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Keywords: 

Nanoparticles offer great promise for more effective drug delivery. However, their particulate nature 

typically results in rapid systemic clearance by immune cells in blood. Currently, to understand these 

interactions, nanoparticle association is probed ex vivo with whole blood. While ex vivo assays give 

important information about the relative cell association, they do not consider changes in immune 

cell homeostasis or the complex mixing behavior that occurs in vivo. To address this, we developed a 

Nanoparticle In Vivo Immune-cell Association (NIVIA) assay to study the in vivo association of 

unmodified and PEGylated liposomes with immune cells, and compared this to the ex vivo 

association in static whole blood. In vivo, we observed that neutrophils play a significantly greater 

role in nanoparticle binding than suggested by ex vivo assays. The increased influence of neutrophils 

in vivo was largely due to a significant increase in number of circulating neutrophils after intravenous 

injection. Conversely, the number of circulating monocytes significantly decreased after intravenous 

injection, leading to significantly less total association of liposomes to monocytes compared to ex 

vivo. This novel in vivo immune cell binding assay sheds new light on the fate of nanoparticles 

following intravenous delivery.   

  

https://doi.org/10.1002/adhm.202002160
https://doi.org/10.1002/adhm.202002160
https://doi.org/10.1002/adhm.202002160
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fadhm.202002160&domain=pdf&date_stamp=2021-02-28


  

This article is protected by copyright. All rights reserved. 

2 

 

 



  

This article is protected by copyright. All rights reserved. 

3 

 



  

This article is protected by copyright. All rights reserved. 

4 

 

The 

mean (±SD) particle sizes were 116 ± 26 nm for PC liposomes and 127 ± 30 nm for PEG-liposomes 

(Figure S1). The zeta potential for PC liposomes (-7 ± 9 mV) and PEG-liposomes (-11 ± 7 mV) were 

similar. The negative charge was expected due to the presence of a
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Figure 1. Flow diagram of the Nanoparticle In Vivo Immune- cell Association (NIVIA) assay and ex 

vivo blood assay. a) In the NIVIA assay, nanoparticles are injected into the tail vein of mice. b) After 1 

hour, 100µl of blood (containing nanoparticles) is taken from the mice via a cheek bleed. c) For ex 

vivo blood association, blood is collected from the mouse, and then d) nanoparticles are mixed with 

the blood for 1 hour. e) For both assays after the 1 hour incubation, red blood cells are removed by 

lysis. f) Different populations of white blood cells are identified by adding a phenotyping cocktail of 

antibodies. g) Finally, cells are analysis using flow cytometry. 
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Figure 2. Association of PC liposomes with (a-e) monocytes, (f-j) neutrophils and (k-o) B cells. (a, f, k) 

Representative overlay histograms of control (green), ex vivo (red) and in vivo (blue) experiments. 

(b,g,l) Percentage of NP+ cells. (c, h, m) Corrected geometric mean fluorescent intensity (MFI) of 

sample minus the average MFI of the PBS. (d, i, n) Proportion of cells to T cells before and after 

administration of liposomes. (e, j, o) Total association of nanoparticles associated with the cells 
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between ex vivo and in vivo experiments. Bars depict mean values. * = p<0.05, ** = p<0.01, *** = 

p<0.001, **** = p<0.0001 
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Figure 3. Association of PEGylated liposomes with (a- e) monocytes, (f- j) neutrophils and (k- o) B 

cells. (a, f, k) Representative overlay histograms of control (green), ex vivo (red) and in vivo (blue) 

experiments. (b,g,l) Percentage of NP+ cells. (c, h, m) Corrected geometric mean fluorescent 

intensity (MFI) of sample minus the average MFI of the PBS. (d, i, n) Proportion of cells to T cells 

before and after administration of substances. (e, j, o) Total association of nanoparticles associated 

with the cells between ex vivo and in vivo experiments. Bars depict mean values. * = p<0.05, ** = 

p<0.01, *** = p<0.001, **** = p<0.0001 
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Figure 4. Summary of mean total association of liposomes with each immune cell subset.   
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Supporting Information 

Supporting Information is available from the Wiley Online Library or from the author. 
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Clearance of nanoparticles from circulation in blood is a significant hurdle for the therapeutic 

application of novel nanomedicines. Here 

assay that shows how the behavior of nanoparticles after intravenous injection 

is influenced by factors unique to the in vivo environment and cannot be replicated ex vivo.  

 

 

 


