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Abstract
Upon entering into the biological environments, the surface of the nanoparticles is 
immediately coated with proteins and form the so-called a protein corona due to 
which a nanoparticle changes its “synthetic” identity to a new “biological” identity. 
Different types of nanoparticles have different protein binding profiles, which is why 
they have different protein corona composition and therefore it cannot be said that 
there is a universal protein corona. The composition and amount of protein in the 
corona depends on the physical and chemical characteristics of the nanoparticles, 
the type of biological medium and the exposure time. Protein corona increases the 
diameter but also changes the composition of the surface of the nanoparticles and 
these changes affect biodistribution, efficacy, and toxicity of the nanoparticles. 
Keywords: nanoparticles, protein corona, nano-biointerface

Introduction
Our bodies are well adapted to 

protect us from different foreign materials 
and have developed clearance mechanisms 
which that are extremely efficient in 
removing intravenous administered 
colloidal carriers. During intravenous 
administration, nanoparticles first come 
into contact with plasma proteins, but 
in subsequent stages are eventually 
distributed to certain tissues or cells [1-
3]. Therefore, controlling properties 
like hydrodynamic radius, morphology, 
surface charge, surface chemistry, 
hydrophilicity and hydrophobicity known 
to influence reticuloendothelial system 
(RES) recognition, as well as to predict 
nanoparticle (NP) bioreactivity is crucial 
throughout the drug delivery system 
design.

Physico-chemical properties 
of nanoparticles

Particle size, total surface area 
and its curvature are factors that affect 
proteins binding. The authors suggest that 
in addition to surface, the curvature of 
the smaller particles also plays a role in 
the greater affinity for protein adsorbtion. 

The affinity of proteins for nanoparticles 
is different for particles of different sizes, 
which is why there are qualitative and 
quantitative differences in their protein 
corona content [4,5]. Lynch and colleagues 
examined the effect of particle size and 
their surface area on protein adsorbtion. 
The results showed that as the particle 
size of N-isopropylacrylamide/N-tert-
butylacrylamide nanoparticles (NIPAM/
BAM) increased from 70 to 700 nm, the 
amount of absorbed protein decreased as a 
result of the reduced contact area [6]. On 
the other hand, there are conflicting data 
showing that the adsorbtion of 110 nm 
silver nanoparticles is twice as high as that 
of 20 nm particles [7]. Reverse proportional 
dependence has also been shown in 
adsorbtion of mouse serum proteins on 
gold nanoparticles with diameters of 5, 15, 
and 80 nm [8]. 

Usually, the intensity of protein 
adsorbtionis increased by increasing 
the surface charge, so for example, it 
is well known that positively charged 
nanoparticles are quickly recognized and 
taken from RES structures, which is why 
they are almost immediately distributed 
in the liver and spleen, and thus limiting 
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their use. Gessner noted differences in protein adsorbtion 
in particles with different surface charges, where positively 
charged polystyrene nanoparticles absorb proteins with pI 
<5.5, such as albumin, and negatively charged nanoparticles 
absorb proteins with pI >5.5, such as IgG [9]. Proteins that 
are absorbed on charged surfaces can be denatured. In one 
study is found that proteins absorbed by gold particles with 
positively and negatively charged ligands denatured (losing 
secondary and tertiary structure), while proteins absorbed 
by gold nanoparticles with non-charged ligands retain their 
natural structure [10]. 

The correlation between nanoparticle hydrophobicity 
and protein adsorbtion is also important. Hydrophobicity 
has been shown to not only affect the amount of protein 
absorbed, but also the qualitative composition of the 
protein corona [11,12]. It is well known in the literature 
that hydrophobic surfaces have a greater affinity for protein 
adsorbtion, are more rapidly oxidized, and have a greater 
tendency to denature adsorbed proteins than hydrophilic 
surfaces [13]. This is probably due to the number of 
so-called protein binding sites or sites where polymer chains 
form clusters that act as protein binding sites. There are 
a number of comparative studies confirming differences 
in adsorbtion capacity as well as the qualitative and 
quantitative composition between hydrophilic and 
hydrophobic surfaces [13,14]. 

In a comparative study of protein adsorption of less 
hydrophobic nanoparticles of copolymer NIPAM/BAM 
85:15 and more hydrophobic nanoparticles of copolymer 
NIPAM/BAM 50:50, it was found that a higher number 
of apolipoproteins (AI, AII, AIV and E), fibrinogen etc., 
have been absorbed by more hydrophobic nanoparticles, 
while less hydrophobic nanoparticles almost do not absorb 
proteins with the exception of albumin. It has also been 
shown that apolipoprotein A-I has 50 times more the affinity 
for NIPAM/BAM 50:50 copolymer nanoparticles compared 
to those prepared from NIPAM / BAM 65:55 copolymer, 
which clearly indicates that proteins have a greater affinity 
for more hydrophobic surfaces [15]. 

Generally, modification of the surface of NPs 
with a hydrophilic layeris known to reduce opsonisation 
and enhance blood circulation time of NP’s by providing 
“stealth effect”, i.e., making the NP invisible to immune cell 
recognition. Many publications described that superior results 
obtained with poly(ethylene glycol) (PEG)-based coating of 
NP attributed to its hydrophilicity, which remarkably extend 
circulation time of nanoparticles in blood [16-18]. 

Analytical methods for characterizing the 
protein corona

To fully understand the impact of the protein corona 
and its importance in the targeted therapeutic systems, it is 
necessary to determine which proteins are adsorbed on the 
surface of a particle, their kinetics of adsorption, affinity, 
and stoichiometry of adsorbtion and desorption [19]. There 

are several techniques for separating and identifying plasma 
proteins that are absorbed on the surface of nanoparticles 
such as centrifugation, gel filtration, magnetic separation 
[20]. Although all of these techniques show similar protein 
adsorption profiles, experimental data suggest that each 
technique has certain advantages and disadvantages. There are 
several methods for determining the quantitative composition 
of adsorbed proteins on the surface of nanoparticles 
such as: equilibrium dialysis, ultracentrifugation, affinity 
chromatography, protein microelements, gel filtration, 
HPLC and others [21]. However, some of these methods 
have limited use in certain types of nanoparticles in terms 
of diameter and some specific chemical characteristics. For 
example, certain nanoparticles have intrinsic properties in 
terms of light adsorption or fluorescence that can interfere 
with certain protein microelements. Because crowns of 
protein are present in the corona, it is necessary for each 
protein to be separated and identified, and the most widely 
used method is 2D polyacrylamide electrophoresis. Thus, in 
order to identify specific proteins, it is necessary to compare 
the 2D gel with a known protein database identified by 2D 
electrophoresis [22,23].

It is necessary to develop analytical methods with 
standardized protocols for testing and characterizing the 
interactions between nanoparticles and biomolecules, which 
will allow researchers to understand the mechanical basis of 
the possible biological activity of these complexes in order to 
predict the reliability of nanoparticles biological application. 
An overview of several such methods is given in a Table I 
along with the advantages and disadvantages of each [24,25].

So far, there is no gold standard for evaluating the 
interaction of proteins/biomolecules with nanoparticles, 
so it is recommended to combine several different 
characterization methods as a strategy that compensates for 
the shortcomings and limitations of individual methods. It is 
clear that determining the qualitative and quantitative profile 
of the protein corona is the primary critical step in evaluating 
nanosystems in order to understand their impact on living 
organisms. However, although such information is key to 
the subsequent interpretation and prediction of potentially 
biologically effective protein corona, this data should be 
supplemented by complex biological tests.

At present, cellular models of protein corona 
nanoparticles are very rarely used. In addition, due to 
the lack of standardized methods, comparing the results 
obtained in different laboratories is practically impossible, 
and sometimes leads to contradictory conclusions [26,27]. 
In order to overcome this problem, screening experimental 
models ((high-throughput screening (HTS) / high-content 
screening (HCS)) should be used. This would be achieved by 
using technological knowledge obtained in the development 
of drugs, as well as in the evaluation of their toxicity in 
industrial and academic laboratories over the last ten years 
[28-30]. Screening models for cell lines based on cell 
responses along with certain chemicals are now being used 
to predict responses to nanoparticles.
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Although conventional two-dimensional (2D) 
cellular monocultures are ideal for future HCS/HTS 
approaches and have already provided significant 
information regarding corona and biological response 
structure (CoroNanoSARs) and/or toxicity pathways 
(PoTs), the relevance of the results obtained must be 
confirmed by the use of cellular models that better 
simulate in vivo conditions. In this regard, efforts are 
being made to develop complex three-dimensional (3D) 
cellular systems that can better mimic the functions of a 

given tissue. Compared to 2D cell cultures, 3D models 
can better simulate signaling pathways and the response 
induced by the presence of nanoparticles [31-33]. 
Although 3D cell models provide certain functions such 
as communication between intercellular and intracranial 
pathway cell regulation, as well as inter and intracellular 
transport of nanosystems that cannot be achieved in 
monocultures, we are still far from complete mimicry of 
biological tissues [34,35]. 

Table I. Analytical methods for protein corona evaluation.
Methods Advantages Disadvantages

Spectroscopic methods

UV / Visible 
spectroscopy

Inexpensive; fast; simple; a small amount of 
sample

The solution (pH, electrolyte, presence of interfering 
substances) may affect the adsorbtion spectrum; the 
effective frequency range must be controlled; it is 
difficult to obtain quantitative results; should be used 
in combination with complementary spectroscopic 
and structural examination

Fluorescence 
spectroscopy

Low particle concentration; hydrodynamic radius 
can be calculated with great precision under 
nanometer dimensions

Fluorescent-marked particles are required; sensitive 
to the presence of aggregates; can only be used for 
samples with good colloidal stability

Fourier-transform 
infrared spectroscopy

Inexpensive; functional groups are easily 
identified; sensitive to protein conformation; not 
limited in size and material

Characterization in complex media is not possible; 
durable; the sample may be destroyed when 
preparing a sample for analysis

Surface-enhanced 
Raman spectroscopy 
(SERS)

Can be used for both solid and liquid materials; 
no need to prepare a sample; fast; spectra can be 
obtained using a small sample volume; no water 
interference

Weak Raman effect; sensitive and highly optimized 
instrument; cannot be used for metals and alloys; 
impurities can override the perspective; laser sample 
heating can destroy the sample

Nuclear magnetic 
resonance spectroscopy 
(NMR)

Provides information on structural changes in high-
resolution proteins; quantitative and qualitative 
analysis; organic and inorganic materials; can be 
easily adjusted for proper application

Long lasting; expensive; experimental and theoretical 
expertise are required

Surface plasmon 
resonance spectroscopy 
(SPR)

The conformity of immobilized proteins and the 
kinetics of binding to the surface of nanoparticles 
are examined

System detection limit

Light scattering techniques

Dynamic 
light scattering

Method for determining the particle size 
distribution; fast and accurate method

All particles present in the biological sample 
have a share in light scattering; challenge is the 
characterization of a heterogeneous biological 
sample; the diameter is usually larger than that 
measured by an electron microscope; not suitable for 
polydisperse samples

Electrophoretic 
light scattering 

Surface voltage measurement method in different 
biological environments

Nanoparticles should be monodisperse; pH-
dependent surface voltage and aggregation

Separation techniques
Liquid Chromatography 
- Mass Spectroscopy 
(LC-MS)

High resolution; unique in determining protein 
identity; quantitative and qualitative analysis; less 
possibility of user bias

Long lasting; expensive; experimental and theoretical 
expertise are required

Gel electrophoresis 
(1D/2D)

Separation of protein mixtures; suitable for 
quantitative and qualitative analysis; easy to perform; 
inexpensive; widely used; possible comparison 
between different laboratories; reproducible

Low detection limit; it is necessary to separate the 
proteins from the nanoparticles; use of strong buffers; 
laborious performance; provides only partial insight 
into the protein corona; propensity to form artifacts
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In addition to 2D/3D cellular systems, technological 
development in the field of nanotechnology allows the 
design of a “chip organ” system, which does not lead one-
step closer to achieving complete imitation of a particular 
tissue. Despite all the challenges, “chip systems” have 
great potential to reduce the use of expensive and long-
term experiments on experimental animals and to speed 
up the process of evaluating the safety of nanomaterials. 
Despite their great potential, such tools have not yet been 
used to investigate the impact of biomolecular corona 
[36,37].

However, in the end, in vivo experiments will be 
needed to confirm the corona’s impact on biological activity 
as well as on the toxicity mechanisms that depend on the 
protein corona. Different animal models are available to 
examine the impact of the biomolecular corona on the 
surface of the nanoparticles on human health [38]. 

Namely, recent research has also successfully 
applied HTS/HCS approaches using entire animals, such 
as zebra fish [39,40]. However, so far there has been a lack 
of comprehensive research reports focusing specifically 
on the biomolecular corona. It is clear that researchers 
face a variety of experimental and analytical challenges 
in researching not only the “simple” endpoints, such as 
vitality, but also analyzing the fate and biotransformation 
of nanoparticles that are thought to depend on the corona. 

The composition of protein corona
There is no consensus in the literature on the 

advantages and disadvantages of protein adsorbtion. 
For example, protein adsorbtion to the carrier surface is 
beneficial if it has to cross the blood-brain barrier. One 
study found that covalent binding of ApoE3, ApoA-I, or 
ApoB-100 to albumin nanoparticles significantly improved 
the transport of loperamide through the blood-brain barrier 
compare to the drug itself or non-functional nanoparticles 
[41,42]. Similar results have been obtained with other 
drugs aimed at brain tissue, such as methoxorubicin, using 
polysorbate 80-coated polybutylcyanoacrylate (PBCA) 
nanoparticles coated with polysorbate-80 and ApoE [43].  

The composition of the protein corona is very 
complex, variable and very dependent on the initial 
biological environment that comes in contact with the 
nanoparticles, which indicates the possibility of the 
existence of memory on exposure. Certain components 
of the so-called protein corona such as Opsonins 
(IgG,complement and many others) may accelerate 
the RES uptake of coated nanoparticles [44,45]. On the 
other hand, there are so-called proteins dysopsonins, 
such as albumin, which, if coated with particles, prevent 
the activation of the complement, thus prolonging the 
circulation time and reducing toxicity [46,47]. The rate of 
adsorbtion and desorption for each protein determines the 
retention time in the corona and the way it interacts with 
the nanoparticle surface. Prolonged or irreversible protein 

binding in nanoparticle leads to the formation of a “solid 
corona”. Behind the solid corona lies the soft corona, which 
is a layer of proteins that have a high rate of adsorbtion/
desorption due to which their binding to the corona is 
reversible. Thus, the composition of the protein corona is 
dynamic and the proteins with high plasma concentrations 
and adsorbtion constants will be in the initial maturation 
of the corona. 

This competitive process of protein adsorbtion, 
which depends on protein concentration, affinity, and 
incubation time, is known as the Vroman effect [48]. 
Although there are certain proteins that are specific 
to certain nanoparticles and their composition in the 
protein corona depends on the characteristics of the 
nanoparticle, albumin, IgG, fibrinogen, and apolipoprotein 
are the proteins identified in almost all protein corona 
analyzes [49]. According to Carvedal and colleagues, 
this phenomenon is due to the high concentration of these 
proteins in the blood.

The composition of the protein corona at any time 
will depend on the concentration and kinetic properties 
of the plasma proteins, which is why it is important to 
know the dynamics of corona protein exchange, which 
will determine the role of the protein corona in the overall 
biological profile of nanoparticle [48]. Several trials of 
unexplained nanoparticles have shown that in biological 
media, solid corona proteins change very slowly, most of 
them over a period of several hours, while those of soft 
corona change very rapidly, within a few seconds. This 
time discrepancy points to the fact that the key factor in the 
biological behavior of nanoparticles lies in the interface 
of the solid and soft protein corona. A kinetic analysis 
of the protein corona of solid nanoparticles showed that 
the albumin was initially bound to the nanoparticles and 
then replaced by fibrinogen, after which fibrinogen was 
replaced by apolipoproteins. High plasma concentrations 
of apolipoproteinshave been shown to be able to replace 
fibrinogen within seconds [50]. Another study showed 
the kinetics of protein adsorbtion of lecithin-coated 
polystyrene nanoparticles.The results showed qualitative 
and quantitative changes in the protein corona. Namely, the 
corona content of C3, IgG and ApoE increased during the 
test period (360min), while the albumin content remained 
unchanged [51].

As mentioned above, serum proteins have a 
dynamic surface adsorbtion profile, with abundant proteins 
(such as albumin and fibrinogen) usually being the first to 
be absorbed on the surface, after which they are gradually 
altered by other proteins that have a higher  affinity for 
surface adsorbtion (Vorman theory). The sequence of 
adsorbtion of plasma proteins by carbon nanotubes 
(SWCNT) is as follows: fibrinogen, immunoglobulins, 
transferrin, and albumin. It should be noted that there are 
many studies that suggest that the adsorption of plasma 
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proteins at the surface of nanoparticles does not always 
follow Wroman’s theory, such as the plasma protein 
adsorption profile for ultra-small super paramagnetic iron 
oxide nanoparticles (SPION). This is why it should be 
noted that the exchange of proteins in the protein corona 
over a period of time is not a universal rule that should 
be accepted in all cases and for all types of nanoparticles 
[52,53].

It should also be noted that the surface area and 
flexibility of nanoparticles, as well as the chemical 
properties of each absorbed protein, play an important 
role in modifying the secondary structure of proteins, thus 
affecting the overall bioreactivity of nanoparticles. Unlike 
the planar surface, the curved surface of nanoparticles 
provides additional flexibility as well as an increased 
surface area for protein molecule adsorbtion [54]. In 
addition, the curved surface of the nanoparticles may also 
affect the secondary structure of the protein, and in some 
cases irreversible changes may occur [55].

For example, gold nanoparticles have been shown 
to affect the conformational changes of the secondary 
structure of bovine serum albumin (BSA) and thus 
dependence on concentration [56], while no changes 
were observed when BSA was absorbed on the surface 
of carbon C60 fullerenes, nanoparticles [57]. Irreversible 
conformational changes in the secondary structure of 
transferrin have been observed in interaction with SPION 
[58]. Such conformational changes, which depend on the 
type of nanoparticles, can affect protein interactions, cell 
signaling, and DNA transcription. 

Also, the surface of the nanoparticles may induce 
abnormal protein binding, whereby new conformational 
epitopes may form that will affect the functionality of the 
bound proteins, for example, leading to an undesirable 
immune response. Deng and colleagues investigated this 
problem when evaluating gold nanoparticles conjugated 
to poly (acrylic acid) and absorbed plasma fibrinogen. 
Fibrinogen excretion was induced immediately after 
adsorption of nanoparticles, and as a result, the TPH-1 
cell receptor Mac-1 was activated, causing the release of 
inflammatory cytokines via the NF-κβ pathway [59].

These results suggest that in addition to the 
mechanism of association of proteins with nanoparticles, 
there is another significant area that is insufficiently 
explained, such as the interaction of proteins with the 
surface of particles. Although hydrophobic / hydrophilic 
and electrostatic interactions are known to play a major 
role, no one describes these interactions in detail. Detailed 
knowledge of these interactions can lead to a better 
understanding of the factors that influence the kinetics 
of protein binding. Therefore there is a need to improve 
analytical procedures and techniques in order to fully 
explain the complex processes of interaction between 
proteins and nanoparticles.

The impact of protein corona on the in vivo 
properties of NP

Basically, all interactions between nanoparticles 
that have a protein corona and structures in the biological 
environment are driven by physical forces, common to all 
molecular systems, such as Van der Waals, electrostatic, 
and others [60]. However, it would be useful to make a 
classification as to whether these interactions involve non-
specific physical interaction [61] or specific biological 
recognition [62]. Therefore, it is very important to 
determine the impact of biomolecular corona on the uptake 
of nanoparticles by cells, their efficacy and toxicity. 

The uptake of nanoparticles by cells may be either 
inhibited as a result of a change in the structure of the 
attenuated proteins, or facilitated by the detachment of the 
attenuated proteins, allowing interaction with the receptors 
on the cell membrane. This is especially important when 
specifically binding of physiologically active protein 
on the surface of nanoparticles. Several in vitro studies 
evaluating the effect of serum proteins on non-specific 
cellular uptake of nanoparticles have shown that the 
degree of internalization of nanoparticles largely depends 
on the presence of the protein corona [63,64]. Wang and 
colleagues analyzed the difference in cellular uptake 
of two different types of gold nanoparticles coated with 
peptides in Dulbecco’s modified Eagle medium (DMEM), 
with and without the presence of 10% fetal bovine serum 
(FBS), and noted a higher degree of uptake when serum 
was not present in the medium [63]. Patel and colleagues 
have also published similar results for gold nanoparticles 
(GNP) coated with oligonucleotides, where nanoparticle 
uptake increased by 150% when a serum-free medium 
was used [64]. In addition, the formation of protein corona 
has been shown to significantly reduce the uptake of 
FePt nanoparticles by Hela cells compared with corona-
free nanoparticles [10,65]. It is also thought that the total 
amount of protein absorbed in the corona has an effect 
on the degree of uptake. For example, gold nanoparticles 
with diameters of 15, 40, and 80 nm have been shown to 
behave differently in the two examined media, DMEM 
and Roswell Park Memorial Institutemedium (RPMI) with 
10% FBS, with a thicker corona being formed in DMEM. 
Although the growth rate of Hela cells was the same in both 
media, a lower degree of nanoparticle uptake was observed 
in DMEM [66]. Therefore, it can be concluded that the 
formation of biomolecular corona leads to a decrease in 
the adhesion of nanoparticles to the cell membrane, which 
reduces their toxicity. Several studies have been published 
that suggest that the protein corona promotes the specific 
uptake of nanoparticles by cells. Dutta and colleagues 
have shown that the albumin atrophied on the surface of 
single-walled carbon nanotubes (SWCNT) is responsible 
for inducing the anti-inflammatory pathway in RAW 
macrophages, emphasizing that the identity of attraction 
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proteins can be determined by bioreactivity [67]. It has also 
been shown that the attraction of the SR-A lung protein to 
the surface of magnetic nanoparticles increases the rate of 
macrophage uptake compered to BSA-coated nanoparticles 
[68]. Caracciolo et al. reported that nanoparticles, with 
the help of the formed protein corona, could be targeted 
at specific cells if there was a specific functional protein 
among the proteins whose recipe was overexpressed on the 
surface of the diseased cells [69].While specific targeting 
can sometimes be enabled due to the formation of a protein 
corona, the degree of nonspecific targeting is reduced in 
the presence of a protein corona.

As a result of lower cell uptake, the presence of a 
protein corona reduces the toxicity of the nanomaterial. 
This was announced by Maiorano, who conducted a whole 
set of tests to test the toxicity (activity of mitochondria, 
apoptosis and DNA fragmentation) of gold nanoparticles 
diluted with DMEM and RPMI, and found that a smaller 
corona to a  surface area of gold nanoparticles leads to 
higher degree of uptake as well as greater toxicity [66,70]. 
Similar results have been reported for carbon nanotubes, 
graphene oxide nanoparticles, and polymer nanoparticles 
examined using different cell lines [71-73].

However, toxicity may occur as a result of 
modification of the proteins on the surface of the 
nanoparticles which may lead to a change in their biological 
activity, as observed for catapsin B, which in the presence 
of gold nanoparticles is detached or leads to disruption of 
cellular machinery, recognition of immunoglobulins, and 
subsequent activation of macrophages and inflammation 
[74].

The literature suggests that corona has the role of 
a sponge with a larger capacity to incorporate the active 
substance compared to covalent coagulation-based 
strategies, so this feature can be used to incorporate small 
molecules with therapeutic effect (ex. doxorubicin) in 
order to increase the toxicity against cancer cells [75].

It should also be noted that the presence of 
protein corona on the surface of lignocellulose-functional 
nanoparticles (antibodies, aptamers, etc.) has an impact 
on their targeting ability. This has been described by 
Mirshafiee and Coll, who in quantifying the effectiveness 
of acid-targeted bicyclocanin-silicate nanoparticle 
(BCN-NP) targeting in the presence of 10 or 100% FBS 
observed that targeting efficiency was 94% and 99% 
lower in comparison with BCN-NP without protein corona 
[76]. Similar results were obtained by examining silicon 
nanoparticles functionalized with transferrin, where it 
wasobserved that nanoparticles lost their ability to target 
at elevated serum concentrations [77]. These data suggest 
that just adding a ligand to the surface of the nanoparticles 
is not enough to ensure recognition and binding to the 
appropriate receptor, because the protein corona can act 
as a barrier and prevent the nanoparticles from trying 
to destroy the “real” cells. Dai and colleagues suggest 

strategies to overcome this obstacle by using polyethylene 
glycol with appropriate chain lengths, which can improve 
the selective targeting of nanoparticles in the presence of 
serum [78].

Conclusion
Based on the above, it can be concluded that 

physico-chemical characteristics play an important role 
in the biodistribution of nanoparticles. Nevertheless, 
there are gaps in understanding the mechanisms of how 
these factors affect protein adsorbtion and how the protein 
corona affects biodistribution, biocompatibility and the 
therapeutic efficiency of the nanoparticles. 

The protein binding mechanism is not entirely clear, 
however, it is known that the qualitative and quantitative 
composition of the protein corona plays an important role 
in the biodistribution of nanoparticles. Moreover, the 
isolation of nanoparticles from various organs, such as the 
liver, lungs, or tumor tissue under experimental conditions 
when preserving the corona, requires the development 
of new extraction protocols, as well as new advanced 
techniques. As mentioned above, the information obtained 
starting from the analysis of the protein corona using HTS 
2D/3D in vitro models combined with bioinformatics 
predictions, can enable rational design and performance of 
animal experiments, as well as the development of specific 
tools according to the mechanism being investigated. 
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