Metabolic Inflammation in AMD: The Role of Persistent Macrophage
Accumulation in Lactate-Driven Retinal Degeneration

International context and supervision

This project is embedded in the Limits2 Vision International Research Training Group, a joint
PhD program between the Institut de la Vision (IdV, Paris) and the Institute for Ophthalmic
Research (IOR, University of Tiibingen, Germany). The student will be primarily supervised
by Florian Sennlaub (DR1 Inserm, IdV; transgenic models and in vivo/ex vivo platforms
established) and co-supervised by Francois Paquet-Durant and Christoph Trautwein (IOR;
spatial metabolomics, LC-MS/MS, MALDI). A minimum six-month research stay at IOR will
allow advanced analysis of metabolic changes in the models. Through dual mentorship and
biannual Limits2Vision activities (dedicated courses, technical and career workshops, and
scientific retreats) the program offers an integrated, high-level training environment ideally
suited to accomplish the project and prepare the student for an independent scientific career.

Context and Preliminary Data
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leading cause of irreversible vision loss, is a
highly heritable neuroinflammatory disease. The
Sennlaub lab has shown that the three major genetic risk factors for AMD (CFH variant, the
minor HTRA1/ARMS?2 haplotype, and APOE?2) render mononuclear phagocytes (MPs) resistant
to the normally immunosuppressive RPE, promoting the accumulation of activated
inflammatory MPs (aMPs) in the photoreceptor layer’. Inflammatory MPs undergo a
metabolic switch characterized by TCA cycle interruption and increased aerobic glycolysis,
driving reactive oxygen species and cytokine production®. They compete with photoreceptors
for glucose’, and their lactate release via MCT4, which can export lactate even against high
extracellular concentrations®, likely impairs photoreceptor glycolysis!. The APOE2TRE mouse
line, homozygous for the APOE?2 risk allele, models this pathogenic MP accumulation and
recapitulates key AMD features, including subretinal MP buildup and photoreceptor loss®.

Importantly, a non-coding SLC16A48 variant (rs77968014) associated with reduced MCT3
expression in the RPE’ is also linked to AMD risk®!!. SLC1648MYT mice generated at the IdV,
homozygous for the AMD-associated variant, likewise lose MCT3 expression, accumulate
lactate in the photoreceptor layer and RPE, and recapitulate key features of dry AMD, including
progressive photoreceptor degeneration, RPE dysmorphia, and lipid accumulation (unpublished
data from the Sennlaub lab, manuscript in preparation).

To investigate how persistent macrophage accumulation contributes to lactate-driven retinal
degeneration in multifactorial AMD, we generated the Slc16a8MYTAPOE2™E double mutant

accumulation (right).
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mouse line for this project. Preliminary data demonstrate that these mice have exaggerated
subretinal MP accumulation and retinal degeneration compared to single mutants.

Hypothesis and Aims

We hypothesize that RPE MCT3 deficiency and the accumulation of activated subretinal
MPs act synergistically to drive lactate-dependent retinal degeneration. We further propose that
selective inhibition of MP-specific MCT4 will restore photoreceptor metabolic homeostasis,
dampen inflammation, and ultimately preserve photoreceptors and vision.

Aim 1 (Paris): Investigate the consequences of inflammation and metabolic dysfunction.
Retinal function and morphological changes of wildtype, APOE2™E, Sic16a8MU" and
Slc16a8MUTAPOE2™E mice of both sexes and at different ages and under light-stress will be
compared using electroretinography (ERG) and optical coherence tomography (OCT) in vivo,
and ex vivo by Serial Block-Face Scanning Electron Microscopy (SBF-SEM) and
immunohistochemistry (sections and flatmounts; cone photoreceptor density [ARR3], MP
distribution [IBA1], and RPE morphology [ZO-1] and lipid accumulation [Bodipy]).
Transcriptional changes in the retina and RPE/choroid will be evaluated using bulk RNA
sequencing. To evaluate the contribution of MPs, retinal MPs will be eliminated in all mouse
lines by systemic pharmacological inhibition of CSF1R (diet formulated with PLX5622).

Aim 2 (Tiibingen): Quantitative analyses of metabolic dysregulation in the presence and
absence of macrophages. At the timepoints where there are the largest differences between
Slc16a8M1P4POE2™E mice compared to single-mutant mice and when MP elimination has the
largest protective effects (Aim 1), changes in metabolism will be quantified. Extracellular
oxygen consumption rate and proton efflux rate of freshly explanted retinas and RPEs will assess
mitochondrial function and glycolytic activity, respectively (Agilent Seahorse analyzer).
Further, a non-targeted metabolite screening of retinas and RPE/choroids will be performed
using liquid chromatography mass spectrometry (LC-MS/MS). Based on these results, specific
metabolites will be examined spatially in retinal sections, using matrix-assisted laser
desorption/ionization (MALDI) imaging mass spectrometry.

Aim 3 (Paris/Tiibingen): Determine the therapeutic potential of blocking lactate release
from inflammatory macrophages. MCT4 inhibition should block lactate release from MPs
and, due to the close relationship between glycolysis and inflammation in activated MPs, shift
MPs to a protective anti-inflammatory phenotype!'2. Mice from all lines (used in Aim 1) will
be treated with the specific MCT4 inhibitor VB124 and then evaluated in vivo and ex vivo (as
in Aim 1). In the lines where VB124 is protective, underlying metabolic changes will also be
quantified (as in Aim 2).

Taken together, this project targets a largely unexplored pathogenic mechanism and
will reveal previously unrecognized links between inflammation and metabolic dysregulation in
AMD, processes that likely represent central drivers of this blinding disease.
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