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Abstract

The pathogenesis of many retinal degenerations, such as age-related macular degeneration
(AMD), is punctuated by an ill-defined network of sterile inflammatory responses. The
delineation of innate and adaptive immune milieu amongst the broad leukocyte infiltrate, and
the gene networks which construct these responses, are poorly described in the eye. Using
photo-oxidative damage in a rodent model of subretinal inflammation, we employed a novel
RNA-sequencing framework to map the global gene network signature of retinal leukocytes.
This revealed a previously uncharted interplay of adaptive immunity during subretinal
inflammation, including prolonged enrichment of myeloid and lymphocyte migration, antigen
presentation, and the alternative arm of the complement cascade involving Factor B. We
demonstrate Factor B-deficient mice are protected against macrophage infiltration and
subretinal inflammation. Suppressing the drivers of retinal leukocyte proliferation, or their
capacity to elicit complement responses, may help preserve retinal structure and function

during sterile inflammation in diseases such as AMD.
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Introduction

Leukocyte activation and recruitment is a key process in the progression of a variety of
neurodegenerative diseases, including those affecting the retina (reviewed in [1]). Microglia
are resident macrophages of the central nervous system, derived in early development from
yolk sac myeloid cells [2, 3]. Microglia contribute to the normal physiological state of the
central nervous system through constant surveillance of the parenchyma. They control a variety
of processes including phagocytosis of neurons during development [4], maintenance of
healthy retinal synapses [5] and tissue repair [6]. Age-Related Macular Degeneration (AMD),
is a retinal disease whose hallmark is progressive loss of photoreceptors and retinal pigment
epithelium (RPE), accompanied by inflammation and influx of leukocytes, including
monocyte-derived macrophages [7]. Recruited macrophages, as well as resident microglia
contribute to the pathogenesis of the degenerating retina (reviewed in [8, 9]), includes AMD
[10-13], retinitis pigmentosa [11, 14], retinal detachment [15, 16], glaucoma [17-19] and
diabetic retinopathy [17, 20]. The long-standing assumption, derived from rodent models of
brain injury, is that resident microglia are the primary source of inflammatory mediators in the
brain, and that recruited leukocytes do not play a long-term role in tissue repair (reviewed in
[21]). However, it is also clear from recent transcriptome studies that microglia derived from

different parts of the CNS have distinct molecular and functional attributes [22].

Chemokine signalling mediates monocyte migration in several CNS disorders
including AMD, multiple sclerosis, Alzheimer’s disease, and brain ischemia and trauma
(reviewed in [23-26]). In the photo-oxidative damage (PD) model of focal retinal degeneration
we used a broad spectrum chemokine inhibitor, and reduced sub-retinal macrophage
accumulation and associated photoreceptor cell death [27], indicating the key role of
chemokines in retinal degenerations. Studies of Ccl2 show that ablation of Ccl2 or the Ccr2
receptor reduces monocyte infiltration and retinal degeneration in experimental choroidal
neovascularization (CNV) [28] and in PD-treated Cx3crl—/— mice [29]. Further, we have
shown that expression of Ccl2 is upregulated in Miiller cells in PD [30], and that targeted
knockdown of Ccl2 using siRNA reduces recruitment of microglia/macrophages,
photoreceptor death and complement deposition [31]. The release of endogenous triggers like
Ccl2 alerts monocytes and promotes proliferation, migration, enhanced phagocytosis, as well
as secretion of cytokines, chemokines, and neurotoxins (reviewed in [32]). This process of
monocyte activation can promote CNS degeneration including phagocytosis of neurons that

otherwise might survive [33, 34] and initiation of pro-apoptotic events [35]. The detrimental
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92 effects of macrophage aggregation in the outer retina have been directly implicated in retinal
93  models of neovascular-AMD [36], PD [37, 38], diabetic retinopathy [39, 40], and glaucoma
94  [41].

95 Despite the growing understanding of the role of macrophages in retinal degenerations,
96 little is known about the molecular profile of these cells, nor of the contribution that other
97 leukocytes types may have in progression of retinal disease. While macrophages are the
98 predominant inflammatory cell in the retina, a growing body of evidence teases a broader
99  contribution of immune responses in AMD (reviewed in [42]). Here, we report an analysis of
100  gene expression in CD45" leukocytes isolated from retina following experimental PD in a
101  rodent model. Our constructed functional networks reveal diverse transcriptional regulation of
102  genes involved in leukocyte activation, chemokine signalling and the complement cascade in
103  retinal degenerations. We propose that the initial inflammatory response which primarily
104  involves the retinal microglia/macrophages, leads to a progression in inflammatory activity,
105 including the activation of other leukocyte subsets, initiation of an adaptive immune response,
106 and complement activation, which contribute to subretinal inflammation and progressive

107  photoreceptor cell death.
108  Methods
109  Animals

110 All work was conducted using either young adult Sprague-Dawley (SD) albino rats, or
111 C57/Bl16J mice. Additionally, Cfb-/- mice (B6;129-Cfb™!H/Apb) were also obtained from the
112 Australian Phonemics Facility (APF), and which were bred on the B6 background. All animal
113 experimentation was conducted in accordance with the ARVO Statement for the Use of
114  Animals in Ophthalmic and Vision Research and with the approval of the Animal Ethics
115  Committee at the Australian National University, Canberra (Protocols - A2012/07 and
116  A2014/56). Animals were raised and experiments were conducted in cyclic 5 lux light:dark
117 (12hrs:12hrs), unless otherwise stated. All animals were culled using an overdose (60mg/kg
118  bodyweight) of barbiturate (Valabarb; Virbac, Australia) given as intraperitoneal injection. All

119  culling was performed at 9am to control for possible circadian effects.
120  Photo-oxidative damage model

121 For the rat PD model, animals, housed and exposed to bright (1000 lux) light for 24hrs

122 in accordance with our previous protocols. Exposure began and ended at 9am on successive
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123 days. Rats were euthanized for tissue collection either immediately following PD (0 days), or
124  after a further 3 or 7 days in cyclic dim light. Dim-reared animals were collected as non-light

125  exposed controls for comparison.

126 The mouse PD model was performed following our previously established
127  methodology [43]. In brief, age-matched wild type (C57BL/6) and complement knockout
128  animals were housed in Perspex boxes coated with a reflective interior, and exposed to 100K
129  lux of natural white LED for up to 7 days, with access to food and water ad libitum. Each
130  animal was administered with pupil dilator eye drops (0.1% atropine sulphate, Bausch and
131  Lomb, Australia) two times a day during light exposure. Animals were either euthanized or

132 subjected to electroretinogram (ERG) recordings after 3, 5, 7 days of photo-oxidative damage.

133 Animal tissue collection and processing for histology and RNA extraction

134 Eyes from some animals were marked at the superior surface for orientation, then
135  enucleated and immediately immersion-fixed in 4% paraformaldehyde in 0.1 M PBS (pH 7.3)
136  for 3hrs at room temperature, then processed for cryosectioning as previously described for
137  histological analysis [44]. From other animals (n>6), retinas were excised through a corneal

138  incision and prepared for cell sorting and RNA extraction.

139  Analysis of Cell Death

140 Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) was used to
141 quantify photoreceptor apoptosis in cryosections for each experimental group, using a
142 previously published protocol [45]. Counts of TUNEL-positive cells in the outer nuclear layer
143  (ONL) were carried out along the full length of retinal sections cut in the parasagittal plane
144  (superior-inferior), within the vertical meridian. The total count from each retina is the average

145  of four sections at comparable locations.
146 Outer nuclear layer (ONL) thickness measurements

147 Thickness of the ONL in each experimental group was measured in increments of Imm
148  along the full length of retinal cryosections cut in the parasagittal plane (superior-inferior),
149  which were in close proximity to the vertical meridian. The DNA-specific dye bisbenzimide
150  (Sigma-Aldrich, MO, USA) was used to visualize the cellular layers. The ONL thickness ratio

151  was calculated as the thickness of the ONL relative to the distance between the ganglion cell
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152  layer (GCL) and ONL, to take into account any obliquely cut sections. The ONL thickness

153  ratio for each retina is the average of two retinal sections at comparable locations.

154  Immunohistochemistry

155 To detect and localise CD45" cells in retinal cryosections, immunohistochemistry was
156  performed using a CD45 primary antibody (Biolegend, San Diego, CA, USA) or IBA1 (1:500,
157  Wako, #019-19741), as described in our previous protocols with minor modifications [46, 47].
158  Sections were counterstained with a DNA label (Bisbenzimide; Sigma-Aldrich) for
159  visualisation of the retinal layers. Fluorescence in retinal sections was visualised under a laser-
160  scanning A1 confocal microscope (Nikon, Tokyo, Japan), and images were acquired using the
161  NIS-Elements AR software (Nikon). Images were processed using Photoshop CS6 software
162  (Adobe Systems, CA, USA).

163  Flow cytometry for retinal leukocyte sub-populations

164 Retinal cell and dissociation and flow cytometry were conducted as per our previous
165  protocol [43], with some modifications. Retinas from each animal were pooled and
166  immediately placed dissociation cocktail that included 0.2% papain, and were then digested
167  until a single cell suspension was obtained. Permeabilization was not conducted. The samples
168  were then incubated in FC block, followed by an incubation antibody staining buffer for 45
169 minutes at 4°C, which contained the following cocktail of markers: CD11b-PE, 1:200,
170 Biolegend; CD45-Alexa-647, 1:200, Biolegend; CD3-Pacific Blue, 1:400, Biolegend;
171 CD45RA-FITC, 1:200, Biolegend; Grl-PE, 1:200, BD Biosciences, Franklin Lakes, NJ.
172 Samples were run through a BD Fortessa flow cytometer (BD Biosciences). The data were
173 analysed using FloJo software (version 10.4.1). Statistical analysis was performed using Prism
174 6 (GraphPad Software, CA,USA). Unless specifically stated either a two-way ANOVA with
175  Tukey’s multiple comparison post-test or an unpaired Student t test was utilised to determine

176  the statistical outcome, with a P value of <0.05 considered statistically significant.
177  Fluorescence-activated cell sorting of CD45+ Leukocytes

178 Retinas from each animal were pooled and immediately placed in chilled HBSS (n =3
179  per time point) and then subjected to light mechanical separation using a razor blade. Samples
180  were transferred into 0.2% papain digestion cocktail [47] and incubated at 8°C for 45 minutes,
181  then 28°C for 7 minutes. The resulting homogenate was centrifuged at 250 g for 5 minutes at

182  4°C, and the pellet was resuspended in neutralization buffer. The homogenate was centrifuged
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183  again at 420g for 5 minutes at 4°C, and the pellet resuspended in staining buffer containing
184  1.0% bovine serum albumin (BSA), and 0.1% azide. The samples were incubated in staining
185  buffer containing anti-CD45-Alexa 647 (Biolegend) for 45 minutes at 4°C, then washed twice
186  in HBBS and resuspended in staining buffer. The resultant CD45-stained samples were run
187  through a fluorescence-activated cell sorter (FACS) (BD FACSAria II; BD Biosciences,
188  Franklin Lakes, NJ, USA). Viability of the sorted cells was assessed by labeling with DAPI.
189  The isolated CD45+ cells were collected in staining buffer and kept chilled on ice until RNA
190  extraction could be commenced. To prepare for RNA extraction, isolated samples were
191  centrifuged at 420 g for 5 minutes at 4°C, and the supernatant removed. RNA extraction was
192  performed with a combination of TRIzol Reagent (Life Technologies,Carlsbad, CA, USA) and
193  an RNAqueous-small scale kit (Life Technologies, Carlsbad, CA, USA) utilized in tandem to
194  extract and purify the RNA respectively. Isolated total RNA was analysed for quantity and
195  purity with a ND-1000 spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA).

196 RNA-seq sample preparation

197 RNA samples were prepared for RNA-seq by the Australian Cancer Research
198  Foundation (ACRF) Biomolecular Resource Facility (BRF) (John Curtin School of Medical
199  Research, Australian National University, Canberra, Australia). cDNA library preparation was
200  performed using the SMARTer Low RNA Kit (Clontech, Mountain View, CA, USA) as per
201 the manufacturer's instructions, using 679pg of RNA per sample was used as starting material
202 for the preparation of the cDNA libraries. Following library preparation, DNA was
203  simultaneously fragmented and tagged with sequencing adaptors using an adapted Nextera
204  DNA Sample preparation protocol (Illumina Technologies, San Diego, CA, USA — Revision
205 A), using Ampure beads for purification (Agilent Technologies, Santa Clara, CA, USA).
206  Concentrations of libraries were checked on the Agilent Bioanalyzer (Agilent Technologies)
207  and pooled to equimolar amounts. Fragmented samples were run on the HiSeq2500 (Illumina
208  Technologies), using TruSeq® Rapid PE Cluster Kit 2500 (Illumina Technologies) and
209  TruSeq® Rapid SBS Kit 2500 - 200 cycles - (Illumina Technologies). 100bp paired end
210  sequencing was performed on all samples (12 sample, 4 data points in triplicate — 18.33 million

211 reads per sample).
212 RNA-seq alignment and analysis

213 All sequenced data was assessed for quality using FastQC software [48] followed by
214 filtering of low quality data using Trimmomatic software (version 0.27, LEADING:15
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215  TRAILING:15 SLIDINGWINDOW:4:20 MINLEN:60 trimming parameters) [49]. All
216  sequence data remaining as paired data after quality filter were mapped to the Rat genome
217  (assembly version Rnor 5.0) using TopHat software (v2.0.10, --b2-very-sensitive mapping
218  parameter) [50] against gene annotations obtained from the Ensembl v75 database. Samtools
219 (v0.1.19.0) was then used to remove unmapped reads and secondary alignments from TopHat
220  output (fixmate —r parameters) [S1]. HTSeq was used for obtaining tag counts for each
221  annotated gene using default parameters for non-strand specific library [52]. Tag counts were
222 normalized for library composition and library size using Trimmed Mean of M-values (TMM)
223 method as implemented in edgeR package to obtain counts per million (CPM) [53, 54] Sum of
224  tag counts in each sample was used as the effective library. All RNAseq data for this project is
225  available on NCBI Short Read Archive with the BioProject ID SRP133267.

226 Differential expression analysis compared the normalised CPM values of the light-
227  treated groups to the control cohort (dim), over a time course of 0, 3, and 7 days in a pair-wise
228 manner. Genes were considered differentially expressed if they had a p-value if < 0.05 and
229  false discovery rate (FDR) of <0.05 (One-way ANOVA); a fold change cut-off of 1.5 was also
230  applied. The relatedness of the individual samples was assessed with principal component
231 analysis (PCA) on the log2 cpm of the DEGs derived from each comparison, and which utilised
232 the scatterplot3d package in R (v3.2.2). Venn-diagrams were also created to illustrate overlap
233 between data points in these gene sets (Venny, v2.1). Gene co-regulation across the time course
234  was assessed by K-means clustering analysis on the log2 cpm of the DEGs using the Stats
235  Bioconductor package in R (v2.15.0) (scripting available upon request). The data were further
236  examined with heatmaps using hierarchical clustering via Euclidian distance, which was

237  conducted with heatmapper [55].

238 Gene ontology (GO) term enrichment analysis was performed using the online
239  Dbioinformatics resource Panther (v13.0) to identify overrepresented biological processes at
240  each time point. GO analysis was conducted using statistical overrepresentation, with a
241 Bonferroni correction applied to account for multiple testing. Additionally, pathway analysis
242  was performed using the Reactome online database (v62) to interrogate the data for statistically
243 enriched pathways, as ranked by FDR (<0.05). To improve the interpretation of the GO terms
244  obtained from Panther, an integrated network analysis was employed using ClueGO (v2.3.3),
245  aplug-in for Cytoscape Software (v3.5.1) [56], using DEGs from each comparison. Networks

246  were constructed using GO terms for biological process, and used enrichment/depletion hyper-
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247  geometric distribution tests with an adjusted p-value of <0.05 (Bonferroni) for terms and
248  groups. Kappa-statistics score threshold was set to 0.5 to define the functional grouping, while
249  the leading term for groups was selected based on highest significance. GO term fusion was

250  applied to reduce the redundancy of the terms included in the networks.
251  Electroretinogram recordings

252 Full-field scotopic ERG recording assessed the retinal function between CfB-/- and Wt
253  mice, and used our previously published methodology [43]. Briefly, a flash stimuli for mixed
254  responses were provided by an LED-based system (FS-250A Enhanced Ganzfeld, Photometric
255  Solutions International, Melbourne), over a stimulus intensity range of 6.3 log cd-s'm-2 (range
256 -4.4-1.9 log cd's'm-2). The a-wave amplitude was measured from the baseline to the trough
257  of the a-wave response and the b-wave amplitude was measured from the trough of the a-wave
258  to the peak of the b-wave. Data are expressed as the mean response amplitude + SEM (uV).
259  Two-way ANOVA, with Tukey's multiple comparisons Post-hoc test, was performed to

260  compare the responses over the flash stimulus range.
261  Western blotting for C3d

262 Whole retinas from euthanized Wt or C3b-/- mice were collected at 4°C in CellLytic M
263  buffer (Sigma, Australia) containing protease inhibitor cocktail (Roche), and spun down at
264  13,000g to obtain the extract protein. Concentration of samples was determined by Bradford
265  assay (Bio-Rad), and equal amounts of total proteins were loaded onto 4-20% Mini-PROTEAN
266  Tris-Glycine gels (Bio-Rad). Following electrophoresis (200V for 35 min), proteins were
267 transferred to nitrocellulose membranes (Bio-Rad) in semi-dry transfer system for 30 min -2
268  hr depending on the size of protein. Blots were blocked with 3% BSA, 0.01% Tween 20, and
269  probed overnight at 4°C with antibodies for either C3d (1:500, #AF2655-SP, R&D Systems)
270  or the loading control GAPDH (1:4000, #G9545, Sigma Aldrich). Immunoblots were incubated
271 with HRP-conjugated secondary antibodies for 2 hr at room temperature and developed using
272 Clarity ECL Western Blotting Substrate (Bio-Rad). Visualization and imaging of blots was
273 performed on ChemiDoc MP Imaging System (Bio-Rad).

274
275

276
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277  Results

278  Photoreceptor cell apoptosis and degeneration

279 Exposure to PD led to an increase in TUNEL-positive cells in the ONL (Figure 1A),
280  and a subsequent decrease in ONL thickness (Figure 1B) compared to dim-reared controls. At
281 7 days post-exposure, persistent ONL thinning and photoreceptor cell death was observed,
282  consistent with photoreceptor death, as described previously [57]. Photoreceptor cell death
283  was correlated with both increased numbers and altered distribution of CD45" leukocytes in
284  the retina (Figure 2A-D). CD45+ cells in retinas of dim-reared control animals showed
285  localisation of ramified leukocytes predominantly in the inner retina, with some cells present
286  in the choriocapillaris (Figure 2A). At 7 days post-PD, CD45" cells had an activated/rounded
287  in morphology, and were distributed throughout all layers of the retina including the ONL and
288  the subretinal space (Figure 2B-D). Quantification of total retinal leukocytes by flow
289  cytometry showed increased numbers of CD45" cells following PD, with highest numbers
290  detected at 7 days (Figure 2E). In dim-reared control animals the percentage of CD45" cells
291  in the total retinal population was 0.85% compared with to 6.2% 7 days post-damage (P<0.05,
292 ANOVA).

293  Temporal profiling of retinal CD45+ leukocytes and subpopulations

294 Common lineage markers for macrophages (CD11b), granulocytes (Grl), T cells
295 (CD3), and B cells (CD45RA) were used to investigate the major subsets of CD45+ leukocytes
296 in the retina over the damage time course (Figure 2F-H). The CD11b+ macrophages were
297  found to increase relative to the retinal population over the experimental time course. This
298  peaked at 7 days post-exposure (P<0.05, ANOVA), and detected on 5.1% of the retinal cell
299  population (Figure 2F). In control samples, 57% of CD45" cells positive for CD11b, while at
300 7 days 85% of the CD45+ cells were also CD11b+, indicating that changes in the CD45+
301  population broadly reflects the changes present in the CD11b+ population. The subset of
302 GRI+CDI11b+ granulocytes, broadly encompassing neutrophils and eosinophils, were shown
303  to increase from near zero in dim-reared controls to ~1.5% of the retinal population at 7 days
304 post- damage (P<0.05 ANOVA) (Figure 2G). The subset of CD3+ T cells displayed
305  progressive increase over time, and by 7 days comprised 20% of the CD45+CDI11b-
306  population, which was almost quadruple the proportion in the dim-reared controls (P<0.05
307 ANOVA) (Figure 2H). CD45RA+ B cells in contrast were barely dateable and showed no
308 appreciable change across the PD time course (Figure 2H).

10
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309  Transcriptome profile of isolated CD45* retinal leukocytes

310 RNAseq was performed on CD45+ cells isolated from the retinas over 0, 3 and 7 days post-PD
311  to construct a temporal transcriptional fingerprint of immune modulation. PCA was performed
312  on the individual samples for all expressed genes (Figure 3). The scree plot demonstrated that
313  most of the variance was observed in the first 3 principle components (Figure 3A). The PCA
314  indicated a strong correlation between sample replicates, and highlights a rapid divergence in
315 transcriptional profile between dim-reared control leukocytes, and those isolated at the point
316  ofinitial injury at 0 days (Figure 3B). Though distinct, the 3 and 7 day groups appeared more
317  closely clustered together than 0 days, and the 7-day grouping appeared the most similar to the
318  control cluster (Figure 3B).

319 When compared to control samples, 2193 genes were found to be significantly
320  differentially expressed in the light-treated groups (adjusted p<0.05, Supplementary Table
321 S1) with 1818 DEGs identified at 0 days, and progressive decline to 656 genes at 3 days, and
322 155 genes at 7 days. As this variance in number of DEGs has the potential to heavily bias
323  downstream comparisons, we took the top 100 most significant DEGs for each time point, as
324  illustrated in the volcano plots and PCA in Supplementary Figure S1 to take forward for
325  comparative functional enrichment analysis. These were representative of the trend in both
326 Venn and PCA analyses that were drawn from entire DEG list (Supplementary Figure S2).
327  Of'the combined total of 300 DEGs, relatively few genes were identified in more than one time
328  point, resulting in a final representative snapshot of 246 unique DEGs (Figure 3C). Of these,
329 82 (33.3%) were found exclusively at 0 days, compared to 58 (23.6%) and 61 (24.8%) for 3
330 and 7 day groups respectively. The 3 and 7 day groups were also found to share the most DEGs
331 (27, 11%), as opposed to a total of only 9 (3.7%) with the 0 days group. These patterns indicate
332 the greatest transcriptional changes in retinal leukocytes occurring within the first 24 hours,

333  and most of these are acutely resolved within a week after injury.

334  Network analysis of CD45+ leukocyte transcriptome

335 To gain insight into the biological processes (BP) which mark the temporal shift in the
336 CD45+ transcriptome over the course of pathology, GO analysis was performed on the list of
337  Top 100 DEGs at each point (Supplementary Table S2). Lists of GO:BP terms to showcase
338  the Top 10 terms ranked by significance for each point (Table 1, adj. p<0.05). A striking
339  observation from this analysis, however, was the extent to which these enriched biological
340  processes were being driven by small clusters of genes (Table 1, network genes). This was

341  particularly evident at the 0 day point, wherein a subset of chemokines (Ccl2, Cxcl16, Cxcl11,
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342 Ccl12, Ccl7, Ccl22, and Ccl17) was shown to underscore almost all the biology illustrated by

343  the top ranked terms.

344 To facilitate a better understanding of the biological significance of the data, we used
345  ClueGO to integrate enriched GO:BP terms from each point and organise them into a combined
346  functional network (Figure 4). This enabled us to explore functional interrelationships across
347  a broad biological network, whilst also understanding redundancy of terms between related
348  functions. Figure 4A represents the global functional network of retinal CD45+ population
349  using GO:BP terms constructed from the combined Top 100 DEGs from each time point, and
350 showecase functional grouped clusters such as lymphocyte migration, positive regulation of
351  hemopoiesis, and nuclear division. In Figure 4B, enrichment of specific points across the
352  network is displayed as proportion (%) of associated genes (complete readout of GO terms and
353  gene are tabulated in Supplementary Table S3). Here, the data reveal a shift in enrichment
354  over the course of PD. The 0 days point was most represented in the lymphocyte migration
355  functional group (69.2%), as well as networked terms for monocyte and neutrophil migration
356  (61.4, 66.7%), extravasation (100%) interleukin 1 (80%), conversely, there was pronounced
357 enrichment of functional groups that underscore cellular proliferation and metabolism,
358 including nuclear division (89.4%) and glycolytic process (68.3%). After 7 days, there was a
359  shift toward adaptive immune response, with pronounced representation of terms relating to
360  antigen processing and presentation (74%), including MHC class I (100%), and T cell receptor
361  signalling pathway (77.4%). Individual functional networks were also constructed for the
362  individual time points (Supplementary Figure S3), though were found to explain the data in

363  alargely similar fashion to the combined network.
364  Gene co-regulation using K-means clustering

365 The co-regulation of DEGs over the damage time course was assessing using K-means
366  clustering, which was performed on the combined list of 246 unique DEGs. The analysis
367 identified 4 major clusters as shown in heat maps and graphs in Figure 5; more detailed heat-
368  maps showing the specific genes in each cluster are located in Supplementary Figure S4.
369  Based on their temporal expression profile, the clusters were variously classed as Early Up (A),
370  Mid Up (B), Late Up (C), and Global down (D), and GO:BP and Reactome Pathway (RP)
371  analysis were performed on each to identify significantly enriched terms and pathways. The
372 Top 10 entries for each analysis (ranked by adj. P value) are listed in Figure 5A-D the
373 (complete list is available in Supplementary Table S4).
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374 The Early Up cluster (Figure 5A) identified DEGs that exhibited peak up-regulation at
375 0 days, and mainly comprised GO terms associated with recruitment, including leukocyte
376  migration (GO:0050900), monocyte chemotaxis (GO:0002548), and granulocyte chemotaxis
377 (GO:0071621). These consisted of many overlapping chemokines such as Ccl2, Ccl3, Ccl7,
378 Ccll2, as well as the pro-inflammatory regulators Anxal (Annexin Al) and Sppl
379  (Osteopontin), and the immune suppressor lgalsl (Galectin-1). Pathway analysis, conversely,
380 identified many apoptosis-related entries such as caspase-mediated cleavage of cytoskeletal
381  proteins (R-RNO-264870) and apoptotic execution phase (R-RNO-75153). These enriched
382  chemokine pathways are representative of the entire DEG list at the 0 days timepoint

383  (Supplementary Figure S5).

384 Mid Up (Figure 5B) correlated with peak up-regulation at 3 days. Both GO terms and
385  pathways associated with this time point were dominated by proliferative responses, including
386  mitotic cell cycle (GO:0000278) and Mitotic Spindle Checkpoint (R-RNO-69618). Also
387  enriched, however, was lymphocyte chemotaxis (GO:0048247), consisting of the Adam8 and
388 the chemokines Cxcl9, Cxcl11, Ccl22, and Ccl17. Other chemokines in this cluster also include
389  the Xcl1-Xcrl signalling axis (Supplementary Figure 3A). Late up (Figure 5C) clustered
390 DEGs that exhibited peak upregulation and 7 days, and revealed terms for antigen processing
391 and presentation of peptide antigen (GO:0048002), and pathways associated with T-cell
392  activation, including Translocation of ZAP-70 to Immunological synapse (R-RNO-202430),
393  Phosphorylation of CD3 and T cell receptor (TCR) zeta chains (R-RNO-202427). Strikingly,
394  the complement activator Factor B (cfb) was also present in the Late-up cluster, alongside an
395 enrichment of pathways associated with Alternative complement activation (R-RNO-173736)
396  and Activation of C3 and C5 (R-RNO-174577); these are further illustrated in pathway
397  diagrams depicted in Figure 6. The Global-DOWN Cluster (Figure 5D), unlike the other
398  groupings, did not return any significantly enrich terms for GO:BP.

399  Effect of Factor B ablation on subretinal inflammation following PD

400 The pronounced enrichment of alternative complement pathway and Factor B within
401  the K-means data led us to further explore its role in subretinal inflammation and photoreceptor
402  degeneration after photo-oxidative damage. Interrogation of the full list of 2193 DEGs revealed
403 further significant differences in the complement genes, including alternative Factor D (Cfd),
404  and classical components Clga, C1gb, and Clqc (Figure 7C). Hierarchical clustering on the

405  genes revealed an early decrease (0 days) in the cluster of C1q components, while both the

13


https://doi.org/10.1101/267757
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/267757; this version posted February 24, 2018. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Natoli et al Functional characterisation of the Retinal CD45+ population after sterile injury.

406  alternative pathway Factors B and D showed increased expression at 7 days, in agreement with

407  the K-means pathway analysis.

408 To investigate a possible functional role, we utilised a Cfb-/- knockout strain and a
409 murine photo-oxidative damage model that we had previously shown exhibits a similar
410  magnitude of photoreceptor death and sterile inflammation to the rat model, over a 7-day time
411  course of bright-light exposure [43]. We examined the expression of Factor B in whole mouse
412  retinas after 3, 5, or 7 days’ PD, and observed its persistent up-regulation compared to dim-
413  reared retinas (Figure 7A; P<0.05). This correlated with increased number of TUNEL+
414  photoreceptors, following PD over the same period (Figure 7A; P<0.05).

415 The link between photoreceptor viability and complement factor B was further
416  examined in Wt and Cfb-/- mice using TUNEL, ONL thickness, and ERG recordings (Figure
417  7B-H). After 7 days’ exposure to PD, fewer TUNEL+ photoreceptors and more surviving
418  photoreceptor rows were observed in Cfb-/- mice, compared to Wt (Figure 7B-D; P<0.05). In
419  conjunction, ERG analysis indicated significantly better retinal function in the Cfb-/- cohort,
420  which had higher mixed a- and b- wave flash responses than the Wt group (Figure 7E-H;
421 P<0.05). The status of complement within retinas of CfB-/- and Wt was inferred by Western
422  blotting for C3d (Figure 71), a relatively long-lived by-product of C3 proteolysis whose
423  accumulation infers activation of the cascade [58]. After 7 days’ PD, there were significantly
424  lower levels of C3d in retinas of CfB-/- mice, compared to Wt (P<0.05), accompanied by fewer
425  infiltrating IBA1-immunoreactive macrophages in the ONL/subretinal space (P< 0.05, Figure
426  7J). IBA1+ macrophages in the Wt cohort more frequently exhibited a reactive amoeboid-type

427  morphology (Figure 7J, representative images), indicative of an activated state.
428  Discussion

429 In this study we provide the first detailed characterisation of the functional dynamic of
430 the retinal leukocyte population in sterile retinal inflammation, combining flow-cytometry
431  analysis with RNA-seq of retinal CD45" transcriptome. Whole-genome transcriptional
432  profiling has been used previously to facilitate high-resolution analysis of the host gene
433 response to cellular changes in the retina [59-61], though these studies have lacked the
434  necessary resolution to dissect the leukocyte populations driving tissue damage after sterile
435  injury. Here, we show that the major leukocyte cell type, and associated molecular changes are
436  consistent with a mononuclear phagocyte subpopulation, most likely tissue resident microglia

437  and macrophages. Photo-oxidative damage induced an early pro-inflammatory and chemokine-
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438  driven response that laid the foundation for progressive and varied migration of myeloid cells,
439  granulocytes, and T lymphocytes at later stages, which was coincident with photoreceptor cell
440 loss. In assessing the gene expression changes using a functional network approach, we
441  uncovered shifts in the retinal leukocyte transcriptome following sterile injury, predicting the
442  major drivers of the degenerative process are mediated by a sustained inflammatory response.
443  Specifically, early myeloid-driven, acute pro-inflammatory responses preceded any later

444  involvement of complement, T-cell activation, antigen presentation.

445 Network analysis predicted a role for alternative complement pathway during the late
446  stage of degeneration, and indicated that this was driven by leukocytes at 3-7 days post injury.
447  Factor B is crucial to the assembly of the alternative pathway C3-convertase, which promotes
448  the rapid and prodigious accumulation of C3b/C3d, and ultimately, the assembly of the
449  membrane attack complex (MAC), that in turn may trigger cytolysis or apoptosis of target cells
450  [62, 63]. Factor B expression is increased in retinal macrophages/microglia in aged mice [64],
451  though the implications of this expression, particularly in the context of sterile inflammation,
452  has not previously been assessed. Here, we present several lines of evidence indicating that
453  increased expression of Factor B promotes local activation of the alternative complement
454  pathway, including deposition of complement C3, and that this is mediated by subretinal

455  macrophage infiltration.

456 AMD is considered a chronic inflammatory disease exacerbated by dysfunction and
457  dysregulation of the complement cascade (reviewed in [65, 66]). Much attention has been
458  placed on the regulation of Complement Factor H (Cfh), and thus the alternative pathway
459  (reviewed in [67]), due to the strong genetic link between Cth dysregulation and AMD
460  pathogenesis [68-71]. The alternative pathway has been implicated in complement activation
461  and retinal pathology in several animal models (reviewed in [72]). This relates favourably to
462  our previous observations, showing that C3 is expressed by infiltrating mononuclear
463  phagocytes following PD, and that this expression is integral to the pathogenic activation of

464  complement within the retina [73].

465 It is well known that the major leukocytes in the central nervous system are microglia,
466  the resident macrophages (reviewed in [74]). Previous studies have used CD11b" as a leukocyte
467  marker for isolating retinal macrophage populations [75], and have shown that this population
468  accounts for 5-20% of the glial population [76]. Despite CNS microglia being classed as
469  CD45'" expressed [77, 78], in the current study we found that CD45 labelling produced a
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470  similar profile to CD11b, but comprise a broader pool of cells, therefore providing a better
471  perspective on the leukocyte expressome. Our data shows that while in control animals (reared
472 in dim light) CD11b" cells are ~0.495% (7-0.09 SEM) of the retinal population, CD45" cells
473 comprise ~0.853% (7°0.23 SEM). However, at 7 days after light damage CD11b" cells were
474  5.07% (770.530 SEM) while CD45" cells 6.21% (*-0.730 SEM) of the retinal cell population,
475  respectively. The data indicates that the molecular profile of the CD45" cell population changes
476  with retinal degeneration. Moreover, the early expression of chemokines suggests that the
477  increase in the proportion of CD45+ cells is due to a recruitment of monocytes as well as a

478  change in the local retinal environment.

479 Previous studies have demonstrated that recruited macrophages do not contribute to the
480  microglial pool under normal physiological conditions [79]. However, recent evidence from
481 Ma and colleagues in an NalO3-induced model of RPE loss indicates that recruited
482  macrophages may aid in replenishing the microglial pool of the inner retinal during injury. In
483  that study, recruited macrophages were found to seed the inner retina in a Ccr2-dependant
484  fashion following RPE degeneration, and adopt a long-lived phenotype synonymous with
485  resident microglial cells [80]. Our gene expression data support this finding in showing that
486  microglia-associated markers transmembrane protein 119 (Tmem119), P2Y purinoceptor 12
487  (P2ryl2), and Sal-like protein 1 (Salll) are all transiently down-regulated in the CD45+
488  population, at 0 days (Supplementary Table S1), suggestive of a dilution of the microglial
489  pool with the rapid recruitment of non-resident mononuclear phagocytes. Despite these
490  collective findings, the dissection of the respective functional roles of resident vs recruited
491  macrophage populations in the retina remains elusive. Fate mapping strategies, such as that
492  reported recently by O’Koren and colleagues [78] may further assist in contrasting the roles

493  these populations in future studies.

494 Network analysis of leukocyte gene expression also highlighted waves of chemokine
495  mediated cell recruitment. Chemokines play a pivotal role in leukocyte migration and
496  activation [81] and are implicated in experimental models of retinal degeneration [47, 82] and
497 in AMD disease progression [29, 83]. These small molecules are grouped according to the
498  relative position of their first N terminal cysteine residues, into C (y chemokines), CC (B
499  chemokines), CXC (a chemokines), and CX3C (& chemokines) [23, 84, 85]. Many of the
500 receptors show a degree of redundancy, although generally interactions are restricted to within
501  chemokine family subclasses [23]. We find significant changes in expression of a number of

502 chemokines by CD45+ cells in retinal degeneration, covering the gamut of myeloid and T
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503 lymphocyte chemotaxis. The significant increases in Ccl2, Ccl3, and Ccl7 at 0 days corroborate
504 findings from our previous studies of whole retinas [30, 47]. Here we show in addition that
505 Ccll2, Ccll7, Ccl22, as well as Cxcl4, Cxcl10, Cxclll, Cxcl13, Cxcll6 are expressed by
506 leucocyte subsets in the retina at early stage of degeneration. The chemokine expression profile
507  at 3-7 days also indicated some striking novel patterns, including strong upregulation of Cxcl9,
508  Xcl1, and Xcrl axis. In a previous study, a downregulation of Cxcl9 was observed in IFN-3-
509 treated RPE cells, and suggested to be an immune-suppressive mechanism that protects the
510 retina from excessive inflammation [86]. The ligand Xcl1 is expressed primarily by activated
511  CD&+ T cells in peripheral blood, while its cognate receptor Xcrl is present mainly on dendritic
512  cells (reviewed in [87]). This signalling axis augments T cell survival and promotes cytotoxic

513  immune responses [88, 89].

514 Our network analysis showed that CD45+ expression profile at the later stage of sterile
515 inflammation heavily skewed towards antigen-presentation and processing via MHCI and
516  MHCII, as well as activation and signalling through the T cell receptor. In human forms of
517  sterile retinal inflammation, such as AMD, the evidence linking disease progression to the
518 adaptive immune system has been poorly investigated, even though the presence of anti-retinal
519  antibodies in AMD patients has been reported [90-92]. Others have suggested that AMD should
520 be considered an autoimmune disease (reviewed in [93]), noting that evaluations of AMD
521  lesions demonstrate the presence of both mast cells and lymphocytes [94]. Because the retina
522 s not routinely surveyed by B- and T-cells under physiological conditions, any involvement
523  of'the adaptive immune system to retinal degenerations will most likely involve retinal antigen
524  presentation and indirect autoantibody function [42]. T-cells and neutrophil participation in
525 RPE degenerations has also been reported [95, 96], while others have implicated the
526  complement system as the bridge between the adaptive and innate immune system [97, 98],
527 leading to the recruitment of yo T-cells [99]. A study that induced AMD-like retinal
528  degeneration through the use of carboxyethylpyrrole-modified albumin (CEP) [100], suggests
529 that an antibody-mediated response to CEP is required to initiate degeneration, and implicates
530  T-cells and B-cells. Further, this CEP-immunised AMD-like model demonstrates macrophage
531  recruitment to the site of injury and complement activation in the Bruch’s membrane, also
532  suggesting activation of the classical pathway [100]. The study also shows that CEP-
533  immunised Rag ”~ mice, which lack intact adaptive immunity and mature T-cells and B-cells,

534  produced no anti-CEP.

535
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536  Conclusion

537 Sterile inflammation punctuates the degenerative process of many ocular pathologies,
538 though despite this the breadth and scope of this response in the context of the retinal
539  environment are poorly characterised. Though mononuclear phagocytes comprise the bulk
540 leukocyte infiltrate, profiling the CD45+ subset did reveal an early and pronounced enrichment
541  of terms pertaining to T-cell chemotaxis and migration, while proliferation, T-cell activation,
542  antigen presentation, and complement dominated ontologies at the later time points. Finally,
543  our mechanistic data strongly support a key role of leukocytes, and in particular mononuclear
544  phagocytes, in propagating the subretinal inflammation and complement deposition via the
545 activation of the alternative pathway. Together, these data greatly extend our understanding of
546  the factors that shape the course of sterile retinal inflammation, which has relevance to the

547  therapeutic targeting of these pathways in diseases such AMD.
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552  Fiqure Legends

553  Figure 1: Changes in photoreceptor apoptosis and degeneration following photo-
554  oxidative damage. A: TUNEL+ photoreceptors were quantified across retinal sections for
555  each replicate in each group. There was immediately increase in TUNEL+ photoreceptors
556  following photo-oxidative damage, at 0 days, which remained significantly elevated at 3 and 7
557  days post-exposure (P<0.05). B: ONL thickness was averaged across retinal sections and
558  expressed as a ratio of the total retinal thickness, for each sample. There was a progressive
559  decrease in ONL thickness from 0 days to 7 days post-exposure (P<0.05). Representative
560 images are taken from the superior retina, approximately 500um from the optic nerve head.
561 The data depict a sample size of n=5 per group. Asterisks equates to p-value of <0.05, as
562  determined by Tukey’s post-hoc test. ONL, outer nuclear layer; OS, outer segments; INL, inner

563  nuclear layer; C, choroid.

564  Figure 2. Characterisation of major CD45 leukocyte subsets in the retina following photo-
565 oxidative damage. A-D: Representative labelling of CD45+ cells (green) by

566  immunohistochemistry on retinal sections, with DAPI (blue) as the background stain. In dim-
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567  reared controls, staining for CD45 was restricted to ramified microglia in the inner plexiform
568 layer IPL (A,C). By 7 days post damage, there were numerous CD45+ cells distributed in the
569  ONL and subretinal space following damage (B,D). E: Graphing and representative plots for
570  florescence activated cell sorting (FACS) of CD45+ cells, which show progressive increases
571  over time, relative to the retinal population (P<0.05, ANOVA). F-H: Categorisation of CD45
572  subpopulations in the retina over the timecourse, using flow cytometry. F: The proportion of
573  CDI11b+ macrophages comprised the bulk of the CD45+ population (F, left, P<0.05, ANOVA),
574  and continually increased throughout the timecourse relative to the retinal population (F, right,
575  P<0.05, ANOVA). G: Graphing and representative plots showcase CD11b and Grl staining
576  amongst CD45 cells, relative to the retinal population. CD11b+Gr1+ granulocytes were found
577  exhibit late increase at 3 and 7 days (ANOVA P<0.05), comprising a smaller proportion than
578  the CD11b+Grl- macrophage subset. The representative SSC/FSC plots at 3 and 7 days show
579 increased SSC of CDI11b+Grl+ Granulocytes compared to CD11b+Grl-. H: Staining for
580 CD3+ T cells and C45RA+ B cells is presented in graphs and representative plots as a
581  proportion of the CD45+CD11b- parent population. The subset of CD3+ cells displayed
582  progressive increase over time, and peaking at 7 days (P<0.05 ANOVA); CD45RA+ cells in
583  contrast showed no appreciable change across the timecourse. All datasets represent a sample
584  size of n=4 per group. C, choroid; FACS fluorescence activated cell sorting; INL, inner nuclear

585 layer; ONL, outer nuclear layer; OS, outer segments.

586  Figure 3. Principle Component Analysis of the RNAseq dataset of isolated CD45+ retinal
587 leukocytes. PCA was conducted on the log2cpm of all expressed genes. A: The scree plot
588  showecases the variance across 10 PCs; the vast majority of the variance is explained in first 3
589  PCs (highlighted in black). B: PCA graphed the PCs 1-3 for all sample groups in triplicate, and
590 indicated distinct clustering for replicates among respective groups. C: Venn diagram depicts
591 the distribution and interrelation of the top 100 DEGs at each of the post-damage time points.
592  DEQG, differentially expressed gene; PC, principle component; PCA, principle component
593  analysis.

594  Figure 4. Functionally grouped network analysis of enriched GO terms for CD45
595  Population over the timecourse. A: The top 100 DEGs from each timepoint were used to
596  generate enriched GO terms for biological process, which were then integrated into a
597  functionally grouped network. GO:BP terms are represented as nodes, while their size
598 illustrates the significance of the term enrichment; the edges reflect the degree of connectivity

599  and grouping between the terms. The leading term in each functional grouping is selected based
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600  on the highest significance (Bonferroni adj. P<0.05). B: The network is overlayed with the
601  enrichment of the timepoints across the functional groupings; nodes in which more than 50%
602  of the genes are attributed to a given timepoint are colour-coded accordingly. BP, biological

603  process; DEG, differentially expressed gene; GO, gene ontology.

604  Figure 5. Analysis of co-regulated DEGs within the CD45 Population following photo-
605  oxidative damage. A-D: K-means clustering was performed on the log2cpm of 246 DEGs that
606  were derived from the combined Top 100 DEGs in each timepoint. 4 major clusters were
607 identified, as illustrated in the heat maps and box and whiskers plots, and variously termed (A)
608 Early UP, (B) Mid UP, (C) Late UP, and (D) Global DOWN, based on their temporal
609  expression pattern. The DEGs in each cluster were assessed for enriched terms and pathways
610 using GO:BP and Reactome, respectively; the Top entries for each are displayed, which were
611  ranked according to the adjusted P value. BP, biological process; DEG, differentially expressed
612  gene; GO, gene ontology.

613  Figure 6. Enrichment of the complement pathway in the CD45 Transcriptome. A-B:
614  Reactome pathway diagrams showcase overrepresentation (FDR<0.05) of complement
615 interactions in the Late UP K-means Cluster (Figure 5). Yellow-colouring in the nodes denotes
616 a gene in the expression list that matches a protein within the pathway diagram, while the
617 degree of colouring represents the coverage. A: Pathway diagram depicts the entire
618 complement cascade, which are broadly classified subcomponents for Initial triggering of
619  complement (blue), Terminal pathway of complement (green), Activation of C3 and C5 (red),
620  and Regulation of the complement cascade (grey). B: Activation of C3 and C5 was found to
621  show significant enrichment Factor B (cfb) in the expression list (yellow-colouring). C: Heat
622  maps with hierarchical clustering on significant complement DEGs derived from the full gene
623  expression list (2193). Asterisks denote significant differential expression (FDR<0.05)

624  compared to control (dim). DEG, differentially expressed gene.

625 Figure 7. Effect of Cfb ablation on retinal degeneration complement activation, and
626  macrophage infiltration following photo-oxidative damage. A: Temporal relation of retinal
627  cfb expression and TUNEL+ photoreceptor counts PD was assessed in Wt mice after 3, 5, and
628 7 Days PD. The expression of Cfb showed continual up-regulation following PD, compared to
629  dim-reared (P<0.05), and was in concert with increase in TUNEL+ photoreceptors (P<0.05).
630  Representative florescent images showcase TUNEL staining (red) over the timecourse of PD.

631  B-D: Change in TUNEL-photoreceptor counts and ONL thickness in Wt vs Cfb-/- mice, after
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632 7 days PD. TUNEL+ across the full length of retinal sections were quantified and found to be
633  reduced in Cfb-/- mice (B, P<0.05); these are depicted in representative images. ONL thickness
634  was extrapolated on the same sections as function of the number of photoreceptor rows (C-D).
635  When quantified over sections (C), there more surviving photoreceptors in Cfb-/- mice,
636  compared Wt (P<0.05), and was particularly pronounced in mid-periphery (~1 to 1.5mm
637  eccentricity, D). E-H: ERGs recordings capture a flash intensity series (-4.4 - 1.9 cd.s/ms?)
638  conducted on Wt and Cfb-/- cohorts after 7 days PD. The trend for both analysed b- and b-
639  waves across this series was higher Cfb mice than Wt (E-F), in addition to highest flash
640 intensity (G, P<0.05). The cone-derived b wave was analysed at from a twin-flash stimulus at
641 1.9 cd.s/ ms* and was also significantly higher in the Cfb-/- cohort (H, P<0.05). I:
642  Representative immunoblots illustrate bands for complement C3d protein and loading control
643 GAPDH in whole retinas, from CfB-/- and WT cohorts after 7 days PD. Densitometry
644  quantified C3d levels, normalised to GAPDH, and indicated reduced C3d levels in the Cfb-/-
645  cohort (P<0.05). J: Immunohistochemistry for IBA1+ macrophages/microglia (green) in
646  retinal sections of Wt vs Cfb-/- mice after 7 days PD, as shown in representative images. The
647  graph illustrates the quantification of IBA1+ cells in the ONL and subretinal space across
648  retinal sections, and show a significant decrease in the Cfb-/- cohort, compared to Wt (P<0.05).
649  Statistical significance was determined by student t-test or ANOVA accompanied with post-
650  hoc multiple comparison (*P< 0.05). A-H: N=5 per group; I-J: N=4 and 11 per group. ERG,
651  electroretinogram; INL: inner nuclear layer; ONL: outer nuclear layer; PD, Photo-oxidative

652  damage. Scale bars equal to 50um.
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Figure 6.
A: Late UP - Complement Cascade (R-RNO-166658) C: Complement DEGs
e |

Clu

CcD59

Cab

Cfd

Serping1

C1qc

Ciqa

B: Late UP - Activation of C3 and C5 (R-RNO-174577)

Target Cell
Cytosol . e o L .



https://doi.org/10.1101/267757
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/267757; this version posted February 24, 2018. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Figure 7.
A== 1;lu.lEJEL and Cfb expressmnm Dim control 1 day’ PD

(=]

s @ cr8 o R

= ) runee g

§ 1500 riso g

5 s

= =

£ 1000 F 100 é 5 days’ PD

€ soo Fso @

s

b =

S 3 Days 5 Days 7 Days 0

Days of PD
. E: 7d PD - awave F: 7d PD - b wave
B: 7d PD- TUNEL C: ONL Thickness
150 * B e wit o wit
g ;G % = 200 o CfB- LT 400
2 - 2 3 =/~ & ; o CfB-/- e
gmn f.- *: 3 150 * 300 ]
g = 4 2 & . 1
== £l ) swo| pate e B s L
& - 5 g ] = < e wo| 4 ey
2 o =T = éz L -t 0 o ]
E ¢ il FLIA RS S BRI IR U R I I LI
: S T ¥ b Flash intensity Log cd_s/m?
wi CfB -/- wit CB -/-

D: ONL Distribution [OEMl  G: 1.9 Log cd.s/m2 H: 7d PD - cone b wave

[BBZ4

5004

*
500
-
400
= 400 #*® .
3
= . 300
o -
=} "
= 200 ® | 2004
E |} i L}
< 100 "-'. 1004

|- :
[:] CfB-/- *

-

# of photoreceptor rows
per mm rt:tlna
™~

(=]

ON 0.5 1 15

(mm) 0
I: 7d PD - Retinal C3d protein J:
wt CfB-
csd'—-—- R —
GAPDH---—-—-q 601
%
B ] " 3
S8 08 & 40-
= [
20 -
5o 061 2
83 3
5 041 e 5 204
e’ * ] &
Z g 0.2 = s
® < =
0.0 T 0

wt CIB -I- wi CfB -I-


https://doi.org/10.1101/267757
http://creativecommons.org/licenses/by-nc-nd/4.0/

	CD45 RNASeq Manuscript 24_02_2018 Final Submission
	Streamlined Results Table and Figures 230218

