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The Yin and Yang of nanomedicine



Nanoparticles in medicine

Nanoparticles are attractive as a biomolecular scaffold to unify many 
functional moieties into a single unified macromolecule

Swiss army knive of drugs:
• Drug carrier
• Targeting ligand
• Imaging moiety: fluorochrome, isotope, MR agent
• Can interact with target for switchable agents
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Swiss army knive of drugs:
• Drug carrier
• Targeting ligand
• Imaging moiety: fluorochrome, isotope, MR agent
• Can interact with target for switchable agents

Considered "inert" carrier to 
deliver therapeutic or for imaging 



Nanoparticle ≠ Nanoparticle

Lammers T . (2024) Adv Materials 36, 2312169



Historic overview

Shi J et al. (2017) Nat Rev Cancer 17(1):20



Nanoparticles in clinical use

Lammers T . (2024) Adv Materials 36, 2312169



Nanomedicine does work
...but is highly heterogeneous

courtesy of T Lammers,  Aachen
Koukourakis et al, ACTA Oncol 2000
Harrington et al, Clin Cancer Res 2001
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Nanoparticles in medicine

Anakin is a 
senior grad student 

in a nano lab
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I am using NP to 
deliver my drug
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the neighbouring lab



So, lets look at this

Kaittanis C et al. (2014) Nature Communications (5):3384

Drug loading of ferumoxytol with doxorubicin
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Simple carrier, hm...?
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AML therapy with FH
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normal cell cancer cell cancer cell & FH
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Oxidative Ferrotherapy
normal cell cancer cell cancer cell & FH

Trujillo-Alonso V, et al. (2019) Nature Nanotechnology 14(6): 616

Lipid Peroxidation
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"Pristine" particle identity

Chou, Ming, and Chan. (2011) Chem Soc Rev, 40

• Targeting ligands
• Drug payloads

Determinants of pristine nanoparticle identity

• Size
• Shape
• Material
• Structure
• Rigidity/elasticity
• Roughness
• Porosity
• Surface charge
• Hydrophobicity
• Functional groups
• Imaging moieties
• etc.



“Biological” particle identity (Corona)
Biomolecules form a unique particle identity on top of the pristine identity

Hadjidemetriou M & Kostarelos K (2017) Nanotechnology, 12(4): 288
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“Biological” particle identity (Corona)

1. “Pristine” size 
2. “Pristine” composition 
3. “Pristine” surface chemistry 
4. etc.

Static and predictable 
Easily measured

Biomolecules form a unique particle identity on top of the pristine identity

Hadjidemetriou M & Kostarelos K (2017) Nanotechnology, 12(4): 288

1. “Biological” size 
2. “Biological” composition 
3. “Biological” surface chemistry 
4. etc.

Dynamic and variable 
Difficult to monitor



Taking control of nanoparticle identity
Spontaneous in vivo corona formation

Defined corona pre-formed ex vivo

Rational particle design to recruit preferred corona in vivo

Stater E et al.  (2021) Nature Nanotechnology, 16(11): 1180



Ancillary effects of NP

• Nanomaterial cannot be assumed to be 
functionally inert simply because it has low toxicity 
or high biocompatibility

• Ancillary effect = any unanticipated biological 
effect elicited by nanoparticles and independent of 
any engineered functionality or drug payload

• Double-edged sword

• Potentially harmful

• Could be exploited as therapeutic mechanism



Evidence of NP ancillary effects

Stater E et al.  (2021) Nature Nanotechnology, 16(11): 1180
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Diverse ancillary effects in cancer

Stater E et al.  (2021) Nature Nanotechnology, 16(11): 1180
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NP disrupt endothelial barriers

Peng E et al. (2019) Nature Nanotechnology, 16(11):1180

leaky endothelium TiO2: BC cell intravasation TiO2: BC cell extravasation



Nanoparticles may facilitate metastasis

• Microvascular integrity maintained by VE-
cadherin homophilic interactions at the 
adherens junction

• TiO2 nanoparticles disrupt VE-cadherin 
binding and junction dissociation

• Particle-induced endothelial cell 
“leakiness” increased extravasation from 
primary murine tumors

• Leakiness also facilitated metastatic 
seeding of distal sites

• Silica and gold NP also showed capacity to 
disrupt VE-cadherin

Peng E et al. (2019) Nature Nanotechnology, 16(11):1180



Ferumoxytol kills selectively leukemic cells

Normal Leukaemia FH Treated 
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NP-induced antigen tolerance
• Antigen-presenting cells (APC) phagocytose antigens
• Antigen fragments presented to T/B lymphocytes via MHC II
• Inflammatory activation of APC produces costimulatory signals
• Reactive T/B lymphocytes differentiate into active subsets

Stater E et al.  (2021) Nature Nanotechnology, 16(11): 1180



Nanoparticle-induced antigen tolerance
• Phagocytosis of antigens with PLGA nanoparticles
• PLGA hydrolysis into lactic acid interferes with signal transduction
• Attenuation of costimulatory signal release from APC
• Antigen presentation without costimulation triggers senescence 

and apoptosis of reactive lymphocytes

Adapted from Stater et al. Nature Nano, 2021, 16(11)Allen RP et al. (2018) ACS Biomater Sci Eng, 16(11): 900



Ionizing radiation interacts with NP

Pratt E et. al. (2018) Nature Nanotechnology 13(5): 418

E Pratt

T Shaffer
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Oh!

But that's not 
important, is it? 

NP have 
ancillary effects!



Further reading:
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Wonder is around every corner...
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