In-utero electroporation of the mouse eye at e13.5 to target retinal ganglion cells
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SHORT ABSTRACT

Our protocol demonstrates a way in which genes of interest can be ectopically misexpressed in the developing mouse retina specifically targeting the retinal ganglion cells (RGCs). This allows in mammals in vivo functional studies of genes involved in RGC differentiation, axon guidance and projections, and retinotopic map development.

LONG ABSTRACT

The mouse is a widely used animal model system when studying gene function, and the generation of genetically altered animals through ES cell gene targeting and subsequent blastocyst injections or pronuclear injections of DNA constructs is popular and viable now, resulting in a variety of mouse mutants, including knock-outs, knock-ins, conditional alleles and other transgenic lines. However, it is labour intensive, expensive and usually time consuming (>1 year) to create such a mouse line. Moreover, due to positional integration effects during the generation of transgenic lines, the resulting expression pattern of the gene of interest or knock-down construct may be highly variable. The electroporation technique allows for a more restricted spatio-temporal expression of a gene of interest and is already widely used in other animal systems where the embryo is accessible independent of the mother, for example in chick, xenopus and zebrafish. In mice, a recovery surgical procedure is necessary to access the embryos and inject and electroporate through the uterine wall. Here we present a protocol whereby expression of DNA constructs can be achieved in the eye, specifically targeting retinal ganglion cells (RGCs), the sole output neurons that transmits visual information to the brain. This allows us to observe RGCs during development in a timescale of weeks, and analyze not only their differentiation and migration within the retina, but also the projections of their axons to their future thalamic and midbrain targets after misexpressing genes of interest. The expression of a particular construct -without being integrated into the genome- is long lasting (several weeks to months), because of the fact that postmitotic cells are electroporated. Furthermore, the technique has several advantages over the generation of a transgenic mouse line: Firstly, it is very fast. Secondly, multiple expression or knock-down constructs can easily be used simultaneously. Thirdly, electroporation of one retina allows the untreated side to be left as a control tissue for the same animal and finally, this technique can be used in combination with other genetic tools such as electroporation of cre-recombinase expression constructs into a mouse line containing a floxed conditional allele to create a unique pattern of recombination. 

PROTOCOL
1. Preparation

1.1 Turn on the heating mat and pre-warm the sterile PBS solution in a 37oC water bath. 

1.2 Set up the electroporator to desired parameters, in our case: five 50ms square electric pulses at 30V with 950ms intervals. Plug in electrode paddle and foot pedal.
1.3 The plasmid DNA is usually used at 1µg/µl and is prepared using a transfection grade midi-prep kit, which is endotoxin free (Qiagen, UK). Place 5µl onto parafilm and to it add 0.03% fast green dye diluted in sterile water.
1.4 Clip off the end of the pulled glass needle using No. 5 forceps.
1.5 Load the glass needle using a microloader tip and attach to the picospritzer pipette holder.
2. Preparing the mouse for surgery

2.1 Place the pregnant mouse in the isofluorane chamber with the gas level set to 3% isofluorane in oxygen to induce anaesthesia. 

2.2 Once the breathing rate goes down and the mouse in unconscious, transfer onto the heating mat ensuring the head is fully inserted into the mouth of the isofluorane tube and turn down the gas level to 2.5% isofluorane in oxygen.

2.3 Perform the tail or foot pinch test to ensure mouse is fully anaesthetised.

2.4 Wipe the belly of the mouse with 70% ethanol.

3. Accessing the embryos 

3.1 Pinch the outer skin only using the angled Graefe forceps approximately 1cm from the tail base and make a small incision using the iris scissors. Carefully cut upwards approximately 1.5-2cm. Repeat this cut on the inner muscle layer.

3.2 Carefully expose the uterine horns containing the embryos, using ring forceps. Do not hold the embryos directly but the uterine wall in between each individual embryo. 

3.3 Always keep the embryos and incision area moist with warm sterile PBS throughout the procedure.

3.4 Apply analgesic into the peritoneal cavity (alternatively give analgesics before procedure). 

4. Injection of DNA and electroporation of the eye

4.1 Hold the embryonic sac taut carefully through the uterine wall using the ring forceps and try to get the pigmented eye near to the surface as possible. Check the DNA is flowing freely through the microinjecting needle before injecting the embryo by pulsing the picospritzer (10 msec/pulse).

4.2 Inject the needle aiming for the back of the pigmented eye, where the optic disc is located and inject DNA solution using the picospritzer. 

4.3 Wet paddle electrodes with sterile PBS and place the positive side directly on top of the injected eye. Ensure that the heart of the embryo and the placenta are not located in between the electrodes.

4.4 Apply the electric square pulses.

4.5 Immediately apply warm sterile PBS over the location of the electroporation.

5. Putting the embryos back and completing the surgery

5.1 Make sure all the embryos are moist with the warm PBS and carefully place them back inside the mouse. 

5.2 Using the Graefe forceps, stretch the abdominal wall skin to close the incision. Apply sutures over this inner muscle layer using double stitch knots (leave approximately 3-4mm space between sutures).

5.3 Carefully pull the outer skin to close over the muscle layer incision and staple together using medical autoclips (Place clips right next to one another without much space).

5.4 Take the mouse off the isofluorane and leave on the heated mat to recover. Wait for breathing to return to normal and put back in the cage, on the heated mat, until fully awake.

5.5 Monitor mouse closely for the next hours.

DISCUSSION

Electroporation is a commonly used technique in many animal models systems where the embryo is accessible independent of the mother. Here we have shown that it can also be successfully applied in the mouse where the embryos are accessed in-utero and a full recovery of the mother is necessary. The technique has been specified for targeting RGCs, which are the only cells projecting axons out of the eye. The functional properties of candidate genes of interest can be tested in vivo and their effects on RGC differentiation, axonal projection, and topographic map development can be visualised by the use of reporter genes and other markers within a short period of time compared to the alternative of using genetically altered mouse lines.

MATERIALS AND REAGENTS

Experiments on animals were performed in accordance with the guidelines and regulations set forth by the Home Office. 

 Timed-pregnant mice
Pigmented mouse strains are easiest to be used for electroporations as the eye can be visualised through the uterine wall even as early as E13.5 when the procedure is carried out.

DNA
Vectors containing a chick (-actin promoter with a CMV enhancer element (CAG promoter) gives consistently strong expression of the gene of interest. However, CMV or cell-specific promoters can also be used. For RNAi experiments, an H1-promoter based vector system has proven to work well. For the identification of electroporated cells, either a bicistronic expression vector (e.g. GenX-IRES-Reporter) can be employed, or the cells can be co-electroporated with multiple vectors at different ratios.

Glass capillary micropipette needles
Glass capillaries both, with or without filament can be used. The needles are pulled on a micropipette needle puller. Filament containing pipettes can be loaded from the back using microloader tips, whereas capillaries without filament must be loaded by applying a vacuum and taking up the DNA solution from the needle tip.

Iris scissors (Fine Science Tools, cat. 14060-10)

Ring forceps (Fine Science Tools, cat. 11103-09)

Angled Graefe forceps (Fine Science Tools, cat. 11049-10)

Watchmakers No.5 forceps

Vicryl No.4, 74cm

Autoclips Stapler and clips (VWR 9mm)

P20 Gilson pipette and tips

Microloader pipette tips, 0.5-20µl (Eppendorf, UK)

Parafilm

Disposable sterile drop pipette

Anaesthetic - Isofluorane

Fast Green loading buffer

Sterile water

Sterile PBS, aliquot for individual use

DNA

70% ethanol

Micropipette needle puller (Stutter Instruments)

Cold-light source with fibre optic guides

Stereomicroscope for dissections

Square pulse generator (Nepagene, CUY21-EDIT)

Paddle electrodes (Nepagene, CUY650 series)

Pneumatic microinjector (Intracel Picospritzer)

Waterbath

Heating pad
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