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The retinal pigment epithelium (RPE) lies at the back of the mammalian eye, just under the neural retina, which contains the photoreceptors
(rods and cones). The RPE is a monolayer of pigmented cuboidal cells and associates closely with the neural retina just above it. This
association makes the RPE of great interest to researchers studying retinal diseases. The RPE is also the site of an in vivo assay of homology-
directed DNA repair, the p“" assay. The mouse eye is particularly difficult to dissect due to its smalll size (about 3.5mm in diameter) and

its spherical shape. This article demonstrates in detail a procedure for dissection of the eye resulting in a whole mount of the RPE. In this
procedure, we show how to work with, rather than against, the spherical structure of the eye. Briefly, the connective tissue, muscle, and optic
nerve are removed from the back of the eye. Then, the cornea and lens are removed. Next, strategic cuts are made that result in significant
flattening of the remaining tissue. Finally, the neural retina is gently lifted off, revealing an intact RPE, which is still attached to the underlying
choroid and sclera. This whole mount can be used to perform the p“" assay or for immunohistochemistry or immunofluorescent assessment of
the RPE tissue.

Video Link

The video component of this article can be found at https://www.jove.com/video/2563/

Protocol

1. Remove Extraneous tissue from the outside of the eye

1. Pour 1X PBS into the lid of a 35mm dish. The level should be just below the lip of the lid.

2. Using straight forceps, transfer eye(s) from the storage tube to the 35mm dish. Eyes are submerged in PBS for two reasons: 1. The
extraneous tissues will "float" away from the eye so you can see and remove them easily, and 2. During dissection, the eye will naturally
maintain its spherical shape while in suspension, allowing you to work with this shape rather than against it.

3. Using both pairs of angled forceps (45° and 15°), gently remove as much muscle and connective tissue as possible, pulling the tissue against
the grain (i.e. toward the cornea). Some connective tissue will remain. Effort should be made to squeeze the eyeball as little as possible.

4. Trade your 15° forceps for spring scissors. While holding the eye steady with 45° forceps, use the spring scissors to cut away remaining
muscle and connective tissue, as well as the optic nerve. *Tip: Use the outside edge of the scissors to push the tissue against the grain
(toward the corneo-scleral divide) and then trim. Continue until all extraneous tissue has been removed from the eye.

2. Remove the cornea and lens

1. With the cornea facing up, use the 45° forceps to pinch up a small fold in the center of the cornea.

2. Using the spring scissors, make a small incision at the base of the flap. Let go of the flap.

3. Holding the eyes still with your forceps, insert the lower scissor blade into and perpendicular to the incision and make a cut toward the
corneo-scleral divide. Try to keep your lower blade under the iris so both the cornea and iris are cut. Do not cut all the way to the corneo-
scleral divide. Keep scissors inserted in the eye.

4. Using your 45° forceps, carefully rotate the eye so that your scissors are parallel to the corneo-scleral divide and make a small cut. Slowly
rotate the eye 360°, making small incisions all the way around. Again, try to keep the lower blade of your spring scissors under the iris so both
the iris and cornea are cut. Lift the iris and cornea away from the rest of the eye and discard them.

5. Tilt the eye on its side and press down gently on the posterior half of the eye, forcing the lens out. Discard the lens. The inside of the
remaining eyecup is lined by the neural retina, which should look smooth and opaque.
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3. Quarter the resulting eyecup, resulting in a 4-"petaled”, flower-like structure

1. The eye should be positioned such that the opening of the eyecup is perpendicular to your body. Use your 45° forceps to steady and position
the eyecup.

2. Holding your spring scissors in front of you so they are perpendicular to your body, insert the lower blade of your spring scissors into the top
edge of the open eye cup. Using your 45° forceps, carefully align the eye cup so that a single, straight cut can be made from the corneo-
scleral divide toward the optic nerve head. All cuts should be perpendicular to the corneo-scleral divide and unless specified, should go as
close to the optic nerve head as possible without cutting into it.

3. Rotate the eyecup 180°, maintaining its perpendicularity with your body. Use technique in step 3.2 to make a second perpendicular cut.

4. Rotate the eyecup and repeat the technique described in 3.2 to make two more cuts. All four cuts should be as close to 90° apart as possible.
Keep in mind that the eye is not perfectly spherical so there will be some variability.

4. Cut each of the four "petals” in half, resulting in an eight-petal flower-like structure

1. Transfer the quartered eyecup from the 35mm dish to a clean slide. With the eyecup facing up, scoop under it with the 45° forceps. Carefully
lift it out of the liquid and place it on a clean slide.

2. Using both pairs of angled forceps, gently open out the eye, with the neural retina facing up. DO NOT REMOVE THE NEURAL RETINA- it
helps the eye maintain some of its spherical shape so you are not working against it. It also protects the RPE from being accidently damaged
in the following procedures.

3. Rotate the slide until one of the petals is perpendicular to your body.

4. Use your 15° forceps, gently grab the corner of the petal. The corner of the petal should be cornea, not neural retina or RPE. Lift up on the
corner gently, allowing it to retain its curvature.

5. Insert the bottom blade of your spring scissors between the petal and the slide. Line up your scissors such that a single, straight,
perpendicular cut can be made from the corneo-scleral divide toward the optic nerve head. Cut as close to the optic nerve head as possible
without cutting into it. Let go of the petal, allowing it to lie on the slide.

6. Rotate the slide 90°, so that the next petal is perpendicular to your body. Repeat step 4.5.

7. Repeat steps 4.5 and 4.6 twice more. The resulting structure should look like an eight-petal flower.

5. Remove the neural retina

1. Pipette 100-200 uL of 1X PBS onto the specimen. This will prevent the neural retina from sticking as you peel it off of the RPE.
Typically the neural retina is loosely attached to the RPE. However, it does take practice and skill to remove only the neural retina and not
the RPE. Gently grasp a petal of the neural retina with one pair of angled forceps while stabilizing (holding down) the rest of the eye with
the other pair of angled forceps. Pull the neural retina away from the rest of the eye. Continue this procedure until the entire neural retina
has been removed. *Tip: stick the tip of your 15° forceps into the optic nerve head to anchor the eye. Then use the 45° forceps to sweep up
underneath the neural retina and lift it off and away. It is usually best to lift the neural retina from the optic nerve head toward the corneo-
scleral divide. Be sure to pull away any loose remnants of the iris. The iris is quite sticky and can otherwise get stuck to the RPE.

3. Rinse the specimen with 1X PBS. Pipette 100-200 uL of 1X PBS into the specimen and suck it back up. Discard the PBS. Repeat as
necessary to remove dust and debris.

6. Mount you specimen(s) on a slide

1. Pipette 80-90 pL of 90% glycerol onto a new slide in a rectangular shape. Use the side of the pipette tip to make an even, rectangular smear

of glycerol. (This is the procedure for mounting two RPE on one slide.)

Insert the lower arm of 15° forceps under the specimen. Gently lift the specimen off the dissecting slide.

Slowly lower the specimen into the glycerol. Gently wiggle the forceps as you pull them out from under the specimen.

Repeat steps 6.1-6.3 for the other specimen.

Rotate the slide so that the long side is perpendicular to your body. Hold your cover glass at a 45° angle to the slide so that it is touching the

slide. Move it toward the glycerol smear until they touch. Maintaining contact between the cover glass and slide, slowly move the cover glass

away from the smear, toward the edge of the slide. Line up the long sides of the slide and the cover glass so that they are parallel. Hold the
corners of the cover glass between your thumb and forefinger.

6. Pick up the 15° forceps in your other hand. Cradle the upper (free) edge of the cover glass in the crook of the arm. Very slowly, lower the
cover glass. When contact is made between the cover glass and the glycerol, stop and wait for the glycerol to migrate. Repeat this lowering
and waiting until the RPE whole mounts are fully covered. This is to prevent the highly viscous glycerol from capturing air bubbles. DO NOT
PUSH DOWN ON THE COVERGLASS - the glycerol will squeeze out from under it, making adhesion very poor.

7. With clear nail polish, paint around the perimeter where the cover glass and slide meet.

8. Place the slide on top of an empty rack to dry.

oD

7. Representative Results:

The result of this procedure should be a structure that looks like a flower and should be fairly symmetrical.
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Fi.gure 1. Whole mount RPE from a wildtype C67BI/6J mouse. RPE from black or agouti animals should be dark brown in color and should
have a smooth surface. It is normal to notice undulations in the topography of the petals. The pigmentation on any give specimen may be
somewhat variable, due to variable density of pigmentation of both the RPE and the underlying choroid. White arrows point to hypopigmented

"channels"- this is normal and is due to the underlying vasculature of the eye. Blue arrow points to physical damage to both the RPE and the
underlying choroid.

Figure 2. Whole mount RPE from a dilute mouse. Specimens harvested from dilute animals can range in color from nearly transparent to
café au lait and any one specimen is like to have variability within it, indicated in black circles here. In general, RPE harvested from younger

animals are lighter and those harvested from older animals are darker. Black arrows indicate some of the underlying vasculature, which appears
hypopigmented.
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Figure 3. Phalloidin staining can be used to detect physical damage to the RPE. Phalloidin staining clearly outlines the cell membranes,
showing the hexagonal shape of the epithelium. (A) Example from a black mouse. (B) Example from a dilute mouse.

Figure 4. A poorly dissected RPE from a dilute mouse. (A) Brackets indicate margins of cornea that are too wide, which can cause buckling
and/ or folding. Within the black circle you can see excessive amounts of extraneous tissue that have not been removed from the back of the
eye. They are particularly obvious because the sample is from a dilute animal. The petal on the bottom left is partially folded over. (B) This whole
mount has the appearance of a pinwheel. Black arrows indicate some of the cuts that were made. Many of the cuts from the corneo-scleral
divide toward the optic nerve head are not in line with the diameter. (C) Black arrows indicate how the cuts should have been made, in line with
the diameter and perpendicular to the tangent.

The RPE is the site of the p“” assay, an in vivo assay of homology-directed repair. The p" assay has been used to study the effects of different
DNA damages1'2 and DNA damage signaling and repair genes3'4'5 on the frequency of homology-directed repair. This assay is highly sensitive,
detecting single-cell events on the RPE' . It can also detect differences in the timing of homology-directed repair events during development”.
The murine eye develops radially outward from the optic nerve’ and therefore, the relative distance of events from the optic nerve head
correlates to the time in development in which they occurred.

The RPE is also of interest to those who study retinal development or retinal diseases. Although RPE cells can be cultured, there are significant
limitations to doing so. Adult RPE cells are post—mitotic7 and predictably do not proliferate well in vitro. Furthermore, those cultures that do grow
show many alterations, including but not limited to changes in pigmentation, morphology, and cell junctionss- some of the characteristics that are
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the focus of scientific investigation. Therefore, preparation of a whole mount of the RPE is a relevant technique for in vivo studies of development
and diseases of the eye.

Dissection of this small tissue is very tricky at first. It is important to be relaxed and maintain the proper posture and positioning as shown in
this video article. If a whole mount RPE looks like a pinwheel, this is because the long cuts were not made in line with the diameter, i.e. not
perpendicular to a tangent. This is most likely to occur when the scissors are not held in front of and perpendicularly away from the body. A
jagged appearance to the long cuts is likely due to a slight withdrawal of the scissor blades between cuts.

A rough or rugged appearance to the RPE surface is not normal and could be due to damage caused by rough handling of the specimen.
Damage can be verified using phalloidin staining. White or clear spots are holes in the RPE and the underlying choroid, also caused by rough
handling or puncture.

If the RPE appears rough and opaque, this is probably due to remnants of the neural retina. This can occur if the eyes are under- or over-fixed
(less than 2 hours, more than 4 hours in 4% PFA). This may also occur in properly fixed eyes that have been in storage for an excessive period
of time (>6 months). Dispase treatment can be used to remove such remnants, but can also cause the RPE to break up.

Detecting physical damage to the RPE is very difficult in dilute or albino specimens. We recommend using phalloidin staining on your early
dissections so you can see any damage that may have occurred due to handling. To do this, block for 1 hour with 200uL 2% BSA in 1XPBS in a
micro centrifuge tube. Next, add 2L phalloidin and incubate in the dark at room temperature for 20 minutes. Then wash 3x with 1mL of 1XPBS
for 30 minutes each at room temp in the dark. Mount slides as usual. *Note: the stain is very bright and we do not recommend using flouramount
or similar flourescence-preserving media.

Despite all the cautioning, a whole mount RPE is not terribly delicate and can easily withstand the handling necessary to perform dissection,
staining, immunohistochemistry, or immunofluorescence.
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