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1”groundbreaking Phase 1 human clinical trail using Adenoviral gene transfer or Aquaporin-1 (AQP1) to a single salivary gland  from radiation induced xerostiomia – 

“unfortunately, the limitations o the Adenoviral vecor system usedin this pioneering trial preclude its advancement to a Phase II trial, and we have thus undertaken to evaluate the therapeutic potential of ultrasound-assisted nonviral gene transfer (UAG) as an alternative means of delivering AQP1 gene therapy to the salivary gland”

Compare head-to-head with canonical Adenoviral vectyor in a swine model. 
Irradiated one side – but found sustained hyposalivation that was bilateral. 
Treatment with unilateral AQPI gene therapy and UAGT (ultrasound assisted nonviral gene transfer) – bilateral restoration of stimulated salivary flow at 46 h and one week post treatment.

Phase I clinical trial.4,5 This gene therapy strategy is targeted to the ductal cells of the salivary gland, which, in contrast to the saliva-producing acinar cells, are resistant to ionizing radiation and survive radiotherapy largely intact. Using an Adenoviral vector to express

Aquaporin 1 (AdAQP1) in parotid gland ductal cells, Baum et al.5 developed a treatment paradigm that results in the transcellular flux of interstitial fluid across the ductal cell layer and into the intraductal labyrinth of the salivary gland, where the fluid can be expelled to produce palliative oral wetness

“Despite this remarkable success, a Phase II trial of AdAQP1 is not planned, as the therapeutic effect is transient and this vector is not suitable for the re-administration required to treat this chronic condition.”

Adenovirus elicits a strong host immune response in humans, and this response is thought to be progressive with repeated exposure.6,7 In aggregate, successful application of AQP1 gene therapy in radiation-induced xerostomia is dependent upon the clinical implementation of a gene therapy technique that evades host immune response and allows for periodic re-administration throughout the lifetime of the individual.

Our efforts toward this goal have focused on ultrasoundassisted gene transfer (UAGT) to the salivary gland, which combines the use of a nonviral DNA vector and lipid/perflutren microbubbles with a low-frequency acoustic field to create a ‘sonoporation’ effect, allowing gene transfer to the cells of the salivary gland without the introduction of viral antigens.

Most notably, this method uses three safe and clinical-grade components: (1) clinical ultrasound; (2) perflutren lipid microbubbles, which have been approved for intravascular administration to humans;10 and (3) plasmid DNA vectors.
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For UAGT, Definity microbubbles (Lantheus Medical Imaging, North Billerica, MA, USA) were activated per manufacturer’s instructions immediately before the procedure and mixed with 1 mg ml − 1 plasmid vector (either pCMV-pAQP1 or pCMV-MetLuc) before being added to the infusate (total dose 3 mg). Immediately after infusion, a layer of clinical ultrasound gel was applied to the skin overlying the parotid gland, and SoniGene ultrasound beam emitter (VisualSonics, Toronto, Canada) was applied to the skin and moved over the outline of the parotid gland using a gliding motion. A total ultrasound exposure of 4 treatments comprising 30 sec each, 2 W cm− 2 at a 50% duty cycle with 10 sec between treatments was delivered. Following gene transfer, the animal was allowed to awaken and returned to its housing.
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This method has been shown to successfully express transgenes within the salivary gland of rodents,8,9
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