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Short Abstract:  Recombinant adeno-associated virus delivered into the lateral ventricles of newborn mouse pups allows for rapid creation of brain-specific transgenic animals. 
Long Abstract: Recombinant adeno-associated viral vectors (rAAV) transduce non-dividing cells with high efficiency, are intrinsically non-pathogenic, and cause no inflammatory reaction in the host.  When delivered into the lateral ventricle of newborn mice less then 24 hours old, rAAV2/1 infects neurons throughout the brain resulting in stable transgene expression for the lifetime of the animal.  We refer to this technique as “somatic brain transgenesis” (SBT). Expression is largely restricted to neurons, though other cells in the choroid plexus and ependymal lining of the ventricle are efficiently transduced. The injections can be performed free-hand on cryo-anesthetized pups, making this technique both cost- and time-effective compared to conventional germline transgenics.  Viral transgene expression is particularly strong in regions of the hippocampus and forebrain, but can also be found in olfactory bulb and cerebellum.  By limiting expression to the brain after neurogenesis is largely complete, this technique avoids complications found with embryonic or peripheral expression of some transgenes. Titer, serotype, transgene promoter, and timing of delivery all influence the transgene expression.  Herein, we describe the basic methodology and ways to rapidly optimize the technique to best suit the experimental design.  SBT offers rapid screening of transgenic constructs at minimal cost and can be easily mastered following nominal training using readily-available laboratory tools.

Protocol Text: 

1. AAV injection should be performed quickly to minimize the time the pups are separated from their mother. The pups must be less than 24 hours old; best results are obtained with pups injected within a few hours of birth.  By P1, virus injected into the ventricle will not spread through the brain and expression of transgenic proteins will be limited to the choroid plexus and ventricular lining.

2. Prepare an ice bucket, aluminum plate (approx. 4” x 5” x ½”), warming blanket, 10 μl Hamilton syringe, 30 gauge removable needles (1 inch, point style 4), and an aliquot of sterile AAV prep or PBS as a negative control.
3. Take the nest with the entire litter out of the cage to minimize disturbance to the mother and try not to touch the pups directly so their scent will not be altered.  Put the nest in a clean cage or other container for the duration of the procedure.

4. Make a depression in the ice and line it with aluminum paper. Put first four pups on the foil for 3-4 min, watching for all movement to stop and skin color to change from pink to purple indicating they are fully cryo-anesthetized. 
5. Fill the syringe with the virus or PBS. 

6. Place the metal plate on ice. Put one of the anesthetized pups onto the plate belly-down; swab the head with iodine to disinfect the skin.

7. Position the needle at the injection site, located halfway between lamda and the eye (Fig.1) while holding the pup with your other hand. The angle of injection should be 45o to a depth of approx. 1.5 mm. Make sure the pup is immobile and the skin is not stretched as these factors can affect the accuracy of the injeciton. 
(Alternatively, injection can be performed with a Nanofil injector fitted with a foot pedal for remote delivery of virus. This system allows more precise injection volumes and partially frees the injection hand so that the pup can be held more steadily. It is important to clean the tubing thoroughly when switching to a different virus.)
8. Slowly inject 2 μl of virus into the ventricle. Hold the needle in place 10 sec after the injection is complete before slowly pulling it out. There should be no reflux at the injection site when done properly.  We recommend using a solution of 1% Evans Blue for visualization of the injection during training.  Correctly targeted injections will fill the lateral ventricle, which can be easily seen through the translucent skin of the newborn pups.  
9. After injection, place the pup on a warming blanket for recovery. When the skin pinks up and pup begins moving independently it can be returned to the nest.   Before the last pup is injected, the next four can be placed on ice to begin cryo-anesthetization. 

10. When all of the pups are injected and recovered, return the nest to the mother.
11. Rinse the syringe and needle with 10% bleach to inactivate any residual AAV, then rinse repeatedly with sterile water to remove the bleach.  Finally, sterilize with 70% ethanol and dry thoroughly.
12. Check the cage once an hour after the procedure and again the following day to make sure the female has accepted the pups and has begun nursing. In rare cases, the pups must be fostered to another female.

13. Three weeks after the injection, widespread neuronal expression of the gene can be detected in the brain by immunohistochemical methods.

Representative Results: – Intracerebroventricular (ICV) injection of transgenes packaged into rAAV of serotype 1 (rAAV1) in P0 mouse pups results in widespread transduction of the mouse brain.  Transgene expression is largely neuronal and maintained at high levels for the lifetime of the mouse.  We have evaluated gene expression following bilateral injection of rAAV encoding GFP  into the lateral ventricles (2X1010 genome particles/hemisphere).  GFP expression was detected by anti-GFP antibody three weeks post-infection. The most striking expression was seen in neurons of the hippocampus and ependymal cells of the choroid plexus. GFP expression was also detected in neurons of the frontal cortex and periventricular areas.  The spread of AAV transduction strongly correlated with the age at which the pups were injected.  Mice injected during the first 17 hours after birth express GFP throughout the brain, whereas mice injected at 24 to 36 hr of age show expression limited to periventricular regions (Fig. 2); it is critical to inject mice at P0 to attain widespread transgene expression by this technique.  Despite undergoing an invasive intracranial procedure, no post-operation mortality or morbidity was observed in mice of any age injected with AAV1-GFP. 
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Discussion:  Somatic brain transgenesis allows rapid and inexpensive creation of brain-specific transgenic mice. The injections can be done freehand, with virtually no mortality as a result of the procedure. This technique is equally effective in rat pups, thereby circumventing the technical limitations of making germline transgenic rats.  Starting from a high-titer, high-infectivity virus, and timely injections, one should expect consistently strong gene expression throughout the brain and lasting the lifetime of the animal using this methodology.
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	10 μl Hamilton syringes
	Hamilton
	84852 801N
	With replaceable needle

	Hamilton needles RN NDL 6/PK (30/1''/30)S
	Hamilton
	7803-07
	

	Heating Blanket
	Fisher
	11-496-36A
	

	Anti-GFP antibody
	Invitrogen
	A11122
	

	Nanofil injection kit
	WPI
	IO-KIT
	

	Nanofil syringe 
	WPI
	NANOFIL-100
	

	Four channel micro controller 
	WPI
	SYS-MICRO4
	

	Footswitch for SYS-Micro4 Controller 
	WPI
	15867
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Fig.2  Age at injection determines the viral spread.  Newborn mouse pups were injected with 2 x 1010 viral genomes per hemisphere at progressively older ages. Three weeks later brains were removed, fixed, and immunostained with anti-GFP antibody.  Animals injected within the first 7 hours after birth show the widest distribution of transgene expression three weeks later.  By P1, ICV viral injection results in considerably more limited transduction.








Fig.1.  Anatomical landmarks to identify the injection site. Draw an imaginary line from the ear to bregma. Draw another line from the eye to lambda.  The injection site is located at the intersection of these two lines, with the needle positioned perpendicular to the skull.  











