
 

Mouse model of retinitis pigmentosa shows
key biochemical, diagnostic features of
human disease
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Structure of inner retina is altered in K42E relative to WT mice.
Immunofluorescence analyses were performed on WT and K42E frozen retinal
sections. Co-labeling of anti-VAMP2 (magenta)/ PKC-α (green) of WT (PN
19-mo) (A), K42E (PN 1-mo) (B), and K42E (PN 6-mo) (C) show early signs of
dendritic retraction in the ONL, indicated by yellow arrows. Insets show co-
labeling of VAMP2 (top) and PKCα (bottom). No TUNEL-positive staining
(green) was observed in the WT retina (PN 6-mo, D) compared to the DNAse-
treated retina (positive control, (E)). F TUNEL-positive staining (yellow arrows),
indicating a photoreceptor (red asterisk) being phagocytosed by Müller glia in
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K42E retina at PN 1-mo. Further TUNEL staining indicated cell death of Muller
cell (G), horizontal cell (H), and bipolar cell (I) in the INL. ONL outer nuclear
layer, OPL outer plexiform layer, INL inner nuclear layer. Scale bar: 10 µm, all
panels. Credit: Cell Death & Disease (2023). DOI: 10.1038/s41419-023-05936-4

Retinal degeneration in the disease retinitis pigmentosa is caused by a
family of hereditary mutations that slowly lead to blindness over years or
decades. A mouse model of one of these forms of retinitis pigmentosa,
RP59, exhibits key biochemical and diagnostic features of human RP59.

University of Alabama at Birmingham researchers have reported their
findings in the journal Cell Death and Disease in an article titled "A
Dhdds K42E knock-in RP59 mouse model shows inner retina pathology
and defective synaptic transmission."

"Further, we show structural and inner retina functional deficits in the
K42E mouse model that are consistent with altered synaptic transmission
between retinal photoreceptors and bipolar cells," said Steven Pittler,
Ph.D., UAB leader of the research. "This investigation may provide
novel insights into RP59 disease mechanism that will guide future testing
of therapeutic interventions to slow or halt the progression of this
blinding disorder."

RP59 is caused by the mutation of one amino acid in an enzyme called
DHDDS that is part of an enzyme complex involved in the glycosylation
of proteins. The K42E mouse model replicates this mutation by changing
the same amino acid in the mouse enzyme, from lysine to glutamic acid.
Pittler and colleagues from the UAB Department of Optometry and
Vision Science and other institutions first reported the mouse model in
2020, and preliminary study showed lack of profound retinal
degeneration and protein N-glycosylation defects.
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Their current study now presents a detailed report of the inner retina
pathology and defective synaptic transmission caused by this recessive
homozygous mutation.

The enzyme complex that contains DHDDS catalyzes the stepwise
addition of five-carbon isoprene units to elongate a chain of polyprenyl
diphosphate that is later transformed to dolichol, the long-chain organic
compound that is required for protein N-glycosylation. In normal human
bodily tissues and fluids, the predominant strain of dolichol contains 19
isoprene units. In human RP59 patients, dolichol length shifts to 18 or 17
isoprene units, which is diagnostic for RP59.

UAB researchers found that, in the K42E mouse model, dolichol species
in the retina, liver and brain were also shortened, similar to RP59.

Transcriptomic analysis of neurons in the retina revealed that 68 genes
were differentially expressed in the K42E mice compared to wild-type
controls—54 up-regulated and 14 down-regulated. Because many of
these differentially regulated genes are involved in generation of
synapses, which are the sites of electric nerve impulses between two 
nerve cells, and in function of the synapses, the researchers took a closer
look at the structure and function of the inner and outer retina in the
K42E mice.

The retina has 10 distinct layers of neurons that are interconnected by
synapses. Nerve signals are generated in the cells that detect light and
then pass through successive layers of neurons that process the signals
and then send that information through the optic nerve to the visual
cortex of the brain.

Detailed measurements of retinal cell layer thickness in K42E mice
revealed a significant reduction of one of the neural layers, the inner
nuclear layer, as well as a small reduction in total retinal thickness. This
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thinning begins two months after birth, and it progressively increases
through 18 months after birth.

Microscopic study revealed cell loss in the inner nuclear layer, disruption
in the outer plexiform layer, infiltration of photoreceptor nuclei into the
outer plexiform layer and pronounced retraction of photoreceptor
terminals into the outer nuclear layer. There was also evidence of slow
cell death of retinal neurons, beginning one month after birth.

The UAB researchers used electroretinography—where an electrode on
the surface of the eye measures the electrical responses of retinal
neurons to a flash of light—to determine which layers of retinal neurons
were defective. The first electrical response, called the a-wave, reflects
the health of the photoreceptor cells in the outer retina that detect
photons. The second response, the b-wave, reflects the health of the
inner layers of the retina, which lie downstream from the photoreceptor
cells.

Researchers found that the K42E mice had reduced b-wave amplitudes
that began one month after birth and progressively declined through 18
months after birth, without appreciable a-wave attenuation.

"Our results suggest that the underlying cause of DHDDS K42E variant-
driven RP59 retinal pathology is defective synaptic transmission from
outer to inner retina," Pittler said.

  More information: Mai N. Nguyen et al, A Dhdds K42E knock-in
RP59 mouse model shows inner retina pathology and defective synaptic
transmission, Cell Death & Disease (2023). DOI:
10.1038/s41419-023-05936-4
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