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Abstract

Misregulation of the innate immune response and other immune-related processes have been
suggested to play a critical role in the pathogenesis of a number of different neurodegenerative
diseases, including age related macular degeneration. In an animal model for photoreceptor
degeneration, several genes of the innate and acquired immune system were found to be differentially
regulated in the retina during the degenerative process. In addition to this differential regulation of
individual genes, we found that in the rd1 retina a significantly higher number of genes involved in
immune-related responses were expressed at any given time during the degenerative period. The
peak of immune-related gene expression was at postnatal day 14, coinciding with the peak of
photoreceptor apoptosis in the rd1 mouse. We directly tested the potential involvement of acquired
and innate immune responses in initiation and progression of photoreceptor degeneration by
analyzing double mutant animals. Retinal morphology and photoreceptor apoptosis of rd1 mice on
a SCID genetic background (no mature T- and B-cells) or in combination witha RAG-1 (no functional
B- and T-cells) or a C1qa (no functional classical complement activation pathway) knockout was
followed during the degenerative process using light microscopy or TUNEL staining, respectively.
Although complement factor C1qa was highly up-regulated in the rd1 retina concomitantly with the
degenerative process, lack of this protein did not protect the rd1 retina. Similarly, retinal degeneration
and photoreceptor apoptosis appeared to proceed normally in the rd1 mouse lacking functional B-
and T-cells. Our results suggest that both, the classical complement system of innate immunity and
afunctional acquired immune response are not essential for the degenerative process in the rd1 mouse
retina.
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INTRODUCTION

Recent evidence supports an involvement of immune-related factors in the development and
progression of retinal degenerative diseases in human patients. Local inflammation may not
only be involved in the formation of drusen, a hallmark of AMD (Hageman et al. 2001;Johnson
et al. 2002) but inflammation triggered by the debris generated by dying RPE cells may also
lead to photoreceptor cell death and loss of vision (Johnson et al. 2002). Furthermore, mutations
in complement factor H and factor B were shown to significantly increase the risk to develop
age-related macular degeneration (AMD) (Edwards et al. 2005;Hageman et al. 2005;Haines et
al. 2005;Klein et al. 2005;Umeda et al. 2005;Gold et al. 2006). Topographical analysis of
retinas affected by AMD revealed that rod cell death precedes cone cell death (Curcio 2001).
The investigation of the mechanisms by which rod cells die in human patients may therefore
be a valuable approach to address early changes in the pathology of AMD (Adler et al.
1999;Reme et al. 2003). Many induced and inherited animal models have been described for
the study of photoreceptor degeneration (Hafezi et al. 2000;Wenzel et al. 2005). Among these,
the rd1 mouse constitutes the best characterized model in which a recessive mutation in the
B-subunit of the phosphodiesterase (3-PDE) gene (Farber 1995)) causes an early onset of rapid
retinal degeneration. The mutation results in high levels of cGMP (Lolley et al. 1974), which
leaves an increased number of the cGMP-gated channels in the open state, allowing
intracellular calcium to rise to toxic levels and rapid rod degeneration to follow (Fox et al.
1999). The degenerative process also correlates with defects in energy metabolism (Acosta et
al. 2005), although a causal effect has not yet been demonstrated. Based on observed changes
in gene expression, we have previously suggested that photoreceptor degeneration in the rd1
mouse is a process starting with Ca2*-toxicity followed by secondary insults involving multi-
destructive pathways such as apoptosis and potentially an immune response (Rohrer et al.
2004). This was based on the observation that the gene ontology terms (GO terms) ‘defense
response’, ‘complement activity” and ‘stress response’ were significantly over-represented in
the differentially-expressed genes during the degenerative process in the retina of the rd1
mouse. The increased expression of inflammatory chemokines (MCP-1, MCP-3, MIP-1a.,
MIP-18, and RANTES) along with tumor necrosis factor (TNF-a) is additional evidence
supporting a potential inflammatory response in these retinas (Zeng et al. 2005). In addition,
Andrieu-Soler and coworkers (Andrieu-Soler et al. 2005) have documented the presence of
F4/80 positive infiltrating inflammatory cells (macrophages and/or activated microglial cells)
in the degenerating rd1 mouse retina. Finally, the presence of antigenic changes such as GFAP
expression in Muller cells (Sheedlo et al. 1995) has been reported in these retinas.

Recently, the pathway of classical complement activation has been implicated in the
development of glaucoma and an up-regulation of C1q in glaucomatous eyes has been
documented mainly in Muller cells and in the region of the inner limiting membrane (Stasi et
al. 2006). In a model of ocular hypertension, C1q expression was similarly localized to the
nerve fiber layer and the ganglion cell layer (Kuehn et al. 2006). Thus, the retina may respond
to different types of retinal injury by an up-regulation of the classical complement activation
cascade. As for glaucoma and the model of ocular hypertension (Kuehn et al. 2006;Stasi et al.
2006), the classical complement pathway of the innate immune response was found to be up-
regulated in the rd1 mouse model of photoreceptor apoptosis and retinal degeneration at the
mRNA level. In addition, genes of the acquired immune system were induced as well. To test
the involvement of these two immune pathways in the pathogenesis of the rd1 mouse retina,
and to analyze the role of individual immune-related genes, we combined the rd1 mutation
with one mutation targeting the classical complement pathway (C1qgo ~ 7), and two mutations
targeting the innate immune response (severe combined immune deficiency (SCID) mice and
recombination activating protein RAG1 knockout mice (Rag-1~ ")), respectively.
Photoreceptor degeneration as well as removal of cellular debris in the three double-knockout
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mice was found to proceed at the same rate as in the single knockout (rd1) mice. Our results
suggest that both the classical complement system of innate immunity and acquired immune
responses appear not to be essential for the degenerative process in the rd1 mouse retina, but
leave open the possibility that photoreceptor degeneration in this model is dependent on the

alternative pathway of the complement system.

MATERIALS AND METHODS

Mice

All procedures concerning animals were in accordance with the regulations of the Veterinary
Authority of Zurich and the Medical University of South Carolina Animal Care and Use
Committee, and with the statement of The Association for Research in Vision and
Ophthalmology for the use of animals in research. All mice were housed under standard
conditions in a 12h:12h light:dark cycle. C3H/SCID mice carrying the rd1 mutation on the
SCID genetic background were purchased from Jackson labs (Bar Harbor, Maine, USA).
Ragl~ ~ mice are described elsewhere (Mombaerts et al. 1992) and were genotyped by PCR
using the following four primers: 1) 5’-TAC CCT GAG CTT CAG TTC-3’ (Rag1 forward
wt); 2) 5’-CAA CAT CTG CCT TCA CGT C-3’ (Ragl reverse wt); 3) 5’-CTT GGG TGG
AGA GGC TAT TC-3’ (Ragl forward ko); 4) 5’-AGG TGA GAT GAC AGG AGA

TC-3’ (Ragl reverse ko). Amplification products were 500bp for the wt and 280bp for the
knockout allele. C1ga ~ ~ mice on a pure C57BL/6 background were generated by Botto and
colleagues (Botto et al. 1998). Genotyping of C1qa ~ ~ mice was done by PCR using the
following three primers: 1) 5’-GGG GCC TGT GAT CCA GAC AG-3’ (Clga forward); 2)
5’-TAA CCATTG CCT CCA GGA TGG-3’ (Clga reverse); 3) 5’-GGG GAT CGG CAA
TAA AAA GAC-3’ (Neo reverse). Wildtype sequence gave an amplification product of 360bp,
knockout sequence of 160bp. To determine the successful generation of double knockouts,
mice were genotyped for the rd1 mutation using upstream primer 5’-CAT CCC ACC TGA
GCT CAC AGA AAG-3’ and downstream primer 5’-GCC TAC AAC AGA GGA GCT TCT
AGC-3’. Amplification products were digested with Ddel (Promega, Madison, WI, USA) to
detect rd1 specific restriction fragments. The amplification product of wild type DNA is not
cut by Ddel.

Gene expression profiling

The data used here has previously been published by our group (Rohrer et al. 2004). In this
previous publication, only highly expressed genes (log expression level of >5.5; median gene
expression level is ~5.2), with low standard deviation and high correlation between repeats
were analyzed, eliminating many genes of median and low expression levels that were never-
the-less consistent between repeats; here we included all genes that passed the requirement for
low standard deviation and high correlation between repeats.

The platforms used to analyze this data were Affymetrix, Matlab (Version 7.0), including its
Statistics Toolbox and BioConductor. CEL and CHP files for each time point (P6 through P21)
were imported and normalized using Robust Multi-chip Average (RMA). Three sequential
steps were taken to identify differentially expressed genes. First, the data was filtered based
on absence and presence calls obtained from Affymetrix. The criterion of at least 3 presence
values throughout the time-series replicates was adopted. Second, at each time point and for
each genotype, the correlation between the repeats was determined, accepting a correlation of
>0.8 between repeats as described previously (Rohrer et al., 2004). And third, a one-way
ANOVA was performed per gene per time point to identify genes that are differentially
expressed between rd1 and wt, requiring a P value of <0.05.
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Gene ontology analysis

Gene ontology terms (biological process) and the relation scheme between the terms were
obtained at the Gene Ontology Consortium (http://www.geneontology.org) for all genes
present on the array. In determining the GO terms to be used for further analysis of these sets
of genes, the following keywords were used: immune, lymphocyte, antigen, antibody, MHC,
complement, T cell, B cell, defense. These keywords were then used to determine the genes
that were associated with each keyword and the GO term and 1D to which they belonged.

Cluster analysis

Hierarchical Clustering was performed on the resulting 58 genes (see Figure 2) using Cluster
and TreeView (Eisen et al., 1998). The clustering method was average linkage, using
correlation as a similarity measure. The most specific GO Biological Process Term (the one
with the highest index) was included in the cluster analysis to attempt to determine whether
any GO terms were overexpressed in the gene set. GO IDs and additional information can be
found in supplemental materials.

Semi-quantitative RT-PCR

Retinas of rd1/rd1 and of wildtype mice (B6;129) were isolated at post-natal days 11, 14, 21
and 37. Total RNA was prepared using the RNeasy mini kit (Qiagen, Hilden, Germany)
including a DNase treatment to digest residual genomic DNA. Total RNA (500 ng) from each
of three retinas from three animals were pooled and used for reverse transcription. Real-time
PCR was performed on a LightCycler (Roche Diagnostics, Rotkreuz, Switzerland) using an
equivalent of 10 ng of total retinal RNA per reaction and the SYBR Green JumpStart Taq
ReadyMix (Sigma, Saint Louis, Missouri, USA). Primers used were: B-actin, forward: 5’-CAA
CGG CTC CGG CAT GTG C-3’ and reverse: 5’-CTC TTG CTC TGG GCC TCG-3’; opsin,
forward: 5°-TTT TAT GTG CCC TTC TCC AAC G-3’ and reverse: 5’-ATG ATA GCG TGA
TTC TCC CCG-3’; Clqa., forward: 5’-AAG ATG TCT GCC GAG CAC CCA AC-3’ and
reverse: 5’-TTC ACG CCC TTC AGT CCT TG-3’. cDNA was amplified in triplicates and
relative quantification was done using the LCS4.0 software (Roche Diagnostics, Rotkreuz,
Switzerland).

Morphology and TUNEL staining

For light microscopy, eyes were enucleated and fixed in 2.5% glutaraldehyde in 0.1 M
cacodylate buffer, pH 7.3. For each eye, the superior and the inferior retina was prepared,
washed in cacodylate buffer, incubated in osmium tetroxide for 1 h, dehydrated in increasing
ethanol concentrations, and embedded in Epon 812. Sections (5 um) were prepared from the
lower central retina, counterstained with methylene blue, and analyzed using an Axiophot
microscope (Zeiss, Oberkochen, Germany).

Terminal transferase-mediated dUTP nick end labeling was performed as described (Wenzel
et al. 2000). Briefly, retinal tissue was fixed in 2% paraformaldehyde for 2 h at 4°C and
embedded in paraffin. The ‘in situ cell death detection kit (Roche diagnostics, Rotkreuz,
Switzerland) was used with minor modifications. Staining was on 5 um sections prepared from
the lower central retina.

RESULTS

Our main goal was to characterize differential expression of immune-related genes in the rd1
mouse, and to test whether any of the genes that were isolated were critically involved in the
degenerative process. We therefore chose to assay gene expression in the retina of rd1 mice
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covering the time course of photoreceptor degeneration using DNA microarrays (Rohrer etal.,
2004). We directly tested a potential essential involvement of the acquired immune response
and of the classical activation pathway of the innate immune response in the degenerative
process, using double mutant mice lacking essential genes required for those two pathways.

Immune and defense genes in the rd1 mouse retina

In order to analyze genes associated with immune response, gene ontology (GO) terms were
identified based on keywords as described above, which resulted in 157 GO terms and 577
corresponding genes. Thus, out of the ~6000 genes and ~6000 ESTs present on the U74Av2
array, approximately 5 % of the probe sets (577) were identified in this way. Please note that
a given gene may have been identified by more then one GO term.

To determine whether the number of immune genes expressed varied with genotype, the data
were analyzed with a 1 between (genotype) and 1 within (% immune genes expressed) analysis
of variance (ANOVA). As expected, a higher percentage of the immune genes were expressed
in the rd1 retina during the time course of photoreceptor degeneration when compared with
the C57BL/6 control based on the criteria of absent present calls established by the Affymetrix
software (genotype effect: F(1,18) = 6.9; P = 0.02) (Figure 1).

The identification of differentially expressed genes is based on correlation between replicates,
the requirement of the genes to be present (present call according to Affymetrix) in at least 3
out of the 10 time-series replicates and significant P values between age-matched genotypes
(e.g., P6 C57BL/6 versus P6 rd1), which resulted in a list of 58 genes (Figure 2; see also
supplemental material, Table S1-3). Thus, ~10% (57/577) of the potential genes involved in
the immune response were found to be differentially expressed in the juvenile rd1, when
compared to the wild type retina.

Genes were subsequently clustered based on expression profiles (Figure 2, left hand side of
the figure), and the most specific GO terms were used to classify these 58 genes (Figure 2,
right hand side of the figure; see also supplemental material, Table S4). The color-coding
demonstrated that components of all GOs are differentially regulated, but do not fall exclusively
into either the up- or down-regulated gene clusters. A prominent cluster with three genes
involved in the classical pathway of complement activation with high expression at P14, the
peak of photoreceptor degeneration in the rd1 mouse (Portera-Cailliau et al., 1994) was
identified. In addition a number of genes involved in T-cell activation (GO terms: antigen
processing, endogenous antigen via MHC class I; positive regulation of T-cell activation) are
found to be up-regulated in the rd1 mouse retinas. T-Cells are responsible for coordinating all
Acquired Immune Responses. Based on these findings, the involvement of the classical
complement pathway and the acquired immune system were tested in the progression of cell
death in the rd1 mouse.

Inactivation of the classical complement activation pathway

Several members of the classical complement activation pathway (Clga ; C1lgy , C1gp and
C1r) were identified as being differentially regulated during the phase of retinal degeneration
in the rd1 mouse. C1q binding to C1r-receptors is involved in the activation of the classical
complement pathway. We have previously confirmed the up-regulation of C1gp in the rd1
mouse (Rohrer et al. 2004) by quantitative real time PCR (QRT-PCR), and extended this
analysis to the expression of C1lga , using p-actin and rhodopsin as controls (Table 1). Similar
to the expression of C1gp (Lohr et al. 2006), C1qa expression levels peaked in the rd1 mouse
retina at P14 and decreased to almost basal levels towards the end of the period of photoreceptor
apoptosis (P21). Totest the potential role of complement activation in the degenerative process,
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we combined the rd1 mutation with a C1qga null background. A potential influence of the lack
of C1qa on the rd1-induced degeneration of photoreceptor cells was assessed morphologically
at different postnatal days in rd1/rd1; Clqa *~ and rd1/rd1; Clqo ~ ~ littermates (Figure 3).
Lack of Clga did not influence initiation or progression of retinal degeneration in the rd1
mouse retina. After P11, photoreceptors start to degenerate independently of the presence or
absence of a functional C1lga gene. At P17, one to two rows of photoreceptor nuclei are
remaining. At P21 and P35, almost all photoreceptors have been lost and the ONL almost
completely disappeared. Importantly, clearance of dead photoreceptor cells was not delayed
in C1lga deficient mice although C1q has been implicated in the opsonization of dying cells
(Fishelson et al. 2001;Botto and Walport 2002).

Lack of functional B- and T-cells

The acquired immune response relies on functional B- and T-cells. A number of genes required
for T-cell activation are found to be up-regulated in the rd1 mouse retinas (Ap3d1, Cd1d1, H2-
D1, H2-K1, H2-D1, Prkcqg, B2m and Egrl). The SCID/SCID mutation affects the VDJ
recombinase system, which is required to arrange the V, D, and J gene segments. Therefore,
SCID mice do not express surface 1g’s on precursor T- and B-cells and hence they do not
develop mature T- and B-cells (Nonoyama et al. 1993;Nally et al. 2005). Retinal degeneration
in the rd1/SCID (C3H/SCID) mouse was followed morphologically (Figure 4) and by TUNEL
staining of apoptotic cells (Figure 5). The presence of the SCID mutation did not influence
initiation and progression of photoreceptor apoptosis induced by the rd1 mutation. After P10,
the ONL progressively thinned with one row of photoreceptor nuclei remaining at P21. The
appearance of TUNEL-positive cells with a peak at P14 also suggests that the SCID mutation
did not influence the mode of degeneration. At P21, when almost all photoreceptors have been
cleared from the ONL, TUNEL-positive staining was rare. Cells of the INL and GCL were
hardly affected by the rd1 mutation, as expected. The scattered TUNEL-positive nuclei in the
INL at P10 were due to regular programmed cell death during postnatal development. Several
lines of SCID mice show a ‘leakiness’ with respect to serum levels of 1g’s. The strain used
here, however, appears to be one of the ‘non-leaky’ strains as shown by the very low serum Ig
levels (Nonoyama et al. 1993;Nally et al. 2005). Nevertheless, we additionally generated rd1/
Rag-1~~ double-mutant mice and analyzed retinal development and degeneration by
morphological evaluation of retinal tissue at different postnatal days. Mice deficient in RAG1
activity are unable to initiate VV(D)J recombination in Ig and TCR genes, and therefore lack
functional T- and B-lymphocytes (Mombaerts et al. 1992). Similar to rd1/SCID mice, lack of
RAG1 activity did not notably influence induction and/or progression of photoreceptor
apoptosis in the rd1 mice (Figure 4). These findings confirmed our results from the rd1/SCID
double-deficient mice.

DISCUSSION

Recent genetic evidence has strongly implicated polymorphisms in the complement control
protein factor H (Edwards et al. 2005;Hageman et al. 2005;Haines et al. 2005;Klein et al.
2005;Umeda et al. 2005) and factor B (Gold et al. 2006) as major risk (or, depending on the
polymorphism, protective) factors for AMD. Based on these results, it has been proposed that
inadequate control of complement-driven immune-response may be an important factor in the
pathogenesis of AMD.

Although the rd1 mouse is not investigated as a model system for AMD, the analysis of the
degenerative processes in the rd1 retina may nevertheless significantly advance our
understanding of the pathology in age related macular degeneration. As Curcio and coworkers
(Curcio et al. 1996) very convincingly showed, rod photoreceptors are the first cells to die in
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AMD. Since rods are known to secrete cone-protecting factors (Leveillard et al. 2004), saving
the rods from cell death may increase the survival time of the cones (Curcio et al. 2000;Sahel
2005). Furthermore, recent data shows that immune-related genes, including genes expressing
factors of the complement system are up-regulated in the rd1 retina (Rohrer et al. 2004;Zeng
et al. 2005) as they are in the retina of AMD patients (Hageman et al. 2001), suggesting that

the degeneration in the rd1 mouse may share some features with molecular processes during

the course of AMD in human patients.

Although genes of both, the innate and the acquired immune response were induced in the
retina of rd1 mice, neither lack of the classical complement system nor the acquired immune
response did notably influence the degeneration or the clearing/phagocytosis of apoptotic cells.
Although the retina clearly reacts to photoreceptor degeneration by an up-regulation of genes
involved in the tissue defense response against intruders and/or debris, this mechanism does
not appear to be essential for the degeneration and/or the maintenance of the integrity of retinal
cells not directly affected by the gene mutation per se. When using knockout mice to analyse
specific features during postnatal development, the problem of the potential lack of specificity
has to be kept in mind (e.g., (Crusio 1996;Gerlai 1996;Lathe 1996;Crawley et al. 1997;Gass
etal. 1998)). Two issues are of particular concern, indirect effects due to deficits in organs not
directly targeted; and the possible effects of hitchhiking genes, which are genes surrounding
the targeted gene in the embryonic stem cell strain. To circumvent these problems, Gerlai
(Gerlai 1996) recommended to characterize more than one independently created animal line.
Thus, the identical (although negative) finding in the rd1/ RAG1 and the rd1/SCID mice, which
both lack functional T- and B-lymphocytes, strengthens our conclusion.

Two distinct populations of macrophages have been demonstrated in the retina: perivascular
cells and microglia (Provis et al. 1995;Provis et al. 1996). Microglia not only are phagocytes,
clearing away cell debris (Egensperger et al. 1996) but they are also the primary
immunocompetent cells in the central nervous system (CNS) and may be involved in
surveillance of tissue integrity and the protection of neuronal tissue during injury and disease
(Streit et al. 2005). On the other hand, microglia produce a multitude of factors which may be
toxic to neurons thereby contributing to cell death in the CNS upon activation (Block and Hong
2005). In addition, glial cells may express most if not all of the activation and regulatory
proteins of the complement system (Barnum 1995;Barnum 2002) and microglia up-regulate
complement factor C1q in response to transient ischemia in the brain (Schafer et al. 2000).

It has been shown recently that microglial migration and accumulation is enhanced in the
degenerating retina such as in that of the RCS rat (Roque et al. 1996), the rd1 (Zeiss and Johnson
2004;Andrieu-Soler et al. 2005;Zeng et al. 2005) or the rd2 mouse (Hughes et al. 2003). Zeng
and coworkers (Zeng et al. 2005) have additionally shown in the rd1 retina that activated
microglia express a multitude of signaling molecules (chemokines MCP-1, MCP-3, MIP-1a.,
MIP-1, and RANTES) and microglia-derived toxic factor (TNF-a ) which may contribute to
three different processes: 1%, increased photoreceptor death due to the release of cytotoxic
substances; 2", recruitment of monocytes/macrophages to the site of injury through the release
of chemokines and 379, removal of cellular debris. On the other hand, Hughes and colleagues
(Hughes et al. 2004) have questioned the role of microglia in rd2 photoreceptor degeneration
by showing that minocycline, a potent anti-inflammatory semi-synthetic tetracycline antibiotic,
does not exert its neuroprotective effect(s) via the suppression of microglial activation.

Here, we have focused on the possible involvement of immune-related factors in the
degenerative process of rd1 mouse photoreceptors. Although the individual factors analyzed
here are not essential for the degenerative process in the rd1 retina, it is possible, that they
contribute to the process in a synergistic way. Inactivation of one of these factors or even
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pathways may not be sufficient to induce a distinct phenotype due to redundancy. The
complement system for example can be activated by each of three distinct pathways (classical,
alternative, and lectin), and complement factor H is the major fluid phase inhibitor of the
alternative pathway (Holers 2000). Involvement of the alternative pathway in the pathology of
the rd1 retina will be tested in the future once the required mouse mutants become freely
available.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Percent immune/defense genes used in the rd1 mouse retina. Analysis of variance revealed that
a higher percentage of the immune genes were expressed in the rd1 retina (open squares) across
the five time points covering the time course of photoreceptor degeneration when compared
with the C57BL/6 control retina (filled squares) (genotype effect: F(1,18) = 6.9; P = 0.02).

Data are expressed as mean between repeats + SEM.
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GO Term

JAK-STAT Cascade
immune response
positive regulation of transcription, DNA-dependent
B cell proliferation
regulation of immune response
regulation of cytokine biosynthesis
positive regulation of NK T cell differentiation
actin filament bundle formation
negative regulation of myeloid cell differentiation
positive regulation of NK T cell differentiation
humoral immune response
negative regulation of cyclin dependent protein kinase activity
defense response to bacteria
positive regulation of actin filament polymerization
complement activation, classical pathway
complement activation, classical pathway
complement activation, classical pathway
immune response
cell differentiation
induction of positive chemotaxis
lymphocyte proliferation
lipid catabolism
regulation of fat cell differentiation
cell adhesion
complement activation, alternative pathway
complement activation, alternative pathway
inflammatory response
cell surface receptor linked signal transduction
immune response
immune response
sensory perc eption
immune response
antigen processing, endogenous antigen via MHC class I
anﬁgen processing, endogenous antigen via MHC class [
immune response
antigen processing, endogenous antigen via MHC class I
immune response
positive regulation of T cell activation
blood coagulation
immune response
interferon type I biosynthesis
immune response
response to pam
antigen processing, endogenous antigen via MHC class [
No GO available
positive regulation of phagocytosis
immune response
G-protein coupled receptor protein signaling pathway
defense response
defense response
T cell differentiation
fat cell differentiation
defense response
defense response
immune response
complement activation, classical pathway
immunoglobulin secretion
induction of positive chemotaxis

Gene expression profiling. Hierarchical clustering of the gene expression profiles of the control
(C57BL/6) and experimental (rd1) mouse retinas (down-regulated (green); up-regulated (red)).
Genes were selected based on standard deviation between repeats of the RMA transformed
data and absent present calls. The gene symbol for each of the 58 genes is included. Also
included are the GO Biological Process terms for each gene. The color scheme (yellow-blue)
represents the similarity of the GO terms as identified by the relation scheme between the terms.
The different GO term are distributed fairly evenly throughout the map both in the up- and
down-regulated genes in both sets of arrays.
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Figure 3.

Lack of C1lga does not influence retinal degeneration in the rd1 mouse. Retinal morphology
of rd1/rd1;Clqa */~ (left column) and of rd1/rd1;Clqa ~ ~ (right column) littermates was
analyzed at postnatal days 11, 13, 17, 21 and 35, as indicated. Photoreceptor degeneration
proceeded similarly in both types of mice. Abbreviations: RPE, retinal pigment epithelium;
ONL, outer nuclear layer; INL, inner nuclear layer; GC, ganglion cell-layer. Scale bar: 50um.
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Figure 4.
SCID mutation or lack of RAG1 does not influence retinal degeneration in the rd1 mouse.

Retinal morphology of rd1/rd1 (left column) and of rd1/rd1;SCID (middle column) was
analyzed at postnatal days 10 (rd1/rd1 and rd1/rd1;SCID), 11 (rd1/rd1/Rag-1~"), 14, 17 and
21, as indicated. Photoreceptor degeneration proceeded similarly in all types of mice. Scale
bar: 50um. Abbreviations as in Figure 3.
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Figure 5.

SCID mutation does not influence retinal degeneration in the rd1 mouse. TUNEL staining of
apoptotic cells in rd1/rd1 (left column) and in rd1/rd1;SCID (right column) was performed at
postnatal 10, 14, 17 and 21, as indicated. Amount and distribution of apoptotic cells were
similar in both types of mice. Scale bar: 50um. Abbreviations as in Figure 3.
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Genotype/agej opsin rel to actin| Clqge rel to actin Clqge rel to opsin
wt P11 1.00 1.00 1.00
wt P14 3.27 0.71 0.22
wt P17 5.70 0.65 0.11
wt P21 8.62 0.61 0.07
rd1/rdl P11 1.10 2.56 2.30
rd1/rdl P14 0.58 13.10 22.48
rd1/rdl P17 0.01 4.70 361.00
rd1/rdl P21 0.000436 1.88 4320.00
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