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Apoptosis in the Murinerdl Retinal Degeneration is Predominantly
p53-Independent
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Purpose: To determine if p53 mediates apoptosis in photoreceptors of retinal degenedatiarice.

Methods: Therd1/rd1 mice were interbred with p53 null mice to genep#®” rd1/rd1landp53* rd1/rd1 mice. Rates of

loss and incidence of apoptosis in rod photoreceptors were analyzed at appropriate ages (postnatal days 12, 14 and 16).
Results: The extent and kinetics of photoreceptor cell logdimmice were nearly indistinguishable in §h&3"* and p53

null mice.

Conclusions:Photoreceptor cell apoptosis in tié mouse model occurs by a predominantly p53-independent molecular
pathway.

Several genes have recently been identified that either To determine if the presence of p53 influences apoptosis
positively or negatively regulate apoptosis [1]. One such gen@) the rods ofd1l mouse retinas, we interbredilmice with
p53, encoding the p53 tumor suppressor protein, mediatesice deficient for p53. We show that the rapid apoptotic loss
apoptosis in response to DNA damage and certain cell cyctef photoreceptors observed in this model is largely p53-
perturbations. However, a variety of forms of p53-independerindependent.
apoptosis have also been identified [2]. Importantly, nearly
all normal developmental apoptosis must be p53-independent,
since most p53 null mice develop essentially normally [3, 4]. METHODS
Although the ability of p53 to regulate apoptosis in response

to DNA damage or cell cycle perturbatlop as well as durin perimental Animals-=VB/NJ (d1/rd1) mice were obtained
development has been extensively examined, the role of p

) o rom the Jackson Laboratory, ME. TSG-p53 (p53-deficient)
in post-mitotic cells, such as photoreceptors, has not been well. . .

. : ice [3], obtained from GenPharm International, CA, are
addressed. If p53 does play a role in the regulation o

: . maintained in our laboratory in a C57BI/6 X Balb/c genetic
programmed cell death in photoreceptors, then this could be a A :

: . . ackgroundrdl/rd1 andp537- mice were interbred to generate
potential target for the treatment of retinal degeneration.

p53+/ “rd1/+ double heterozygous F1 offspring, and these were
Inherited retinal degenerations lead to a progressiveubsequently interbred to obtain mice with the following
deterioration of vision resulting from the loss of function andgenotypes of interegp53t/* rd1/rd1, p53/' rd1/rd1, p53t/*
viability of photoreceptors. Animal models of retinal +/+ andp53/- +/+. Litters of mice were sacrificed at postnatal
degeneration in which the phenotype and genetic mutatioflay 12, 14, or 16 (P12, P14, or P16; day of birth is defined as
correspond to the human disease have been widely studiget),
One such model, thel retinal degeneration mouse, exhibits
a rapid retinal degeneration initiated by a recessive mutati
of the gene encoding the r@dsubunit of the cyclic GMP

Identification of Genetic MutationsTail tissue was taken
%%r DNA extraction and prepared as described [9]. Tail DNA

phosphodiesterase [5, 6]. These mice develop fulas used to determine the presence of the p53r@hd

differentiated photoreceptors during the second postnatal Week,matlons by PCR-based strategies. The genetic status of p53,

but then suffer nearly complete loss of the rod photoreceptoﬂgmated or wild-type, was determined by using a three primer-

in the next week, followed by a slower loss of cone ased_ strat_egy previously described [1.0]' Td!TE_:nonsense
photoreceptors [7]. The photoreceptor death in this moderputa_t!on_wnhln thef-PDE gene was |dent|f|e_d by_ PCR
exhibits the morphologic features and DNA fragmentationamplmcatlon of the mutated region, followed by digestion with

. . : restriction enzyme that distinguishes between the wild type
characteristic of apoptosis [8]. However, the regulation o ; :
. o : : and mutant allele, as described by Pittler and Baehr [6].
retinal apoptosis in thedl mouse model is still poorly

understood. Detection of Apoptotic CellsEyes were enucleated with

“Present Address: Department of Pharmacology, School of Medicing,]e Optl_c nerve I_eft intact to be used_for orlentatlpn of anterior-
University of Connecticut Health Center, Farmington CT 06030, POSterior sections. Eyes were fixed overnight at room
“To whom correspondence should be addressed: Jolene J. Windigmperature in phosphate buffered 4% paraformaldehyde
Ph.D., Department of Cancer Biology, Institute for Drug Develop-fixative and then embedded in Poly-Fin paraffin (Triangle
ment, Cancer Therapy and Research Center, 8122 Datapoint Dr., SUB@®medical Sciences). Apoptotic cells were detected using the
700, San Antonio, TX 78229-3219. TUNEL (terminal deoxynucleotidyl transferase-mediated
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dUTP-biotin nick end labeling) procedure [11]. Incorporatedperipheral hpf was aligned distal to the outer border of the
biotin was detected using a streptavidin-horseradish peroxidasentral hpf and proximal to the tapering of the retina at the
conjugate (DAKO) and visualized with a DAB ciliary body. The second eye from each animal was not
(diaminobenzidine) chromagen (Sigma). Sections werevaluated, unless the first eye was damaged due to handling
counterstained with methyl green. and could not be assayed. Because the sample sizes were
relatively small, data were summarized by plotting individual

the maximal diameter of the 40x objective field (fb@length data points and medians, and_compared using the Wilcoxon

of retina) and numbers of TUNEL labeled nuclei in the oute ank Sum test, a nonpfirametrlc anal_ogue of the_two sample t-

nuclear layer (ONL) per high power field (hpf) were counted test that does not require the normality assumption.

Only those cells in which label was confined to the nucleus

were counted. Both totally stained nuclei as well as those with RESULTS

punctate or peripheral staining were scored as TUNEL positive.

The number of photoreceptor nuclei per row in the ONL were

also counted, with a maximum index of 10 (the normal ONLQualitative Analyses of Retinal MorphologyFUNEL assay

thickness). Four hpfs were counted for each retina examinegssults forp53t/* rd1/rd1, p53/- rd1/rd1, andp53t/* +/+

two central hpfs (averaged to generate a single datapoint) agild-type) retinas at P12 and P16 are displayed in Figure 1.

two peripheral hpfs (also averaged). The central hpf washese micrographs illustrate qualitatively that at the onset of

aligned with the optic nerve at one edge of the field. Thelegeneration (P12), central retinal cross sections from all three

genotypes appear virtually the same with regard to ONL

thickness and morphology, although a slight increase in

pS3¥ 4+ pS3¥/* rdifrdl p53/- rdifrdl TUNEL label inrd1 retinas compared to wild-type is
o e el —— Ze=5  detectable. Only four days later, however, p&&t/* rd1/

T . ' rdland p53/- rd1/rdimice have lost nearly all rod

photoreceptors. Moreover, tp§3/' rd1/rd1mice are nearly

indistinguishable from thp53t/* rd1/rd1 mice at P16. At all

timepoints examineq)53/'+/+ retinas are indistinguishable

from p53t/* +/+ retinas (data not shown).

Quantitation of Apoptosis—Retinas were aligned along

P12

AP Quantitative Analyses of Photoreceptor Los3he

¢ : ' qualitative results clearly demonstrate that the retinal
degeneration ird1mice is largely p53-independent. However,

to determine whether p53 status might have a subtle effect on
the kinetics of the process, the apoptotic index and ONL
thickness were determined at P12, P14 and P16l fanice

in the presence and absence of p53. We detected a slight
decrease in TUNEL labeling in the central retinpﬁ%/'rdl/
rd1mice at P14, and in the peripheral retina at P16, relative to
the p53t/*trdl/rdimice (Figure 2A,B). A slight statistically
significant difference was also identified in the ONL thickness
of the central retina at P16 (Figure 2C). However, no
statistically significant differences were identified at the other
timepoints for the parameters measured.

D E = ' DISCUSSION

Figure 1.p53"*rd1/rd1, andp53‘rdl/rdlmice at P12 and P16. Pan- o ] ]

els A-F compare the retinal morphology observed at P12 and P16 These results indicate that the retinal degeneration observed
normal mice and those of th63"*rd1/rd1andp53-rd1/rdigenotypes.  In rd1mice is predominantly p53-independent (Fig. 1). While
Panels B and C illustrate the slight increases in TUNEL label ithere may be a slight delay in the apoptosis obsen@ﬁ&r‘r
rdlmutant mouse retinas, regardless of p53 status, as comparedrtti /rd1 retinas, reflected in small differences in apoptotic cell
normal mice (A) at this early stage of the degeneration. Panels E afllices at P14 and P16, this effect is subtle and does not affect

F demonstrate the loss of photoreceptor nuclei in the outer nucleghe end result caused by tiid mutation, that is, complete
layer (ONL) induced by thellretinal degeneration only 4 days later |OﬁS of rod photoreceptors
e

in the presence or in the absence of the p53 gene, respectively. Pan
D shows a normal retina at P16. The absence of the p53 gene does The variability in both TUNEL positive cells and ONL

not protect thed1mutant retina from apoptosis. Retinas frp68" thickness, most apparent at P14, may indicate that the rate of
+/+ andp53”*+/+ are indistinguishable at all ages (not shown). Parphotoreceptor loss varies somewhat between individuals. It

stained with methyl green (total magnification: x380). degeneration, small differences in age of the mice could lead
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to large differences in the extent of degeneration. The age ofvealed that apoptosis was slightly delayed, but not completely
mice from different P14 litters could have differed by nearlyabrogated [13].
as much as 24 hrs, since cages were checked for newborn A variety of studies have demonstrated p53-independent
pups once eac_h day._NevertheIess, by P16, most of ﬂ?ﬁ)optosis of neurons in response to withdrawal of
photoreceptors in all mice have degenerated. neurotrophins [14, 15]. In addition, developmental apoptosis
The timecourse of degeneration in this study, regardlesa the nervous system is generally p53-independent, since most
of p53 genotype, appears to be slightly accelerated relative pb3-deficient mice develop normally [3]. Interestingly, a
that reported in previous studies of td& phenotype [8, 12]. fraction of p53-deficient embryos exhibit exencephaly, but it
While the explanation for this difference in kinetics is not clearjs not clear whether a defect in apoptosis is responsible for the
one possibility is that the genetic background of the miceondition [4]. In contrast, cerebellar granule cells have been
influences the rate of degeneration, since a different strain shown to exhibit p53-dependent apoptosis in response to
mice carrying thed1 mutation was characterized in each study.gamma-irradiation [16]. Together, these studies and ours
indicate that p53 may be involved in neuronal apoptosis in
ome situations, including cell cycle perturbation or DNA
amage, but is not generally involved in mediating
evelopmental or other forms of apoptosis in neurons.

We have previously demonstrated that mice expressin
HPV-E7 (which binds and inactivates the retinoblastoma ge
product, pRb) in photoreceptor precursors undergo profoun
retinal apoptosis, but that when bred into a p53-deficien
background, these mice develop retinal tumors [10]. However, Why a particular cell type, neuronal or otherwise, exhibits
examination 0fE7/p53/' retinas at early postnatal ages p53-dependent or -independent apoptosis, or both, remains
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Figure 2. Time course of retinal degeneratiop58”rd1/rd1 andp53’rd1/rd1mice. A minimum of 4 mice were examined for each genotype
analyzed at each age (P12, P14, and P16). Each datapoint plotted in a given panel represents the average of counth fromenfeldg
from one eye of an individual animal. Both indices, TUNEL + cells/hpf (A and B) and ONL thickness (C and D), indicaterétiziathe
degeneration occurring in tips3”*rd1/rd1 andp53rd1/rd1 mice follows a similar rate of rod cell destruction in the central and peripheral
retina. Small significant differences were detected, however, and are indicated by the p values denoted in A, B, and ICR@fikc&wm

test within each time point). Solid or dashed lines connect the median values for each genotype.



Molecular Vision4: 5, 1998<http://www.emory.edu/molvis/v4/p5>

© Molecular Vision

poorly understood. There are clearly multiple molecula6. Pittler SJ, Baehr W. Identification of a nonsense mutation in the

pathways regulating this process. In addition, a variety of
factors, including cell type, stage of differentiation, cell-cell

rod photoreceptor cGMP phosphodiesterase beta-subunit gene
of the rd mouse. Proc Natl Acad Sci U SA 1991; 88:8322-8326.

interactions, extracellular matrix interactions, availability of7. Carter-Dawson LD, LaVail MM, Sidman RL. Differential effect

growth factors, the stimulus used to provoke the apoptosis,
etc., can influence the cellular susceptibility to apoptosis.

of the rd mutation on rods and cones in the mouse retina. Invest
Ophthalmol Vis Sci 1978; 17:489-498.

Understanding the mechanisms involved in the regulation &. Chang GQ, Hao Y, Wong F. Apoptosis: final common pathway of

apoptosis of post-mitotic cells like the photoreceptonsl bf
mice may lead to therapies directed at preventing these
devastating degenerations.
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