ARTICLES

PUBLISHED ONLINE: 11 SEPTEMBER 2017 | DOI: 10.1038/NNANO2017.170

namre
nanotechnology

Glomerular barrier behaves as an atomically
precise bandpass filter in a sub-nanometre regime

Bujie Du’, Xingya Jiang', Anindita Das?, Qinhan Zhou', Mengxiao Yu', Rongchao Jin? and Jie Zheng™

Jie Zheng
Department of Chemistry,

The University of Texas, Dallas
Fundamental structure-property
relationships of noble metals on the nano
scale and applying new functional
nanoparticles in biomedical imaging

Rongchao Jin
Department of Chemistry,
Carnegie Mellon University
Nanoscience, nanoparticles,
synthesis, catalysis, optics

Debasmita Ghosh
03.02.2018



Nano-bio interaction

1011010
e 000 0111010
Si 1011101
s 0101001
Synthesize and characterize Expose to
nanomaterials biological system
1 Size 1 Mammalian cells 1 Toxicity 1 Create database 1 Diagnostic
2 Shape 2 Blood 2 ROS generation 2 Modeling 2 Therapeutics
3 Surface chemistry 3 Mice 3 Tumor targeting 3 Simulation 3 Electronics
4 Surface reactivity 4 Rats 4 Biodistribution 4 Optical devices
5 Aggregation 5 Clearance 5 Cosmetic Glomerular barrier
Albanese et al., Annu. Rev. Biomed. Eng., 2012, 16, 1
Blood
[ Endothelial
Y L:y “ce .................... -
/ :fﬁu Jf{/_‘ ESL
: = 7.L< Glycocalyx VST ;
. . 2 B Rt g GS'AUNP;C\' Endothelial 5 1 . ‘
umt? \ s / 6’.‘}’ = al 1 R '? 'ﬂ ‘ntagrine Tle% " \ecrre
Targeting 2% N /7{,{) wt;}‘ i g VEGFR1
3 N - h GBM ¥ Matrix % 4 4
L S \ ‘ Interaction
A\ St ¥ K
1 _L:'.Ii'lp'lr{:?l" Podocyte ang1 VEGF -
S— Foot Process _— —]
/7~  Renal Clearance iRy
{ Primary
Urine

Liu etal., J. Am. Chem. Soc., 2013, 135, 4978
Haraldsson et al., Physiol Rev., 2008, 88, 451

Renal clearance of atomically precise clusters
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Characterization of NCs
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Renal clearance of different sized AuNCs
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Renal clearance of different sized AuNCs




Glomerular filtration of Au,; and Au,:
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Normal vessel extravasation and pharmacokinetics
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Normal vessel extravasation and pharmacokinetics




Normal vessel extravasation and pharmacokinetics




Passive tumor targeting

v Size-dependent properties, multimodality, high physiological stability

v' Strong Enhanced permeability and retention (EPR) effect

v" Prolonged elimination half-life

v Efficient renal clearance

v" Low accumulation in RES (Reticuloendothelial system) organs

Small molecular probes less EPR effect more renal clearance
Conventional nanoprobes  more EPR effect less renal clearence

Molecular nanoprobes more EPR effect more renal clearance



Passive tumor targeting of Au NCs
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Conclusion

¢ The glomeruli can serve as an atomically precise barrier to slow down the renal
clearance of clusters with size below 1 nm.

*%* A few-atom decrease in cluster size results in a nearly one order reduction in renal
clearance.

** The retention of the smaller NCs by the glycocalyx of glomeruli can be explained by the
separation principle used in the size-exclusion chromatography.

** This phenomenon significantly impacts their accumulation in cancerous tissues through the
EPR effect.

** This discovery highlights how precisely the glomerulus and the body could response to
ultrasmall AuNPs, which might be generalized to many other renal-clearable nanosystems.



