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“Advancements in the field of drug delivery, particularly nanoparticles, is providing an extra edge in combating
the emerging complications of airway remodeling in chronic respiratory diseases.”

Several million people around the globe are affected by chronic respiratory disorders (CRDs) such as asthma,
chronic obstructive pulmonary disease (COPD), TB and lung cancer. This also includes, around 500 million
people from developed countries who suffer from these CRDs [1]. CRDs are typically diseases related to lung
airways. The prevalence of CRDs in children and especially in the elderly, is rapidly growing and the associated
strains have negatively affected many people’s lives [2]. The WHO data suggests that, the mortality rate due to CRDs
was 4.6 million in the past and has reported concerns that this number might rise dramatically in the future. Few
of the important triggering factors involved in these CRDs include allergens, air pollution and smoking tobacco [3].
Moreover, global pandemics such as the coronavirus disease (COVID-19) may also contribute to exacerbate the
conditions of various CRDs, particularly by triggering the airway remodeling features.

Airway remodeling
Chronic respiratory diseases primarily occur due to radical changes in the respiratory tract called as remodeling [4].
In the pathophysiology of the respiratory system, remodeling is specifically concerned with the occurrence of highly
composite structural transformations that affect the airways, such as, disruption of the epithelial cells, inflammatory
cell infiltration and apparent thickening of the basement membrane due to collagen deposition resulting in increased
mucus glands secretions [5]. This process of continued disruption and modification of structural cells and tissues
leading to the development of a new airway-wall, and as a result, to an altered physiology, is known as airway
remodeling [6]. These mechanisms are of much interest in terms of the pathogenesis of asthma and are primarily
influenced by principles of immunology and inflammation in the debate regarding asthma causation. While there
are well-known airway structural changes in chronic COPD, much less attention is paid to the pathology of the
disease. This is likely because they are more superficial and they overshadow the neighbouring emphysematous
tissue destruction [7].

There are several ‘remodeling’ processes; however, the changes found in proportion are very different. Such
modifications include fibrosis of the airways, decreased smooth muscle mass, mucous metaplasia, hypertrophy of
the glandulas, as well as, lesser well-defined changes in bronchial vasculature and nerves. In the case of asthma,
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bronchial portions and subsegmental walls have their whole dimensions thickened [8]. In COPD, only the inner
wall of the major airways is thicker and more persuasive. The peripheral airways are often distinctly remodeled in
COPD, typically free of cartilage or bronchial tissue [9,10].

Advanced drug delivery for regeneration
Like most airway remodeling, transient airflow obstructions, caused by inflammation, mucus spikes and bronchial
hyper-reactiveness are associated with CRDs, for instance. Given the present care and management choices, a
substantial number of patients remain poorly managed for such diseases, namely, asthma and COPD, which are
usually triggered by a respiratory virus infection. As a result, new innovative drug therapies remain important in
order that exacerbations can be better managed and avoided. Thus, various advanced therapies have been developed
in the field of drug delivery in respiratory diseases such as nanoparticles (NPs), including extracellular vesicles and
their synthetic equivalents [11].

Ideally, these new therapeutic strategies are focused on the activation of the regenerative capacity of the lung
itself. Understanding the various pathways and the targeted delivery of drugs that initiate, sustain, modulate, and
conclude normal lung development could be essential to new regenerative approaches by reactivating pulmonary
disease pathways [12].

Targeted advanced drug-delivery strategies can provide increased accumulation, greater effectiveness and en-
hanced protection. Gabriela et al. recently coupled an anti-fibrotic small molecule (αPV1) with an anti-PV1
antibody and reported a substantial reduction in lung fibrosis in idiopathic pulmonary fibrosis, compared with an
isotype controlled antibody [13]. Juan et al. made ATG101 single-stranded antisense RNA-loaded DNA triangular
NPs (ssATG101-TNP) to knock down expression of the ATG101 gene. They demonstrated that ssATG101-TNP
can efficiently be transfected into human pulmonary arterial endothelial cells in a time and dose-dependent manner,
and knockdown of ATG101 stimulates the cell apoptosis and inhibits hypoxic cell autophagy and proliferation
as a possible therapeutic goal for endothelial injury related conditions [14]. In scleroderma associated interstitial
lung disease (SSc-ILD), patients with derived cells in an experimental lung fibrosis model, were administered
with imatinib loaded gold nanoparticles (GNPs). GNPs were synthesized using anti-CD44 and were loaded with
imatinib (GNP–HCIm). Patients with scleroderma associated interstitial lung disease were diagnosed with lung
fibroblast and alveolar macrophages in the presence of NPs from bronchoalveolar lavage fluids. Their research
showed that the GNP–HCIm significantly inhibited proliferation and viability inducing apoptosis of LFs and
effectively reduced IL-8 release, viability and M2 polarization in alveolar macrophages. [15].

Tsai et al. reported that cerium dioxide NPs can reduce Ca2+ cytosolic change and TiO2 NP-induced mi-
tochondrial damage. Their team presented evidence that TiO2 NPs can attenuate hypersecretion and apoptosis
progression [16]. In a most recent study conducted by Chattopadhyay et al., atropine nanoparticles (ANPs) have
been shown to suppress inflammatory cytokines, reduce shallow breathing and normalize the hyper-responsiveness
of the tidal tissue and obstructed lungs. Moreover, treatment with ANP reduced progressive blockage of the airway
and decreased deposition of collagens. Thus, ANP strengthens the airway surfaces of the lung and reduces lung
hyperaction, blockage and inflammation [17]. Lou et al. showed the significance of miRNA in airway remodeling. It
was shown that miR-192-5p had an overexpressed effect in the smooth muscle cells in airways. In addition, in vitro
and in vivo asthma mice demonstrated a similar effect which was shown to be the effect of miR-192-5p on prolif-
eration [18]. Prior to this, various other studies have also reported the potential of miRNA in tissue regeneration.
Simeoli et al. in their research showed that the delivery of LNA-based anti-miR21 and anti-miR-712 in mouse
models of atherosclerosis and nerve trauma reduced the inflammatory macrophage number through liposomes or
cationic lipids-coated NPs [19,20]. All of these evidences in one way or other, state that the combinations of the
different targeted approach contribute to the drug research and development for airway tissue regeneration.

Conclusion
Advancements in the field of drug delivery, particularly NPs, is providing an extra edge in combating the emerging
complications of airway remodeling in chronic respiratory diseases. Considering the fact that remodeling worsens
the respiratory disease pathology, it is an emerging and demanding area of research to be explored by translational,
clinical and drug-delivery scientists to provide a new direction to the pulmonary clinics especially during the
current, complex and uncertain times of global pandemic situation.

10.4155/fmc-2020-0091 Future Med. Chem. (Epub ahead of print) future science group



Incipient need of targeting airway remodeling using advanced drug delivery Commentary

Financial & competing interests disclosure

K Dua is supported by a project grant from Rebecca L Cooper Medical Research Foundation and Sydney Partnership for Health,

Education, Research and Enterprise for the TRIPLE I CAG Secondment/ Exchange grant. PM Hansbro is supported by a fellowship

from the National Health and Medical Research Council of Australia (NHMRC #1079187). KR Paudel is supported by a fellowship

from Prevent Cancer Foundation/International Association for the Study of Lung Cancer. M Mehta is supported by the Graduate

School of Health and University of Technology Sydney (International Research Training Program Scholarship). The authors have no

other relevant affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict

with the subject matter or materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

References
1. Global initiative for asthma: Asthma management and prevention 2019. Pract.

Nurse (2019). https://ginasthma.org/pocket-guide-for-asthma-management-and-prevention/

2. Mehta M, Deeksha, Sharma N et al. Interactions with the macrophages: an emerging targeted approach using novel drug delivery
systems in respiratory diseases. Chem. Biol. Interact. 1(304), 10–19 (2019).

3. Mehta M, Deeksha, Tewari D et al. Oligonucleotide therapy: an emerging focus area for drug delivery in chronic inflammatory
respiratory diseases. Chem. Biol. Interact. 308, 206–215 (2019).

4. Grzela K, Litwiniuk M, Zagorska W, Grzela T. Airway remodeling in chronic obstructive pulmonary disease and asthma: the role of
matrix metalloproteinase-9. Arch. Immunol. Ther. Exp. (Warsz) 64(1), 47–55 (2016).

5. Halwani R, Al-Muhsen S, Hamid Q. Airway remodeling in asthma. Curr. Opin. Pharmacol. 10(3), 236–245 (2010).

6. Saglani S, Lloyd CM. Novel concepts in airway inflammation and remodeling in asthma. Eur. Respir. J. 46(6), 1796–1804 (2015).

7. Burleson SCM, Fick RB, Mannie MD, Olmstead SG, Van Scott MR. The immune basis of allergic lung disease. Richard A (Ed.). In:
Comparative Biology of the Normal Lung (2nd Edition). Elsevier, ME, USA (2015).

8. Jones RL, Noble PB, Elliot JG, James AL. Airway remodeling in COPD: it’s not asthma! Respirology 21(8), 1347–1356 (2016).

9. Samitas K, Carter A, Kariyawasam HH, Xanthou G. Upper and lower airway remodeling mechanisms in asthma, allergic rhinitis and
chronic rhinosinusitis: the one airway concept revisited. Allergy Eur. J. Allergy Clin. Immunol. 73(5), 993–1002 (2018).

10. Fehrenbach H, Wagner C, Wegmann M. Airway remodeling in asthma: what really matters. Cell Tissue Res. 367(3), 551–569 (2017).

11. Sharma P, Mehta M, Dhanjal DS et al. Emerging trends in the novel drug delivery approaches for the treatment of lung cancer. Chem.
Biol. Interact. 309, 108720 (2019).

12. Anderson CF, Grimmett ME, Domalewski CJ, Cui H. Inhalable nanotherapeutics to improve treatment efficacy for common lung
diseases. Wiley Interdiscip. Rev. Nanomed. Nanobiotechnol. 12(1), e1586 (2020).

13. Marchetti GM, Burwell TJ, Peterson NC et al. Targeted drug delivery via caveolae-associated protein PV1 improves lung
fibrosis. Commun. Biol. 2(92), 1–10 (2019).

14. Du J, Xu Z, Liu Q et al. ATG101 single-stranded antisense RNA-loaded triangular DNA nanoparticles control human pulmonary
endothelial growth via regulation of cell macroautophagy. ACS Appl. Mater. Interfaces 9(49), 42544–42555 (2017).

15. Codullo V, Cova E, Pandolfi L et al. Imatinib-loaded gold nanoparticles inhibit proliferation of fibroblasts and macrophages from
systemic sclerosis patients and ameliorate experimental bleomycin-induced lung fibrosis. J. Control. Release 310, 198–208 (2019).

16. Tsai SM, Duran-Robles E, Goshia T et al. CeO2 nanoparticles attenuate airway mucus secretion induced by TiO2 nanoparticles. Sci.
Total Environ. 631(632), 262–269 (2018).

17. Chattopadhyay P, Pathak MP, Patowary P et al. Synthesized atropine nanoparticles ameliorate airway hyperreactivity and remodeling in
a murine model of chronic asthma. J. Drug Deliv. Sci. Technol. 56, 101507 (2020).

18. Lou L, Tian M, Chang J, Li F, Zhang G. MiRNA-192-5p attenuates airway remodeling and autophagy in asthma by targeting MMP-16
and ATG7. Biomed. Pharmacother. 122, 109692 (2020).

19. Kheirolomoom A, Kim CW, Seo JW et al. Multifunctional nanoparticles facilitate molecular targeting and miRNA delivery to inhibit
atherosclerosis in ApoE-/- mice. ACS Nano 9(9), 8885–8897 (2015).

20. Simeoli R, Montague K, Jones HR et al. Exosomal cargo including microRNA regulates sensory neuron to macrophage communication
after nerve trauma. Nat. Commun. 8(1778), (2017).

future science group 10.4155/fmc-2020-0091

https://www.ginasthma.org/pocket-guide-for-asthma-management-and-prevention/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




