
 

 

 University of Groningen

Exploiting the Biomolecular Corona of Nanocarriers for Targeted drug Delivery to Endothelial
Cells
Aliyandi, Aldy

DOI:
10.33612/diss.133166778

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2020

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Aliyandi, A. (2020). Exploiting the Biomolecular Corona of Nanocarriers for Targeted drug Delivery to
Endothelial Cells. [Thesis fully internal (DIV), University of Groningen]. University of Groningen.
https://doi.org/10.33612/diss.133166778

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.133166778
https://research.rug.nl/en/publications/84fa0f18-bf4d-44cf-9d5e-e949d3833f19
https://doi.org/10.33612/diss.133166778


 

 
  

1 Chapter 1 
 
 
 
 
 

General Introduction  
and Aim of the Thesis 

 
 
 
 



 

 10 

1.1 Nanomedicine 

1.1.1 Nanoparticles for drug delivery 

Over the past few decades, nanoparticles have emerged as promising drug delivery systems 

for therapeutic and diagnostic purposes, with a particular focus on cancer therapy.1–9 Due to 

their small sizes, nanoparticles can interact with other systems on the nano-scale, including 

proteins, cell surface receptors, and nucleic acids, making them suitable for biomedical 

applications. One important benefit of nanoparticles as drug carriers is that they can be used 

to increase the solubility of hydrophobic compounds or to carry high loads of hydrophilic 

drugs, while also providing protection against enzymatic degradation. By doing so, not only 

drug solubility and drug delivery but also their release profile can be designed in a more 

controlled manner. Moreover, nanoparticles can be engineered in many different ways by 

tuning their properties, such as surface (e.g. charge, hydrophobicity, and surface 

functionalization) and physical properties (e.g. size, shape, stiffness, and porosity), or their 

composition (e.g. lipid, polymeric, and inorganic) to meet various needs as illustrated in 

Figure.1. By varying nanoparticle design, various aspects of their outcomes in biological 

environments, their in vivo biodistribution and interactions with cells can be modulated, such 

as serum protein interactions, immune cell activation, pharmacokinetic profile, targeting 

ability, and also potential side effects. 

1.1.2 The biomolecular corona of nanoparticles 

The term “nanoparticle corona” was first introduced by Cedervall et al., and refers to the layer 

of biomolecules, such as proteins, lipids, sugar, and other biomolecules, that forms on the 

surface of nanoparticles once they are exposed to a biological environment (Figure 2).10 Since 

proteins contribute to the majority of these biomolecules, the corona mainly comprises a 

protein layer, which is why it is generally called “protein corona”. These proteins can either 

be in a direct contact with the nanoparticle surface or indirectly bind via binding to other 

proteins already adsorbed.  



 

 
  11 

1 

 
Figure 1. Tunable physical and chemical properties of nanoparticles. The fate and therapeutic 
outcome of nanoparticles are influenced by their structural features and chemical 
composition, including surface properties (e.g. charge and hydrophobicity), general physical 
properties (e.g, size, shape, and porosity), the types of material (e.g. lipid, inorganic, and 
polymeric), and targeting moieties (e.g. protein, antibodies, and nucleic acids). Adapted from 
Salvioni et al.7 

The protein corona is a dynamic structure and its composition changes over time as 

nanoparticles travel to other biological environments. In general, the nanoparticle surface is 

first occupied by the most abundant proteins, and then quickly replaced by the proteins with 

higher affinity.11 Thus, it is also important to mention that although blood plasma consists of 

thousands of different proteins, their abundance in the plasma does not necessarily reflect 

their abundance in the protein corona.12,13 Also, the type and amount of proteins adsorbed 

vary depending on the properties of nanoparticles i.e. size, shape, surface charge, and rigidity, 

and of the environment and exposure conditions, such as for instance the serum type and its 

concentration, the temperature, presence of flow and shear stress, among many others 

factors.2,12,14–17 Furthermore, based on the binding affinity and exchange rate of the proteins, 

the protein corona can be divided between a hard corona and a soft corona. The hard corona 

is composed of strongly bound proteins with a long residence time on the nanoparticle 

surface, while the soft corona comprises more loosely bound proteins characterized by fast 

exchange with the surrounding environment.  
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Figure 2. Formation of the protein corona on the nanoparticle surface and its impact on 
nanoparticle-cell interactions. (A) When nanoparticles are exposed to biological environment, 
proteins and other biomolecules adsorb on the nanoparticle surface (A). Instead of bare 
nanoparticles, it is the nanoparticle-corona complex that interacts with cellular machinery. (B) 
The protein corona consists of strongly adsorbed proteins (k1) called the hard corona and 
loosely bound proteins (k2) called the soft corona. Sufficiently long-lived hard corona may lead 
nanoparticle interactions (recognition) with cell receptors (k3). The same biomolecule can be 
recognized by cell receptors (k4). Similarly, if present, bare nanoparticles may also interact 
with cell receptors (k5). Adapted from Monopoli et al.18 

For nanomedicine applications, the formation of the protein corona is one crucial aspect that 

needs to be considered. This protein layer can alter nanoparticle properties and stability and 

it can also confer a new biological identity to the nanoparticles, which affects the subsequent 

interactions with cells.18–20 In fact, it is now widely known that the protein corona can affect 

the way nanoparticles are recognized and processed by cells, and modulate their efficacy as 

well as their overall pharmacological and toxicological profiles.21–23 Moreover, different 

studies have demonstrated that the protein corona can be specifically recognized by cell 

receptors (A more comprehensive review on protein corona interactions with cell receptors is 

given later in Chapter 2).24–27 More recent examples showed that not only the presence or 

absence of the protein corona, but also its composition can affect the uptake mechanisms of 

the same nanoparticles by cells.21,27 Overall, all these findings have demonstrated that the 
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protein corona can have important implications for the success of nanomedicines and 

nanoparticle outcomes at cell and organism level. However, a detailed picture of how the 

protein corona affects the biological behavior of nanoparticles is still missing. The work 

presented in this Thesis aims at gaining a better understanding on how the protein corona 

mediates the interactions of nanoparticles with biological systems and how it can be exploited 

for improving nanomedicine targeting. 

1.1.3 Targeting strategies of nanomedicine 

Unlike small molecular drugs, which in many cases diffuse and partition into the body 

depending on their solubility, nanoparticles distribute in the body and are processed and 

internalized by cells using energy dependent mechanisms.28,29 As a result, by changing their 

properties as previously mentioned, nanoparticles can be designed to target specific cell 

types. In the next sections, I will discuss briefly the current strategies to improve the delivery 

of nanomedicines to their target.  

1.1.3.1 Plasma residence time 

Generally, in order to improve drug delivery, nanoparticles are designed to have sufficiently 

prolonged circulation. To this end, several nanoparticle properties that can critically affect 

nanoparticle circulation time, such as size, shape, and surface charge need to be optimized. 

The size of nanoparticles needs to be smaller than the cut-off of the fenestrations in the 

neovasculature, but not too small to be excreted through the kidneys. Nanoparticles in blood 

adsorb opsonin proteins that are recognized by immune cells and induce nanoparticle 

clearance. By changing nanoparticle charge, their protein corona and opsonization profile can 

be varied, thus affecting their clearance and circulation time30–34 Positive surface charges are 

generally recognized to have a negative impact on the blood circulation of nanoparticles by, 

for instance, increasing nanoparticle clearance by immune cells.30,34 Alternatively, coating 

nanoparticles with stealth materials, such as polyethylene glycol (PEG) is commonly 

performed to reduce protein adsorption on the nanoparticle surface, thus minimizing 

unwanted interactions with immune cells and prolonging their plasma residence time.35–37 

Other strategies, such as introducing zwitterionic modification or coating nanoparticles with 

cell membrane derived from blood cells (camouflaging strategy), have also been shown to 

reduce nanoparticle clearance by immune cells.38–40  
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1.1.3.2 Passive targeting 

In passive targeting, nanoparticles are designed to accumulate in their target tissue via the so 

called enhanced permeation and retention (EPR effect) (see Figure 2A for the illustration), 

which is commonly used as a strategy to treat cancer.41,42 The EPR effect relies on the presence 

of leaky vasculature, whose endothelium shows gaps between cells of around 100-700 nm of 

size.43 For example, the Kaposi sarcoma is a tumor with fenestrated blood vessels.44 Thus, 

passive accumulation of nanotherapeutics into tumor can occur without any targeting ligands 

attached on the surface of the nanoparticles. However, it has been widely acknowledged that 

passive targeting based on EPR effect is not sufficient to treat cancers with more challenging 

microenvironments. For instance, an increased interstitial fluid pressure, hypoxia, and the 

presence of a dense extracellular matrix in certain malignancies can result in a reduced 

transport of nanoparticles into the tumor.45–47 Furthermore, not every tumor shows EPR and 

heterogeneity in EPR among patients can further limit the success of passively targeted 

medicines.48 More recently, the overall passive targeting paradigm has been challenged by a 

study that has suggested that 97% of nanoparticle transport to tumor is mediated by active 

transport and only 3% is actually mediated by the EPR effect.49 In addition, passive targeting 

also allows for off-target accumulation of nanocarriers in other organs with fenestrated 

endothelium, such as the liver and spleen.50 In order to overcome some of these problems, 

passive targeting is often combined with active targeting strategies, including the use of 

targeting ligands. In addition, the use of stimuli-responsive drug carriers provides alternative 

ways to deliver drugs specifically to their target: nanoparticles can be designed to release the 

therapeutic compounds in response to endogenous stimuli, such as lower pH or oxygen level 

in the tumor microenvironment, or external stimuli, such as light, heat, ultrasound, or 

magnetic fields.46,51,52  
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Figure 3. Schematic illustration of drug targeting strategies. (A) Extravasation of 
nanotherapeutics through leaky vasculature leads to passive targeting, also known as EPR 
effect, to target tumor tissue. (B) Active targeting of tumor tissue or tumor endothelial cells 
using nanocarriers functionalized with targeting ligands. Adapted from Wicki et al.8 

1.1.3.3 Active targeting 

In the case of active targeting, targeting ligands are attached to the surface of nanocarriers. 

These ligands specifically bind to their receptor on the cell surface, ensuring the delivery and 

accumulation of a therapeutic compound to their desired targets. Therefore, the approach is 

aimed towards increasing its therapeutic effects while reducing its toxicity in other (non-

targeted) cells. A wide array of ligands has been used for this purpose, including protein, 

peptides, antibodies, oligonucleotides, and small molecules such as vitamins.53 The 

interactions between ligand-functionalized nanoparticles with their target receptors or 

antigens are enhanced by the presence of multiple copies of the ligands on the nanoparticle 

surface, which increases the avidity of the nanoparticles for their target.54 

Currently, active targeting is envisioned as a promising complementary strategy to passive 

targeting to further improve the efficacy of nanomedicines. However, in order to do so, there 

are several important aspects that need to be considered. For instance, actively-targeted 

nanoparticles are required to be in the vicinity of their targeted cells in order to interact with 

them. In the case of tumors, where the blood flow is often low compared to those in other 

organs and poorly vascularized areas can be present, the increase in nanoparticle’s affinity for 

the targeted tumor cells cannot always compensate the lower delivery into the tumor due to 

poor vascularization.31 Therefore, as for passive targeting, actively targeted nanocarriers also 

need to be designed and optimized to have extended blood circulation time to achieve optimal 

delivery.  
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Another challenge for actively targeting nanoparticles is the formation of the protein corona. 

As mentioned in the previous section, adsorption of proteins and other biomolecules to the 

surface of nanoparticles can alter the nanoparticle properties, including masking the targeting 

ligands, resulting in the loss of targeting capability.55,56 Because of this, the protein corona has 

been initially considered as a hindrance for the targeting of nanocarriers. Strategies such as 

with the addition of a stealth layer using PEG or zwitterionic charges, as mentioned previously, 

have been widely used to reduce protein adsorption on the nanoparticle surface and limit 

similar effects on targeting.35,36,39 At the same time, a paradigm shift has also occurred, where 

– in contrast - the protein corona is now extensively exploited as a new targeting strategy.57–

60 In fact, several studies have demonstrated that the protein corona can be recognized by cell 

receptors, and others have reported that adsorption of certain corona proteins could enhance 

uptake to specific cells or transcytosis through the blood-brain barrier.24,25,27,61 As discussed 

previously, formation of the protein corona is affected by the physicochemical properties of 

nanoparticles. Therefore, as a new means of achieving active targeting, nanoparticles can be 

tailored so that they may adsorb certain plasma proteins in their corona to ‘naturally’ target 

specific cell types.61,62 This kind of applications of corona are discussed in further detail in the 

review of Chapter 2. 

1.1.4 Current success and challenges of nanomedicine 

Research on nanocarriers for drug delivery has been very active in the last decades as shown 

by the increasing number of publications in this field (Figure 5A).63 In fact, several nanocarrier-

based medicines have been successfully translated into the clinic, such as Doxil® (pegylated 

liposomal doxorubicin) and Abraxan® (nab-paclitaxel) for cancer therapy, and Feraheme® 

(super paramagnetic iron oxide nanoparticles) for iron replacement therapy. Passively 

targeted nanomedicines represent the majority of the clinically available nanomedicines. 

Doxil®, Abraxan®, for example, are based on passive targeting. These are the first-generation 

nanomedicine drugs, which allowed to improve the pharmacokinetics and biodistribution of 

poorly soluble drug by encapsulating them into a passively targeted drug carrier. In the case 

of Doxil, for instance, the blood circulation of conventional doxorubicin is improved by at least 

250-fold thanks to the encapsulation in a liposome and addition of a pegylated surface, to 

make the liposome stealth, as explained in the previous sections.64  
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Figure 4. Nanocarriers in drug delivery. (A) Number of publications related to nanocarriers for 
drug delivery from 1995-2019. (B) Analysis of median nanoparticle delivery to tumor in terms 
of %ID in various solid tumor models, indicating major delivery concerns in the delivery of 
nanocarrier-based medicines Adapted from Zhao et al (for Fig. 4A) and Wilhelm et al (for Fig. 
4B).63,65 

Despite the success of the first nanomedicines and high number of clinical trials of 

nanocarrier-based medicines, nanomedicine potential can be further improved.49,65–68 So far, 

only relatively few nanomedicines made it to the clinic, and none of them is yet based on 

active targeting. In many cases, nanocarriers based on either passive or active targeting do 

not seem to offer significant therapeutic improvement compared to the free drug 

counterpart, and this still remains a great challenge in nanomedicine. A comprehensive study 

by Chan and co-workers, where they analyzed the accumulation of different types of 

nanoparticles that have been tested on different solid tumor models between 2005 and 2015, 

claimed that only 0.7% of the injected dose arrived at the tumor (Figure 5B).65 Moreover, Chan 

and co-workers also recently performed a study to evaluate the concept of nanoparticle 

transport through the gap between endothelial cells. 49 In this study, as already mentioned 

previously, in which the results were derived from analysis of different mouse models, types 
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of human tumors, and imaging techniques, and mathematical simulation, they found that 

these gaps are not responsible for nanoparticle transport. Instead, 97% of nanoparticle 

accumulation in tumor is based on active transport via transcytosis through endothelial cells. 

Many other studies also have pointed out that the low targeting efficiency of nanocarriers is 

due to the presence of many biological barriers and the still limited understanding of how 

nanoparticles interact with biological systems.69–72 In this regard, several aspects such as 

formation of the protein corona, ability to cross anatomical barriers, nanoparticle-cell 

interactions, and intracellular fate of nanoparticles have to be extensively investigated before 

more new nanomedicines may successfully step up to clinical trials. 

1.2 Endothelial cell barriers in nanomedicine 

With the current challenges faced by nanocarrier-based drug delivery systems, it is now 

acknowledged that a better understanding of how nanoparticles behave at cellular and 

molecular level is pivotal in order to improve further nanomedicine design and to achieve 

better targeting efficiency.71,73,74 As mentioned previously, the successful delivery of 

nanomedicine is majorly hampered by the presence of several biological barriers. Therefore, 

understanding how nanoparticles interact with these barriers is one of the first key steps 

towards the successful design of nanomedicines.  

One of the most critical barriers that nanomedicines need to overcome in order to reach their 

targeted organs or tissue is the endothelium lining the blood vessels.75,76 The recent study by 

Chan et al, as discussed in the previous section, where it was shown that active transport 

through endothelial cells contributed to 97% of overall nanoparticle transport to tumor, 

further highlighted that endothelial cells represent a critical barrier for nanomedicine, and 

also for tumors. Endothelial cells control many important functions in the body, including 

maintenance of the vascular tone and blood pressure, as well as transport of blood 

components and nutrients to the underlying tissues. Furthermore, they also function as a 

barrier that separates blood and other exogenous materials, including drugs, from the 

extravascular tissues, and thereby controls the access of blood constituents to organs. In order 

to function as a barrier, endothelial cells are typically organized into cellular barriers 

expressing tight junction proteins, with clear spatial differences in shape, structure, and 

function between their apical and basolateral membrane.77 As a result, endothelial cells 



 

 
  19 

1 

express different endocytic pathways in the two membranes.78 In order to reach the 

underlying tissue, nanoparticles can use paracellular transport or — more often — 

transcellular transport (transcytosis), where they have to be internalized from the apical 

membrane, and transported out through the basolateral membrane.79–85 Moreover, it is 

known that the endothelial cell phenotype differs between various types of vasculature (veins, 

arteries, and capillaries), in different organs and also depending on physiological conditions 

(Figure 5).86–89 This large heterogeneity of endothelial barriers, each exhibiting unique 

structural and functional properties, may also provide novel strategies that can be exploited 

for targeting of drug carriers to specific tissues or organs.90,91 Thus, in vitro models for different 

endothelial cell barriers originating from different organs were prepared and used throughout 

the work as presented in this Thesis.  

 

Figure 5. Heterogeneity of endothelial cells in various tissues. (A) The expression patterns of 
tissue specific genes among all investigated tissue microvascular endothelial cells, and 
expanded on the right (B) with selected gene names. This heterogeneity can be exploited as a 
targeting strategy of drug carriers. Adapted from Chi et al.87 
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1.3 Aim of the thesis 

Nano-sized materials offer great potential as drug carriers given their ability to exploit the 

cellular machinery in a fundamental new way compared to conventional drugs.28,92–95 As 

already mentioned above, in order to achieve successful design and delivery of 

nanomedicines, a better understanding of how nanoparticles interact with biological systems 

is urgently needed.71,73,74 Among many important aspects in nano-bio interactions, the 

formation of the protein corona and the ability of nanoparticles to cross endothelial cell 

barriers still remain among the major challenges that require deeper investigation.96–98  

Within this context, the aim of the thesis is to gain better understanding of nanoparticle 

interactions with endothelial cells, and more specifically, to exploit the protein corona as a 

tool to discover novel targeting strategies to direct nanoparticles to specific endothelial cell 

types (see Figure 6 for the workflow overview). 

 

 

Figure 6. Workflow diagram illustrating how the protein corona is exploited for targeting drug 
carriers to specific endothelial cells. First, the effect of cell barrier formation on nanoparticle 
uptake is investigated (1). Similarly, the effect of endothelial cell heterogeneity between 
different organs on the uptake of different corona-coated silica nanoparticles is studied (2). 
The corona composition of each nanoparticle type is analyzed by mass spectrometry, 
correlated to their uptake profile in order to identify corona proteins that are responsible for 
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the uptake, and further evaluated (3). Finally, receptors interacting with the protein corona, 
including those involved in the uptake, are isolated using two different biotinylation-based 
approaches, analyzed and identified by mass spectrometry, and further evaluated (4). 

In Chapter 2, I present a detailed review on our current understanding of protein corona 

interactions with cell receptors, illustrating the importance of this first step of nanoparticle-

cell interactions and its implication for targeting of nanomedicines. Different methods 

currently applied to identify corona proteins correlating with higher or lower uptake by cells 

are discussed, together with methods to identify the cell receptors interacting with corona 

proteins and involved in nanoparticle uptake. This includes a description of the methods 

optimized in this Thesis to answer these questions. 

In order to study nanoparticle-cell interactions with endothelial cell barriers in vitro, it is of 

great importance that the cell models used resemble as closely as possible physiological 

barriers. So far, a large majority of studies on nanoparticle-cell behavior has been performed 

using simple cell models, such as HeLa cells and other cells grown to various degrees of 

confluency.27,99,100 In the case of endothelial cells, a special attention is needed when using 

them as a cell model. As mentioned previously, in vivo, endothelial cells are organized as a 

monolayer expressing tight junction proteins. Therefore, organized endothelial cell layers with 

proper expression of tight junction proteins may constitute an in vitro model that better 

reflects the barriers nanomedicine encounter in vivo compared to sub-confluent or even 

confluent cells. More importantly, organized cell barriers may take up and process 

nanoparticles differently in comparison to cells grown to different degrees of confluency as 

generally used in many in vitro studies. Therefore, in Chapter 3, in order to address this 

question, I have used primary human umbilical vein endothelial cells (HUVEC) and optimized 

procedures to differentiate them into an endothelial cell barrier. Then, I have investigated 

how the differentiation of endothelial cells into a cell barrier in vitro affects nanoparticle 

uptake and behavior in these cells. 

As a next step, I have studied how endothelial cell heterogeneity affects nanoparticle uptake. 

As discussed in the previous section, endothelial cell phenotype differs in various organs and 

physiological conditions. Because of this, endothelial cells of different organs are likely to 

show different nanoparticle uptake behavior. We hypothesized that different endothelia 
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would show preferential uptake towards certain types of nanoparticles, and such differences 

could be exploited for targeting of nanocarriers. Based on this hypothesis, in Chapter 4 I have 

used recently established immortalized cell lines to prepare endothelial cell barriers derived 

from four different organs with high phenotypic differences between one another, namely 

brain (hCMEC/D3), lungs (HPMEC-ST1.6R), liver (TRP3), and kidney (ciGENC). Thus, the 

different endothelial barriers have been exposed to silica nanoparticles with three different 

surface functionalization and differences in uptake levels and uptake preferences have been 

investigated.  

Having observed that endothelial cell heterogeneity affects nanoparticle uptake, in Chapter 

5, I have used a panel of different nanoparticles to form different coronas and identify proteins 

that are responsible in regulating nanoparticle uptake in the four endothelial cell barriers from 

different organs. As discussed in the previous section, several studies have shown that certain 

corona components can naturally target nanocarriers to specific cells, and that the protein 

corona can be recognized by cell receptors and mediate nanoparticle uptake.24,25,57,61,62 Since 

the protein corona composition varies with nanoparticle physicochemical properties, tuning 

these properties allows to tune corona composition and, in this way, direct nanoparticles to 

specific cells. To this aim, I have studied the protein corona composition of a panel of 

nanoparticles of different sizes and surface functionalization, and performed a correlation 

analysis between the protein corona and their uptake profile in the four endothelial cell 

barriers. Thus, corona proteins affecting uptake have been identified and their role has been 

validated. 

As a final step, in Chapter 6, using brain and liver endothelia as cell barrier models, I have 

characterized cell receptors involved in corona recognition and nanoparticle uptake. Given the 

ability of the protein corona to be recognized by cell receptors, it is of great interest to exploit 

further the protein corona to discover receptors that may allow targeted uptake in specific 

cells. However, given that many proteins constitute the protein corona, and may interact with 

multiple receptors, it is essential to develop methods to be able to identify which receptors 

are involved in this interaction. Currently, identifying the corona proteins recognized by cell 

receptors and the receptors involved in nanoparticle uptake remains difficult. The challenge 

mainly lies in the fact that only certain corona proteins, whose epitopes are accessible and not 
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covered by other proteins, may bind to cell receptors.26 So far, there are no available 

systematic techniques to easily identify such corona proteins, and this makes it difficult to find 

interacting receptors. Therefore, in Chapter 6, I developed novel methods, based on 

biotinylation, mass spectrometry, and corona proteomic data, to address this challenge and 

identify all possible receptors that interact with the protein corona, as well as those that 

mediate nanoparticle uptake. These methods can be used also to exploit the corona as a tool 

to discover novel receptors for targeting. 

Overall, the work presented elucidates important aspects on the effect of barrier formation 

and endothelial cell heterogeneity on nanoparticle uptake. Thus, different methods are 

presented and combined to identify cell receptors interacting with corona proteins and 

involved in nanoparticle uptake in different endothelial cell barriers. Endothelial cell 

heterogeneity and the protein corona can be exploited to develop novel strategies for 

nanomedicine targeting.  
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