density of transferrin was achieved on the surface of our

engineered exosomes, achieving >2000 copies per exosome

• exoTransferrin exosomes demonstrate rapid and increased uptake in 

murine neuroblastoma cells

• exoRVG is also effective in increasing uptake in neuroblastoma cells

• Our current results demonstrate that our engExTM platform has great 

potential to modulate exosome tropism.

• Our engineered exsosome with high density ligand display is able to

target various cell types of interest in the nervous system. 
Figure 4. western blot shows  transferrin receptors expression pattern

Figure 6. exosomes engineered with RVG(rabies virus glycoprotein peptide) show great uptake in 

Neuro2A cells. Cells were seeded at E5 cell/well in 24 well cell culture plate, exosomes were added 
to the culture medium at 5E4 particles/cell. Images were taken by EVOS system and RFI was 

quantified by ImageJ.

Figure 5. exosomes engineered with human Transferrin or mouse transferrin fused with mCherry

demonstrates preferential uptake in mouse neuroblastoma Neuro2A cells. Cells were seeded at E5 

cell/well in 24 well cell culture plate, exosomes were added to the culture medium at 5E5 particles/cell. 

Images were taken by EVOS system


