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Purpose: Animals models of human retinit is 
pigmentosa have been extensively studied. However, 
substantive documentation of human samples of 
retinitis pigmentosa beyond histopathology have not 
been introduced into the literature. Our goal was to 
assess the late stage human retina with retinitis 
pigmentosa and evaluate the dependance of retinal 
remodeling on cone survival.

Methods: Samples from human subjects with retinitis 
pigmentosa were collected post-mortem through the 
Utah Lions Eye Bank and incubated with the excitation 
marker 1-amino-4-guanidobutane (AGB). Retinal 
pieces were incubated 10 minutes at 35 degrees C in 
oxygenated Ames-Hepes medium with 5mM AGB with 
and without iGluR agonists (KA 50μM, NMDA 1mM), 
followed by conventional fixation in buffered aldehydes 
and embedding in epoxy resins. Tissues were 
sectioned at 200nm followed by classification with 
computational molecular phenotyping (CMP) using an 
array of small and macromolecular signatures 
(aspartate, glutamate, glycine, glutamine, glutathione, 
GABA, taurine, CRALBP, GS, rhodopsin, LWS1 cone 
opsin, tyrosine hydroxylase).

Results: As in animal models of retinitis pigmentosa 
and most notably the P347L transgenic rabbit, 
progressive rod-specific degeneration leads to 
complete elimination of rods and rod signaling. Om 
cone-sparing forms of retinitis pigmentosa, there is 
extensive survival of substantially altered cones. 
However, the presence of cones prevents the onset of 
radical remodeling in the retina, also preserving iGluR 
mediated signaling to surviving horizontal and bipolar 
cells. Those surviving bipolar and horizontal cells 
demonstrate neurite sprouting and potential bipolar cell 
and retinal reprogramming through upregulation of 
iGluR expression.

Conclusions: Disease progression in human retinitis 
pigmentosa shows that animal models of retinal 
degeneration accurately recapitulate the human 
condition. Cone mediated preservation of bipolar cell 
signaling, retinal reprogramming and retinal remodeling 
seen in the human retinitis pigmentosa retina are all 
duplicated in animal models. 
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Fo l l ow ing o r co inc iden t w i t h b i po la r ce l l 
reprogramming through iGluR display, surviving 
bipolar and horizontal cells also demonstrate neurite 
sprouting, projecting processes to inappropriate 
regions of retina (D). Over time, progressive rod-
specific degeneration leads to Müller cell seal 
formation (E), as well as reduced (Fig. F), and 
ultimately complete elimination of rods and rod 
signaling. Scale Bar = 42 μm.

Animal models of retinal degeneration 
recapitulate the human condition. Cone 
mediated preservation of bipolar cell 
signaling, retinal reprogramming and retinal 
remodeling seen in the human retinitis 
pigmentosa retina are all duplicated in animal 
models, notably the P347 rabbit model of 
autosomal dominant retinitis pigmentosa 
shown in J, K. Scale Bar = 42 μm.

Images A and B demonstrate both intrinsic small molecule signals (GABA, glycine, L-glutamate ➞ r, g, b mapping) in A along with 
glycine, 1-amino-4-guanidobutane (AGB) and L-glutamate ➞ r, g, b mapping in B, a 2.84 mm span of retina from a 21 year old patient 
with retinitis pigmentosa.  Image B demonstrates AGB permeation in response to 50μM KA.  Image C shows retinal neurons classified 
with computational molecular phenotyping (CMP) revealing ON cone bipolar, OFF bipolar, rod bipolar, GABAergic amacrine, 
glycinergic amacrine, horizontal and ganglion cells (legend at left). Retinal bipolar cell classes in normal retina should approximate 
33% each for ON, OFF and rod bipolar cell classes.  However, in retinitis pigmentosa, excitation mapping reveals extensive class 
switching of rod bipolar cells from ON to OFF subclasses as manifested by iGluR functional display (graph at right).  These findings 
hold in all instances of cone sparing animal models of retinitis pigmentosa. Scale Bar = 60 μm.

Taurine, glutathione, L-glutamate ➞ r, g, b mapping 
with rhodopsin (yellow alpha channel) and LWS1 
cone opsin (blue alpha channel). There is extensive 
survival of substantially altered cones (E, G) that 
persist longer than rods (G). Despite structural 
changes, survivor cones appear to prevent the onset 
of radical remodeling in retina, In regions where all 
cones are lost, the neural retina initiates large-scale 
revision with Müller hypertrophy and altered 
topologies. Scale Bar = 42 μm.

GABA, glycine, L-glutamate ➞ r, g, b mapping  
in an adjacent region of retina from the same 
patient shown in D, E, F, G and H.  In regions 
with extensive photoreceptor cell loss (H, I), 
topological revision of the neural retina occurs.    
Commonly, both GABAergic and glycinergic 
amacrine cells migrate into the ganglion cell 
layer along with surviving bipolar cell classes.  
However, both GABAergic and glycinergic 
amacrine cells can be observed migrating or 
extruding into the sub-retinal space.  In extreme 
cases, Bruchʼs membrane is breached and in 
both human and animal models of retinal 
degeneration, retinal neurons can be observed 
emigrating into the choroid. Anatomical 
topologies are extensively altered in retinitis 
pigmentosa. Scale Bar = 42 μm.
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