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Bioimpacts of nanoparticle size: why it matters?
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Undeniably the application of nanotechnology 
in biomedical sciences is rapidly growing, 
creating a real enthusiasm in the fields of 

treatment, diagnosis, and prevention. Nanomedicines, 
in general, deals with the rational delivery of therapeutic 
or diagnostic compound to the target cell/tissue with 
the goal of maximized response and minimized side 
effects. Recent advancement in nanoscience and 
nanoparticle engineering would result in the expansion 
of nanomedicine market; hence a detailed knowledge 
of their impacts on cells, tissues and organisms, the so 
called nano-bio interaction, is imperative. In this regard, 
current editorial aims to highlight size dependent cellular 
internalization, localization and cytotoxicity. 
The mechanism(s) by which NPs/NSs enter the cells is 
extremely imperative, not only for their targeting behavior 
but also for the final fate and their impacts on biological 
systems. NPs/NSs may enter the biological system via 

different routes, where they inevitably encounter and 
interact with vast variety of biomolecules. Communication 
with the cell membrane seems to be the hallmarks of NPs’ 
impacts on cellular elements within the biological milieu. 
This would greatly be influenced by the virtue of the cell 
membrane ability to selectively direct the outward and/or 
inward flow of various molecules in a highly controlled 
manner. Generally, the internalization of NPs can proceed 
through three main mechanisms, i.e. phagocytosis, 
pinocytosis, and receptor-mediated endocytosis (RME). 
All of these mechanisms have been well characterized by 
the mean of the size of NPs, as follows: 
• Phagocytosis, involves cellular engulfment of 

relatively large (i.e. 0.1-10 µm) and solid particles. 
• Pinocytosis, primarily is a mode of endocytosis 

executed by the formation of invaginations in which 
the small particles (i.e., within a size range of 50-1000 
nm) are to taken up by cell. 
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Abstract
During the last two decades, applications of nanotechnology 
are delivered to benefit the human society. The fact is that 
various nanomaterials are able to be tailor made to achieve 
desired properties. In biomedical field, nanotechnology has 
created great excitements to advance both diagnosis and 
therapy areas – the field so-called nanomedicines in different 
forms of nanoparticles (NPs) and nanosystems (NSs). It 
is noteworthy to mention NPs/NSs do not act similarly in 
the biological milieu, in which their biological behaviors/
impacts varies with size, morphology, and physicochemical 
characteristics. On the other hand, nanomedicines 
impacts on biological systems seem to be influenced by 
its possible interaction(s) with different bioelements of 
cell membrane, in particular the endocytic pathway(s) by 
which NPs/NSs can be internalized and localized. This 
latter phenomenon is influenced by membrane viscoelastic 
property, polymerization/depolymerization of cytoskeletal 
system, and the particle specification itself. Among all other 
properties of NPs/NSs, as shown by various researchers, the 
size is an important parameter in the fate of the particle. 
Accordingly, in-depth efforts to unravel the size dependent 
effects of nanomedicins can provide insights to design and 
develop more efficacious NSs with greater benefits and lower 
side effects. This editorial aims to highlight some important 
aspects of size dependent impacts NPs/NSs. 
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RME can be performed by membranous caveolae and 
clathrin mediated endocytosis as well as clathrin- and 
caveolae- independent pathway.1 
Rejman et al have systematically investigated the size 
dependency of the mechanism of the uptake of the NPs. 
A strong correlation between size and the pathway of 
entry was observed; where they reported that clathrin-
coated pits were involved in the internalization of the 
particles with a diameter of less than 200 nm, whereas 
with increasing size, the shift toward caveolae mediated 
internalization was observed.2 Mathematical modeling of 
the RME has also shown that an optimal radius of NPs 
exist for efficient uptake (i.e. 50 nm); where RME function 
becomes impaired or less efficient below and above this 
size.3 This model disregards the active dynamics of 
cytoskeleton during internalization, and only describes 
the initial steps of receptor mediated internalization of 
NPs, whilst beside membrane dynamics, the pivotal role 
of cytoskeleton needs to be considered.
Since identification/utilization of cell specific biomarkers 
(in particular in the case of malignancies4,5) is a critical 
component for developing novel drug delivery and 
targeting systems, the rational engineering of size and 
selecting the homing or targeting device is highly desired. 
Targeted uptake of NPs is facilitated by preferential 
affinity to cell surface biomarkers that can be capitalized 
on vast and growing knowledge of receptors and ligands 
undergoing endocytosis. Some insights into dynamic role 
of molecular drug target for governed internalization of 
desired cargo has been exemplified by exploitation of folate 
receptor. Folate decorated NPs are found to increase the 
cellular uptake substantially.6-10 However, both clathrin 
and caveolae mediated internalization pathway are found 
to play striking roles. Yet again, NPs utilize the endocytic 
pathway in a somewhat size-dependent manner. Langston 
Suen and Chau have shown that in spite of caveolae and 
clathrin mediated uptake of folate decorated polymeric 
NPs in the size range of 50-120 nm, the preferred 
mechanism for internalization of the larger particles (i.e. 
250 nm) is solely caveolae-mediated endocytosis (CME) 
in retinal pigment epithelium.11 CME were proposed to 
improve the therapeutic efficacy of acid labile drugs by 
trafficking to a compartment with neutral pH (the so-
called caveosomes) and subsequently to endoplasmic 
reticulum, instead of subsequent delivery to early/late 
endosomes with acidified environment.12 This fact is 
under serious refute,13 but clearly more experiments are 
required to fully clarify the subject. The impact of size on 
passive uptake of NPs is also intriguing, and internalization 
studies in red blood cells, as an interesting model that lack 
a defined endocytic machinery,14 has demonstrated that 
NPs with a size greater than 200 nm can enter the cells 
with a non-phagocytic/endocytic mechanism.15,16 On 
the other hand, there are evidences that NPs may alter the 
cellular signaling pathways that are pivotal to vital function 
and cannot be considered as a simple benign carrier. The 
interaction of NPs with cell membrane receptors seem to 
be highly size dependent. 

In general, smaller particles have a relatively large surface 
area as compared to larger ones; this increases the interaction 
with biological elements and consequently trigger more 
toxic and adverse effect.1 In a study, the biological impact 
of colloidal gold nanostructures with a size range of 2-100 
nm demonstrated that NPs with the size of 40-50 nm, 
greatly alter basic cell functions.17 Though the impacts of 
NPs may be directly influenced by their sizes, to draw a 
reliable conclusion all other governing factors should be 
considered. For instance, charge and surface modification 
are also of critical importance. Cationic NSs have high 
affinity toward the negatively charged plasma membrane, 
and may exert more toxic response as shown for cationic 
non-viral gene delivery systems.18-27 On the other hand, 
surface modification and chemistry (such as PEGylation) 
play an equally significant role.10,28-32 Each and every 
moiety on the surface of NPs designates a novel identity, 
which may modify the cellular/molecular responses. 
Therefore, one should meticulously consider all properties 
in a systematic manner. Despite great achievements in 
the emerging field of nano-biotechnology, an inclusive 
understanding of comprehensive cell interaction with NPs 
is yet to be accomplished. In-depth knowledge of such 
phenomenon may assist in design of more robust targeted 
therapeutic systems.
 
Acknowledgments 
Research Center for Pharmaceutical Nanotechnology 
(RCPN) at Tabriz University of Medical Sciences 
is acknowledged for the financial supports of our 
research endeavors on development of multifunctional 
nanomedicines. 

Ethical issues
There is none to be declared. 

Competing interests 
There is no competing interests to be announced.

References
1. Shang L, Nienhaus K, Nienhaus GU. Engineered nanoparticles 

interacting with cells: size matters. J Nanobiotechnology 2014; 12: 
5. doi:10.1186/1477-3155-12-5

2. Rejman J, Oberle V, Zuhorn IS, Hoekstra D. Size-dependent 
internalization of particles via the pathways of clathrin- and 
caveolae-mediated endocytosis. Biochem J 2004; 377: 159-69. 
doi:10.1042/BJ20031253

3. Gonzalez-Rodriguez D, Barakat AI. Dynamics of receptor-
mediated nanoparticle internalization into endothelial cells. PLoS 
One 2015; 10: e0122097. doi:10.1371/journal.pone.0122097

4. Nakhlband A, Barar J, Bidmeshkipour A, Heidari HR, Omidi Y. 
Bioimpacts of anti epidermal growth factor receptor antisense 
complexed with polyamidoamine dendrimers in human lung 
epithelial adenocarcinoma cells. J Biomed Nanotechnol 2010; 6: 
360-9. 

5. Li C, Sasaroli D, Chen X, Hu J, Sandaltzopoulos R, Omidi Y, et 
al. Tumor vascular biomarkers: new opportunities for cancer 
diagnostics. Cancer Biomark 2010; 8: 253-71. doi:10.3233/CBM-
2011-0217

6. Johari-Ahar M, Barar J, Alizadeh AM, Davaran S, Omidi Y, 
Rashidi MR. Methotrexate-conjugated quantum dots: synthesis, 
characterisation and cytotoxicity in drug resistant cancer cells. J 



Bioimpacts of nanoparticles size

BioImpacts, 2015, 5(3), 113-115 115

Drug Target 2015; 1-14. doi:10.3109/1061186X.2015.1058801
7. Barar J, Kafil V, Majd MH, Barzegari A, Khani S, Johari-Ahar 

M, et al. Multifunctional mitoxantrone-conjugated magnetic 
nanosystem for targeted therapy of folate receptor-overexpressing 
malignant cells. J Nanobiotechnology 2015; 13: 26. doi:10.1186/
s12951-015-0083-7

8. Heidari Majd M, Barar J, Asgari D, Valizadeh H, Rashidi MR, 
Kafil V, et al. Targeted fluoromagnetic nanoparticles for imaging 
of breast cancer mcf-7 cells. Adv Pharm Bull 2013; 3: 189-95. 
doi:10.5681/apb.2013.031

9. Heidari Majd M, Asgari D, Barar J, Valizadeh H, Kafil V, Coukos 
G, et al. Specific targeting of cancer cells by multifunctional 
mitoxantrone-conjugated magnetic nanoparticles. J Drug Target 
2013; 21: 328-40. doi:10.3109/1061186X.2012.750325

10. Heidari Majd M, Asgari D, Barar J, Valizadeh H, Kafil V, Abadpour 
A, et al. Tamoxifen loaded folic acid armed PEGylated magnetic 
nanoparticles for targeted imaging and therapy of cancer. 
Colloids Surf B Biointerfaces 2013; 106: 117-25. doi:10.1016/j.
colsurfb.2013.01.051

11. Langston Suen WL, Chau Y. Size-dependent internalisation 
of folate-decorated nanoparticles via the pathways of clathrin 
and caveolae-mediated endocytosis in ARPE-19 cells. J Pharm 
Pharmacol 2014; 66: 564-73. doi:10.1111/jphp.12134

12. Pelkmans L, Kartenbeck J, Helenius A. Caveolar endocytosis of 
simian virus 40 reveals a new two-step vesicular-transport pathway 
to the ER. Nat Cell Biol 2001; 3: 473-83. doi:10.1038/35074539

13. Parton RG, Howes MT. Revisiting caveolin trafficking: the end 
of the caveosome. J Cell Biol 2010; 191: 439-41. doi:10.1083/
jcb.201009093

14. Underhill DM, Ozinsky A. Phagocytosis of microbes: complexity 
in action. Annu Rev Immunol 2002; 20: 825-52. doi:10.1146/
annurev.immunol.20.103001.114744

15. Geiser M, Rothen-Rutishauser B, Kapp N, Schurch S, Kreyling W, 
Schulz H, et al. Ultrafine particles cross cellular membranes by 
nonphagocytic mechanisms in lungs and in cultured cells. Environ 
Health Perspect 2005; 113: 1555-60. 

16. Rothen-Rutishauser BM, Schurch S, Haenni B, Kapp N, Gehr P. 
Interaction of fine particles and nanoparticles with red blood cells 
visualized with advanced microscopic techniques. Environ Sci 
Technol 2006; 40: 4353-9. 

17. Jiang W, Kim BY, Rutka JT, Chan WC. Nanoparticle-mediated 
cellular response is size-dependent. Nat Nanotechnol 2008; 3: 145-
50. doi:10.1038/nnano.2008.30

18. Fraga S, Faria H, Soares ME, Duarte JA, Soares L, Pereira E, et al. 
Influence of the surface coating on the cytotoxicity, genotoxicity 
and uptake of gold nanoparticles in human HepG2 cells. J Appl 
Toxicol 2013; 33: 1111-9. doi:10.1002/jat.2865

19. Barar J, Omidi Y. Intrinsic bio-signature of gene delivery 
nanocarriers may impair gene therapy goals. Bioimpacts 2013; 3: 
105-9. doi:10.5681/bi.2013.028

20. Omidi Y, Barar J, Heidari HR, Ahmadian S, Yazdi HA, Akhtar 

S. Microarray analysis of the toxicogenomics and the genotoxic 
potential of a cationic lipid-based gene delivery nanosystem in 
human alveolar epithelial a549 cells. Toxicol Mech Methods 2008; 
18: 369-78. doi:10.1080/15376510801891286

21. Kafil V, Omidi Y. Cytotoxic impacts of linear and branched 
polyethylenimine nanostructures in a431 cells. Bioimpacts 2011; 1: 
23-30. doi:10.5681/bi.2011.004

22. Nomani A, Haririan I, Rahimnia R, Fouladdel S, Gazori T, 
Dinarvand R, et al. Physicochemical and biological properties 
of self-assembled antisense/poly(amidoamine) dendrimer 
nanoparticles: the effect of dendrimer generation and charge ratio. 
Int J Nanomedicine 2010; 5: 359-69. 

23. Omidi Y, Barar J. Induction of human alveolar epithelial cell growth 
factor receptors by dendrimeric nanostructures. Int J Toxicol 2009; 
28: 113-22. doi:10.1177/1091581809335177

24. Ahmadian S, Barar J, Saei AA, Fakhree MA, Omidi Y. Cellular 
toxicity of nanogenomedicine in MCF-7 cell line: MTT assay. J Vis 
Exp 2009. doi:10.3791/1191

25. Omidi Y, Hollins AJ, Drayton RM, Akhtar S. Polypropylenimine 
dendrimer-induced gene expression changes: the effect of 
complexation with DNA, dendrimer generation and cell type. J 
Drug Target 2005; 13: 431-43. doi:10.1080/10611860500418881

26. Omidi Y, Barar J, Akhtar S. Toxicogenomics of cationic lipid-based 
vectors for gene therapy: impact of microarray technology. Curr 
Drug Deliv 2005; 2: 429-41. 

27. Omidi Y, Hollins AJ, Benboubetra M, Drayton R, Benter IF, 
Akhtar S. Toxicogenomics of non-viral vectors for gene therapy: 
a microarray study of lipofectin- and oligofectamine-induced gene 
expression changes in human epithelial cells. J Drug Target 2003; 
11: 311-23. doi:10.1080/10611860310001636908

28. Zhan X, Tran KK, Shen H. Effect of the poly(ethylene glycol) (PEG) 
density on the access and uptake of particles by antigen-presenting 
cells (APCs) after subcutaneous administration. Mol Pharm 2012; 
9: 3442-51. doi:10.1021/mp300190g

29. Li Y, Kroger M, Liu WK. Endocytosis of PEGylated nanoparticles 
accompanied by structural and free energy changes of the grafted 
polyethylene glycol. Biomaterials 2014; 35: 8467-78. doi:10.1016/j.
biomaterials.2014.06.032

30. Ruiz A, Salas G, Calero M, Hernandez Y, Villanueva A, Herranz 
F, et al. Short-chain PEG molecules strongly bound to magnetic 
nanoparticle for MRI long circulating agents. Acta Biomater 2013; 
9: 6421-30. doi:10.1016/j.actbio.2012.12.032

31. Miteva M, Kirkbride KC, Kilchrist KV, Werfel TA, Li H, Nelson 
CE, et al. Tuning PEGylation of mixed micelles to overcome 
intracellular and systemic siRNA delivery barriers. Biomaterials 
2015; 38: 97-107. doi:10.1016/j.biomaterials.2014.10.036

32. Matthaiou EI, Barar J, Sandaltzopoulos R, Li C, Coukos G, Omidi 
Y. Shikonin-loaded antibody-armed nanoparticles for targeted 
therapy of ovarian cancer. Int J Nanomedicine 2014; 9: 1855-70. 
doi:10.2147/IJN.S51880


