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Nanoparticles have attracted major interests for biomedi-
cal applications mainly as imaging contrast agents and 

effective drug carriers as well as the combination of both, as 
theranostic nanoparticles. Based on substantial advances in 
multiple disciplines especially in biotechnology and chemis-
try, a broad variety of purpose-built nanoparticles with diverse 
characteristics can be generated. Chemical and physical altera-
tions of the basic structure of nanoparticles, such as size, zeta 
potential (effective electrostatic charge), and surface function-
alization for the coupling of various targeting moieties make 
nanoparticles highly adaptable engendering favorable char-
acteristics for specific disease targeting, increased blood cir-
culation half-life, solubility, and diffusivity.1 We are currently 
witnessing the emergence of the first clinical applications par-
ticularly in cancer, but there are also concerns in regards to 
toxicity and environmental impact.

A previous article by Williams et al2 systematically inves-
tigated the influence of various nanoparticle characteristics 
on organ targeting, particularly of size. Small nanoparticles 
of <10 nm tend to be rapidly cleared from the body and those 
between 10 and 250 nm tend to undergo enhanced permeabil-
ity retention or are phagocytosed by the reticuloendothelial 
system and are taken up in the liver or spleen, illustrated in the 
Figure. Microparticles (>1000 nm) on the other hand exhibit 
nonspecific deposition in the lungs. The authors made the 
intriguing observation that mesoscale nanoparticles of 350 to 
400 nm accumulated in the kidney with a broad distribution 
throughout the whole organ.

In a follow-up study in this edition of Hypertension, 
Williams et al3 investigated the suitability of a poly (lactic-
co-glycolic acid) polymer based nanoparticles of ≈350 nm for 

kidney targeting. The authors observed kidney deposition with 
a 28×-efficiency compared with the heart and almost 100× com-
pared with the lungs. Similarly, the kidney to spleen and liver 
uptake ranges around 40× and 60×, respectively. The nanopar-
ticles used in this study exhibited anionic properties, as earlier 
studies by the same group2 concluded that the surface charge of 
these nanoparticles did not alter the distribution of the mesoscale 
nanoparticles in vivo. A recent study by Yang et al4 described 
the development of a positively charged theranostic nanopar-
ticle of around 280 nm built from poly (lactic-co-glycolic acid) 
incorporating an iron oxide core. Interestingly, the primary 
site of nanoparticle distribution was the liver, and only on the 
presence of kidney injury renal uptake was observed.4 A main 
difference between the nanoparticles described by Williams et 
al3 in comparison to Yang et al4 was the addition of polyeth-
ylene glycol moieties, implying the importance of pegylation 
to prevent opsonization of nanoparticles for phagocytic uptake 
by circulating monocytes. This is not surprising as studies have 
shown that pegylation is commonly used to improve the phar-
macokinetics of particles to avoid uptake by the mesoscale 
nanoparticles, thereby enhancing the half-life of nanoparticles.1 
Importantly, the building blocks of the generated mesoscale 
nanoparticles, poly (lactic-co-glycolic acid) and polyethylene 
glycol, are both US Food and Drug Administration approved5 
and the authors have also performed preliminary safety studies 
with these mesoscale nanoparticles, however, systematic toxi-
cology studies have yet to be performed.

Williams et al3 determined the exact localization of the 
generated mesoscale nanoparticles to be the renal proxi-
mal tubular epithelial cells. This finding unlocks the unique 
opportunity of therapeutic targeting strategies in chronic 
kidney disease, kidney post-transplant rejection, and most 
importantly for kidney cancer, because renal tubules are usu-
ally affected in these diseases. The proximal tubule has in 
particular been shown to be the site of origin of renal cell 
carcinoma, a cancer which affects around 300 000 individu-
als worldwide, and accounts for 80% to 90% of all kidney 
tumors.6,7 Diagnosis at advanced stages usually correlates 
to poor prognosis; in part because of the lack of effective 
treatments with tolerable/acceptable side effects.7 The same 
limitation holds true for various therapeutic approaches in 
the treatment of chronic kidney diseases. The generated 
mesoscale nanoparticles, especially as they show long-term 
deposition in the kidney (up to 28 days) and potentially slow 
drug release, would address a strong unmet medical need of 
kidney-targeted therapy.3
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The development of a drug-targeting tool for the kidneys 
is timely. Major advances have been achieved in develop-
ing new therapeutic approaches for kidney diseases, which 
will benefit substantially from an effective kidney targeting 
approach. For example, kinase inhibitors such as transform-
ing growth factor-β, kinase inhibitors, p38 mitogen-activated 
protein kinase inhibitors, and platelet-derived growth factor 
receptor kinase inhibitors have been established as promis-
ing therapeutic approaches for renal fibrosis.8 Additionally, 
small interference RNAs disrupting growth factors or pro-
fibrotic pathways have also been introduced in preclinical 
studies for treatment of renal fibrosis.8 Furthermore, targeted 
drug delivery may also be useful as a preventative therapeu-
tic approach for ischemia/reperfusion injury post-kidney 
transplantation, which can lead to inflammation and graft 
rejection. Ectonucleoside triphosphate diphosphohydro-
lase-1, CD39 (Cluster of Differentiation 39) is one such anti-
inflammatory agent that has recently been described as an 
attractive therapy for kidney ischemia/reperfusion injury.9 
However, excessive bleeding presents as a main side effect 
of this approach and as such, selective kidney targeting as 
well as slow release of drugs such as CD39 in the tubules 
may bring forth a promising approach for prevention of isch-
emia/reperfusion injury and organ rejection.10

Despite this enthusiastic perspective there are 2 main cave-
ats in relation to the study of Williams et al.3 First, the study 
did not elucidate the mechanism by which selective targeting/
uptake in the tubular cells is achieved. To avoid unexpected 
side effects, the mechanism should be clarified before potential 
clinical applications are contemplated. Second, there is a lack 
of investigation in an actual preclinical disease model. Would 
the presence of a disease, which usually involves a change in 
tissue architecture and permeability as well as the influx of 
inflammatory cells improve or decrease the targeting of the 
mesoscale nanoparticles to the kidney? While various animal 

models of kidney diseases have been established previously,11 
an animal study of targeted therapy in renal cell carcinoma 
would be of particular interest. Very recently, such a mouse 
model was introduced by Harlander et al,12 in which a Vhl, 
Trp53, and Rb1 gene inactivation in the renal epithelial cell 
created a mouse model of renal cell carcinoma. Such a pre-
clinical model would seem to be the next logical step toward 
further proof of concept of a successful therapeutic application 
of the newly described mesoscale nanoparticles. Furthermore, 
demonstrating efficacy in a mouse model does not automati-
cally guarantee successful translation in the human disease set-
ting. Moreover, the optimal size and dosing requirement for 
kidney accumulation will entail careful preclinical toxicology 
and eventual dose optimization for human clinical studies.

The development of therapeutic nanoparticles is a 
complex multidisciplinary process, and requires optimal 
choices in material, size, format, and surface charge. The 
study by Williams et al3 demonstrates a pivotal novel devel-
opment of a carefully tuned poly (lactic-co-glycolic acid)-
polyethylene glycol based mesoscale nanoparticle with 
superior targeting toward the proximal kidney tubules. This 
study paves the way for further investigations on the devel-
opment of novel pharmaceutic agents for targeted treatment 
of multiple kidney diseases including cancers such as renal 
cell carcinoma.

Sources of Funding
M.L. Yap is supported by the Australian Postgraduate Award 
Scholarship, X. Wang is supported by the National Heart Foundation 
of Australia Postdoctoral Fellowship, and K. Peter is supported by a 
National Health and Medical Research Council Principal Research 
Fellowship.

Disclosures
None.

References
 1. Pietersz GA, Wang X, Yap ML, Lim B, Peter K. Therapeutic targeting in 

nanomedicine: the future lies in recombinant antibodies. Nanomedicine 
(Lond). 2017;12:1873–1889. doi: 10.2217/nnm-2017-0043.

 2. Williams RM, Shah J, Ng BD, Minton DR, Gudas LJ, Park CY, Heller 
DA. Mesoscale nanoparticles selectively target the renal proximal 
tubule epithelium. Nano Lett. 2015;15:2358–2364. doi: 10.1021/ 
nl504610d.

 3. Williams RM, Shah J, Tian HS, Chen X, Geissmann F, Jaimes EA, Heller 
DA. Selective nanoparticle targeting of the renal tubules. Hypertension. 
2018;71:XXX–XXX. doi: 10.1161/HYPERTENSIONAHA.117.09843.

 4. Yang C, Vu-Quang H, Husum DMU, Tingskov SJ, Vinding MS, Nielsen T, 
Song P, Nielsen NC, Nørregaard R, Kjems J. Theranostic poly(lactic-co-
glycolic acid) nanoparticle for magnetic resonance/infrared fluorescence 
bimodal imaging and efficient siRNA delivery to macrophages and its 
evaluation in a kidney injury model. Nanomedicine. 2017;13:2451–2462. 
doi: 10.1016/j.nano.2017.08.007.

 5. Tong R, Gabrielson NP, Fan TM, Cheng J. Polymeric nanomedicines 
based on poly(lactide) and poly(lactide-co-glycolide). Curr Opin Solid 
State Mater Sci. 2012;16:323–332. doi: 10.1016/j.cossms.2013.01.001.

 6. Cairns P. Renal cell carcinoma. Cancer Biomark. 2010;9:461–473. doi: 
10.3233/CBM-2011-0176.

 7. Zarrabi K, Fang C, Wu S. New treatment options for metastatic renal 
cell carcinoma with prior anti-angiogenesis therapy. J Hematol Oncol. 
2017;10:38. doi: 10.1186/s13045-016-0374-y.

 8. Dolman ME, Harmsen S, Storm G, Hennink WE, Kok RJ. Drug targeting 
to the kidney: advances in the active targeting of therapeutics to proximal 
tubular cells. Adv Drug Deliv Rev. 2010;62:1344–1357. doi: 10.1016/j.
addr.2010.07.011.

Figure. Specific targeting of mesoscale nanoparticles to the 
kidney proximal tubules within the size-dependant spectrum 
of nanoparticle organ biodistribution. EPR indicates enhanced 
permeability and retention; PEG, polyethylene glycol; PLGA, poly 
(lactic-co-glycolic acid); and RES, reticuloendothelial system. 
This figure was generated using Servier Medical Art.

 by guest on N
ovem

ber 18, 2017
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/


Yap et al  Mesoscale Nanoparticles for Kidney Diseases  3

 9. Sashindranath M, Dwyer KM, Dezfouli S, Selan C, Crikis S, Lu B, 
Yuan Y, Hickey MJ, Peter K, Robson SC, Cowan PJ, Nandurkar HH. 
Development of a novel strategy to target CD39 antithrombotic activ-
ity to the endothelial-platelet microenvironment in kidney ischemia- 
reperfusion injury. Purinergic Signal. 2017;13:259–265. doi: 10.1007/s11302- 
017-9558-3.

 10. Hohmann JD, Wang X, Krajewski S, Selan C, Haller CA, Straub A,  
Chaikof EL, Nandurkar HH, Hagemeyer CE, Peter K. Delayed  
targeting of CD39 to activated platelet GPIIb/IIIa via a single-chain  

antibody: breaking the link between antithrombotic potency and  
bleeding? Blood. 2013;121:3067–3075. doi: 10.1182/blood-2012- 
08-449694.

 11. Yang HC, Zuo Y, Fogo AB. Models of chronic kidney disease. Drug Discov 
Today Dis Models. 2010;7:13–19. doi: 10.1016/j.ddmod.2010.08.002.

 12. Harlander S, Schönenberger D, Toussaint NC, Prummer M, Catalano 
A, Brandt L, Moch H, Wild PJ, Frew IJ. Combined mutation in Vhl, 
Trp53 and Rb1 causes clear cell renal cell carcinoma in mice. Nat Med. 
2017;23:869–877. doi: 10.1038/nm.4343.

 by guest on N
ovem

ber 18, 2017
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/


May Lin Yap, Xiaowei Wang, Geoffrey A. Pietersz and Karlheinz Peter
Kidney Diseases!

Mesoscale Nanoparticles: An Unexpected Means for Selective Therapeutic Targeting of

Print ISSN: 0194-911X. Online ISSN: 1524-4563 
Copyright © 2017 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Hypertension 
 published online November 13, 2017;Hypertension. 

 http://hyper.ahajournals.org/content/early/2017/11/10/HYPERTENSIONAHA.117.09944.citation
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://hyper.ahajournals.org//subscriptions/

is online at: Hypertension  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer this process is available in the

click Request Permissions in the middle column of the Web page under Services. Further information about
Office. Once the online version of the published article for which permission is being requested is located, 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the EditorialHypertensionin
 Requests for permissions to reproduce figures, tables, or portions of articles originally publishedPermissions:

 by guest on N
ovem

ber 18, 2017
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/content/early/2017/11/10/HYPERTENSIONAHA.117.09944.citation
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://hyper.ahajournals.org//subscriptions/
http://hyper.ahajournals.org/



