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Application of novel nanotechnologies in asthma
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Asthma, is a very prevalent chronic pulmonary disease,
affecting over 230 million people worldwide, with available
treatments limited to symptoms relief (1). Considering
this serious world situation, Wang ez 4/. highlighted the
nanotechnology related to delivery of drugs or biological
materials, reducing side toxic effects, increasing drug
bioavailability, thus improving asthma treatment. However,
in this editorial comment, we summarize the challenges that
need to be overcome to nanotherapy become pertinent in
clinical practice.

This respiratory pathology is characterized by a
chronic inflammation of the lower airways, triggered by
environmental antigens, in the presence (atopic asthma) or
absence (allergic asthma) of a genetic predisposition (2).
In general, these immune responses lead to airway
hyperreactivity, progressive extracellular matrix changes (i.e.,
lung collagen deposition), and airflow limitation (3,4).

Despite advances in understanding the pathophysiology
of asthma, improvements in diagnosis, and the introduction
of new therapies—phosphodiesterase inhibitors, long-
acting bronchodilators, anti-IgE monoclonal antibody,
and leukotriene inhibitors—asthma remains incurable and
a major public health problem, without signs of declining
prevalence (5-7). Although the first-line treatment of choice
is corticosteroid therapy, alone or in combination with
B2-adrenergic agonists, these medications cannot modify
disease progression. In Vol 7 No 8 of Annals of Translational
Medicine, Wang et al. suggested that these treatments have
limited efficacy due to the heterogeneity and complexity
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of asthma. Therefore, alternative therapeutic strategies
are needed to mitigate both inflammatory and remodeling
processes in different asthma phenotypes, improving
lung function without leading to adverse events, such as
immunosuppression.

In this scenario, Wang er al. highlighted how
nanostructured materials can be used as nanocarriers,
either of existing drugs traditionally used to relieve asthma
symptoms (such as hormones and bronchodilators) or
of brand-new drugs that can attenuate the inflammatory
process and airway hyperresponsiveness. They have focused
on studies with organic-based nanoparticulate systems,
which are typically biodegradable and nontoxic. Such
nanocarriers protect the drug cargo against degradation
or inactivation after administration; facilitate its delivery
and enhance its levels in target tissue; promote controlled
release of their cargo, which avoids toxicity and leads to
long-term beneficial effects; and provide stable expression
of therapeutic mediators, while minimizing adverse
effects (8,9). In a recent report, for example, nanocarrier-
mediated delivery of glucocorticoids led to 7 days of
sustained anti-inflammatory effects in experimental asthma,
enabling reduction of the dose and number of doses to
be administered, which may be advantageous in clinical
practice.

When designing a nanocarrier system for drug or
gene therapies for asthma, however, some issues must
be addressed. First, various physiological barriers—i.e.,
the mucus gel layer covering the lung airways, which is
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abnormally thickened in asthma, hindering widespread
distribution of nanoparticles—make this therapeutic
strategy very challenging (10,11). Moreover, intratracheally
delivered nanoparticles need to cross lung epithelium in
order to act in the underlying target cells or even to reach
systemic circulation, as well as overcome macrophage-
mediated phagocytosis in the alveolar space. Furthermore,
neutrophils, together with the complement system,
cytokines, chemokines, and other barriers to nanoparticles
in the airways (12).

Potentials of nanotechnology in asthma drug
delivery

Traditional drugs improved by nanotechnology

The authors discuss that the success of therapeutic
strategies of asthmatic patients relies on adequate drug
delivery to the lungs, thus achieving a high rate of airway
anti-inflammatory efficacy while avoiding some of the side
effects caused by prolonged glucocorticoid treatment. Thus,
the study of inhaled nanoparticles depends upon critical
evaluation of their capacity to effectively achieve high lung
deposition. However, if the increased reached lung doses of
drugs translates into better clinical efficacy with sustained
therapeutic effects still needs to be further accessed (13,14).

Nanoparticles have been manufactured from various
materials—including polymers and metals—with unique
architectures to serve as possible drug vehicles for particular
diseases. The authors also note that technology for “nano-
modification” of traditionally used anti-asthma drugs
mostly focuses on research and development of distinct
surface features nanoparticle carriers. Generally, material
and particle size are selected to improve the stability of
the aqueous suspension, with reduction of toxicity in mind
(15,16). Safety and efficacy have been demonstrated by
appropriate clinical studies (17,18).

In this context, few studies have been developing
and testing new nanoparticles for asthma drug delivery.
Telodendrimers, which are nontoxic nanocarriers
were shown with better loading capacity and stability
throughout the time (over 6 months) when compared to
micelles. They allow slow delivery of formulations with
hydrophobic substances, such as dexamethasone, directly
to the lungs, mitigating airway allergic inflammation and
hyperresponsiveness to a greater extent than same doses of
carrier-free dexamethasone (19).

Patil-Gadhe and colleagues showed that a nanostructured
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lipid carrier loaded with montelukast bypassed hepatic
metabolism, reducing hepatobiliary toxicity, and thus
improving drug’s therapeutic effects (20).

Thus, according to the literature, development of
nanocarriers has already greatly improved the stability
and performance of diverse drugs, and the development of
novel nanoparticles focusing in improving drug delivery
is an interesting and demanding clinical research field,
particularly for new asthma therapies (21).

Gene therapy formulations improved by nanotechnology

Several asthmatic patients are refractory to most used
therapies. For these patients, gene therapy has been shown
to be an alternative, mainly focusing on inducing Th2
antagonists factors or inhibiting Th2 response. Under these
circumstances, gene therapy has been conquering space
as an alternative treatment for these patients and different
structures for delivering a gene to a target organ, the
nanoparticles, have been developed. However, our major
obstacle that has been observed is to be able to develop
structures for the delivery of biological materials that act
differently depending on the organ to be treated and the
desired sustained effects (22). Although easily accessible, the
tracheobronchial tree remains a major challenge, because
depending on the structure that will deliver the biological
material, a greater stability property in physiological fluids
is required to overcome barriers found in the lung (23,24).

In order to overcome the physiological barriers of our
target organ, the lung, different non-viral vectors have
been developed based on different structures such as lipids
and polymers aiming at a better pulmonary distribution of
nanoparticles (12).

One of the most commonly used polycations is
poly(ethylene imine) (PEI) for successful gene delivery,
however this platform has been indicating high
cytotoxicity (25). Different platforms for pulmonary
delivery of biological materials, including polysaccharide
chitosan (26), dendrimers (27), and poly(lactic-co-
glycolic acid) (PLGA)-based polymers (28) have also been
described.

More recently, researchers developed a block copolymers
of poly-L-lysine and polyethylene glycol linked by a
cysteine residue (CK30PEGSK) for thymulin therapeutic
delivery in an allergic asthma murine model, preventing
important asthma hallmarks development, including
collagen deposition and inflammation (29). This platform
has been shown to be nonimmunogenic for human lungs in
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a phase I clinical trial (30).

Accordingly to different studies, the lack for vectors
with high transfection potential and low immunogenicity
is necessary not only for diseases of the respiratory system,
but also for other organs. In this context, Mastorakos et al.
demonstrated a biodegradable DNA nanoparticle able to
overcome thick cystic fibrosis mucus barrier with no signs
of lung cytotoxicity (22).

In conclusion, it is already known that asthma is an
inflammatory pulmonary disorder with different cell and
mediators involved that could be a possible molecular
target for silencing or overexpression in the inflammatory
cascade mediated by gene vectors. However, the safety and
immunotoxicity need to be better investigated.

Inorganic metallic nanoparticles

Inorganic metallic nanoparticles, such as gold and silver,
are widely used in chemistry and engineering as catalysts
for reduction reactions. However, these materials have
recently been explored in the biomedical field, mainly for
cell and biomolecule labeling (Park et 4/., 2010). Due to
their reducing potential, and capability to reduce reactive
oxygen species (ROS), metallic nanoparticles can be used
as antioxidants (Wong er al., 2009). Considering that
the characteristic inflammation of asthma is the result of
increased oxidative stress in the airways, gold (AuNP) and
silver (AgNP) nanoparticles thus have therapeutic potential
for asthma treatment.

Indeed, one study found that 6-nm AgNPs administered
via nebulization (20 ppm, 40 mg/kg body weight/day)
mitigated ROS generation, Th2-mediated inflammatory
response, and airway resistance in a murine model (Park
et al., 2010). Likewise, intranasally administered 6-nm
AuNPs (60 pg/kg animal weight) minimized pivotal
asthma symptoms in Swiss and A/] mice, including airway
hyperreactivity, inflammation, and pulmonary remodeling
(Barreto et al, 2015). These beneficial effects resulted from
suppression of the secretion of proinflammatory cytokines
and chemokines, in a mechanism probably related to the
downregulation of oxidative stress levels (Barreto ez al.,
2015). In both studies, the ovalbumin-induced allergic
asthma model was used, and it is worth mentioning that
metallic nanoparticles were administered prior to the OVA
challenges.

Despite the potential of metallic nanoparticles, their
safety in therapeutic airway procedures should be carefully
examined prior to clinical use. Depending on the particle
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size and concentration, nanoparticles may increase the
inflammatory response in asthmatic patients, just as
natural micro- and nanoparticulate materials suspended
in the environment do (Hussain ez 4/., 2011); this has
been observed in some preclinical studies. After exposure
of control and allergic BALB/C mice to 33-nm AgNPs,
increased protein production in plasma and bronchoalveolar
lavage was observed. These proteins are involved in
processes such as blood coagulation, plasminogen activation,
T-lymphocyte activation, and cytokine and chemokine
production, suggesting that AgNPs modulate immune
processes (Su er al., 2013). Likewise, after intratracheal
inoculation of AuNPs (0.8 mg/kg), airway hyperreactivity
and inflammatory responses were worsened in BALB/c mice
(Hussain et al., 2011).

Nanotechnology in the stem-cell field

Therapies based on stem cells have been extensively
investigated in experimental and clinical trials as an
innovative therapeutic approach for lung diseases, due
to their anti-inflammatory and reparative effects. In this
context, stem cells are known to act mainly through the
secretion of endocrine or paracrine mediators, including
extracellular vesicles (EVs). EVs are intercellular
communication mediators, as they carry microRNA,
mRNA, proteins, and lipid mediators that can induce
beneficial effects similar to those of source cells. EVs,
exosomes (50-200 nm), and microvesicles (150-1,000 nm)
from mesenchymal stromal cells have all been tested in
animal models of allergic airway disease. EVs obtained from
bone marrow-derived mesenchymal stromal cells improved
lung mechanics, reduced peribronchial inflammation,
and mitigated the Th2 and Th17 cell responses (Cruz
et al., 2015). EVs from adipose tissue-derived mesenchymal
stromal cells were also able to reduce inflammation and
airway remodeling in an experimental asthma model (de
Castro et al., 2017).

Summary and future directions

Nanotherapy has been investigated as a promising
strategy to treat asthma. Experimental studies have shown
that nanocarriers are safe and effective. Although much
preclinical research has focused on nanotechnology
as a potential alternative for the treatment of asthma,
surprisingly, no clinical study has been done to date. Many
challenges still need to be overcome before nanotechnology
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can be cross from bench to bedside. A better comprehension
of their mechanisms of action and nanocarriers chemical
structures are crucial for the implementation of more
reasonable trials.
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