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ABSTRACT
Age-related macular degeneration (AMD) is a highly heritable major cause of blindness

characterized by subretinal inflammation. Of all genetic factors, variants of Complement factor
H (CFH) are associated with greatest linkage to AMD. Using loss of function genetics and
orthologous models of AMD, we provide mechanistic evidence that deficiency in CFH
completely prevents pathogenic subretinal accumulation of mononuclear phagocytes (MP) and
accelerates resolution of inflammation. We show that MP-persistence arises secondary to
binding of CFH to CD11b/CD18, which obstructs physiologically-occurring thrombospsondin-
1 (TSP-1)-CD47-mediated elimination of MPs from the subretinal space. The AMD-associated
CFHa021 isoform markedly increased this inhibitory effect on microglial cells, indicating a
causal link to disease etiology. Our findings were confirmed in acute sterile peritonitis.
Pharmacological activation of CD47 accelerated resolution of both subretinal and peritoneal
inflammation, which may be exploited in the therapy for chronic inflammatory diseases,

including AMD.



INTRODUCTION
Age-related Macular Degeneration (AMD) is a highly heritable neuroinflammatory disorder

characterized by sizeable deposits of lipoproteinaceous debris called soft drusen (early AMD),
choroidal neovascularisation (wet AMD, late form), or by an extending lesion of the retinal
pigment epithelium (RPE) and photoreceptors (geographic atrophy, GA, late form) (Ambati et
al., 2013; Sarks, 1976). Early AMD affects more than 150 million people worldwide and 10
million patients suffer from late AMD (Wong et al., 2014). AMD is strongly associated with
common and rare variants of Complement factor H (CFH), indicating its causal implication in
the pathogenesis (Fritsche et al., 2013; Fritsche et al., 2016). The understanding of its mode of
action and more generally the origins of AMD remain unclear.
CFH is an abundant soluble plasma factor composed of 20 Short Consensus Repeat domains
(SCR) (Kopp et al., 2012) with important roles in inflammation (Kopp et al., 2012; Mihlan et
al., 2009), coagulation (Rayes et al., 2014; Vaziri-Sani et al., 2005) and as an antioxidant (Shaw
et al., 2012; Weismann et al., 2011). The SCR7 domain of CFH binds to glycosaminoglycans
(GAG) on cell surfaces where it inhibits complement activation (Kopp et al., 2012). This
domain additionally allows CFH to bind to myeloid cells via the integrin CD11b/CD18
(Complement 3 Receptor, Mac-1) (DiScipio et al., 1998; Losse et al., 2010), supporting myeloid
cell adhesion (DiScipio et al., 1998) and migration (Losse et al., 2010) as well as the
phagocytosis of microbes (Losse et al., 2010) and cell debris (Kang et al., 2012). At the
inflammatory site, CFH is strongly secreted by mononuclear phagocytes (MP), such as
microglial cells (MC) and macrophages (M) (Gautier et al., 2012; Luo et al., 2011; Schlaf et
al., 2001), adding to the exudated plasma CFH and CFH produced by certain stromal cells such
as the retinal pigment epithelium (RPE) in the eye (Anderson et al., 2010).

The substitution of histidine 402 for tyrosine (Y402H) in the SCR7 domain accounts for
the major part of the genetic risk of AMD (Fritsche et al., 2014), but is also strongly associated

with other conditions such as smoking-associated lung cancer (Zhang et al., 2012) and increased



mortality after cerebral hemorrhage (Appelboom et al., 2011). The association with AMD is
found for both advanced forms (Fritsche et al., 2014), but also for early disease stages (Fritsche
et al., 2014; Magnusson et al., 2006), suggesting CFH4021 drives a pathomechanism implicated
at the onset of disease.

Early and advanced forms of AMD are associated with chronic accumulation of MPs in
the subretinal space located between the RPE and photoreceptor outer segments (Combadiere
et al., 2007; Gupta et al., 2003; Lad et al., 2015; Levy et al., 2015a; Sennlaub et al., 2013).
Functional studies in animal models suggest that subretinal MP accumulation play a critical
role in neovascularization (Sakurai et al., 2003; Tsutsumi et al., 2003) and photoreceptor
degeneration (Combadiere et al., 2007; Cruz-Guilloty et al., 2013; Kohno et al., 2013; Rutar et
al., 2012; Sennlaub et al., 2013; Suzuki et al., 2012) that characterize late AMD. Similarly, non-
resolving low-grade inflammation and MP persistence, contributes significantly to the
pathogenesis of many chronic, age-related diseases, such as metabolic diseases (obesity,
atherosclerosis), neurodegenerative diseases (Glass et al., 2010; Sennlaub et al., 2013;
Thompson et al., 2007) and cancers (Grivennikov et al., 2010; Hotamisligil, 2010). It is not a
primary cause of these diseases, but causes considerable collateral damage to host cells, which
fuels further inflammation (Nathan and Ding, 2010). In this study, we describe for the first time
a noncanonical role of complement factor H (CFH) in the control of the MP population in the
resolution of acute- and chronic-inflammation. Our study reveals a general mechanism of
inflammation resolution and shows how the major AMD-predisposing CFH variant fuels non-
resolving pathogenic sub-retinal inflammation (Nathan and Ding, 2010; Combadiere et al.,

2007; Gupta et al., 2003; Lad et al., 2015; Levy et al., 2015a; Sennlaub et al., 2013).



RESULTS

CFH deficiency prevents chronic pathogenic subretinal inflammation
Physiologically, the subretinal space is devoid of immune cells, including resident MCs

(Combadiere et al., 2007; Gupta et al., 2003 ; Lad et al., 2015; Levy et al., 2015a; Penfold et
al., 2001 ), due to the potent immunosuppressive pro-apoptotic factors produced by the RPE
that eliminate infiltrating leukocytes (Griffith et al., 1995; Levy et al., 2015a). We have
previously shown that high levels of Apolipoprotein E, as observed in subretinal MPs of AMD
patients (Levy et al., 2015a), Cx3crl-deficient mice (Levy et al., 2015a) and humanized
transgenic mice expressing the AMD-risk APOE2 isoform (TRE2-mice), induce chronic, age-
related and pathogenic subretinal MP accumulation (Levy et al., 2015a; Levy et al., 2015b;
Sennlaub et al., 2013). Indeed, Cx3cr1CFP/S*? and TRE2 mice model the age-dependent
subretinal MP accumulation and associated photoreceptor degeneration observed in human
AMD (Combadiere et al., 2007; Levy et al., 2015b; Sennlaub et al., 2013). We therefore sought
to determine whether Cfh deficiency would alter disease onset and progression in Cx3cr1GFF/GFP
and TRE2 mice. Quantification of subretinal IBA-1" MPs on retinal and RPE/choroidal
flatmounts of 2-3 month and 12 month old animals showed that the age-related increase in
subretinal MPs observed in both models was nearly completely blunted in the absence of CFH
(Fig. 1A and 1B). Micrographs revealed that Cx3cr1¢FP/GFP Cfh”- mice were protected against
the thinning of the outer nuclear layer, which hosts photoreceptor nuclei, usually observed in
Cx3cr1CFP/CFP mice (Sennlaub et al., 2013) (Fig. 1C). Photoreceptor nuclei row counts (Fig.
1D) and calculation of the area under the curve showed Cfh deficiency protected against the
photoreceptor cell loss observed in Cx3¢r1® P/ P mice (Fig. 1E) and TRE2-mice (Levy et al.,
2015b) (Fig. 1F), while no difference was observed in Cfh”- compared to control-mice.
Similarly, Cfh deficiency completely protected against cone loss observed on peanut agglutinin
/ cone arrestin stained retinal flatmounts from 12m-old Cx3cr1CFP/6FP mice and TRE2-mice

(Fig. 1G-J). It had no effect on key pathogenic cytokine secretion of MPs in vitro (Fig. S1),



suggesting that the numerical increase rather than differences in polarization provokes the
degeneration. Thus, we show CFH is required for the chronic, age-related subretinal MP
accumulation and associated photoreceptor degeneration observed in both mouse models of
AMD. A similar age- and CFH-dependent increase in MPs was also described in the choroid
of Cfh** compared to Cfh”" mice (Toomey et al., 2015). In humans, ocular CFH
immunoreactivity is invariably stronger in AMD donor tissues (Hageman et al., 2005; Johnson
et al., 2006; Shaw et al., 2012; Weismann et al., 2011) and CFH autoantibodies are protective
in AMD (Dhillon et al., 2010). Together with these observations, our results strongly suggest

CFH critically controls subretinal MP accumulation in AMD.

CFH inhibits the resolution of acute subretinal inflammation
Next, to better understand how CFH controls subretinal inflammation, we evaluated its

impact on acute light-induced stress. The intensity of the light-challenge model used herein was
calibrated to induce substantial subretinal MP infiltration in AMD-prone Cx3cr1CFP/6FP and
TRE2 mice but not in C57BL6/J controls (Levy et al., 2015b; Sennlaub et al., 2013).
Quantification of subretinal IBA-1" MPs revealed similar early subretinal MP accumulation in
TRE2 Cfh”- (Fig. 2A) and Cx3cr1CFP/6FP Cfh”- mice (Fig. 2B) and their respective controls at
the end of the four-day light-challenge. However, after an additional 10 days under normal light
conditions to allow for MP clearance and inflammation resolution (Hu et al., 2015), subretinal
MPs were eliminated significantly faster in TRE2 Cfh”- and Cx3¢cr1C7P/6FP Cfh” mice compared
to controls (Fig. 2A and B). Thus, our data suggest that CFH controls MP persistence at the
inflammatory site rather than their initial accumulation.

Similar to Cfh” mice (Pickering et al., 2002), Cx3cr1CFP/CFP Cfh’- and TRE2 Cfh”- mice
have low circulating levels of complement factor C3 (Fig. S2), likely due to un-inhibited plasma
complement activation and exhaustion. To test whether the systemic lack of C3 would

1GFPIGFP Cfpy-l-

accelerate the elimination of subretinal MPs as observed in Cx3cr mice, we



replaced hepatic CFH using hydrodynamic injection of a plasmid encoding Cfh under the
albumin promoter. Liver CFH complementation restored circulating C3 concentrations in
Cx3cr1CFP/CFP Cth” mice to 40-60% of the Cx3crlCFP/CFP Jevels over the 14 days of the
experimental protocol (Fig. 2C). However, the significant increase in circulating C3 did not
affect the number of subretinal MPs in Cx3cr1CFP/6FP Cfh”- mice at day 14 (Fig. 2D).

The comparable subretinal MP counts at the beginning of acute inflammation (day 4)
(Fig. 2A and B) and the lack of influence of circulating C3 levels during the resolution phase
(Fig. 2D) suggested that systemic C3 was not involved in MP recruitment or their elimination.
We next assessed relative Cfh mRNA levels in retinal and RPE/choroid tissue homogenates,
bone marrow (BM-Mos) and circulating (Mos) monocytes as well as MCs isolated from the
brain and retina. Our data showed that RPE/choroid and MCs expressed the highest levels of
Cfh mRNA in WT and Cx3crl1®P/6FP mice (Fig. 2E), in accordance with CFH protein
localization around subretinal MPs in vivo (Fig. S2). To evaluate whether MCs- or RPE-derived
CFH would impact subretinal MP elimination, we adoptively transferred CFSE-labeled MCs
from different mouse strains into the subretinal space of either WT or Cfh”" mice. The surviving
CFSE" MCs were then enumerated 24h after injection. We previously showed that subretinally
injected WT Mos, MCs or M¢s quickly undergo apoptosis and are eliminated (Levy et al.,
2015a), and that such clearance was significantly delayed when MPs lacked CX3CR1 (Levy et
al., 2015a). We found Cx3cr1¢FF/6FP MCs lacking Cfh were eliminated faster than controls (Fig.
2F). This difference could be reversed by human CFH (Fig. 2F). Experiments using BM-Mos
revealed comparable results (Fig. S3). Interestingly, recipient derived-CFH only had a very
minor impact on MCs elimination (Fig. 2F), suggesting MP-derived CFH is more important.
Similarly, TRE2 Cfh”- MCs injected in WT recipients were eliminated faster than controls, and

adding CFH protein again reversed the effect (Fig. 2G).



In summary, our data show that CFH does not influence initial MP recruitment but
inhibits MP elimination during inflammation resolution. They also demonstrate that RPE- and
liver-derived CFH have little influence on this phenotype. Indeed, MP-derived CFH is
sufficient to inhibit MP clearance. Similar to our experiments, the observation that recipient,
but not liver Cfh genotype, confers the AMD-risk in liver transplant patients (Khandhadia et
al., 2013) suggests that plasma CFH is not involved in AMD pathogenesis and points to the

importance of MP-derived CFH in the disease.

CFH binding to CD11b/CD18 inhibits TSP-1/CD47 mediated MP elimination
CFH can act as a cofactor of complement factor I (CFI) to cleave C3b into iC3b, thereby

inactivating the C3 convertase that is formed by C3b and activated complement factor B (CFB),
while opsonizing apoptotic bodies with increased iC3b (Martin and Blom, 2016). However, the
absence of C3 or activated C3 fragments in subretinal MPs of Cx3cr1CF?/CFP or Cx3cr1CFP/ICFP
Cfh”- mice (Fig. S2) and low levels of C3 mRNA in MCs and undetectable transcription of Cfi
mRNA in MCs and BM-Mos (Fig. S4) and make a significant implication of locally produced
C3, C3b, or iC3b in CFH-mediated inhibition of MP elimination unlikely.

CFH also binds directly to the integrin CD11b/CD18 (DiScipio et al., 1998; Kang et al.,
2012; Losse et al., 2010) that is strongly expressed in MPs with no detectable differences in our
different mouse strains (Fig. S5). Flow cytometry analysis showed fluorescently labeled CFH
binds dose-dependently to MCs (Fig. 3A) and BM-Mos isolated from Cx3cr1¢FP/CFP Cfh- mice
(Fig. 3B). Pre-incubation with an anti-CD11b antibody inhibited CFH binding (Fig. 3B), as
previously demonstrated for neutrophils (DiScipio et al., 1998). As shown above (Fig. 2F),
adding CFH to Cx3cr1C6FP/6FP Cfh”- MCs transferred subretinally in WT recipients delayed their
elimination. This effect was no longer observed when transferred MPs were treated with the
anti-CD11b antibody (Fig. 3C). The antibody also significantly accelerated the elimination of

CFH-competent Cx3cr1C P/6FP MCs, contrary to an anti-C3b/iC3b/C3c¢ antibody that inhibits



complement-induced hemolysis (clone 3/26 (Mastellos et al., 2004), Fig. 3C). These results
show that CFH binding to the CD11b/CD18 integrin complex is necessary to inhibit MC
elimination and suggest a C3-independent, non-canonical role of CFH in the mechanism.
CD11b/CD18 co-localizes with the integrin-associated protein (IAP, CD47) in lipid-rafts
(Pfeiffer et al., 2001), a thrombospsondin 1 (THBS1, TSP-1) receptor known to potentiate
FasL-induced endothelial cell and T cell death (Manna et al., 2005; Quesada et al., 2005). We
therefore investigated whether CFH binding to CD11b/CD18 could limit CD47 activation and

impair MP elimination in Cx3cr1CGFP/GEP

and TRE2 mice (the expression level of TSP-1 and
CDA47 and the plasma TSP-1 levels were similar in our different mouse strains, Fig. S5). First,
proximity ligation assay revealed numerous CD11b/CD47 complexes on Cx3cr1CFP/GFP Cfh/-
MCs (Fig. 3D). We next analyzed the role of CD47 in subretinal MC clearance in adoptive
transfer experiments. Subretinally injected CFSE-labeled MCs from WT, Thbsl” or Cd47”
donors into WT recipients revealed MCs lacking Thbsl or Cd47 have slower elimination rates
than WT MCs (Fig. 3E). Co-injected recombinant TSP-1 accelerated the elimination of WT
MCs, reversed the phenotype of Thbsl-deficient MCs but had no effect on MCs lacking Cd47
(Fig. 3E), suggesting the interaction of TSP1 with CD47 mediates MC elimination. Moreover,
analysis of Thbs1” and Cd47”~ mice revealed a significant age-related (Fig. 3F) and light-
induced (Fig. 3G) increase in subretinal MPs in these strains as compared to controls, but not
in mice lacking Cd36, an alternative TSP-1 receptor. Overall, our results point to TSP-1/CD47
signaling as central in the maintenance of subretinal immunosuppression, and likely explains
the previously reported increased and prolonged subretinal inflammation observed in Thbs1™-
mice (Chen et al., 2012; Ng et al., 2009; Wang et al., 2012). Interestingly, binding of TSP-1 to
CD36 that mediates endothelial cell apoptosis (Jimenez et al., 2000) and is necessary for latent

TGF-B activation (Yehualaeshet et al., 1999) had no significant influence on subretinal MP

accumulation, as observed here in Cd367 mice.



Taking into account the opposing effects of TSP1 and CFH, we next evaluated their
interaction in MP elimination. Using our adoptive transfer assay, we found a TSP-1 blocking
antibody reversed the accelerated elimination of Cx3cr1GFP/CFP Cfh’- MCs compared to controls
(Fig. 3H). Furthermore, the faster elimination rate observed after supplementation of
recombinant TSP-1 to Cx3cr1¢FP/6FP Cfh”- MCs was completely lost when purified CFH was
concomitantly added (Fig. 31).

Next, we used the laser-injury model to test whether CFH binding to CD11b or CD47
activation can accelerate inflammation resolution in CFH-competent Cx3cr1CFP/CFP mice.
Using this model, we take advantage of the fact that laser burn induces a thinning of the retina
above the impact, facilitating diffusion of intravitreally-injected molecules to the subretinal
space. Our results showed the intravitreal injection at the height of laser-induced subretinal
inflammation (d4 and d7) of recombinant TSP-1 (Fig. 3J), CD47-activating peptide PKHB1 (a
derivate of the 4N1K CD47-agonist peptide with improved pharmacological properties
(Martinez-Torres et al., 2015), Fig. 3K), or the anti-CD11b antibody (that blocks CFH binding
to CD11b, Fig. 3L) all significantly accelerated subretinal MP elimination as compared to their
controls.

Taken together, our data show that CFH binding to the integrin CD11b/CD18 inhibits
subretinal MC elimination. We demonstrate that CD47 co-localizes with CD11b/CD18 on MPs
and mediates the physiological role of TSP-1 in subretinal MP elimination. The observation
that TSP-1 blockade reversed the effect of CFH deficiency and that recombinant CFH blocks
the effect of TSP-1 on subretinal MP elimination strongly suggests that CFH binding to
CD11b/CD18 interferes with TSP-1/CD47 signaling. We show that TSP-1 and more

specifically CD47 activation efficiently accelerates MP elimination similar to Cfh-deficiency.
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CFH inhibits the resolution of acute sterile peritonitis
Non-resolving inflammation contributes significantly to the pathogenesis of many

chronic, age-related diseases (Nathan and Ding, 2010). To test whether CFH influences
inflammation resolution in other pathological contexts, we used a model of acute thioglycollate-
induced peritonitis, characterized by an early accumulation of neutrophils, followed by
recruited monocyte-derived inflammatory macrophages (recMe@), both experiencing an
apoptosis-driven elimination at different kinetics (Gautier et al., 2013). Analysis of the InmGen
dataset (Gautier et al., 2012) (GenBank no. GSE37448) shows Cfh mRNA levels in
thioglycollate-elicited peritoneal recMe is approximately doubled compared to circulating
blood Ly-6C* Mo, from which they derive (Fig. 4A). Thus, recMos likely participate to local
CFH in peritonitis, in addition to extravasated plasma CFH. Quantification of recruited CD115"
F4/80" ICAM2" recMgs in Cfh” mice and controls (Fig. 4B), revealed a robust and similar
early accumulation 1 day after peritonitis induction (Fig. 4C). At day 3 however, while the
numbers of recMes continued to rise in WT mice, they had receded by 50% in Cfh”" mice (Fig.
4C). This observation was similar to the accelerated elimination of subretinal MPs observed in
light-challenged TRE2 Cfh”" and Cx3crl®FPCFP Cfh” mice (Fig. 2A and B). Human
recombinant CFH injected into the peritoneal cavity of Cfh” mice at day 1 significantly
inhibited the enhanced clearance of recM@s observed in this strain at day 2 as compared to heat-
denatured CFH (Fig. 4D), akin to the effect we observed in subretinally injected Cx3cr1GFP/GFP
Cfh” MCs (Fig. 2F). In addition, similar to our results in MCs (Fig. 3D), a proximity ligation
assay revealed numerous and specific CD11b/CD47 complexes in WT recMe retrieved at day
1 (Fig. 4E). Finally, a single intra-peritoneal injection of recombinant TSP-1 or the CD47-
specific activating peptide PKHBI1 at day 1 significantly accelerated the elimination of recMes
as observed at day 2 (Fig. 4F).

In summary, our results show that CFH inhibits recM¢ elimination in sterile peritonitis

confirming findings for infiltrating MPs in the subretinal space. The observation that
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CD11b/CD47 complexes are present on peritoneal recM@ and that CD47 activation accelerates
recM¢@ elimination during peritonitis strongly suggests that CFH inhibits CD47-dependent

inflammation resolution similarly in both the eye and the peritoneum.

The CFHaozn variant inhibits subretinal MC elimination more potently than the
common CFHyao2
The substitution of histidine 402 for tyrosine (Y402H) in CFH sequence accounts for a major
part of the genetic risk of AMD. To test whether the Y402H polymorphism influenced the
elimination of distinct MPs differently, we transferred CFSE-labeled Cx3cr1CFP/6FP Cth”- MCs
or BM-Mos to the subretinal space together with purified CFHya402 or the disease associated
CFHao2n to WT mice. CFSE" cell counts after 24h revealed that both isoforms inhibited
clearance of BM-Mos (Fig. 5A) and MCs (Fig. 5B) compared to cells injected without CFH.
However, while CFHy402 and CFHa4021 had similar effects on BM-Mo elimination (Fig. 5A),
CFHua02n limited MC clearance by 37% compared to CFHys2 (Fig. 5B). In addition,
recombinant CFHy402 reversed the accelerated elimination rate observed when subretinally
injected Cx3cr1CFP/CFP Cfh”’- MCs were treated with recombinant TSP-1, and recombinant
CFHu021 was 50% more potent at inhibiting this phenomenon (Fig. 5C).

Taken together our results show that CFH402n was significantly more potent to inhibit
the subretinal elimination of certain MPs, such as MCs. The CFHa402n variant might thereby
spur non-resolving inflammation under the retina, and thus explain its association with early
and late AMD (Fritsche et al., 2014; Magnusson et al., 2006) where subretinal MPs
accumulate(Combadiere et al., 2007; Gupta et al., 2003; Lad et al., 2015; Levy et al., 2015a;

Sennlaub et al., 2013).

DISCUSSION
We report the previously unknown ability of CFH to favor subretinal MP accumulation in mice

developing chronic, non-resolving, age-related inflammation in the eye. We extended this

finding to inflammation resolution in general by using models of acute inflammation in the

12



peritoneum and the eye. Our work supports the long-standing association between CFH variant
and AMD, and we uncovered the mechanisms by which CFH impacts MP infiltration,
independently from its action in the complement cascade.

The subretinal space is prone to MP infiltration due to light-induced oxidative stress and
high metabolic activity (Combadiere et al., 2007; Ng and Streilein, 2001; Suzuki et al., 2012),
and this is physiologically counterbalanced by the expression of immune-suppressive factors
by the RPE (Griffith et al., 1995; Levy et al.,, 2015a). We show that CFH favors MP
accumulation by inhibiting their TSP-1/CD47-mediated elimination. Remarkably, Thbs1”~ and
Cd47" mice develop age-related subretinal inflammation under normal living conditions. This
can possibly be explained by the sensitizing role of TSP-1 on FasL-induced cell death (Manna
et al., 2005; Quesada et al., 2005) as FasL expression by the RPE is necessary to prevent
subretinal MP accumulation (Griffith et al., 1995; Levy et al., 2015a).

CFH is expressed at high levels in MCs and Mo-derived Megs in peritonitis and we
confirmed a step-wise binding interaction between CFH and CD11b/CD18 (Gautier et al., 2012;
Luo et al., 2011; Schlaf et al., 2001) and CD11b and CD47 (Pfeiffer et al., 2001) on MPs. CFH
ligation to CD11b/CD18 might thereby sterically hinder the ligation of TSP-1 to CD47 , and
increase MP lifespan. Complement activation or CFH-dependent production of iC3b, an
alternative ligand of CDI11b/CD18, did not play a detectable role in the process, as
C3b/iC3b/C3c¢ fragments were not found in the subretinal space and CFI (necessary to produce
iC3Db) is not significantly transcribed in MPs. A specific antibody that inhibits C3-dependent
hemolysis (Mastellos et al., 2004) did not accelerate MP elimination.

In addition, we found that the AMD-associated CFHu4021 variant has an increased capacity
to inhibit the elimination of certain MP populations, such as MCs, strengthening the causal link
to AMD etiology. Although CFHu021 affinity is decreased to certain GAG species, it is higher

in particular to GAG sulfates (Clark et al., 2006). GAG sulfate profiles differ greatly between
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MPs and different microenvironments. For example, keratan sulfate proteoglycans (KPSG) are
strongly present on ramified brain MCs but not on blood Mos (Wilms et al., 1999). The
differential expression of GAG sulfates, such as KPSG, on MCs (Wilms et al., 1999) might
explain why CFHuao2n differentially influences MC but not BM-Mos elimination. Subretinal
MPs originating from infiltrating Mo and MCs (Sennlaub et al., 2013) invariably express KPSG
strongly (Combadiere et al., 2007; Ng and Streilein, 2001; Ng et al., 2009). This is also the case
in spinal cord injury *3, but not in autoimmune neuritis (Jones and Tuszynski, 2002; Matsui et
al., 2013). CFHao2n might therefore have a particularly strong influence on subretinal
inflammation observed in AMD but not necessarily in other chronic inflammatory diseases. In
human evolution, the limited elimination of MPs and the increased inflammatory reaction
associated with CFHa021 might have increased survival to certain infectious diseases, leading
to its high frequency as observed today in certain populations. In AMD, CFHa02n might be
pathogenic as it fuels subretinal inflammation and leads to chronic inflammation, which add to
its decreased capacity to inhibit oxidative stress (Shaw et al., 2012; Weismann et al., 2011) and
to bind to Bruchs membrane (Clark et al., 2010) that protects the RPE against uncontrolled
complement activation (Coffey et al., 2007; Toomey et al., 2015).

Current anti-inflammatory therapies, such as steroids, non-steroidal anti-inflammatroy
drugs (NSAID), or immunosuppressive drugs (Ciclosporin) can have paradoxical effects on
macrophage function. They increase proinflammatory mediators (high-dose steroids) (Lim et
al., 2007), upregulate toll-like receptors on macrophages (Ciclosporin) (Tedesco and Haragsim,
2012) and prolong macrophage infiltration (NSAID) (Gilroy et al., 1999), which might explain
their lack of therapeutic effect in AMD. Our findings introduce a new strategy to directly induce
the elimination of resilient macrophage accumulation in AMD, and possibly other conditions,

by pharmacological activation of CD47.
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Materials and Methods:

Animals

Cfh”~ and targeted replacement mice that express human APOE isoforms (TRE2, TRE3)
were generous gifts from Mathew Pickering and Patrick Sullivan, respectively. Cx3cr16FGFP,
Thbs1”-, Cd47, and Cd36” mice were purchased (Charles River Laboratories, Jackson
laboratories) and Cx3cr1"GfP Cfh”~ and TRE2 Cfh”" mouse strains were generated in-house.
All mouse strains were either negative or backcrossed to become negative (Thbsl”) for the
Pde6b™, Gnat2®™3, and Crb1"® mutations that can lead to AMD-like features (Mattapallil et
al., 2012). Mice were housed under specific pathogen-free condition, in a 12h/12h light/dark
(100 lux) cycle with no additional cover in the cage, and with water and normal chow diet
available ad libitum. All experimental protocols and procedures were approved by the local
animal care ethics committee, “Comité d’éthique en expérimentation animale Charles Darwin”

(N° Ce5/2010/011, Ce5/2010/044, Ce5/2011/033).

Choroidal and retinal flatmounts for mononuclear phagocyte and cone quantification
Eyes from male and female mice (as we never noticed a sex-dependent difference in

subretinal MP accumulation in the past) (Combadiere et al., 2007; Hu et al., 2015; Levy et al.,
2015a; Levy et al., 2015b; Sennlaub et al., 2013) were enucleated, fixed for 30 min in 4% PFA
and sectioned at the limbus while the cornea and lens were discarded. The retinas were carefully
peeled from the RPE/choroid/sclera. Retina and choroid were incubated with Peanut agglutinin
Alexa 594 (Thermofisher; 1:50), anti-IBA-1 antibody (Wako chemicals; 1:400), , and anti-
mouse cone-arrestin antibody (Millipore, #AB15282; 1:10 000) followed by secondary anti-
rabbit antibody coupled to Alexa 488 and Alexa 647 (Thermo Fisher; 1:500) and nuclear
staining using Hoechst. Choroids and retinas were flatmounted and viewed with a fluorescence

microscope DM5500B (Leica). IBA-1" cells were counted on whole RPE/choroidal flatmounts
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and on the outer segment side of the retina. PA*cone arrestin® cells were counted on oriented

retinal flatmounts in the central and peripheral retina.

Histology and Immunohistochemistry
Eyes were fixed in 0.5% glutaraldehyde, 4% PFA for 2h, dehydrated and mounted in

Historesin (Leica). Oriented sections (5pum) crossing the inferior pole, optic nerve and superior
pole were cut and stained with toluidin blue. Rows of nuclei in the outer nuclear layer (ONL)
were counted at different distances from the optic nerve (Sennlaub et al., 2013). For
immunohistochemistry, eyes from 4d light-challenged mice were fixed for 2h in 4% PFA,
incubated in 30% sucrose overnight at 4°C, embedded in OCT and sectioned (10um), and
stained with anti-C3 antibody (clone 11H9 Hycult biotech; 1:50), anti-C3b/iC3b/C3c antibody
(clone 3/26 Hycult biotech; 1:50), and anti-CFH antibody (ab8842 Abcam; 1:100) and

appropriate secondary antibodies and Hoechst nuclear stain.

Light challenge model
Two- to three-months old male and female mice were adapted to darkness for 6 hours,

pupils dilated daily and exposed to green LED light (starting at 2AM, 4500 Lux, JP Vezon
Equipements) for 4 days and subsequently kept in cyclic 12h/12h normal facility conditions as
previously described (Sennlaub et al., 2013). MP count was assessed at the end of light exposure

(day 4) or 10 days later (day 14).

Hydrodynamic injection
Murine Complement Factor H was cloned into pLIVE vector (Mirus) using Nhel and

Sacll restriction sites, so that, its expression was under the control of a mouse minimal albumin
promoter. The construct was sequenced and the plasmid amplified with endotoxin-free
Megaprep kits (Qiagen). Control groups were injected with the empty pLIVE plasmid and test
groups with pLIVE expressing murine CFH. 100 pg of plasmid diluted in NaCl 0.9% were
injected per mouse. The volume injected in the venous tail was 10% of the body weight (Rayes

et al., 2010), which leads to robust transfection of the plasmid in the liver. Four days later, mice
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were exposed to the light challenge model and 50ul of blood were taken (mandibular vein) at

day 0, 4 and 14 to quantify plasma C3 concentration by ELISA (Innovative Research).

Monocyte and microglial cell preparations, analysis, and culture
Blood samples were collected for determination of plasma C3 (Innovative Research) and

TSP-1 (Elabscience) levels by ELISA. Bone marrow monocytes, circulating monocytes ,
central nervous MC and retinal MC were purified. Mos were isolated by negative selection
(EasySep Mouse Enrichment Kit, Stemcell Technologies). MCs were prepared from
dissociated PBS-perfused brains or retinas (Neural Dissociation Kit, Miltenyi Biotec). After
dissociation, 70um filtered cell suspensions were washed and myelin was eliminated Percoll
density gradient centrifugation. Then cells labeled with anti-CD11b microbeads (clone
M1/70.15.11.5, Miltenyi Biotec) were purified by MS Columns (Miltenyi Biotec) and washed.
No serum was used in any step of the purification to avoid cell contamination with serum
derived CFH. The cells were used for adoptive transfer experiments, analyzed by RT-qPCR or
cultured for 24h in serum free DMEM, in presence of recombinant human APOE3 (Interchim;
10pg/mL), and finally their supernatants were analyzed by cytokine multiplex array

(MILLIPLEX MAP Mouse Cytokine/Chemokine Magnetic Bead Panel, Merck Millipore).

Subretinal adoptive mononuclear phagocyte transfer and clearance (Levy et al.,
2015a)

Brain MCs, of the indicated male mouse strains were sorted as described above, labeled
in 10uM CFSE (Thermo Fisher Scientific), washed and resuspended in PBS. They express the
molecules of interest similarly to retinal MCs (Fig. S4, S6, and S7). 12000 cells (in 4pL) were
injected in the subretinal space of anesthetized WT or Cfh”" male mice (10-14 weeks old) using
glass microcapillaries (Eppendorf) and a microinjector. A hole was pierced with the glass
capillary prior to the injection in order to avoid intra-ocular pressure increase and to allow

retinal detachment with 4pl of solution. The subretinal injection was verified by fundoscopy.

In specific experiments, cells were co-injected with purified commercial human CFH
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(500pg/ml; Tecomedical), purified native CFHy402 and CFHa402n (500pg/ml, obtained from
Claire Harris), recombinant CFH (500pg/ml, LFB Biotechnologies, Lille), recombinant human
TSP-1 (10pug/ml, R&D Systems), anti-CD11b antibody (10ug/ml, clone 5C6 Abd Serotec),
anti-C3b/iC3b/C3c antibody (10pg/ml, clone 3/26 Hycult biotech), isotype control rat 1gG2
(10pg/ml, Invivogen), anti-TSP-1 antibody (10pg/ml, clone A4.1, Thermo Fisher), and isotype
control mouse IgM (10ug/ml, Invivogen). Eyes were enucleated after 24 hours, fixed 30
minutes in PFA 4% and counterstained with Hoechst nuclear stain. Eyes with hemorrhages
were discarded. CFSE" cells in the subretinal space were quantified on flatmounts on the RPE

side of the retina and on the apical side of the RPE.

Thioglycollate induced peritonitis and flow cytometry
Intraperitoneal injections of 0.5 ml of 3% (wt/vol) thioglycollate (T 9032 Sigma Aldrich) broth
were used to elicit peritonitis in male Cfh”" mice and wildtype C57BL6/J controls. Where
indicated, mice undergoing peritonitis were injected at day 1 with 100ul of PBS containing
native or heat inactivated (1h at 96°C) purified commercial human CFH (500pug/ml;
Tecomedical), recombinant human TSP-1 (50pg/ml, R&D Systems), the CD47-activating
peptide PKHB1 (500uM) or the 4NGG control peptide (500uM), and exudate cells were

analyzed at the indicated days.

At the indicated times, peritoneal lavage was performed after injecting 4 ml PBS containing
1% BSA and 0.5mM EDTA. Cells were labeled with antibodies directed against CD115 (clone
AFS98), F4/80 (clone BMS), Gr-1 (anti-Ly6C and Ly-6G, clone RB6-8C5), ICAM-2 (clone
3C4), CD11b (M1/70) and MHC-II (clone M5/114.15.2). Antibodies were purchased from
eBioscience. Cells suspensions were run on a BD Fortessa flow cytometer (BD biosciences)

and analysis was performed using Flowjo software (TreeStar)
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CFH binding assay by flow cytometry
Human CFH was conjugated to Cyanin 5.5 (Abcam conjugation kits). MCs from

Cx3cr1SFPGFP Cfh’- were stained 30 minutes with Cy5.5-conjugated human CFH in PBS at
indicated concentrations at 37°C and washed two times before acquisition on a BD Fortessa
flow cytometer (BD biosciences). Analysis was performed using Flowjo software (TreeStar).
Briefly, doublets were eliminated with FSC-H, FSC-W, SSC-H and SSC-W and microglial
cells were identified as GFP"e" cells. Bone marrow monocytes were blocked with anti
CD16/CD32 antibodies (Seroblock, AbD Serotec) for 15 minutes, preincubated with control
IgG or anti-CDI11b antibody (clone 5C6, Abd Serotec) at 10ug/ml, and incubated with
hCFH::Cy3 (with or without preincubation of IgG and anti CD11b 10pg/ml), were labeled with
rat anti-CD115-PE (Abd Serotec), rat anti-Ly-6G AlexaFluor 700 (BD Biosciences) to be
defined as GFP", CD115", Ly-6G~ cells. Note that the anti-CD11b clone M1/70.15.11.5 used
for MC purification does not interfere with CFH binding as shown in Fig. 3A and the fact that
recombinant CFH is capable to reverse the accelerated elimination of Cx3cr1¢FP/6FP Cth”- MCs
and TRE2Cfh”- MCs sorted using clone M1/70 (Fig. 2). This difference is likely due to the fact
clone M1/70 recognizes a distinct epitope of CD11b compared to the 5C6 clone (Rosen and

Gordon, 1987).

Laser-injury model
Laser-coagulations were performed on male mice with an 532nm ophtalmological laser

mounted on an operating microscope (Vitra Laser, 532nm, 450 mW, 50ms, and 250um).
Intravitreal injections of 2l of PBS, recombinant human TSP-1 (10pug/ml), the 4NGG control
peptide (200uM) and the PKHB1 CD47-activating peptide (200uM), anti-CD11b antibody
(50pg/ml, clone 5C6 Abd Serotec), isotype control rat IgG2 (50pg/ml, Invivogen), were
performed at day 4 and 7 using glass capillaries (Eppendorf) and a microinjector, and mice
were sacrificed at day 10. RPE and retinal flatmounts were stained and quantified as previously

described (Sennlaub et al., 2013) using polyclonal rabbit anti-IBA-1 (Wako) and rat anti-mouse
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CD102 (clone 3C4, BD Biosciences) appropriate secondary antibodies and counterstained with
Hoechst if indicated. Preparations were observed under a fluorescence microscope (DM5500,
Leica) and IBA-1" MPs on the RPE were counted in a diameter of 500um around the CD102"

neovascularizations.

CD11b-CDA47 proximity ligation assay
Mouse peritoneal exudate cells (PECs) were elicited by i.p. injection of 2 ml 3 %

thioglycollate (T9032, Sigma) into 10 weeks old male C57BL/6J and Cd47” mice. After 1 day,
PECs were isolated by flushing of the peritoneum with ice-cold PBS. M@s were negatively
selected by magnetic sorting following the protocol suggested by the manufacturer (EasySep
Mouse Monocyte Enrichment Kit, Stemcell Technologies), then resuspended in X-VIVO 15
medium (Lonza) and plated in Lab-Tek® Chamber Slide™ (Nunc®). Brain Cx3Cr16F?GFP Cfh-
 MCs were prepared as described above, resuspended in X-VIVO 15 medium (Lonza) and
plated in Lab-Tek® Chamber Slide™ similarly. After 2 h at 37 °C in a 5 % CO:2 atmosphere,
cells were rinsed with PBS, fixed 10 minutes in 4% paraformaldehyde solution, rinsed and
permeabilized by incubating cells 10 minutes in 0.1% Triton solution in PBS. Duolink® PLA
assay was performed following the manufacturer’s instructions (Sigma-Aldrich). In brief, rabbit
anti-CD11b (ab75476, Abcam; 1:1000) and goat anti-CD47 (AF1866, R&D Systems; 1:1000)
were incubated overnight at 4°C. Afterwards, anti-rabbit and anti-mouse oligonucleotides-
labeled secondary antibodies (PLA probes) were incubated, followed by a ligase and
polymerase reaction to amplify the signal. Images were taken on an
Olympus FLUOVIEW FV1000 confocal laser-scanning microscope at imaging facility of the

Institut de la Vision.

Statistical analysis
Sample sizes for our experiments were determined according to our previous

studies(Combadiere et al., 2007; Hu et al., 2015; Levy et al., 2015a; Levy et al., 2015b;

Sennlaub et al., 2013). Severe hemorrhage secondary to subretinal injection interferes with MP
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clearance and was used as exclusion criteria. Graph Pad 6 (GraphPad Software) was used for
data analysis and graphic representation. All values are reported as mean = SEM. Statistical
analysis and variance analysis was performed by one-way ANOVA followed by Bonferroni
post-test (for multiple comparison) or Mann-Whitney U-test (2-group comparison) among
means depending on the experimental design. The n and P-values are indicated in the figure

legends.
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Figure Legends

Figure 1: CFH deficiency prevents chronic pathogenic subretinal inflammation

A and B: (A) Representative images of 12 month-old IBA-1 (green) stained RPE
flatmounts of Cx3cr1CFP/6FP and Cx3cr1CFP/CFP Cfh”" mice and (A and B) quantification of
subretinal IBA-1" MPs in 2-3 months and 12 months old mice of the indicated strains (A: one-
way Anova/Bonferroni test ‘p<0,0001 versus all other groups, Mann Whitney $p<0.0001 versus
Cx3cr1STPOFP gt 12 months of age; B: one-way Anova/Bonferroni test 'p<0,0001 versus all
other groups, Mann Whitney *p=0.0003 versus TRE2 at 12 months of age).

C-F: (C) Micrographs, taken 1000 um from the optic nerve, of 12 month-old
Cx3cr1GFP/CFP and Cx3cr1®FPGFP Cfh” mice. (D) Photoreceptor nuclei rows at increasing
distances (-3000um: inferior pole, +3000um: superior pole) from the optic nerve (Oum) in 12
month-old mice. (E and F) Quantification of the area under the curve of photoreceptor nuclei
row counts of 12 month-old mice of the indicated transgenic mouse strains (E: one-way
Anova/Bonferroni test: “p<0,0001 versus all other groups; Mann Whitney *p=0,0024 versus
Cx3cr1GFPIGFP mice; F: one-way Anova/Bonferroni test: “p<0,001 versus all other groups;
Mann Whitney $p=0,0158 versus TRE2 mice).

G-J: (G) Micrographs, taken in the superior periphery of peanut agglutinin (staining cone
segments, red), cone arrestin (white), IBA-1 (green) triple stained 12 month-old Cx3cr1GFP/CFP
and Cx3cr1GFPIGFP Cfh” mice. (H) Cone density quantifications on retinal flatmounts in
peripheral and central, inferior and superior retina (-3000um: inferior pole, +3000um: superior
pole, optic nerve: Oum) and their average (I and J) in 12 month-old mice of the indicated
transgenic mouse strains (I: one-way Anova/Bonferroni test: “p<0,0001 versus all other groups;
Mann Whitney *p=0,0024 versus Cx3cr1® /67" mice; J: one-way Anova/Bonferroni test:
“p<0,0001 versus all other groups; Mann Whitney *p=0,0158 versus TRE2 mice).

TREZ2 and TRES: Targeted replacement mice expressing human APOE 2 and 3 isoforms
ONL: outer nuclear layer; Scale bar A and C = 50um.

n= number of replicates indicated in the graphs; replicates represent quantifications of
eyes from different mice of at least three different cages.
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Figure 2: CFH inhibits the resolution of acute subretinal inflammation

A and B: (A) Representative images of IBA-1 (green) stained RPE flatmounts of light-
challenged TRE2 and TRE2 Cfh”" mice and (A and B) quantification of subretinal IBA-1" MPs
in non-illuminated (NI), 4 days-light challenged (d4), and 4 days-light challenged followed by
10 days of recovery (d4+10) of 2-3 months old mice of the indicated strains. (A: one way
Anova/Bonferroni test “p<0,0001 versus the NI groups and TRE3 mice at d4, $p<0.0001 versus
TRE2 d4+10; MannWhitney *p=0,0004 versus TRE2 at d4+10; B: one way Anova/Bonferroni
test “p<0,0001 versus the NI groups and C57BL6/J mice at d4, *p<0.0001 versus Cx3cr16FP/GFP
at d4+10; MannWhitney 3p=0,0002 versus Cx3cr1*/SFP at d4+10).

C: Quantification by ELISA of circulating plasma C3 in control animals and after
hypervolemic liver transfection with a control plasmid (ctl Pl) or a plasmid encoding murine
CFH (mCFH) in 2-3 months old Cx3cr16F7SfP and Cx3cr1fPSf Cfh” mice. Measurements
were performed before (d0), at the end (d4) and ten days after (d14) the light-challenge. (one
way Anova/Bonferroni test at d0 “p=0,0003, d4 “p=0,0018, d4+10 “p=0,0009 compared to
control plasmid injected mice at each time point).

D: Quantification of subretinal IBA-17 MPs/mm? in light-challenge model at day 14 in 2-
3 month-old Cx3cr1S™SfP and Cx3cr1S™SFP Cfh" mice after hypervolemic liver transfection
of the empty plasmid or the plasmid encoding murine CFH. (Mann Whitney = 0,1).

E: Quantitative RT-PCR of Cfh mRNA normalized to Rps26 mRNA expression in retina,
choroid/RPE, circulating monocytes (cMo), bone marrow monocytes (BM-Mo), retinal
microglia (MC Retina) and brain microglia from the indicated strains (n=replicates from
individual mice except for retinal MCs which represent 3 preparations from 5 pooled mice
each).

F: Representative micrograph of CFSE™ MCs on RPE flatmounts of the indicated strains
24h after subretinal adoptive transfer to Cfh”" mice. Quantification of CFSE* MCs of the
indicated strains 24h after adoptive transfer to WT C57BL6/J or Cfh”" mice, with or without
purified human CFH (one way Anova/Bonferroni test ‘p<0,001 versus C57BL6/J CFSE* MCs
in C57BL6/J recipients, *p=0,0043 versus Cx3cr1CFP/6FP CFSE* MCs in C57BL6/J recipients,
¥p=0,0139 versus Cx3cr1CFPIGFP Cfh’- CFSE™ MCs in C57BL6/J recipients; there were no
significant differences between groups injected in WT C57BL6/J or Cfh”" recipients for each
cell genotype).

G: Quantification of subretinal CFSE" MCs of the indicated strains 24h after adoptive
transfer to C57BL6/J WT mice, with or without purified human CFH (one way
Anova/Bonferroni test “‘p=0,0009 versus C57BL6/J CFSE" MCs, $p=0,0012 versus TRE2
CFSE" MCs, 'p=0,0085 versus TRE2 Cfh”- CFSE* MCs).

n=number of replicates presented in the graphs; for A, B and D n=replicates represent
quantifications of eyes from different mice of at least three different cages; for F and G
n=replicates from individual mice from three experiments with three different cell preparations.
TREZ2 and TRES: Targeted replacement mice expressing human APOE 2 and 3 isoforms; post-
transf.: post-transfection; light-chall: light-challenge; ctlPL: control plasmid; mCFH: murine
CFH plasmid; Scale bar A and F = 50pum.
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Figure 3: CFH binding to CD11b/CD18 inhibits TSP-1/CD47 mediated MP elimination

A and B: Representative cytometry plots of (A) sorted brain Cx3cr1CFF/IGFP Cfh'-
Microglial Cells (gated on GFP"&") incubated with increasing dose of hCFH::Cy5.5
(15,625w/ml to 500ug/ml), and (B) sorted Cx3cr1¢ /PP Cfh’- bone marrow monocytes pre-
incubated with an isotype IgG or anti-CD11b IgG (5C6 clone) before hCFH::Cy3 or PBS
incubation. Bone marrow monocytes were gated as GFP™ CDI115" Ly-6G™ cells (the
experiments were repeated three times with similar results).

C: Representative micrograph of subretinal Cx3cr1®FF/6FP Cfh’- CFSE* MCs on RPE
flatmounts 24h after subretinal adoptive transfer injection together with CFH and control IgG
or anti-CD11b IgG (clone 5C6) and Cx3cr1CFPCFP CFSE* MCs with control IgG, anti-CD11b
IgG (clone 5C6) or anti-C3b/iC3b/C3c IgG (clone 3/26) to WT C57BL6/J mice and
quantification of the indicated groups (Anova/Bonferroni test 'p=0.0034 versus Cx3cr1CGFF/GFP
Cfh”- CFSE" MCs without CFH, * p=0,0036 versus Cx3cr1CFP/6FP Cfh”- + CFH + clgG, Mann
Whitney “p=0,0083 versus clgG;).

D: Representative confocal micrographs of CD11b-CD47 complexes (red dots) detected
by proximity ligation assay on freshly isolated brain Cx3cr1CFP/CFP Cfh”- MCs counterstained
with Hoechst nuclear stain (blue; negative control: omitting the primary antibodies; the
experiment was repeated three times with similar results).

E: Quantification of subretinal CFSE™ MCs of the indicated strains 24h after adoptive
transfer to WT C57BL6/J mice with and without recombinant TSP-1 (n=replicates from
individual mice from experiments with three different cell preparations; one-way
Anova/Bonferroni test ¥p=0,0359 versus C57BL6/J CFSE" MCs without TSP-1; “p<0,0001
versus C57BL6/J CFSE* MCs without TSP-1; $p<0.0001 versus Tsp1l”- CFSE* MCs without
TSP-1; p=0,0002 versus C57BL6/] CFSE" MCs without TSP-1).

F and G: Representative images of 12 month-old IBA-1 (green) stained RPE flatmounts
of C57BL6/J and Cd47”" mice and quantification of subretinal IBA-1" MPs of WT C57BL6/J,
Thbds1”-, Cd47”- mice and Cd36” mice at (F) 2-3 months and 12 months and (G) after a 4 day-
light challenge, followed by 10 days of recovery (n=replicates represent quantifications of eyes
from different mice of at least three different experiments and cages; one-way
Anova/Bonferroni test F: “p<0,0001 versus 2-3 months old Thbds1”* mice and 12 months old
C57BL6/] mice; 'p <0,0001 versus 2-3 months old Cd47"" mice and 12 months C57BL6/J mice;
G: "p<0,0001 versus C57BL6/J; 'p <0,0001 versus C57BL6/J).

H and I: Quantification of subretinal Cx3cr1¢FP/6F? Cth”- CFSE" MCs with (G) control

IgM or anti-TSP-1 IgM (clone A4.1) 24h after adoptive transfer (Mann Whitney “p=0,0002
IgM versus anti-TSP-1) or (H) recombinant TSP-1 (rTSP1) and rTSP1 + purified CFH (one-
way Anova/Bonferroni test *p=0,0024 versus Cx3cr1CFP/CFP Cfh”- CFSE" MCs without rTSP1;
p=0,0003 versus Cx3cr1FP/CFP Cfh- CFSE* MCs + rTSP).
J-L: (I) Representative micrographs of RPE flatmounts of CD102 (red) and IBA-1 (green)
immunohistochemistry and quantification of subretinal IBA-1" MPs on the RPE counted at a
distance of 0-500um from CD102" CNV 10 days after the laser-injury in 2 month-old
Cx3crlCFP/CFP mice injected at day 4 and day 7 with (I) PBS or rTSP1, (J) control peptide
4ANGG or CD47-activating peptide PKHB1, and (K) control IgG or anti-CD11b IgG (Mann
Whitney 1 “p=0,0097; J "p<0,0001; K *p=0,0298)

Thbs: thrombospondin 1 gene; TSP-1: thrombospondin. n=number of replicates indicated
in the graphs, for C, E, G and H n=replicates from individual mice from experiments with three
different cell preparations, for F, I and J n=replicates represent quantifications of eyes from
different mice of at least three different experiments and cages. Scale bar: C, F and I = 50um;
D left panels =20um, right panel =10pm.
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Figure 4: CFH inhibits the resolution of acute sterile peritonitis

A: Normalized signal intensity for Cfh mRNA levels extracted from Affymetrix
transcription analysis of bone marrow monocytes (1), Ly-6C" circulating blood monocytes (2),
MHC-IT" and MHC-IT" monocyte-derived peritoneal macrophages at day 5 of thioglycollate-
induced peritonitis in 3 months old WT C57BL6/J mice (3 and 4; one-way Anova/Bonferroni
test 'p=0,0036 versus blood monocytes; “p=0,0005 versus blood monocytes).

B: Representative cytometry plots of WT C57BL6/J (upper panels) or Cfh”" mice (lower
panels) three days after thioglycollate-induced peritonitis. CD115" F4/80" cells represents
macrophages, with CD115" F4/80" ICAM-2"° representing Mo-derived Mg and CD115" F4/80"
ICAM-2" representing resident macrophages.

C: Quantification of CD115" F4/80" ICAM-2"° Mo-derived M¢ in exudates of WT
C57BL6/J and Cfh”" mice at indicated time points after thioglycollate-induced peritonitis (one-
way Anova/Bonferroni test p=0,012 versus d0 WT C57BL6/J; “p=0,005 versus d0 Cfh’;
p=0,9697 between d1 groups; 3p<0,0001 versus d3 WT C57BL6/J).

D: Quantification of CD115" F4/80" ICAM-2'° Mo-derived M in exudates of Cfh”- mice
at day 2 (d2) after mice were injected with native (CFH) or heat-denatured (dCFH) purified
CFH at day 1 (d1) (MannWhitney “p=0,0087 versus dCFH).

E: Representative confocal micrographs of CD11b-CD47 complexes (red dots) detected
by proximity ligation assay on freshly harvested Mo-derived Mo 1 day after thioglycollate
injection in WT C57BL6/J and Cd47” mice. Hoechst was used for nuclear stain (blue; negative
control: omitting the primary antibodies; the experiment was repeated three times with similar
results).

F: Quantification of CD115" F4/80" ICAM-2!© Mo-derived M¢ in exudates of WT
C57BL6/J mice at day 2 after mice were injected with PBS or rTSP-1 (Mann Whitney
$p=0,0048); or control peptide 4NGG or CD47-activating peptide PKHB1 (Mann Whitney
$p=0,0087) at day 1.

Meo: macrophage; Mo: monocyte; Thio: thioglycollate; MHC: major histocompatibility
complex; dCFH: heat-denatured CFH; negCTL: negative control. n= number of replicates
indicated in the graphs; replicates represent quantifications of exudate cells from different mice
of three (C) or two (E and F) different peritonitis inductions. Scale bar: E=10um.
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Figure 5: The CFHao21 variant inhibits subretinal MC elimination more potently than
the CFH ya02 form.

A: Quantification of subretinal Cx3cr167P/6FP Cth”- CFSE" monocytes on RPE and retinal
flatmounts 24h after adoptive transfer to WT C57BL6/J mice with and without purified
CFHy402 or CFHa021 (Anova/Bonferroni test “p<0,0001)

B: Quantification of subretinal Cx3cr1CFP/6FP Cth”- CFSE" microglial cells on RPE and
retinal flatmounts 24h after adoptive transfer to WT C57BL6/J mice with and without purified
CFHy402 or CFHa021 (Anova/Bonferroni test “p=0,0025 versus without CFH; "p=0,0052 versus
CFHyao2).

C: Quantification of subretinal Cx3cr1®FF/6FP Cfh’- CFSE* microglial cells on RPE and
retinal flatmounts 24h after adoptive transfer to WT C57BL6/J mice without or with
recombinant TSP-1 (trTSP1), rTSP1 + recombinant CFHy402 or rTSP1 + recombinant CFH4021
(Anova/Bonferroni test $p=0,00236 versus without TSP-1; "p=0,0002 versus with TSP-
1;p=0,0005 versus with TSP-1 + CFHy402).

Mos: monocytes; MCs: microglial cells; rTSP1: recombinant TSP-1; n=number of
replicates indicated in the graphs, replicates represent quantifications from individual mice
from two (A) to three (B and C) experiments with three different cell preparations.
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Figure S1: CFH-deficiency does not alter in vitro pathogenic cytokine secretion of
microglial cells and monocytes.

We previously showed that MP derived IL-1p, IL-6, and TNFa induce photoreceptor
degeneration and deregulate RPE-cell functions (Eandi et al., 2016; Hu et al., 2015; Levy et al.,
2015a; Mathis et al., 2016). Cytokine multiplex analysis of supernatants from cultured primary
bone marrow monocytes (BM-Mos, 100 000 cells/well) and brain microglial cells (MCs, 200
000 cells/well), incubated for 24 h in serum free DMEM medium or stimulated with APOE3 (5

ug/ml as previously described (Levy et al., 2015b)) of Cx3cr1FPCFP and Cx3crl1CFP/CFP Cfh/-

mice revealed no significant CFH-dependent differences in the secretion of these pathogenic
cytokines in basal or stimulated conditions, suggesting that CFH did not significantly affect the
secretion of these cytokines.

Figure S2: Plasma C3 concentrations and C3, and C3 fragment, and CFH
immunohistochemistry in the transgenic mice.

A: Complement factor C3 (C3)-ELISA measurements of plasma C3 concentrations from
the indicated mouse strains indicate that C3 plasma levels in Cx3cr1CFP/6FP mice do not differ
from WT C57BL6/J mice and TRE2 mice from TRE3 mice and Cfh-deficiency induces low
circulating levels of C3 in both strains, likely due to un-inhibited plasma complement activation
and exhaustion (Pickering et al., 2002).

B-D: Immunohistochemistry (red) for C3 (B, clone 11H9 Hycult biotech), C3b/iC3b/C3c
(C, clone 3/26 Hycult biotech), and CFH (A, ab8842 Abcam) in 4d light-challenged
Cx3cr1CGFP/GFP and Cx3cr1®FPIGFP Cfh’- mice (GFP in green, nuclear stain in blue). (B) C3 was
strongly detected in the choriocapillaries (arrow) of Cx3cr1¢FF/6FPmice, but not in and around
subretinal MPs. In Cx3cr1®FP/CFP Cfh- mice that are characterized by low plasma C3 levels the
signal in the choriocapillaries (adjacent to the RPE) was reduced. (C) Immunohistochemistry
using the anti-mouse-C3b/iC3b/C3c antibody (clone 26/3 (Mastellos et al., 2004)) that
specifically recognizes C3b and its fragments revealed a faint staining in the choriocapillaries
(arrows), but no staining in the subretinal space of both mouse strains. (D) CFH was detected
surrounding subretinal MPs (arrows), RPE and in the choriocapillaries (arrow head) in
Cx3criGFP/GFP put not in Cx3cr1CFP/GFP Cfh’ mice.

ONL: outer nuclear layer; RPE retinal pigment epithelium. negative control: omitting the
primary antibodies revealed no staining (not shown); the experiment was repeated three times
with similar results. Scale bar = 50um.

Figure S3: Cfh induction in monocytes in vitro and monocyte elimination after
subretinal adoptive transfer.

A: Quantitative RT-PCR of Cfh mRNA normalized with Rps26 mRNA in WT C57BL6/J
or Cx3cr1FPSFP monocytes cultivated for 18 h with or without photoreceptor outer segments
to simulate the subretinal environment (POSs, one way Anova/Bonferroni test “p=0,0082
versus C57BL6/J Monocytes without POS, "p<0,0001 versus C57BL6/J Monocytes with and
without POS). Cfh mRNA is robustly induced in BM-Mos from WT C57BL6/J-, and even more
so from Cx3cr1FGFP_mice in contact with POS.

B: Representative micrograph of CFSE™ Monocytes on RPE flatmounts of the indicated
strains 24h after subretinal adoptive transfer to Cfh”" mice. Quantification of CFSE" Mos of the
indicated strains 24h after adoptive transfer to Cfh”- mice (one way Anova/Bonferroni test
*p<0,001 versus C57BL6/J CFSE" Mos, *p=0,0043 versus Cx3cr1G¢FP/6FP CFSE* Mos,
¥p=0,0178 versus Cx3cr1CFPCFP Cfh’- CFSE* Mos).
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POS: photoreceptor outer segments, Mos: monocytes; n=number of replicates indicated
in the graphs, for A n=replicates represent different culture wells of the indicated conditions,
the experiment was repeated twice with similar results; for B n=replicates from individual mice
from two experiments with two different cell preparations. Scale bar B = 50pum.

Figure S4: Complement component expression in retina, liver, and MPs.

Quantitative RT-PCR of Cfh (A-C), C3 (D-E), Cfb (G-I), and Cfi (J-K) mRNA,
normalized with Rps26 mRNA, in retina (1), retina without MCs (2, after sorting of MCs), liver
(3), bone marrow monocytes (BM-Mo), retinal microglia (5, MC Retina) and brain microglia
(6, CNS MC) from WT C57BL6/J mice (left column), and of BM-Mo, and MCs from retina
and CNS of the indicated mouse strains (middle and right column). (A) MCs robustly expressed
Cfh mRNA (~1/4 of liver expression level) significantly (~20-40 fold) more than BM-Mo (B
and C). In contrast, C3 mRNA was found in BM-Mos (B, ~1/60 of liver expression level),
significantly (~50 fold) more than in MCs (E and F). Cfb mRNA transcription in MPs was
detectable (~1/1000 of liver expression level, G) in all MPs with a relatively stronger expression
in MCs (H and I). Interestingly, Cfi mRNA, robustly expressed in the liver (J), but was not
detectable in MPs (K and L). Retinal and CNS MCs expressed the transcripts similarly and
except for Cfh mRNA in Cfh”" strains, we did not detect strain-dependent differences in the
MPs.

BM-Mo: bone marrow monocytes; MC: microglial cell. CNS: central nervous system. A,
D, G, and J n= replicates from individual mice; B, C, E, F, H, I, K, and L n= replicates from
mRNA pooled from two individual mice.

Supplementary Figure 5: Cd11b, Cd18, Cd47 and Thbs1 transcription in MPs and TSP-1
plasma levels of the transgenic mice.

Quantitative RT-PCR of Cd11b (A-C), Cd18 (D-E), Cd47 (G-I), and Thbsl (J-L) mRNA,
normalized with Rps26 mRNA, in retina (1), retina without MCs (2, after sorting of MCs), liver
(3), bone marrow monocytes (BM-Mo), retinal microglia (5, MC Retina) and brain microglia
(6, CNS MC) from WT C57BL6/J mice (left column), and of BM-Mo, and MCs from retina
and CNS of the indicated mouse strains (middle and right column). Both, Cd11b and Cd18
mRNA were expressed specifically in MPs and not detected in mRNA from retina without the
MC population (A and D). While Cd11b mRNA was more strongly expressed in MCs than in
BM-Mo, no significant difference was detected in Cd18 transcription (B, C, E, and F). (G-I):
Cd47 mRNA was expressed ubiquitously with a tendentiously higher expression in MCs
compared to BM-Mos (C57BL6/J-, Cx3cr1®FP/CFP - Cx3cr1CFP/CFP Cfh’- mice). (J-L) Thbsl
mRNA expression was more strongly expressed in MCs than in BM-Mo of C57BL6/J-,
Cx3cr1CFPIGFP  Cx3cr1CFP/GFP Cfh/- mice, with differences less marked in TRE3- versus TRE2-
mice. Retinal and CNS MCs expressed the transcripts similarly and we did not detect strain-
dependent differences in the MPs.

(M and L) TSP-1 plasma concentrations of the indicated mouse strains measured by Elisa.

BM-Mo: bone marrow monocytes; MC: microglial cell. CNS: central nervous system. A,
D, G, J, M, and N n= replicates from individual mice; B, C, E, F, H, I, K, and L n= replicates
from mRNA pooled from two individual mice.
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