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Overview 
Airway gene therapy aims to deliver healthy copies of the CFTR gene directly to the airway cells 
to preserve and restore lung function in cystic fibrosis (CF). While lung-directed gene therapies 
have shown encouraging results in pre-clinical studies, challenges such as inefficient delivery 
and modest therapeutic efficacy continue to hinder progress toward successful clinical 
translation. 
 
Our project set out to tackle these challenges by exploring an innovative magnet-assisted 
delivery approach. We employed magnetic forces to guide and retain our gene therapy vector 
within the airways, with the goal of enhancing vector uptake by target cells and improving 
overall therapeutic effect. The gene therapy platform used in this project is based on a lentiviral 
(LV) vector system, which offers the advantage of longer-term therapeutic effects when 
compared to alternative approaches. 
 
The project was conducted in two phases. The first phase focused on optimising the magnetic 
gene delivery system in cell culture models and performing live airway imaging using X-ray to 
visualise magnetic nanoparticle localisation. The second phase translated these optimised 
methods into rat airways to assess the efficacy of magnet-assisted gene delivery in a living 
system. 

 
Outcomes of the research 

Cell culture experiments 

To begin, we focused on optimising the experimental conditions using airway cell cultures 
derived from rat tissue. This is a highly relevant model that closely reflects the biology of the 
animal studies to follow. These experiments allowed us to test different combinations of our 
gene therapy vector and magnetic nanoparticles (MNPs).  

We found that using a higher ratio of magnetic nanoparticles to lentiviral vector particles (LVs) 
led to a marked increase in gene expression when the cells were exposed to a magnetic field 
(Figure 1). From these studies, we identified the optimal nanoparticle-to-vector ratio to use in 
our subsequent animal experiments. Importantly, our results clearly demonstrated that the 
presence of a magnetic field significantly boosts delivery efficiency. 
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Synchrotron X-ray imaging 

As part of this project, we conducted three research trips to the SPring-8 Synchrotron facility 
in Japan, one of the world’s most advanced X-ray imaging centres. These experiments allowed 
us to directly visualise how magnetic nanoparticles behave within the airways of live rats in 
real time. 

Using this powerful imaging technology, we compared three different magnetic field setups 
to understand how each influenced the movement and distribution of nanoparticles within 
the airway (Figure 2 and Table 1). These studies provided valuable insight into how magnet 
design can affect magnetic targeting in airway gene delivery. 

We also investigated whether applying various agents to the airways would alter nanoparticle 
behaviour. The agents tested included hypertonic saline, isotonic saline, and two mucolytics, 
N-acetyl cysteine (used clinically in CF) and thiolated polyglycerol sulphate (dPGS-SH) (novel 
experimental agent). Preliminary observations suggest that these agents influence how 
nanoparticles spread and move along the airway surface. Detailed analyses are currently 
underway using computational particle tracking methods to quantify these effects. 

 

 

 

 

 

 

 

Figure 1. Increasing the ratio of magnetic nanoparticles (MNPs) to lentiviral vector (LV) particles led 
to the highest levels of gene expression in rat airway cell cultures.  
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Rat gene therapy studies 
Two animal studies were completed as part of this project. The first was a pilot study designed 
to assess the localisation of gene-expressing cells within the airways using different magnetic 
setups. For this, we used a LacZ reporter gene, which produces a blue colour in cells that 
successfully take up the lentiviral vector. By examining the tracheal airways, we were able to 
clearly visualise areas of gene transfer with distinct patterns and intensities of blue staining 
seen across the different magnet configurations (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Images of blue staining in rat tracheal airways show different staining intensity and 
patterns when comparing the three magnetic setups to the no magnet control.  

No magnet Stationary magnet Rotating Halbach  Rotating Ferrous  

Table 1. Characteristics of magnetic nanoparticle movement produced by the three magnets. 
 

Figure 2. Sequential X-ray images of magnetic nanoparticle when exposed to the Halbach rotating 
magnet. The particles formed strings and rotated in orientation as the magnet moved (within the 
red marked area).  
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The second study was a larger experiment that used a luciferase reporter gene, allowing us to 
quantify gene expression by measuring light production (bioluminescence). This provided a 
highly sensitive readout of how much gene expression occurred in the airway tissue. 
Interestingly, although this study achieved strong overall levels of gene expression, there were 
no major differences observed between the magnet-assisted groups and the non-magnetic 
control group (Figure 4). While unexpected, these findings provide important insights into how 
magnet strength, placement, and biological factors interact in living systems, knowledge that 
will guide future optimisation of magnet-based airway gene therapy approaches. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Research Summary 
Our findings were presented at the 2025 American Society of Gene and Cell Therapy Conference 
(New Orleans, Louisiana, USA) in a poster entitled “Optimising Magnetic Guidance of Lentiviral 
Vectors for Improved Airway Gene Therapy Efficacy”. In addition, an abstract based on this work 
has been accepted for presentation at the upcoming Australian Synchrotron User Meeting. Two 
manuscripts are currently in preparation to disseminate these findings. 
 
Major findings from this project include: 
• Exposure to a magnetic field consistently enhanced gene expression in cell culture studies, 

with higher ratios of magnetic nanoparticles to lentiviral vectors improving delivery efficiency. 
• Synchrotron X-ray imaging provided unique insights into how different magnet configurations 

influence the movement and distribution of magnetic particles on the live airway surface. 
• Preliminary results suggest that applying agents to the airways can alter particle behaviour, 

which may have implications for optimising delivery. 
• The pilot rat study suggested that magnetic guidance can enhance airway gene transfer. In 

contrast, the larger follow-up study using bioluminescence quantification showed no 
differences between magnet-assisted and control groups, although overall gene expression 
levels were high. 
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Figure 4. Bioluminescence imaging of rat airways following lentiviral gene delivery showed 
expression levels were comparable between animals not exposed to a magnet and those exposed 
to three different magnetic field setups. 
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Next steps: 
• Investigate the biological and technical factors that may explain why differences were not 

observed in the second study. 
• Assess whether applying agents (such as mucolytics or saline solutions) could enhance 

magnetic nanoparticle behaviour and improve gene transfer efficiency in rats.  
 
Together, these studies have laid important groundwork for developing magnet-assisted airway 
gene therapy as a more effective treatment strategy for CF lung disease. 
 
We thank the Australian Cystic Fibrosis Research Trust (ACFRT) and Cystic Fibrosis Geelong for 
the support of our research.  
 

 
 


