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Nature’s toolbox
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J.M. Morachis et al., Pharmacol. Rev., 64, 505 (2012)



Targeting peptide

Drug (siRNA / antibody / protein)

Targeted nanomedicine

Targeted nanoplatform for medical diagnosis and therapeutics

Surface functionalization

Si Si

✓ Tumor

✓ Brain (AD, injury)

✓ Infection

Vessel in normal tissue

Vessel in diseased tissue



Mann, et al., Nat. Commun., 7, 11980 (2016).



Anatomy of brain vasculature
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The dense vascular network throughout the human brain includes large-diameter arterioles wrapped in vascular 

smooth muscle cells, which branch into the microvasculature (neurovascular unit) and then converge to venules. 

Nat. Rev. Drug Discov. (2021)



Unsuccessful investigational drugs for Alzheimer’s disease
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Nat. Rev. Drug Discov. (2015)

Diverse pathogenesis vs Low clinical efficacy



NEEDS & CHALLENGES
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“A high dose is crucial. You must dose high enough for an amyloid β antibody that is 150,000 Da and crosses the 
blood-brain barrier very inefficietly, with levels 0.1 to 0.3% of blood levels reaching the nervous system.”
Dennis J. Selkoe (Havard Medical School)



NEEDS & CHALLENGES
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Brain delivery strategies

10

Nat. Rev. Drug Discov. (2021)



Crossing BBB for brain delivery: MPS-based peptide screening
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Choi et al., ACS Nano, online (2024).

In collaboration with Prof. T. E. Park (UNIST)



Replacing in vivo screening?
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Choi et al., ACS Nano, online (2024).

In collaboration with Prof. T. E. Park (UNIST)



Crossing BBB for brain delivery: MPS-based SELEX
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Choi et al., ACS Nano, 17, 8153-8166 (2023).

In collaboration with Prof. T. E. Park (UNIST)



Cellular transcytosis penetrating BBB
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Choi et al., ACS Nano, 17, 8153-8166 (2023).

In collaboration with Prof. T. E. Park (UNIST)



In vivo brain intake
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Choi et al., ACS Nano, 17, 8153-8166 (2023).

In collaboration with Prof. T. E. Park (UNIST)



Importance of curing AD is growing with aging of society
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In preparation



Importance of curing AD is growing with aging of society
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In preparation



Sensor and Human Cognition
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Nanoparticles for BBB penetration and brain delivery
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Nat. Rev. Drug Discov. (2021)

• One of the most compelling advantages of 

nanoparticle drug delivery systems is their ability to 

provide targeted and controlled release of 

therapeutic agents. 

• Functionalizing nanoparticles with specific ligands 

enables them to bind selectively to receptors on the 

surface of BBB or neurons.

• The targeted approach ensures that drugs are 
delivered to the exact location of pathology, 

reducing the required dosage and potentially 

decreasing adverse effects. 

• While challenges remain, the potential of 
nanoparticle-based drug delivery systems to 

transform brain therapeutics is immense and 

moves closer to fight against neurological diseases.
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