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Introduction 

Corona structure formation is found in various molecules, for example viruses, 

lipids and proteins. The reason this name is given is the similarity of the image of 

these particles in the microscope to that of the corona. One of the basic corona 

structures that concern the scientific community is that of corona proteins. These 

proteins were first reported in 2007 by Cedervall T, Lynch I, Lindman S et al. but 

specifically analysed in 2011 and 2013 by Mahmoodi et.al and Monopoli et.al 

respectively, where they discuss the structure of the complex and its possible 

future uses. These proteins seem to significantly influence applications of 

nanomedicine and for this reason they are at the centre of scientific research in 

the last 10 years. 
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The Term Protein Corona 

The lipid and protein corona has been a subject of scientific research for the past 

decade. It mainly refers to a structure, or more clearly a layer, that develops onto 

the surface of all nanoparticles after the ingestion of compounds like lipids and 

proteins. The formation of a corona usually occurs after the nanoparticle comes 

in contact with a fluid substance. 

Analytically, a complicated process takes place in order to form a protein corona: 

initially, nano-materials are exposed to their outside environment after being 

created. Then, as the particles come in contact with more substances in their 

system, they start to utilise internal energy, absorb certain organic compounds (as 

mentioned lipids and proteins) and then form a layer named corona or a bilayer 

named biocorona (hard and soft corona). After the corona is created, it 

undoubtedly affects the nanoparticle’s properties and abilities without removing 

the ability to execute the essential functions for life. The aforementioned effects 

the corona has on the contextual nanoparticle range from concrete to chemical 

modifications as well as vast changes in its size, its potential toxicity, its 

immunity to other environmental stimuli and in its rate of protein absorption. 

Since the corona employs most of the energy that exists within the particle’s 

surface, there is a noticeable change in the properties this particle performs.  

Furthermore, it is pivotal to acknowledge that the formation of the corona affects 

some core characteristics of the nanoparticles: it affects the hydrophobicity and 
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charge of the whole material meaning it affects the reactions it has when it comes 

in contact with other charged materials or even water.  

Lastly, the mentioned formation is continuous through time and as time passes 

by, the “Vroman effect” takes place. What this essentially means is that the 

composition of the corona constantly changes until proteins that have similar 

affinities are found and thus until a natural equilibrium is achieved. 

 

 

  

Figure 1 Image depicting a nanoparticle enclosed by a bicorona (Source: The nano-plasma interface: Implications of 

the protein corona. (n.d.). ScienceDirect.com | Science, health and medical journals, full text articles and books. 

https://www.sciencedirect.com/s 
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Factors leading to the formation of the corona structure 

The protein corona composition is nanoparticles (NP) which in contact with 

biological fluids acquire a surface of proteins. This protein composition is very 

important for NP interactions with living cells. From 9000 proteins present in 

blood plasma, only 300-500 are adsorbed on the surface of nanoparticles.  The 

protein corona forms in seconds to minutes as a consequence of protein affinity 

for NP, known as Vroman effect.  

It has been observed that pH and temperature changes of plasma should have a 

major impact on the composition and abundance of proteins bound to NPs.  

Between the 20 most abundant proteins observed was the highest transferrin (TF) 

and the lowest oncostatin M (OCM). These proteins are involved in the 

complement system, blood coagulation, and lipid processing. 

The experiments for five different temperature and pH conditions prove that from 

189 proteins, 18 increased in abundance and 48 decreased in abundance as the 

temperature increased from 4to 47 ºC and from 173 proteins, 44 increased in 

abundance and 33 decreased in abundance as the pH increased from 4.9 to 8.9. 

Approximately 60% did not change in abundance within the protein corona. 
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Figure 2 Number of corona protein structures based on temperature and pH and autonomy of structure based on changes in 

temperature and pH (Source: Gorshkov, V., Bubis, J. A., Solovyeva, E. M., Gorshkov, M. V., & Kjeldsen, F. (2019, March 18). 

Protein corona formed on silver nanoparticles in blood plasma is highly selective and resistant to physicochemical changes 

of the solution.) 

Other studies observed that hydrophobicity, the higher amount of β-sheet 

formation, the low amount of α-helices and the amino acids composition are 

important properties for protein binding. These proteins with structural stability 

are those which are more stable to temperature and pH changes. 

In contact with biological fluids, NPs absorb on their surface, except proteins, 

lipid also. Lipid transportation in blood is mediated by proteins forming 

complexes called lipoproteins. Lipoproteins are complexes of apolipoproteins, 

phospholipids, triglycerides and cholesterol. These lipoproteins are associated 

with other biological processes such as coagulation, tissue repair and immune 

response.  
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Another experiment proves that the 

NP size changes the protein profile 

and the time of mouse serum 

incubation. The 80nm NP presents a 

more intense protein profile 

compared with the other two sized 

samples (26 nm and 200nm). Also, 

there are time-dependent differences. For example APO-I that was barely 

detected after 1h, increased in intensity over time. In contrast, the APO E becomes 

tenuous after 24h.  

The amount of cholesterol binding is related to NP size (the 200 nm NP had the 

highest content of cholesterol) and the levels of triglycerides are related with the 

NP surface area. 

The lipid corona is more dynamic compared to the protein corona. Apolipoprotein 

complexes are very important for metabolism. These studies give us information 

about NP-biological interface, and may have important implications in other areas 

of medical research. 

Figure 3 How size of NP and time of incubation affects the 

formation of protein corona (Source: Lima, T., Bernfur, K., 

Vilanova, M., & Cedervall, T. (2020, January 24). Understanding 

the Lipid and Protein Corona Formation on Different Sized 

Polymeric Nanoparticles.) 
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Applications and Limitations of Protein Corona - Protein CLC 

Protein coronas and their effects on living organisms has been a relatively new 

discovery in science. In understanding what protein coronas are, how they are 

formed and how they interact with nano-structures, many breakthroughs have 

been made in the use of protein coronas in medicine. 

 

Figure 4 Immunotherapy techniques: Active (light brown on the left) versus passive immunotherapy (dark brown on the right). 

The three main immunotherapy strategies used in cancer. The therapy is shown separately in the figure: (1) Antigen delivery 

and stimulation molecules (orange) (key analysis in the present work) (2) Positive transfer therapy (blue). and (3) Therapeutic 

agents in the tumor microenvironment (TME) (green). (Source: Mikelez-Alonso, Idoia, Aires, Antonio, Cortajarena, & L., A. 

(2020, January 14). Cancer Nano-Immunotherapy from the Injection to the Target: The Role of Protein Corona) 

 

Studies seeking to find medical treatment using nano-particles have found that 

protein coronas may be very useful in the production of non-vaccines. These 

technologies can help fight cancers and other human diseases by stimulating an 

immune response against foreign cells in the body. Further information regarding 

this type of treatment states that protein coronas form differently depending on 
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the patients’ blood plasma, essentially creating a ‘personalised drug’ for each 

user. One example of such proteins is the so-called Tumour Derived Protein 

Antigens (TDPAs). Firstly, the protein is injected into the blood prior to 

treatment. As a response to radiation therapy and chemotherapy, the body 

undergoes a proinflammatory response. This reaction causes the antigens from 

the cell membrane of the cancer cells to float around freely in the bloodstream. 

Eventually, the antigens will bind and stick with the TDPAs. The protein will 

then travel to a dendritic cell which will take it to a lymph node. There, the 

immune cells responsible for creating antibodies (T-cells) will bind with the 

cancer antigen and start producing antibodies that have a complementary shape 

to the intruder, making the body able to fight off a tumour. Although this 

treatment has not been perfect yet many studies are being conducted to further 

experiment its effectiveness. 
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Prominent examples  

Immune blindness 

Immune blindness could be promoted by two main mechanisms. 

First, the PC can completely or partially cover the antigens / molecules present 

on the surface of the NP, with the result that the specific activation (stimulation) 

that will be caused is low or failed and consequently the immune response is not 

caused. A factor that affects this formation of PCs and leads to immunoocclusion 

is the degree of PEGylation of the NPs. In the use of nano-vaccines PC formation 

significantly affects the nano-formulation with dendritic cells affecting the 

efficacy of the treatment. 

In the second mechanism, binding is created due to the homeostatic function of 

immune cells. Macrophages have so-called scavenger receptors that recognize 

biological patterns and hosts. During complexation to form the PC structure, the 

structure of the proteins attached to the NP changes resulting in unexposed 

epitopes being presented to the immune system. Macrophages recognize these 

structures and phagocytose the complexes. 

Immune reactivity 

Immune reactivity is the uncontrolled immune response that is generated by the 

organism. It is often difficult to differentiate it from the controlled immune 

response. In nano-immunotherapy it is predicted that the contact of NPs with a 

biological fluid will likely cause the formation of PCs on the surface of the NPs 



Protein Corona 

 

11 

 

which could cause excessive immune activity due to the generation of 

inflammation. This phenomenon is usually associated with the excessive 

production of pro-inflammatory cytokines such as TNFα, INFγ, IL-6 and IL-12. 

This intense response due to high levels of cytokines can create damage to healthy 

tissues and cells. 
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Conclusion 

As mentioned, the structure of the corona protein has been studied quite a bit. 

However, further research needs to be done as to the mechanisms by which the 

NP's interact with a wider range of proteins both individually and when found 

simultaneously in the same medium with more than one NPs. Also an important 

note is that the research of lipid NPs is starting to gain ground in modern research 

linked with the application of the protein corona structures. If we want to fully 

understand the formation and its possible applications, it is necessary to turn to 

the study of others biomolecules (such as lipids). Only in this way will we be able 

to understand all the dynamics of the crown and overcome the problems created 

against the effort targeting pharmaceutical substances. 
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