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ABSTRACT 
Nanoparticles (NPs) are one of the most important tools in the emerging area of nanomedicine. The behavior of NPs in 
relevant biological environments, as preclinical setting, may be quite complex due to both their interactions with biological 
fluids and the formation of a protein layer, called protein corona (PC). PC remarkably affects the physicochemical properties 
of NPs (size, shape, surface chemistry, aggregation state, etc.) and consequently their biological fate including their 
pharmacokinetics, biodistribution, toxicity and therapeutic efficacy. Strong efforts were applied to correlate PC composition 
and observed effect after in vitro/in vivo experiments, but unfortunately poor reproducibility of data is often assessed. 
Biological, chemical and physical properties of NPs along with proteins composition of PC and features of pathological 
environments hardly complicate the study of interactions between PC-NP complexes and their interaction with target cells. In 
this contest, in order to quantitatively and qualitatively evaluate PC adsorbed onto NPs, the optimization of 
purification/separation procedures and rigorous and standardized analytical methods become a priority request to further 
design tailored nanomaterial able to interact with proteins and cells in a tunable manner. 
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INTRODUCTION 

Nanomedicine is one of the most active research areas of 
nanotechnology involving the application of nanocarriers for 
the medical prevention, diagnosis, and treatment of diseases 
[1]. Polymeric or inorganic nanoparticles (NPs) have the 
capacity to incorporate active substances of various 
characteristics and protect them from the inhospitable 
biological environment [2]. Due to their nanometrical size, 
NPs show ability to cross tissue barriers and the cell 
membrane, thus allowing interaction with the smaller 
components such as cellular proteins and other 
macromolecules [3]. The production of PEG-decorated NPs 
could reduce the reticuloendothelial system (RES) uptake, 
accumulation in liver, spleen or bone marrow, increasing 
circulation time and limit non-specific target uptake 
ultimately leading to a decrease in toxicity [4]. Further 
functionalization with targeting ligands, which possess the 
inherent ability to facilitate selective binding to cell types, 
can confer “smart” properties to NPs [5]. 

Generally, to rationally design an efficient nanoparticle-
based therapeutic tool able to selectively transfer drugs to 
the target site, thus minimizing side effects and increasing 
therapeutic compliance, the combination of the nanocarriers 
formulative aspects along with a fundamental understanding 
of the molecular mechanism involved in regulating 
nanocarrier-biological interactions is highly required. In fact, 

immediately after NPs come into contact with protein-
containing media (such as biological fluids), a layer of 
proteins, called the protein corona (PC), is formed on the 
particle surface. This PC could remarkably alter the original 
Np molecular identity affecting their clearance by RES, 
cellular uptake, biodistribution and also toxicity. 
Furthermore, if the NPs are surface-functionalized with 
selective ligands, the absorption of proteins could mask the 
targeting ability, inhibiting their biological effects. Thus, it is 
more than evident that the PC plays a key role in the 
interaction of particles with cells after systemic 
administration [6]. 

The PC has recently been the subject of extensive studies 
aiming to investigate it as complex and multiple layer entity 
characterized by proteins that exchange dynamically 
between the surface and the surrounding environment (soft 
corona-SC) and proteins more firmly adsorbed on the 
surface  of  the  NPs  (hard  corona-HC)  [7,8].  An unsolved 
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issue remains in identifying both the stability and the role of 
these protein layers in biodistribution and the efficacy 
effects in transferring drugs to target tissues and cells. The 
highlights summary listed in Table 1 on the evidence of 
biological effects in function of the PC’s on the NPs (also 
including liposomes and nanotubes) strongly confirms this 
difficulty. These data obtained generally by in vitro 
experiments, simulating in vivo biological conditions, are 
affected by both the nanocarrier features (material, size, 
surface, charge, shape) and environment (composition, 
exposure time, pH, temperature, shear stress). Unfortunately, 
considering all these variables, the data obtained by different 
research groups seem to be poorly reproducible, frequently 

not useful or premonitory for completely clarifying the role 
of the PC and to better tailor design and produce really 
efficacious drug targeting carriers. 

As evidence, conflicting reports on cytotoxicity and 
biological fates were reported even when similar NPs were 
tested [9-12]. For example, Ogawara et al. [13] reported that 
the PC adsorbed onto polystyrene NPs prolongs their 
circulation time, while Nagayama et al. [14] showed the PC 
on similar polystyrene NPs is responsible of increased 
clearance due to rapid recognition by the scavenger 
receptors and internalization by Kupffer cells. Examples of 
conflicting results can be found for other biological effects 
as well (e.g. cytotoxicity, targeting activity, etc.) [15-18]. 

Table 1. PC on carriers’ surface vs. biological effects. 

Biological 

effects 
Type of NPs Experiment PC composition Results References 

Interaction with 

cells of the 

immune system 

Nonporous polymer 

(methacrylic acid) NPs 

In vitro assay of 

cellular uptake on 

human monocytic 

leukemia cell line 

THP-1 

Mainly BSA 

PC on NP surface 

induced a reduction 

of cellular uptake by 

monocytic cells and 

macrophages. 

[19] 

C-PS particles

Flow cytometry 

experiments by 

means of fluorescent 

labeled particles 

(cellular uptake on 

DCs) 

Depending on the 

composition of the 

incubation medium: 

HSA and/or α2-GP 

and/or IgG 

A PC of α2-GP 

induces an increased 

uptake by DCs if 

compared with the PC 

composed by only 

IgG. HSA (alone or 

with the other 

proteins) induces a 

significant inhibition 

of uptake by the DCs. 

[20] 

TiO2-NPs 

ILs identification 

after human 

macrophages 

incubation of NPs 

(ELISA) 

Proteins with many 

N-/O-glycosylations 

and phosphorylations. 

PC on NPs induced 

the release of 

different ILs, 

particularly IL-6 

[21] 

PS-NPs modified with PEG or 

PEEP 

In vitro uptake of 

NPs in murine 

macrophage cell line 

(RAW264.7) and 

human cervix 

carcinoma cells 

(HeLa) (flow 

Predominantly cluster 

in protein 

Reduced protein 

absorption by 

presence of PEG and 

PEEP on the NP 

surface. Cluster in 

protein prevents the 

non-specific cellular 

[22] 
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cytometry 

experiments) 

uptake by 

macrophages. 

Biodistribution 

HMS-NPs 

In vivo 

biodistribution study 

(mice) (magnetic 

resonance 

measurements) 

Elevated amounts of 

apolipoprotein 

(ApoA1 and ApoA2) 

HMSNPs covered by 

ApoA1 and ApoA2 

preferentially 

accumulated in liver. 

[23] 

PS-NPs with and without 

HSA coating 
In vivo 

biodistribution study 

(male Wistar rats) 

(fluorescent 

spectrometry) 

Not reported 

Injected HSA-coated 

NPs showed 

prolonged circulation 

time. 

[13] 

PS-NPs Fetuin 

Recognition and 

internalization of NPs 

by Kupffer cells via 

scavenger receptors. 

[14] 

Hemo-

compatibility 

Carboxylated multi-walled 

CNT 

In vitro incubation 

of CNT with human 

blood platelets 

(aggregation assays) 

Mono-protein PC 

(HSA/IgG/FBG/H1) 

depending on the 

adopted incubation 

medium. 

HSA as well as FBG 

corona attenuates the 

platelets aggregation 

activity of CNT. 

IgG corona causes 

platelets 

fragmentation 

inhibiting their 

aggregation activity. 

H1 corona induces a 

strong platelets 

aggregation. 

[24] 

Silica NPs 

In vitro hemolytic 

assay on human red 

blood cells 

Several plasma 

protein types 

PC protective effect 

towards silica NPs-

induced hemolysis. 

[25] 

Targeting 

efficiency 

Tfr-functionalized Silica NPs 

In vitro cellular 

interaction study on 

adenocarcinomic 

human alveolar 

basal epithelial cells 

(A549 cells) 

(fluorescence 

imaging) 

Different plasma 

protein types 

PC reduces the 

targeting capability of 

NPs 

[26] 

NPs functionalized with 

cyclic RGD peptides and 

covered by PEG chains 

In vitro competitive-

cellular uptake-assay 

on A549 cells 

Different plasma 

protein types 

Targeting efficiency 

of RGD-NPs reduced 

by shielding effect of 

[15] 
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the absorbed proteins. 

NPs functionalized 

with short PEG 

molecules, and 

moderate cyclic RGD 

density performed 

better in targeting 

efficiency assays. 

Poly(methacrylic acid) 

microcapsules functionalized 

with humanized A33 

monoclonal antibody 

Flow cytometry on 

the LIM2405 cell 

line (A33-antigen 

positive and 

negative cell 

mixture) 

Not reported 

PC of NPs does not 

influence their 

targeting ability 

toward human colon 

target cells. 

[16] 

Core-shell chitosan NPs 

covered by SN-38 and 

functionalized with MUC1 

aptamer 

In vitro apoptosis 

evaluation (flow 

cytometry test with 

Annexin V-FITC/PI) 

on HT29 cells 

Not reported 

PC on NPs surface 

hampered the 

cytotoxicity of NPs in 

human colon cancer 

cells, HT29 (PC 

shields MUC1 that 

can’t interact with 

mucin receptor). 

[27] 

Cellular up-take 

Liposome 

(HSPC/CHOL/PEG, DSPE) 

loaded with DOX 

In vitro uptake study 

(FACS) after 

liposome incubation 

with MCF7 and 

MDA-MB-435S cell 

lines 

Mainly composed by 

Apo 

Reduction of cellular 

internalization of 

liposomes 

[28] 

Silica-NPs labeled with 

fluorescent molecules (IRIS) 

In vitro uptake 

experiments on 

human 

mesenchymal stem 

cells (hMSCs) 

(CLSM, TEM and 

flow cytometry) 

Not reported 

Cellular uptake of the 

Silica-NPs by hMSCs 

appears not to be 

influenced by PC 

[29] 

SiO2-NPs 

Nanoparticle uptake 

experiments (flow 

cytometry) on A540 

cell line 

Several protein types 

The PC induces a 

lower cell 

adhesion/uptake of 

NPs in different cell 

types (lung epithelial 

cells, cervix 

[30] 
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epithelium HeLa 

cells, glial 

astrocytoma cells, and 

brain capillary 

endothelial cells). 

liposome composed by 

cationic/neutral/zwitter ionic/ 

anionic lipids 

In vitro uptake study 

(FACS) after 

liposome incubation 

with Human 

pancreatic 

carcinoma cell line 

(PANC-1) 

Each liposome 

exhibits a specific 

protein pattern 

dictated by its 

specific lipid 

composition. 

The PC of liposome 

(50:50 DOPE: 

DOTAB) contains 

Vitronectin, ApoA1, 

A2, B, C2-, Vitamin 

K-dependent protein 

and Integrin β3, 

correlated to the 

promotion of cellular 

uptake. 

[31] 

Cytotoxicity 

Single-wall CNTs 

Cellular viability 

(CCK-8 assay kits) 

on two different cell 

lines: two cell lines, 

THP-1 and 

HUVECs 

Mono- protein PC 

(FBG, BSA, Ig, Tfr, 

ferritin) depending on 

the adopted 

incubation medium 

FBG-, BSA-, Tf- and 

Ig-PCs cause less 

cytotoxicity than 

uncoated CNTs in 

human acute 

monocytic leukemia 

cell line and human 

umbilical vein 

endothelial cells. PC 

with only FBG results 

in no toxicity. 

[32] 

SiO2-NPs (ultrafine particles) 

Cellular viability 

(CCK-8 assay kits) 

on human corneal 

epithelial cells 

(hCECs) 

Not reported 

The PC around SiO2-

NPs significantly 

reduces the toxicity in 

human cornea cells. 

[17] 

PAA-NPs 

Cytokines 

determination 

(cytometric bead 

array kit) after in 

vitro incubation of 

PAA-NPs with 

different cell types 

(human leukemia 

cells, human 

embryonic kidney 

Different proteins 

including FBG that 

undergoes to an 

unfolding 

conformation 

The unfolded 

conformation of the 

FBG in PC triggers 

the release of 

inflammatory 

cytokines through its 

interaction with 

MAC-1 receptor that 

induces the NF-kB 

signaling pathway in 

[18] 
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cells, human 

monocytic cells) 

different cell types 

(human leukemia 

cells, human 

embryonic kidney 

cells, human 

monocytic cells). 

Drug release 

profile 

Abraxane (NPs loaded with 

Paclitaxel-Albumin) 

Drug release studies 

using different 

incubation media HP 

100%, FBS 100%, 

HP 10% (90% 

PBS+10% HP) or 

FBS 10% (90% 

PBS+10% FBS) 

Not reported 

Significantly 

reduction of the burst 

effect of Abraxane. 

[33] 

Doxoves (PEGylated-

liposome composed by 

HSPC/CHOL/mPEG2000-

DSPE and loaded with DOX) 

Drug release 

evaluation (FLIM) 

after liposome 

immobilization in 

agarose gel matrix 

Alb, coagulation 

factors, Ig, acute 

phase proteins, 

complement 

PC interferes with the 

integrity of Doxoves, 

leading to a fraction 

of DOX leakage. 

[28] 

BSA: Bovin Serum Albumin; C-PS: Carboxylated Polystyrene; DCs: Dendritic Cells; HAS: Human Serum Albumin; α2-GP: 
α2-Glycol-Protein; Ig: Immunoglobulin g; TiO2: Titanium Dioxide; ILs: Interleukins; ELISA: Enzyme-Linked 
Immunosorbent Assay; PS: Polystyrene; PEG: Poly-Ethylene Glycol; PEEP: Poly-(Ethyl-Ethylene-Phosphate); HMS: 
Hollow Mesoporous Silica; CNT: Carbon Nanotube; FBG: Fibrinogen; H1: Histone H1; Tfr: Transferrin; RGD: Arginyl-
Glycyl-Aspartic Acid; CPT: Camptothecin; SN-38: Active Metabolite of CPT Conjugated with HA; HA: Hyaluronic Acid; 
FITC/PI: Fluorescein Isothiocyanate/Propidium Iodide; HSPC: Hydrogenated Soy Phosphatidylcholine; CHOL: 
Cholesterol; DSPE: 1,2-Distearoyl-sn-Glycero-3-Phosphorylethanolamine; DOX: Doxorubicin; FACS: Fluorescence-
Activated Cell Sorting; DOPE: Dioleoylphosphatidylethanolamine; DOTAB: Dodecyltrimethylammonium Bromide; CLSM: 
Confocal Laser Scanning Microscopy; TEM: Transmission Electron Microscopy; CCK-8: Cell Counting Kit 8; SiO2: Silicon 
Dioxide; PAA: Poly-(Acrylic Acid); HP : Human Plasma; FBS: Fetal Bovine Serum; FLIM: Fluorescence Life Time Imaging 
Microscopy; Alb: Albumin; MAC-1: Macrophage-1 Antigen; NF-kB: Nuclear Factor KB 

Purification and analyses of PC-NP complexes 

To ameliorate the difficulty interpreting the biological 
response observed by using NPs, researchers focalized the 
attention optimizing the procedure to characterize the PC 
around NPs. In particular, evaluating the overall quantity, 
density, thickness composition, relative abundance of each 
protein, protein binding affinity, and protein conformation. 
Firstly, PC-NP complexes were separated from the protein 
solution. This operation is not simple as the protein-NPs 
interaction is regulated by dynamic exchanges and 
equilibrium that are particularly sensitive to purification 
processes, altering the real contribution of the PC on the NP 
surface. 

Commonly, sequential cycles of centrifugation/washing 
represent the most used method, because it is simple, 
suitable and gives reliable results [34,35]. However, multiple 

purification steps can alter the equilibrium of complexes and 
may lead to modification in corona compositions as 
previously explain [36]. In particular, purification techniques 
adopted to isolate and to study the SC, which is governed by 
more dynamic exchanges, must be accurately selected and 
optimized in terms of operative conditions (time, 
temperature, stress, etc.). Moreover, due to high variability, 
in order to validate the data, several replicates must be 
collected and the results must be statistically relevant. 

For this reason, the development of methodologies that 
minimize the number of purification steps of the PC-NP 
complexes in order to lower the possible impact of the 
process on their properties is broadly considered as an urgent 
issue [37]. Beyond centrifugation, other techniques, 
summarized in Table 2, have also been applied to separate 
and study PC-NP complexes. 
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Table 2. Purification process of PC-NP complexes. 

Isolation techniques Advantages Limits References 

Centrifugation Simple and quick 

Loss of the weakly binding 

protein and multiple purification 

steps can alter the equilibrium of 

the system 

[38-41] 

Ultra-centrifugation in 

sucrose gradient 

Possibility to isolate and recover 

different PC-NP complexes with 

high size resolution from different 

biological media and lower impact 

on protein structure 

Preparation of the sucrose 

gradient 
[37] 

Size exclusion 

chromatography 

(SEC) 

Weakly bound proteins may still be 

retrieved after the separation 

Longer than centrifugation in 

time and recovery of PC-NP 

complex diluted in the mobile 

phase 

[42,43] 

Magnetic 

separation/magnetic 

flow field fractionation 

(MgFFF) 

Allows the screening of proteins 

with distinct exchange kinetics in the 

corona around NPs. 

Applicable only to paramagnetic 

NPs 
[44,45] 

Sodium Dodecyl 

Sulphate – Poly 

Acrylamide Gel 

Electrophoresis (SDS-

PAGE) 

Allows to isolate and fractionate the 

proteins to submit to mass 

spectrometry analysis 

Proteins must be previously 

denatured and negatively 

charged by an anionic detergent 

[45,46] 

These techniques were successfully applied to isolate PC-
NPs complexes in ex-vivo experiments, namely by 
incubating NPs in biological medium simulating relevant 
biological conditions. In total, only a few experiments 
reported reproducible results in terms of identification of PC 
isolated from plasma after in vivo administration. Actually, 
the idea is to exploit NP features and to adapt or combine 
different methodologies in function of the type of NPs. As 
an example, Sakulkhu et al. [45] demonstrated that the in 
vitro PC profile of polyvinyl alcohol-coated SPIONs differs 
from in vivo ones, after in vivo administration, by separating 
the NPs using a strong external magnetic field and therefore 
exploiting the unique magnetic properties of the particles. As 

another example, a combined approach was proposed by 
Hadjidemetriou et al. [47] to recover lipid-based NPs from 
the blood circulation of rodents after intravenous 
administration to investigate the in vivo PC formation as 
well as its evolution. In this case size exclusion 
chromatography followed by membrane ultrafiltration 
allowed the isolation of the PC-NP complex and to recover 
reproducible samples to identify the PC components. 

After purification, several different approaches were 
proposed to characterize PC-NP complex in terms size, 
thickness, quantity, density, thickness composition, relative 
abundance of each protein, protein binding affinity and 
protein conformation (Table 3). 
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Table 3. Instrumental analyses of PC-NP complexes. 

Techniques Analysed Parameter Advantages Limits References 

Dynamic Light 

Scattering (DLS) 

Hydrodynamic diameter 

of NP with/without PC 

and NP diffusion 

coefficient 

Possibility to perform in 

situ analysis 

Dis-homogeneous shape and/or 

poly-disperse population of 

PC/NPs complexes could affect 

the measurement; influenced by 

NP agglomeration 

[38,41,48,49] 

Differential Centrifugal 

Sedimentation (DCS) 

Size and density of NPs 

with/without PC 

Possibility to perform in 

situ analysis 

Risks of contaminations; poor 

recovery of sample 
[41] 

Transmission Electron 

Microscopy (TEM) 
Thickness of the PC 

High-resolution, two-

dimensional images of PC-

NPs complexes 

Artifacts may still occur in the 

sample during preparation 
[41,50] 

BCA assay 

Determination of the total 

amount of adsorbed 

proteins 

Highly sensitive and 

compatible with several 

reagents 

Longer time of reaction with 

respect to other colorimetric 

assays 

[51-53] 

Bradford assay 

Determination of the total 

amount of adsorbed 

proteins 

Possibility to test several 

samples in a short amount 

of time 

Un-compatible with the use of 

some buffers/detergents 
[54,55] 

Thermogravimetric 

analysis (TGA) 

Mass weight of the 

proteins adsorbed onto 

inorganic NP 

Sensitive and quick 
Applicable only for the inorganic 

NPs 
[56] 

Fluorescence correlation 

spectroscopy (FCS) 
Protein binding affinity 

Provides important 

information on both kinetic 

and thermodynamic 

properties of a specific 

protein of the PC 

Requires the use of fluorescent 

proteins in solution 
[57] 

Isothermal Titration 

Calorimetry (ITC) 

Stoichiometry, affinity 

and enthalpy of NP-

protein interaction 

Capability to determinate 

the number of bound 

protein molecules per 

particle 

Necessity to perform previous 

analysis (i.e., determination of NP 

and protein concentration) and 

applicable only for single protein 

solution 

[58,59] 

Surface Plasmon 

Resonance (SPR) 

Association and 

dissociation constants 

Fine characterization of the 

binding stoichiometry 

Necessity to immobilize NPs onto 

a gold surface on a sensor chip 
[38,58] 

Quartz crystal 

microbalance (QCM) 

Association and 

dissociation constants 

Real-time and quantitative 

NP-protein binding profiles 

are obtained 

Necessity to immobilize NPs onto 

a gold surface on a quartz crystal 
[60] 

Zeta- potential (Z-pot) 

Zeta potentials and the 

isoelectric points of the 

NPs with/without PC 

Possibility to perform in 

situ analysis 

Poor reproducibility and strongly 

dependence on 

environment/buffers 

[48,61,62] 

Computer simulation Orientation and Possibility to quickly In silico simulation that requires [63]
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Conformation of the 

adsorbed proteins 

predict different 

experimental conditions as 

function of NP surface 

ligand structure, surface 

curvature 

experimental confirmation 

Circular Dichroism (CD) 

Determination of changes 

in secondary structure of 

the adsorbed protein 

Possibility to perform in 

situ analysis 

cannot be used for a mixture of 

proteins due to its spectral 

complexity 

[61,64] 

Raman spectroscopy 

(RS) and Fourier 

transform infrared 

(FTIR) spectroscopy 

Determination of changes 

in secondary structure of 

the adsorbed protein 

Detection of instable 

formulations already at a 

very early stage as well as 

is able to highlight 

conformational changes 

during the ongoing 

aggregation process 

Not applicable to complex protein 

mixtures 
[64] 

Nuclear magnetic 

resonance (NMR) 

Protein structure and 

residue-specific structural 

information 

Possibility to obtain 

localized conformational 

information regarding some 

adsorbed proteins 

Analysis of only a few selected 

proteins 
[65] 

Differential Scanning 

Calorimetry (DSC) 

Thermal 

denaturation/stability of 

the adsorbed proteins 

Possibility to perform in 

situ analysis 

Information obtained by micro-

DSC is on a macroscopical level 
[66] 

Sodium Dodecyl 

Sulphate - 

PolyAcrylamide Gel 

Electrophoresis (SDS-

PAGE and 2D-PAGE) 

Identification and 

quantification of the 

proteins composing the 

PC 

Densitometry analysis 

allows to quantify protein 

abundance and, in case of 

simple incubation media, 

also allows to rapidly 

identify the adsorbed 

proteins 

Proteins must be previously 

denatured and negatively charged 

by an anionic detergent 

[51,64,67,68] 

Mass spectrometry 

Qualitative and semi-

quantitative analysis of 

proteins composing the 

PC 

Allow the identification of 

the proteins composing the 

PC also after the incubation 

of the NPs in complex 

matrix (i.e., plasma and 

serum) 

Proteins need to be first digested 

into smaller peptides with a 

proteolytic enzyme and the 

recognition of protein identity 

needs the use of specific protein-

sequence database and software 

[34,69-72] 

The interaction between proteins and the NPs is another 
relevant issue that could be addressed by different 
procedures. As an example, it is possible to consider 
physical changes in morphology, size and zeta potential of 
the complexes with respect to free NPs as proof of a PC-NP 
complex presence. Microscopical analyses using 
transmission electron microscopy (TEM) and in some cases, 

atomic force microscopy (AFM), could allow the 
visualization of differences in shape, density, surface and 
also dimensions of NPs before and after incubation while 
dynamic light scattering (DLS) rapidly identifies changes in 
dimensional distribution and poly-dispersity. 
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The interaction in terms of affinity, association and 
dissociation constant, and the stability of protein adsorbed 
were analyzed by using a plenty of techniques including 
isothermal titration calorimetry (ITC), circular dichroism, 
surface plasmon resonance, quartz crystal microbalance 
frequently combined together. Gel filtration has been 
proposed not only to separate the protein-NP complexes in 
incubation media as previously reported, but also to isolate 
proteins from the NP surfaces as well as to provide useful 
information on kinetic exchange rates for adsorbed proteins 
[58]. 

Besides proof of the PC-NPs complex presence, defining the 
PC represents a major topic: several researchers reported the 
use of electrophoresis as the preferred technology, while 
protein quantity determination was proposed to be 
characterized by mass spectrometry, in which protein 
samples were digested into small peptides and simply 
injected into the analysis instrument [73]. 

In summary, as evident, the identification and 
characterization of the PC cannot be obtained by a single 
analytical protocol, but different and complementary 
technologies are generally combined. In order to reach the 
highest level of quality and standardization in PC 
identification and characterization, the key point relies on 
the choice of the techniques in function of both the type of 
nanocarriers and on the analytical parameter to investigate. 
Using multiple characterization techniques is therefore 
crucial to analyze different aspects of the PC (i.e., presence 
of complex, composition of PC, reliability in in vivo 
conditions, etc.) and to get a better understanding of this 
biological entity. Remarkably, some techniques allow to 
detect the protein corona in situ (ITC), while other 
procedures require the detachment of bound proteins from 
the nanocarriers before measurements, thus still representing 
a controversial issue on PC analysis, since the adoption of 
purification methods may change equilibrium properties of 
the PC. 

CONCLUSION 

In recent years, the advance of nanomedicine as applied 
science in disease treatments highlighted a deeper need in 
understanding the interactions between nanocarriers and the 
biological environment aiming to improve their 
effectiveness and safety profiles. In this context, the study of 
the PC connected to any kind of NP drug carrier and its 
impact on both biodistribution and interaction with the target 
site is of extreme importance. Relevant information of the 
PC composition could also be exploited in sample screening 
at early research stages. This interest generated a wide 
number of attempted experiments, but at a deeper analysis of 
the results, even if remarkable, the lack of reproducibility 
and defined protocols in PC analysis still remain an urgent 
issue. In particular, as pointed out in this brief review, those 
data often obtained in vitro by simulating biological 
environments are affected by a high number of variables and 

seem not to be reliable and predictive for in vivo readouts 
and therefore their translatability. As also pointed out, 
numerous purification and investigation techniques were 
applied to evaluate and characterize the PC demonstrating 
that some technologies could really be useful in analysing 
some aspects of PC. Thus, in order to concretely exploit PC-
NPs complexes data, the scientific path in this field will 
surely pass through an optimization of the protocols with a 
rational combination of the different techniques to finalize a 
systematic and more reproducible PC study approach. 
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