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Single cell transcriptomics of mouse eye organoids during optic vesicle
evagination. A–F Immunostaining of sections of optic vesicles from mouse
embryos and eye organoids was performed using Laminin, Rax and GFP
antibodies. DAPI and Phalloidin were used to label nuclei and F-actin,
respectively. Insets show the merged images with bright fields and GFP channels
at each embryonic and organoid stage. Black arrows in insets indicate
evaginating OVs. Representative micrographs are shown as similar results were
obtained from three independent experiments. G Schematic diagram showing
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the processes of OV evagination in eye organoids divided into four main phases.
During phase 1 (day 3.5), forebrain identity is acquired; in phase 2 (day 4), weak
and scattered Rax expression starts to be detected (eye field stage); in phase 3
(day 6), OV budding starts and Rax expression is increased; in phase 4 (day 7),
through a ballooning process OVs fully evaginate and enlarge, and Rax
expression its higher in the future neural retina territory (NR). Regions with
lower levels of Rax expression will become the retina pigment epithelium (RPE).
H Following single-cell RNA sequencing (scRNAseq) of the eye organoids, t
-SNE plot analysis of phase 2 and phase 3 shows the obvious transcriptomic
differences between these 2 stages. I t-SNE plot analysis shows each
transcriptionally distinguishable cluster by unique colors. The bioinformatic
analysis partitioned the cells of those two phases into 10 groups (clusters 0–9 are
visualized using t-SNE). Each cell type is annotated based on a combination of
known cell fate markers. Scale bars, 100 µm (A–F). Credit: Nature
Communications (2023). DOI: 10.1038/s41467-023-39672-2

Aerobic glycolysis, the process by which cells transform glucose into
lactate, is key for eye development in mammals, according to a new
Northwestern Medicine study published in Nature Communications.

While it has been well known that retinal cells use lactate during cell
differentiation, the exact role that this process plays in early eye
development was not previously understood.

The findings further the field's understanding of the metabolic pathways
underlying organ development, according to Guillermo Oliver, Ph.D.,
the Thomas D. Spies Professor of Lymphatic Metabolism, Director of
the Feinberg Cardiovascular and Renal Research Institute Center for
Vascular and Developmental Biology, and senior author of the study.

"For a long time, my lab has been interested in developmental biology.
In particular, to characterize the molecular and cellular steps regulating
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early eye morphogenesis," Oliver said. "For us, the question was: 'How
do these remarkable and critical sensory organs we have in our face start
to form?'"

Nozomu Takata, Ph.D., a postdoctoral fellow in the Oliver lab and first
author of the paper, initially approached this question by developing
embryonic stem cell-derived eye organoids, which are organ-like tissues
engineered in a petri dish. Intriguingly, he observed that early mouse eye
progenitors display elevated glycolytic activity and production of lactate.

After introducing a glycolysis inhibitor to the cultured organoids, normal
optic vesicle development halted, according to the study, but adding
back lactate allowed the organoids to resume normal eye morphogenesis,
or development.

Takata and his collaborators then compared those organoids to controls
using genome-wide transcriptome and epigenetic analysis using RNA
and ChIP sequencing. They found that inhibiting glycolysis and adding
lactate to the organoids regulated the expression of certain critical and
evolutionary conserved genes required for early eye development.

To validate these findings, Takata deleted Glut1 and Ldha, genes known
for regulating glucose transport and lactate production from developing
retinas in mouse embryos. The deletion of these genes arrested normal
glucose transport specifically in the eye-forming region, according to the
study.

"What we found was an ATP-independent role of the glycolytic
pathway," Takata said. "Lactate, which is a metabolite known as a waste
product before, is really doing something cool in eye morphogenesis.
That really tells us that this metabolite is a key player in organ
morphogenesis and in particular, eye morphogenesis. I see this discovery
as having broader implications, as likely also being required in other
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organs and maybe in regeneration and disease as well."

Following this discovery, Takata said he plans to continue to take
advantage of traditional and emerging developmental biology's tools such
as mouse genetics and stem cells-derived organoids to study the role of
the glycolytic pathway and metabolism in the development of other
organs.

The findings could also be useful in better understanding the direct
effect that metabolites could have in regulating gene expression during
organ regeneration and tumor development, Oliver said.

"Both regeneration and tumorigenesis involve developmental pathways
that go awry in some occasions, or you need to reactivate," Oliver said.
"For many developmental processes, you need very strict transcriptional
regulation. A gene is on or off at certain times, and when that goes
wrong, that could lead to developmental defects or promote
tumorigenesis. Now that we know that there are specific metabolites
responsible for normal or abnormal gene regulation, this can broaden our
thinking on approaches to therapeutic treatments."

  More information: Nozomu Takata et al, Lactate-dependent
transcriptional regulation controls mammalian eye morphogenesis, 
Nature Communications (2023). DOI: 10.1038/s41467-023-39672-2
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