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Current therapeutic paradigms have
fundamental challenges for the treatment of
many chronic diseases

Pure materials-based approach Cell-based approach
(nanoparticles, gels) Pros: Sustained drug delivery in vivo
Pros: Ease of manufacturing and control Cons: Lack of stability, risk of
Cons: Lack of sustained activity in vivo uncontrolled proliferation/differentiation

As a result, many chronic diseases lack effective
therapy. Need for a new paradigm!



Exploring the nature limit using synthetic
approaches
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How do we reach the design space robustly and easily? ;



Meet synthetic non-replicating-but-active
cells (Cyborg Cells)

* Intracellular hydrogelation
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Preserved Metabolic Activity

bacteria
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active)
Intracellular * Maintain metabolism and protein
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Protein \ P Contreras-Llano et al., Advanced Science, 2023
Synthesis Baghdasaryan et al., Trends in Biotech, 2024

Contreras-Llano et al., Nature Protocol, 2024
Khan et al., ACS Syn Bio 2024.
Patent filed.



Cyborg Bacteria as cell or

Immune programming tools

A Blood sample collected every 7" day
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Moving toward antibacterial (S. aureus, M. tuberculosis), anti-aging, and anticancer 5



Can we create Cyborg Human Cells”?

“Tan and Adamala agree that turning other cell types into cyborgs could be useful; yeast, for
instance, is a fungus that can make proteins bacteria can’t.” — Scientific American

Trypsin Treatment Hydrogel Buffer Incubation + UV Exposure

Detached PMSCs
FITC BF

Intracellular hydrogelated PMSCs

Composite

Placental Mesenchymal Stromal
Cells (PMSCs)

Control

Hydrogelated

Contreras-Llano et al., in
preparation, patent filed

Successfully created Cyborg Placental MSC, T-cell, HEK293, Primary GBM, 4T1 — non-
replicating but metabolically active. With Aijun Wang and Russ Hovey lab



Cyborg PMSC preserve metabolic, protein
synthesis, secretion activity, while not
replicating, >5 weeks
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Contreras-Llano et al., in
preparation, patent filed

Also performed high-resolution imaging, tracking of molecular movement,
organelle studies, metabolic activity studies, long term activity tracking,
RNAseq, and large gene insert at precise landing pads.



Cyborg PMSC are resistant to osmotic
stress (ROS, hypoxia, H,O,, Staurosporine)

Hoechst 33342

Contreras-Llano et al., in
preparation, patent filed
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Are they useful as therapeutics?



Cyborg PMSC boosts the recovery of
“stressed” neuro cells

>3 weeks of stable
transplant in immune-
competent mice!
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Contreras-Llano et al., in
preparation, patent filed

On-going tests of various Cyborg Cells for ON-immune (anti-infection, anti-cancer),
OFF-immune (anti-IBD, anti-aging), and regeneration applications



Conclusion

* Towards semi-living
micro machines for
biomedical applications

« Cyborg cells: potentially
safe and effective for
chronic disease treatment

* Spirit of Asilomar
Entreaty 2025: Synthetic
Human Chromosomes -
a call for global
discussion.
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