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SUMMARY:  36 
Salivary glands have been proposed as a tissue target site for gene therapy, especially in the area 37 
of vaccination by gene transfer. We demonstrate gene delivery in a non-human primate model 38 
utilizing retrograde parotid infusion. 39 
 40 
ABSTRACT:  41 
Salivary glands are an attractive tissue target for gene therapy with promising results already 42 
leading to human trials. They are inherently capable of secreting proteins into the bloodstream 43 
and are easily accessible, making them potentially superior tissue sites for replacement hormone 44 
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production or vaccination by gene transfer. Suggested methods for gene delivery include 45 
transcutaneous injection and retrograde infusion through salivary ducts. We demonstrate how 46 
to perform Retrograde Salivary Gland Infusion (RSGI) in non-human primates. We describe the 47 
important anatomic landmarks including identification of the parotid papilla, an atraumatic 48 
method of cannulating and sealing Stensen’s Duct utilizing basic dental tools, polyethylene 49 
tubing, and cyanoacrylate, and the appropriate rate of infusion. While this is the least traumatic 50 
method of delivery, the method is still limited by the volume able to be delivered (<0.5 mL) and 51 
the potential for trauma to the duct and gland. We demonstrate using fluoroscopy that an 52 
infusate can be fully delivered into the gland, and further demonstrate by immunohistochemistry 53 
the transduction of a typical vector and expression of the delivered gene.  54 
 55 
INTRODUCTION:  56 
While salivary glands are well known for their exocrine production of saliva, researchers have 57 
long recognized their ability to secrete proteins directly into the bloodstream1, making them a 58 
potential target for gene therapy for systemic administration, such as replacement hormones or 59 
antibody production. In fact, salivary glands offer several advantages over other tissue targets, 60 
such as the inherent ability to produce proteins for secretion (a property muscles lack), heavy 61 
encapsulation that can limit vector diffusion, and well-differentiated tissue providing stability for 62 
non-integrating vectors. Furthermore, in the event of a serious adverse event, salivary glands are 63 
not critical for life and can be surgically removed. While not immediately intuitive, parotid glands 64 
are also easily accessible from the mouth through their main excretory duct, Stensen’s Duct2.  65 
  66 
Given the advantages of salivary tissue for gene therapy, there is increasing interest in exploring 67 
this tissue target. Numerous studies have already been performed in rodent, canine, and non-68 
human primate models and at least one human clinical trial is underway3–5. To further explore 69 
and develop the utility of this tissue target for gene therapy purposes, more non-human primate 70 
studies will need to be performed. This paper describes a method for accessing the parotid glands 71 
through Stensen’s Duct to deliver a vectored gene for transduction in the non-human primate 72 
model. To visibly demonstrate the delivery of the infusate and the anatomy of the duct as it 73 
enters the gland, fluoroscopy using radiocontrast was performed. To demonstrate successful 74 
transduction of a vector, an Adenovirus serotype 5 (Ad5) vectored egfp gene was used. Ad5 is a 75 
well-described vector capable of transducing salivary tissue. Although it is too immunogenic for 76 
ultimate clinical use, an Ad5 vector was chosen for this demonstration study to assure efficient 77 
transduction. Evaluating Enhanced Green Fluorescent Protein (EGFP) production is a well-78 
described method to demonstrate successful transcription and translation of a vectored gene 79 
following transduction and was done here.  80 
 81 
PROTOCOL:  82 
 83 
All procedures were performed at Wake Forest School of Medicine Clarkson Campus for animal 84 
studies. The Institutional Animal Care and Use Committee (IACUC) was consulted for ethical 85 
considerations and details of the procedures was submitted for review. Wake Forest IACUC 86 
approved our study protocol and all procedures were done under IACUC approved protocol 87 
#A17-147 88 
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 89 
1. Preparing the infusion device 90 
 91 
1.1 Cut size 10 Polyethylene Tube (PET10) into 25 cm lengths using a pair of scissors. 92 
 93 
1.2 Mark PET10 at 1 cm and 2 cm from one end using a black marker. 94 
 95 
1.3 Prefill 0.5 mL of Ad5-EGFP solution (109 viral particles/mL) into a 1 mL (tuberculin) syringe.  96 
 97 
1.4 Slide non-marked end of PET10 tube over 29-31 G needle attached to a syringe. It is 98 
generally easier to perform this task under magnification. 99 
 100 
1.5 Infuse the solution into the PET10 until tube is completely full (visible drop at free end). 101 
 102 
2. Preparing the animal 103 
 104 
NOTE: Cynomolgus macaques were used for the video demonstration. The anatomy of other non-105 
human and human primates is very similar, and the protocol should be translatable to other 106 
species.  107 
 108 
2.1 Inject subcutaneously 0.05 mg/kg of atropine 15 min prior to the procedure to minimize 109 
salivary secretions and optimize distribution and retention of the infusate. 110 
 111 
2.2 Provide anesthesia using 5 mL syringes with intramuscular ketamine/midazolam (10-15 112 
mg/kg of ketamine and 0.01-0.05 mg/kg of midazolam). Confirm proper anesthesia when the 113 
sedated animal becomes unconscious and is unable to react to stimuli. 114 
 115 
3. Performing the procedure 116 
 117 
3. 1 Use oral retractors to brace open mouth.  118 
 119 
3.1.1 Place the rubber pad of one end of the retractor on the hard palate behind the upper 120 
teeth on the side of the mouth opposite to the gland that will be infused. Place the rubber pad 121 
of the other end on the lower canine on the same side as upper retractor. Gently allow the spring 122 
action of the retractor to expand and open the mouth.  123 
 124 
3.2 Identify the parotid papilla, the opening of Stensen’s Duct, on the posterior cheek, 125 
adjacent to the upper 2nd molar. This is best visualized using dental loops for magnification.  126 
 127 
3.3 Gently dilate the parotid papilla with the point of the conical dilator. It is best to place the 128 
point of the dilator into the center or opening of the papilla and then gently rotate it back and 129 
forth. The point should slowly enter the papilla and dilate it over approximately 20 – 30 s of gentle 130 
rotating.  131 
 132 
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3.4 Insert the PET10 tubing into the dilated parotid papilla. This is best achieved by holding 133 
the marked end of the PET10 tube with tweezers approximately 0.5 cm from the distal end and 134 
gently inserting the tip of the tube into the dilated papilla. 135 
 136 
3.4.1  Gently advance the tube, which is often facilitated by small rotating movements to help 137 
the tube slide, followed by readjustment of the tweezers 0.5 cm proximal to the previous grip. 138 
Repeat this until the 2 cm mark reaches the parotid papilla. 139 
 140 
3.5 Apply cyanoacrylate on the cheek around the papilla and the inserted tube and wait for 141 
it to dry (no specific amount recorded, just enough to seal the entrance of Stensen’s duct papilla). 142 
This typically takes less than a minute and helps seal the parotid papilla and reduce spillage of 143 
infusate back in the oral cavity. 144 
 145 
3.6 Slowly push the syringe content over 5 min at a rate of 100 µL/min. This slow infusion rate 146 
minimizes risk of duct injury due to sudden increase in intra-ductal pressure. 147 
 148 
3.7 Leave PET10 in place for at least 5 min after infusion is complete. Keep the duct sealed 149 
and allow the infusate to remain in the parotid gland. 150 
 151 
3.8 Remove PET10 with gentle traction. The cyanoacrylate will pull free with the tube.  152 
 153 
3.9 Repeat steps 3.2 through 3.8 on the opposite side. 154 
 155 
3.10 Slowly release oral retractors after both parotids have been infused and both PET10 tubes 156 
removed. 157 
 158 
NOTE: The whole procedure for both sides should take less than 30 min. 159 
 160 
4. Post-procedural care 161 
 162 
4.1 After infusion is completed and Stensen’s duct decannulated, observe animals until 163 
anesthesia effect wears off (usually between 20-30 min post-procedure).  164 
 165 
4.2 Offer the animal drinks and then food after they are fully awake and resume routine care.  166 
 167 
REPRESENTATIVE RESULTS:  168 
Successful procedure, transduction and transcription 169 
Figure 1 shows the parotid papilla adjacent to the 2nd molar on the posterior superior cheek. The 170 
image also shows the correct placement of the mouth brace, one rubber end on the hard palate 171 
and the other rubber end on the ipsilateral canine. Figure 2 shows an image taken after successful 172 
cannulation of the parotid papilla at the 2 cm mark on the PET10. Figure 3 shows a fluoroscopy 173 
image at the moment of a radiocontrast infusion demonstrating branching of the solution 174 
through Stensen’s Duct and into the parotid gland. This fluoroscopic image was performed for 175 
the sole intention of demonstrating the anatomy and distribution of an infusate. Fluoroscopy is 176 
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not required when performing this procedure for vector delivery. Figure 4 shows EGFP 177 
immunostained in red on histopathology. Both ductal and acinar cells have been stained in red, 178 
indicating successful transduction and transcription in both cell types. In summary, these four 179 
figures demonstrate appropriate RSGI with visualization of the anatomy and of transduction of 180 
Ad5 vectored EGFP.  181 
 182 
FIGURE AND TABLE LEGENDS:  183 
Figure 1: Parotid papilla. Note the circle on the figure highlighting the parotid papilla adjacent to 184 
the 2nd molar on the posterior cheek. Also note the placement of the mouth brace, with one 185 
rubber end on the hard palate and the other rubber band on the lower canine.  186 
 187 
Figure 2: Parotid papilla cannulation by PET10. Note the 2 cm mark on the PET10 tube visible at 188 
the parotid papilla (arrowhead), located on the posterior cheek, adjacent to the 2nd upper molar. 189 
 190 
Figure 3: Fluoroscopy image showing diffusion into parotid gland. Note branching at the end of 191 
Stensen’s duct (arrowhead) as it branches into smaller ducts in the parotid gland (Circle). 192 
 193 
Figure 4: Pathology slide of parotid gland. Note expression of EGFP (stained in red) by 194 
ductal/acinar parotid tissue.  195 
 196 
DISCUSSION:  197 
Here we describe a protocol of retrograde infusion into the parotid gland through Stensen’s Duct. 198 
The methodology described offers guidance that can potentially be used by researchers exploring 199 
the utility of salivary tissue as a site for gene therapy and other applications. 200 
 201 
There are multiple critical steps to ensure the success of the procedure. First and foremost, all 202 
the procedural steps should be completed gently. Forceful bracing of the mouth could result in 203 
mandibular subluxation. Forceful cannulation of the parotid papilla or rapid infusion of the 204 
solution into Stensen’s Duct could result in acute ductal tears or chronic ductal stenosis. 205 
 206 
Secondly, ensure that anesthesia has been administered and is effective. Without proper 207 
anesthesia, none of the steps can be easily accomplished and risk of animal and human injuries 208 
are significantly increased. We opted for intramuscular anesthesia with ketamine and 209 
midazolam, which is a standard regimen in non-human primate studies6. We consider atropine 210 
to be important for reducing salivary secretions during the procedure, improving visibility of the 211 
anatomy and reducing washout of the infusate prior to transduction7,8.  212 
 213 
A step that is often challenging is the initial cannulation and advance of the PET10 into the parotid 214 
papilla and Stensen’s Duct. Gentle rotation of the PET10 while inserting facilitates these steps. 215 
Excessive pushing could lead to ductal injuries. 216 
 217 
The procedure is mainly limited by the fragility and the size of the tissue. This requires very gentle 218 
technique and use of magnifying loops and small tools to ensure proper cannulation, advance of 219 
tubing and delivery of the infusate. Another potential limitation is the volume of infusate that 220 
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the parotid glands are capable of accommodating. Previous studies have infused a maximum 221 
volume of 0.5 mL into each parotid gland, totaling 1 mL per animal6,9,10. While this does not 222 
directly affect the procedure itself, depending upon the drug concentration in the infusate, it may 223 
prove limiting for a desired physiological effect.  224 
 225 
RSGI offers the least traumatic option if salivary gland infusion is desired. Alternatives such as 226 
transcutaneous or US-guided percutaneous injections carry the risk of facial nerve injury. 227 
Furthermore, these procedures may fail to achieve adequate distribution to the entire gland, 228 
whereas RSGI utilizes the duct system to assure distribution. Fluoroscopy was performed with 229 
standard radiocontrast solution solely for the purpose of this article to demonstrate that RSGI 230 
delivers a full infusate with good distribution throughout the whole gland. This was performed 231 
separately from the actual infusion of the Ad5 vector. Fluoroscopy and/or other X-ray imaging 232 
performed during RSGI for delivering gene vectors would not be helpful and is not recommended.  233 
 234 
As the field of therapeutics by gene transfer continues to evolve, salivary glands as a target tissue 235 
are already gaining popularity2,5. Ponzio et al. offer a great review about the advantages of the 236 
salivary glands as targets for immunization4. As encapsulated, non-vital glandular tissue which 237 
we have demonstrated is easily accessible, the parotid glands constitute an ideal gene therapy 238 
platform. RSGI offers the least traumatic technique for gene transfer into the glands.  239 
 240 
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