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Abstract: Nanoparticles appear to be one of the most promising agents that oftercgfin
angiogenesis-related disease therapy. The objective of this research is to systematically
review studies that have probed into the effect of nanoparticles on angiogenesis. Selected
inclusion criteria were used to extract articles, references that were cited in the initial search
were sought to identify more potential articles, and articles that did not meet the inclusion
criteria and duplicates were discarded. The spherical shape was shown to be the most
common shape employed to investigate the role of nanoparticles in angiogenesis therapy.
The size of nanoparticles appears to play a crucial role faraefy on angiogenesis, in which

20 nm emerged as the preferred size. Gold nanoparticles exhibit the most promise as an
antiangiogenesis agent, and the toxicity was adjustable based on the dosages applied.
Keywords: nanoparticles, angiogenesis, antiangiogenesis, size, shape, toxicity

Introduction
Angiogenesis refers to the generation of new blood vessels from a preexisting
onel= It plays an essential role in various physiological states like embryo growth,
ovulation, and wound healing. Moreover, it is important in the progression of many
diseases such as diabetic retinopathy (DR), arthritis, and metdstagtse normal
physiological state of the body, the censorious balance between the proangiogenic
and antiangiogenic keeps the angiogenesis under the critical cortha.imbal-
ance between these factors may eventually lead to the development of pathological
conditions®

First hypothesis pertaining to angiogenesis was developed almost four decades
ago. It indicates that tumor growth depends on the blood supply, and the prevention
of this supply will treat the tumor. Hence, the term anti-angiogenesis means any
measures that prevent the formation of new blood vessels and reaching of the blood
supply into the tumof. The major mechanism of action of antiangiogenic drugs is
to attach to growth factors such as vascular endothelial growth factor (VEGF),
therefore hindering any attachment of growth factors to their respective receptors
such asvascular endothelial growth factor receptor (VEGFR). The attachment
between the growth factor and its receptor is the main method that induces the
generation of new blood vessélangiogenesis is considered as an intricate process
as it involves proliferation and migration of endothelial cell (EC), permeability, and
formation of blood vessef§There have been many advances in regard to angio-
genesis in the past three decades accompanied by the elucidation of numerous
antiangiogenic agents that suppress angiogeh®sis.
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The monoclonal antibody Bevacizumab (Avastin) isand antiangiogenesis or angiogenesis, whereas for other
the rst antiangiogenic therapy that was licensed by thdatabases search terms or keywords from the title of the
United States (US) Food and Drug Administration (FDA)topic of interest (antiangiogenic properties of the nanopar-
as a drug to treat colorectal cancer cells by targeting oveicle) had been applied. In addition, the following key-
expressed VEGF proteins and reducing blood supply efords were used in combination with nanoparticles to
that cell’® Nevertheless, the therapy seemed insigant retrieve all the related studies: antiangiogenic and angio-
in some cases due to resistance and other limitations sugbnesis. Further information pertaining to the study was
as limiting pharmacokinetics. Therefore, the encapsulatiabtained by using nanotechnology therapy and angiogen-
of these drugs into nanocarriers is promising to overconesis therapy in the search process. Subsequently, refer-
some of these drawbackb.lt is anticipated that unique ences that were cited in the initial search were sought to
properties of nanoparticles such asantiangiogenic and driggentify more potential articles. The titles and abstracts of
carrier can be applied as an alternative strategy in thbese articles were assessed to delete any duplicate data.
treatment of serious angiogenic diseases such as danc&he articles (titles, abstracts, and full texts) were assessed
Many studies are emerging to evaluate theuience of and screened for inclusion. As such, irrelevant or incom-
nanomaterial in inhibiting angiogenesfs.Gold, silver, patibility papers were excluded.
and silica arethe most important inorganic nanoparticles

that show antiangiogenic effects. Results and discussion

Annually, in the USA, the great funds are exploiting A total number of 218 studies were idergi through the

angiogenesis research and development of antiangiogen(?ﬁ,(ias

q hich i h bill H h rature. Of all 218 studies, 34 studies were duplicated
rugs which is more than 4 billion USD.On that account, studies. After further screening and evaluating the eligibil-

we systematically review the literature focusing on the usa% of titles, abstracts, and full text, only 22 studies were

of nfelrlmpartlcles.as ant|an_g|ogfan|c a_md the- impact of NaNQ:|ected for this study. While other 162 failed to meet the
particlés properties on antiangiogenic activity. inclusion criteria. The study selection stages and results
are presented in theow chart Eigure J).

Methodology

Data sources Effect of nanoparticle’s shape on
Several pertinent databases such as Science Direﬁﬁgio(‘:]eneSiS activities

PubMed, Google Scholar, ME DLINE via EBSCO, i i i
. From the 22 selected studies that included 32 experiments,
Scopus, and Springer had been combed through to collect _ _ )
. . we found that the spherical shape appeared in 16 experi-
relevant data for this review study. . )
ments, while only 8 experiments had used other type of

) ) L shapes, and 8 experiments did not report on the shape of
Inclusion and exclusion criteria nanoparticlesTable 9.

All articles published in peer-reviewed journals that The inhibitive effect of silver nanoparticles in

looked into the efcacy of nanoparticle as the antiangio-5 spherical shape on angiogenesis has been demonstrated
genic agent had been selected, inclusive of in VvivQn nymerous studie€*” Gold and silica nanoparticles in
in vitro, ex vivq and review-based studies. Nevertheles%pr1ere shape had impacted upon angiogenesis by suppres-
the selected studies were limited to articles published E\ng this proces&>1®
the English language since the past decade \yigrzhicki et al (2013) stated that among pristine
(1 January 2008 to 30 January 2018). As such, cagerhon nanoparticles, spherical diamond nanoparticles
reports, editorial/letters, as well as abstract in symposiumD) and multiwall nanotubes nanoparticles (MWNTSs)
and Congress were excluded for further analysis. All thgyarted the greatest antiangiogenic properties, while sphe-
articles were independently reviewed by NMY and NAS.jc5 graphite nanoparticles (NG) and sheet-like graphene
nanoparticles (GNs) had nil effect. Although both diamond
Search strategy nanoparticles and diamond nanoparticles shared the same
The strategy employed for collecting articles fromshape and size, they had a different effect. Meanwhile,
PubMed and Medline was carried out by using thepherical fullerenes nanoparticles (C60) exhibited the
Medical Subject Heading (MeSH) terms: nanoparticlespposite effect by increasing blood vessel developritent.
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Figure 1 Flowchart of the study selection.

Shi et al (2017) discovered that spherical hydroxyapdVEGF165)° Nanoparticles of size 20 nm for both gold
tite nanoparticles (HANPs) with the size of NP 20 dis-and silica displayed superiority on VEGF binding in bio-
played higher internalization into human umbilical veinlogical media and inhibited angiogenesis when compared
endothelial cells (HUVECSs) than the rod-shaped NP 8Q@o that of size 100 nm?®
They observed that the cellular uptake of nanoparticles is Nanoparticles of size 20 nm appeared to be the most
strongly affected by particle size and shape. They alsffective® Gold nanoparticles of size 20 nm showed the
claimed that aside from cellular uptake, the shape is algpeatest effect on the inhibition of angiogenesis when
a determinant of biological outconié. Thus, in this compared to those of sizes 5 nm and 10 nm, especially
review, we found that nanoparticles with spherical shapghen they were given at the same concentration. The
emerge as the most preferable among other shapesgieatest effect was due to 95% of the protein that was
antiangiogenic studies-{gure 2. bound to the surface of that 20 nm, as compared to 80%

bound to that of the 5 niff

. . Guarneri et al (2014) reported strange results thatde-
Effect of nanOparUCIe’S Slze on monstrated that silica as nanoparticles (BiBs) of size
angiogenesis activities 25 nm had no effect on the angiogenic response of
The correlation between the size of nanoparticles and théiCs even at the highest concentrations (2.5 AfvIAt
ef cacy is elaborately demonstrated in various studiethe same time, other study conducted by Jo et al (2012)
Arvizo et al (2011) stated that the core size of goldound that larger silicate nanoparticles (SiNPs) of size 57
nanoparticles plays an important role in inhibiting thexm effectively inhibited VEGF-induced retinal neovascu-
function of vascular endothelial growth factor 165larization and suppressed ERK 1/2 activation via
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Figure 2 Percentage of nanoparticle variety of shapes used in antiangiogenesis studies. The different shapes of nanoparticle used in the 22 studies selected for this review.

inhibition of vascular endothelial growth factor receptor 2n a vitro antiangiogenic study on HUVECs
(VEGFR-2) phosphorylatiof® Song et al (2014) discovered that copper oxide nanoparti-
HANPs or nano-HAP with 80 nm in size inhibited cellcles (CO-NPs) displayed the ability to suppress HUVEC
migration, tube formation and nitric oxide (NO) produc-proliferation, migration and tube formation in vitro and in
tion in HUVECs more than HANPs of size 20 rfh. dose-dependently upon being treated with varying concen-
Different chemical and physical properties, such as sizésations (1.25, 2.5, and 5.0 pg/mL) for 24 htsSilver
of ultradispersed detonation diamond nanoparticlasanoparticles (AgNPs) also inhibited capillary-like tube
(UDDs) and microwave-radiofrequency (MW-RF) nanoformation of HUVEC in a dose-dependent manner, with
particles, showed antiangiogenic effect with different 50% inhibitory concentration (Kg) value of 24.97 ug/
intensities®? mL.r” Meanwhile, HANPs treatment especially np 80
The ndings showed that the size of nanoparticles frordecreased HUVEC migration in a dose-dependent manner,
the selected studies ranges from 4 nm to 100 nm. The sizecomparison to the control and suppressed tube forma-
range from 0.0 nm to 20 nm appears more frequeigtfe 3.  tion at a concentration of 50g/mL.2*
Nanoparticles sized 20 nm were more common and show to Guarnieri et al (2014) demonstrated that silica nano-
be a potent antiangiogenic agemakle J. particles (SiQNPs) did not affect the angiogenic response
of HUVEC even at the highest concentrations (2,500
The effectiveness of nanoparticles in vitro  pm).2* Whereas in a different study, it was found that
The selected studies in this systematic review showed thtie gold nanoparticles (AuNPs) sigeantly inhibited
numerous cell cultures had been applied to investigate tMEGF-mediated HUVEC proliferation and VEGF induced
effect of nanoparticles on the formation of new bloodube formation in a concentration-dependent mafher.
vessels, where the cells were cultured in a speenvir-  Additionally, Arvizo et al (2011) revealed that VEGF165-
onment so as to better mimic in vivo microenvironmentinduced proliferation of HUVECs was sigrdantly inhib-
ECs, namely, HUVECs, human retinal microvasculaited by all sizes of graphene nanoplatelets (GNPs) in
endothelial cells (HRMECs), bioartiial renal epithelial a concentration-dependent manffeFurthermore, nano-
cells (BRECs), and some cancer cell model cells, wemreria (NCe) treatment inhibited VEGF-mediated down-
used Table J. stream signaling in ECs, which suggested interference
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