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Purpose: Apoptosis is the final common pathway for photoreceptors in several forms of retinitis pigmentosa. Recent
study has shown that continuous light exposure upregulates low-affinity neurotrophin receptor B7%, (pfikeh is
involved in light-induced photoreceptor apoptosis in rat retina. However, the function™t pihherited forms of
photoreceptor degeneration has not yet been examined. This study was conducted to elucidate the potentidi'fole of p75
in therd mouse, one of the best characterized animal models of retinitis pigmentosa.

M ethods: Double-mutantrd/rd, p78'™®-/-) mice were crossbred frord/rd and p75™-/- mice. Retinas from control (+/

+, p73'TR+/+; rd/rd, p73'™R+/+; rd/rd, p783'"*+/-), and double-mutantd/rd, p73'"?-/-) mice were examined by light mi-
croscopy and TdT-mediated dUTP nick end labeling (TUNEL) from postnatal day (P)9 through P20 mREA
expression in +/+, pT5*+/+, andrd/rd, p78'"™*+/+ mice were examined by real-time PCR analysis'fBotein expres-

sion in +/+, p78™+/+; rd/rd, p78'™*+/+; andrd/rd, p73'"R-/- mice were examined by immunohistochemistry.

Results: p753'™ mRNA expression ind/rd, p73'"*+/+ mice was significantly upregulated compared with +/+NF#%+

mice at P13 and P20. p75protein expression was observed mainly in Muller glial cells, and its expression was upregulated
in the outer nuclear layer during photoreceptor degeneration. However, histochemical analyses showed that the time
course of retinal degeneration and the extent of photoreceptor apoptdsid,ip73'™R-/- double-mutant mice was indis-
tinguishable from that ind mice carrying functional p75® (rd/rd, p78'™*+/+, andrd/rd, p73'™R+/-).

Conclusions: These results suggest that in contrast to its role in light-induced photoreceptor degenerdfidis pab
essential for apoptosis in theé mouse.

Several pathological conditions result in loss of visioncoproteins, the trk tyrosine kinase receptors (TrkA, TrkB and
due to photoreceptor degeneration, such as retinitis pigmentosekC) and the neurotrophin receptor p75 (7p[13-15].
(RP). RP is the most common inherited form of blindnessiNeurotrophins act in neural cell survival by activating trk ty-
affecting approximately 100,000 people in the United Statespsine kinases, downstream of which a ras-dependent path-
and one out of every 3,000 to 4,000 people in all ethnic groupsay leads to the activation of mitogen-activated protein (MAP)
worldwide [1]. Although the mechanism is not fully under- kinases [16]. Contrary to the action of neurotrophins on trk
stood, apoptosis has been implicated in photoreceptor degaeceptors, NGF binding to pY%5 activates an intracellular
eration and other neurodegenerative diseases [2-5]. In an glathway similar to that activated by death receptors such as
fort to develop novel treatment approaches for these diseasésmnor necrosis factor and Fas receptors [17,18]. In factp75
many growth factors and neurotrophins have been shown te expressed in postmitotic mouse retinal ganglion cells
promote survival of retinal neurons. For example, intraoculafRGCs), and RGC number in the early phase of retinal devel-
injection of brain-derived neurotrophic factor (BDNF), opment (before embryonic day 15) is regulated by'{¥]59].
neurotrophin-3 (NT-3), and basic fibroblast growth factorp73'™® may also interact with Nogo-66 receptor as a co-re-
(bFGF) rescue photoreceptors in animal models of both ireeptor for Nogo, myelin-associated glycoprotein (MAG), and
herited and light-induced retinal degeneration [6-10].0oligodendrocyte-myelin glycoprotein (OMgp), activation of
Neurotrophins, such as nerve growth factor (NGF), BDNFwhich lead to neurite outgrowth inhibition [20].
NT-3, and neurotrophin-4/5 (NT-4/5), can support the survival ~ Recent studies have proposed that neurotrophic rescue of
and differentiation of neural cells during retinal developmenphotoreceptors may be indirect, mediated by interaction of
and regeneration [11,12]. Control of cell survival bythe neurotrophic factors with Muller glial cells that in turn
neurotrophins is mediated by two types of transmembrane glyelease secondary factors that act directly on photoreceptors

_ [f21-27]. Using a light-induced retinal degeneration model of
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protective, increased Muller cell production of bFGF, whileson, WI; 5.0ug/ml) and mouse monoclonal antibody against
NGF decreased its production. In addition,"37%- mice on  glutamine synthetase (GS; u@/ml; Chemicon, Temecula,

a pigmented C57BL/6J background were resistant to light danGA), and visualized with Cy3-conjugated goat anti-rabbit IgG
age. However, loss of p7% did not protect against light-dam- (Jackson Immunoresearch, West Grove, PA; 1000x) and Cy2-
age in an albino Institute for Cancer Research (ICR) straioonjugated donkey anti-mouse IgG (Jackson Immunoresearch;
[28]. These discrepancies suggest that the function ¢fp75 200x).

may vary among different systems, which prompted us to re- TUNEL staining: Sections were incubated in 0.26 U/ml
visit the question of whether p¥5 is a pro-apoptotic signal TdT in the supplied 1X buffer (Invitrogen, Carlsbad, CA), and
for photoreceptors by investigating the potential role of 575 20 mM biotinylated-16-dUTP (Roche, Basel, Switzerland) for
in the inherited retinal degeneration. For this purpose, we cho$® min at 37°C. Sections were washed three times in PBS
therd mouse because it is a well-established model of RP th&H 7.4) and blocked for 30 min with 2% BSA in PBS (pH

is often used to determine the effect of various genes on ph@d-4). The sections were then incubated with peroxidase-con-
toreceptor apoptosis [29-31]. Homozygodg¢rd/rd) animals  jugated streptavidin (Nichirei, Tokyo, Japan) for 30 min and
develop photoreceptors with outer segments, but these degetisualized with DAB substrate kit (DAKO Corporation,
erate rapidly beginning at postnatal day 8 (P8) due to rece€arpinteria, CA). To quantify photoreceptor apoptosis, the
sive mutation of the gene coding for the rod cGMP phosphodinumber of TUNEL-positive nuclei in the ONL was counted
esteras@-subunit [32]. This same gene is affected in cases afeparately in central and peripheral retina. A point midway
human recessive RP [33]. In the present study, to determitetween the optic nerve and ora serrata divided the retina into
whether the absence of pT5may interfere with apoptotic central and peripheral halves. Six measurements per field were
photoreceptor loss in inherited retinal degeneration, we haweade for each retina examined: three central fields and three

generatedd/rd, p75'"R-/- double-mutant mice. peripheral fields. These measurements were averaged to pro-
vide a single value for each retina to allow statistical compatri-
METHODS son (Figure 2).

Experimental animals. Experiments were performed using Quantitative real-time PCR analysis. Quantitative real-
p75'™R-/- (purchased from the Jackson Laboratory, Bar Hartime polymerase chain reaction (PCR) analysis was performed
bor, ME) andd/rd (C57BL/6 background) mice in accordance with the ABI 7500 fast real-time PCR system (Applied
with the ARVO statement for the use of animals in vision reBiosystems, Foster City, CA) according to manufacturer’s
search. Light intensity inside the cages ranged from 100 tarotocol. Briefly, retinas were carefully removed from eyes at
200 lux under a 12 light:12 dark cycle. Homozygolmice P8, P13, and P20. Total retinal RNA from six +/+, 375/+,
were crossed with p?5+/- mice. Mice with the genotype/  andrd/rd, p78'™® +/+ mice at each point was extracted with
+, p79'™R+/- were used to obtain control (+/+, p75/+; rd/ Isogen (Nippon Gene, Tokyo, Japan). For cDNA synthesis, 1
rd, p78'™+/+; rd/rd, p78'™R+/-), and amd/rd, p78'™R-/- double-  ug of total RNA was transcribed with Revertra ace reverse
mutant mouse strains. Additionalig/rd, p73'"*+/- mice were  transcription reagents (Toyobo, Osaka, Japan) using oligo-dT
used to obtain controtd/rd, p78'™r+/+; rd/rd, p73'"*+/-), and  primers. The internal probe was labeled with the reporter dye
double-mutant mouse strains. The J?&nd therd dleles  FAM (6-carboxyfluorescein) at the 5' end, and with the
were identified by PCR analyses of mouse tail genomic DNAjuencher dye TAMRA (6-carboxytetramethyl-rhodamine) at
as described previously [34,35]. the 3' end. For pT%;, two primers (forward primer, 5'-GCA

Histology and morphometric studies. Mice at P9, P12, GCT CCC AGC CTG TAG TG-3'; reverse primer, 5-TAA
P15, and P20 were deeply anesthetized with diethylether a®&CC ACA AGG CCC ACA AC-3"), and one TagMan probe
perfused transcardially with saline, followed by 4% paraform{5'-FAM-AGG CAC CGC TGA CAA CCT CAT TCC T-
aldehyde in 0.1 M phosphate buffer containing 0.5% picriTAMRA-3") were used. For G3PDH, two primers (forward
acid at room temperature. The eyes were removed argtimer, 5'-TGC ACC ACC AAC TGC TTA G-3'; reverse
postfixed overnight in the same fixative and then embeddegrimer, 5-GGA TGC AGG GAT GAT GTT C-3'), and one
in paraffin. Histological sectionswim thick were made along TagMan probe (5-VIC-CAG AAGACT GTG GAT GGC CCC
the vertical meridian, mounted, and stained with hematoxylimf C-TAMRA-3') were used.
and eosin. At least three animals were used at each time point. cDNA (50 ng) was reacted in a total volume ofi2@f
The thickness of the outer nuclear layer (ONL) was measurethqMan Universal PCR Master Mix (Applied Biosystems).
as described [5]. Forty-eight measurements of the ONL wer€he final concentration of TagMan probe and other primers
made at 16 contiguous fields around the entire retinal sectiomas 200 nM and 100 nM, respectively. The conditions for the
(three measurements per field). These 48 measurements w&egMan PCR were as follows: 8Q for 2 min, 95°C for 10
averaged to provide a single value for each retina to allomin, and 40 cycles of 9% for 15 s, and 60C for 1 min. The
statistical comparison (Figure 1). difference in the initial amount of total RNA between the

Immunohistochemistry:  Sections were incubated with samples was normalized in every assay using a G3PDH gene
phosphate-buffered saline (PBS, pH 7.4) containing 10% noexpression as an internal standard. In each cDNA, the ratio of
mal horse serum containing 0.4% Triton X-100 for 60 min athe copy number of p5 mRNA was divided by that of the
room temperature. They were then incubated overnight with@3PDH mRNA. This normalized value was used to determine
rabbit polyclonal antibody against p7% (Promega, Madi- the relative expression level of p7%
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Satistics: Data are presented as me8&M except as tochemistry using antibodies for p7%and glutamine syn-
noted. Student’s t-test was used to estimate the significancetbietase (GS), a specific marker for Muller glial cells [36]. As
results. Statistical significance was accepted at p<0.05.  shown in Figure 3B, many pY%-positive cells were double-

labeled with GS. In the inner nuclear layer (INL), GS-positive

RESULTS Mdiller cell bodies were surrounded by f7yFigure 3C). In
Expression of p75"™ in rd mouse retina: We first examined  addition, p78™ immunoreactivities imd/rd, p78'™+/+ mice
the distribution of p79Rin wild type (+/+, p78™+/+) mouse (Figure 3D) seemed to be slightly upregulated compared with
retina at P15 (Figure 3A). p75-like immunoreactivities were  those in control retina (Figure 3A), especially in the ONL.
observed mainly in the inner retina, and judging from the stainFhese results are consistent with our previous study using light-
ing pattern, p79® seemed to be expressed in Mulller glial cellsdamaged Wistar rat retina [5]. Immunoreactivities for'p75
and neurons such as RGC and amacrine cells. To determinere completely absent id/rd, p73'™?-/- mice (Figure 3E).
this possibility, we carried out double-labeling immunohis-We next examined p7%® mRNA expression levels in both

rdird, p75N™R +/+  rd/rd, p75N"™R +/-  rd/rd, p75NTR /.
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Figure 1. No effect of p7%® on the time course of photoreceptor degeneratiodiiid mice. Histology of retinas froma/rd, p73'™r+/+ mice,
rd/rd, p78'"™*+/- mice, andd/rd, p753'™R-/- mice.rd/rd, p753'™*+/+ mice displayed a progressive reduction of outer nuclear layer (ONL) thick-
ness from P9 to P13\(C), leading to a single row of photoreceptors at BP0 Retinas fromrd/rd, p758'™+/- (E-H) andrd/rd, p78'™®-/- (I-
L) mice showed continuous thinning of the ONL that is indistinguishablerfisdy p73'"*+/+ mice. The ganglion cell layer (GCL) and inner
nuclear layer (INL) are also identified. Scale bar representsrh00
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wild type andrd/rd, p73'"*+/+ mice retina. As shown in Fig- NTR
ure 4, quantitative real-time PCR analysis revealed thatp75 70 . rd/rd’ p75 ++
MRNA expression ind/rd, p73'"™+/+ mice is increased at P13 ] D rd/rd, p75NTR +/-
(368£33%; n=6, p<0.001) and P20 (6451%; n=6, p<0.001) "= k.|
compared with that in +/+, p¥5+/+ (104:18% and 827%; g 60 M rd/rd, p75NTR /.
n=6). These results suggest the possibility thatlfas some = 50-
effect on photoreceptor apoptosigdird, p73'™+/+ mice. @
Morphogenic analysis: In rd/rd, p78'™+/+ retina, the L 40
structure of the ganglion cell layer (GCL), INL, and the ONL
are clearly discernable at P9 (Figure 1A) and morphologicall = 30
similar to that of (+/+, p78R+/+) control mice by light mi- =
croscopy (data not shown). Thereaftdfrd, p73™R+/+ mice ¥ 20
showed continuous thinning of the ONL from P12 to P20 (Fig =
ure 1B-D and black bars in Figure 2). However, retinas fron Z 10-
rd/rd, p78'™+/- (Figure 1E-H), andd/rd, p73'™*-/- (Figure -
11-L) mice showed a pattern of degeneration indistinguish 0- P9 P12 P15
able fromrd/rd, p73'™+/+ retinas with progressive loss of the
outer retina resulting in a single row of photoreceptor nuclefFigure 2. No effect of p7%® on the outer nuclear layer thickness in
at P20 (Figure 1D,H,L). Quantitative analysis of ONL thick-rd/rdmice. Quantitative analysis of outer nuclear layer (ONL) thick-
ness showed no statistically significant differences betweefess inrd/rd, p73™+/+ mice (black bars)d/rd, p78'™+/- mice
these three strains (Figure 2). (white bars), andd/rd, p78'™-/- mice (red bars). ONL thickness was

TUNEL staining: We next examined the extent of photo- examined in each genotype at P9, P12, and P15. No statistically sig-
receptor cell apoptosis i/rd, p75™+/+ mice at P9, P12, nificant differences were observed between these groups. Each data

b . o oint represents the mean of values obtained from three independent
P15, and P20 using TUNEL staining. For quantitative anal;éxperimems. error bars represent the SEM.

GCL

INL

Figure 3. Upregulation of p?5 protein expres-
sion inrd/rd mice. Immunohistochemical analy-
A {1 sis of p75™ (A-E) and glutamine synthetase (GS;
i B,C) in +/+, p78'™R+/+ mice A-C), rd/rd,
p78'™R+/+ mice D), andrd/rd, p78'R-/- (E) mice
at P15. Expression of p5 was observed mainly
in the inner retina including Muller glial celBY.
PanelC is a high magnification image of the in-
ner nuclear layer (INL) presented B p78'®
expression seemed to be slightly upregulated in
rd/rd, p78'™® +/+ mice D). Immunoreactivities
for p78'™® were completely absent ird/rd,
p78'™R-/- mice (E). The ganglion cell layer (GCL)
and outer nuclear layer (ONL) are also identified.
Scale bars represent 1@60.

ONL
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sis, we counted the number of TUNEL-positive nuclei sepatinguishable fronrd/rd, p78'™+/+ retinas (Figure 6A). No
rately in the central and peripheral regions. As shown in Figsignificant differences in TUNEL staining nor ONL thickness
ure 5 (black bars), photoreceptor apoptosis was most promicere detected between these three strains at P9, P12, and P15
nent at P12, especially in central region (Figure 6A). How{Figure 5). Fewer TUNEL-positive photoreceptors were ob-
ever, retinas fromd/rd, p78'™+/- (Figure 6B), andd/rd, served at P20 (data not shown).
p75'™R-/- (Figure 6C) mice showed a pattern of labeling indis-

DISCUSSION
Recent findings indicate an involvement of ¥?5n light-

NTR induced photoreceptor degeneration in albino rat [5,24,25].
. +/ +, P7S +/+ Consistently, a small neuroprotective effect was observed in
NTR the pigmented p75R-/- mice, resulting in reduced retinal
B’@ 800- . rd/rd’ p75 ++ apoptosis following intense light exposure [5]. However, the
~ 3
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Figure 4. Upregulation of p?5 mRNA expression imd/rd mice. % o
Quantitative analysis of p7% mMRNA expression in +/+, pF& +/+ = P9 P9 P12 P12 P15 P15

mice (black bars) anct/rd, p75'™+/+ mice (red bars). Real-time central peripheral central peripheral central peripheral

PCR analysis was carried out at P8, P13, and P20™pmRNA

expression in +/+, pT5*+/+ mice at P8 is shown as 100%. Note the Figure 5. No effect of p75® on the number of TUNEL-positive cells
significant upregulation of p™5 in rd/rd, p78'™+/+ mice at P13 in rd/rd mice. Quantitative analysis of photoreceptor apoptosis in
and P20. No statistically significant differences were observed fromd/rd, p78'™+/+ mice (black barsjd/rd, p78‘™*+/- mice (white bars),

P8 to P20 in +/+, p73*+/+ mice. On the other hand, pP75mRNA andrd/rd, p73'™?-/- mice (red bars). Number of TUNEL-positive cell
expression in rd/rd, pT5*+/+ mice was increased at P13 and P20nuclei in the outer nuclear layer (ONL) was counted in central and
compared with that in +/+, p7%+/+ mice. Each data point repre- peripheral retina at P9, P12, and P15. No statistically significant dif-
sents the mean of values obtained from six independent experimentsrences were observed between these groups from P9 to P15. Re-
error bars represent the SEM. Asterisk (*) indicates p<0.001 for consults of at least three independent experiments are presented; error
parison to +/+, p78R+/+. bars represent the SEM.

rd/rd, p75N™ +/+  rd/rd, p75N™ +/-  rd/rd, p75NTR -/-

Figure 6. No effect of p75® on the photoreceptor apoptosigdfrd mice. Detection of TUNEL-positive cells id/rd, p73‘™*+/+ mice,rd/

rd, p78'™+/- mice, andd/rd, p78'®-/- mice retina at P12. Many TUNEL-positive cell nuclei were observed in central retitfadpp73'R

+/+ mice Q). Retinas ofd/rd, p78'™+/- (B) andrd/rd, p73'™*-/- (C) mice also showed many TUNEL-positive cells in the outer nuclear layer
(ONL) that is indistinguishable froma/rd, p78'™® +/+ mice. Scale bar represents 100.
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morphologic and histochemical analysesrafimice ¢d/rd, lated molecules during photoreceptor degeneration will be
p75'™R+/+) andrd mice without a functional p™ gene (d/  needed.

rd, p78'™*-/-) showed that the levels of apoptosis during reti-

nal degeneration are not measurably affected by the absence ACKNOWLEDGEMENTS
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