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| Miiller Cell Reversion

Prevalence among people with diabetes

Introduction

Prevalence

Diabetic retinopathy causes irreversible blindness by destroying Diabetic retinopathy (DR) has become a global vision crisis, with ? K Nt M}(J]ler ghtl? thfl TS Z ;Zri)tral Lqi‘\llt:)iport S'(;il'i::; typl.ca]lér entel‘dl'e?«czl\fe 310818 n dlabeélr(;
retinal neurons that the adult human retina cannot naturally S prevalence rates soaring to 20-34% in high-burden regions. Each p * ﬁ FEHNopatiy, Sl O\fVlTI‘lhgi e ele.alva Onbl i ﬂqac.mabﬂ?n’ and tightly closed d. nom}zla
regenerate. Unlike regenerative species, human Miiller glia (MG) o— year, 2-4% of individuals with diabetes advance to sight- at neurogenic loci. This rigid glial state blocks their ability to re-enter a progenitor phase

or regenerate lost neurons. Reversion-based therapy aims to overcome these barriers

remain locked in a non-neurogenic state due to restricted chromatin, threatening DR, and a growing fraction enter the irreversible

inflammation, and lack of proneural factors such as ASCL1L We trajectory toward blindness. As diabetes surges worldwide, DR SR wcdence K pervead and WSS AS?hIr.L aghm;sg; CpI‘.one?;)l.I:[ i transc;"g)Ttl on tfac'ior, C?Fr}?ibmed \{)Yltht.eplgenetlc
: : . : . . indness Due to DR (% of diabetics rimin ou; inhibitors or activators. This combination opens
propose a regenerative strategy using mRNA-delivered ASCL1 with now stands among the most rapidly escalating causes of ... P 5 P

epigenetic enhancers to unlock MG plasticity. ASCL1, a pioneer permanent vision loss. This rising epidemiological burden W chromatin, suppresses glial identity, and restores progenitor markers like SOX2, Paxas,

3 - . op : and Lhx2. -di ' § ' into retinal progenitor-like cells
transcription factor, opens chromatin, represses glial identity, and B % underscores an urgent scientific imperative: to move beyond ol ff) Islce il,e dlﬂ’lf;:ntlated, le;ier glﬁl trans.f;cl)rglbmtlcz A O;]ike
activates neurogenic programs. This approach aims to reprogram MG "--"i‘; A disease management toward regenerative strategies capable of 8311‘);2,6 0 daN%iu’}ghﬁ) trat o bl ° V:h elzﬁg?: ,:; r ); eytregula o iucﬁ mascﬁ nal
into neuron-producing cells to restore vision lost in diabetic . replacing the retinal neurons destroyed by diabetic < 0 < T an 5 strategy enables the diabelic retina 1o Teg € 0

photoreceptors, offering a powerful and promising regenerative therapy for vision

retinopathy. Diabetic Retina neurodegeneration. T e e .
P restoration.

Key Research Studies Supporting

This Therapeutic Approach

1a.- Control Miiller glia showing
normal radial glial morphology

1b.- ASCL1-expressing Miiller glia
retain predominantly glial
structure with minimal change.

1c.- ASCL1 + injury + TSA-treated
Miiller glia acquire neuron-like
morphology  with  extended

Mechanistic Pathway of Miiller Glia Reprogramminifor Photoreceptor
Regeneration in Diabetic Retinopathy
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ROS overload impairs
ez ] mitochondrial function,
o i : causing energy failure,
lipid peroxidation, and

cellular oxidative damage

Sox9 : _ DAPI Graphz_

xS ASCLi1-infected P12 MG express
Sox9 (red), incorporate EdU
(white) and express Ascl1 protein
(green)
(4 dpi). GFP-infected MG do not
express Ascll. Scale bar: 100 pm

Chronic hyperglycemia
disrupts retinal
metabolism, triggering
excess ROS formation
and overwhelming
antioxidant defense.

Photoreceptors undergo
early apoptosis in DR,
even before microvascular
injury becomes clinically

Rods and cones sustain
oxidative injury,

ASCL1

Excess ROS trigger
mitochondrial dysfunction
and lipid peroxidation,
overwhelming retinal
defenses and accelerating
photoreceptor injury.

impairing their
structural and
functional stability.
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photoreceptor identity.

n igenetically sil i STATS activation create . . demonstrating successful Miiller-glia
ASCL1-permissive . glial genes, initiating i,li)(l}g iggtﬁﬁﬂé ihigﬁfgég a pro-inflammatory, ghOSIS state . 5 .
chromatin statedrive reprogramming when ope,ning for regenerative regeneration-resistant conversion toward a photoreceptor 4, ASCL1-infected ASCL1+EdU+ MG express

Miiller-glia toward a
progenitor phenotype.

chromatin is accessible. retinal environment.

reprogramming,

phenotype co-immunolabeling in the progenitor marker Insmi (4 dpi)
INTEGRATION INTO RETINAL CIRCUITRY — FUNCTIONAL RESTORATION Panels A and B confirms enhanced (arr owheads indicate triple—labeled ce]ls)
photoreceptor formation from Miiller (Data are meantsem. *P<0.05, **P<0.01;

glia under reprogramming conditions  Student's t-test. Scale bars: in A, 100 pm; in C,
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Mechanistic Pathway of Miiller Glia Reprogramming for Photoreceptor Regeneration in Diabetic Retinopathy

ASCL1-modRNA With Epigenetic Design g Engineered LNPs for Targeted Delivery 9 Intravitreal Administration of LNPs a LNP Diffusion Across Retinal Barriers 6 ASCL1 Translation Inside Miiller Glia @ Photoreceptor Regeneration Begins

STEP 1: RATIONAL THERAP(I;EII-JI';I(;IIEJIE:(I)%I;:NIIE;II(;%NTIC PRIMING FOR MULLER STEP 2: ENGINEERING MULLER-GLIA-TARGETTED LIPID Step 3: Intravitreal Administration & Early Step 4: Vitreous Navigation & ILM Penetration Step 5: Cellular Uptake, Endosomal Escape Step-6: Muller-glia-deprived progenitor-into_
: NANOPARTICLE (LNPS) FOR ASCL1-modRNA DELIVERY Vitreous MG-targeted LNP Distribution of MG-Targeted LNPS and ASCL1 Translation in Miller Glia photoreceptor after ASCL1-based reprogramming
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Regulatory & Market Future Prospects
e We propose a regenerative strategy capable of restoring vision lost to diabetic retinopathy.  DRisnow one of the fastest-increasing causes of irreversible blindness, creatingamajorunmet | e ASCL1-mRNA therapy is grounded in strong mechanistic evidence from rodent studies
e mRNA-delivered ASCL1 enables precise, transient expression without genomic clinical need. and human in-vitro gystems.
integration. e Current standard-of-care treatments (laser, corticosteroids, anti-VEGF) — slow progression | e Inmurine retinas, ASCL1:
e ASCL1 functions as a potent pioneer transcription factor, binding previously inaccessible but do not repair neurodegeneration. Opens closed chromatin
E-box motifs in closed chromatin. e This therapeutic gap creates a high-value market opportunity for MG-based regenerative Activates neurogenic transcriptional programs
e Reactivates dormant neurogenic programs in Miiller glia (MG). therapies. Reprograms Miiller glia (MG) into retinal progenitor-like cells
e Induceskey retinal progenitor regulators: Hess, Insmi1, HES6. » mRNA-delivered transcription factors, such as ASCL4, align strongly with modern regulatory | e In human retinal organoids and fetal MG, ASCL1 activates conserved regulators (HES6,
* Triggers controlled MG proliferation, restoring developmental plasticity:. infrastructures established for: INSM1, DLL1) and initiates neuronal differentiation.
e Initiates neuronal differentiation pathways required for rebuilding degenerated retinal mRNA vaccines, Gene-modulating biologics, Non-integrating advanced therapeutics  These conserved effects provide a robust foundation for clinical translation.
layers. e mRNA platforms offer scalability, manufacturability, transient expression, and strong safety | e Future therapeutic development requires:
o Epigenetic enhancers loosen compacted chromatin and amplify ASCL1’s transcriptional profiles. Stabilized mRNA constructs
access. e Regulatory pathways supportive of advanced therapies include: Targeted delivery systems (ocular LNPs/nanoparticles)
e Enables transcriptional reprogramming of MG even in the restrictive environment of the RMAT designation, Orphan drug acceleration, Ophthalmic Fast-Track programs Epigenetic enhancers to overcome adult retinal chromatin rigidity:.
diseased adult retina. e The global DR market is expanding, driven by rising patient populations and the limitationsof | e Diabetic retinopathy is a suitable target due to chronic neuronal loss, gliosis, and silenced
e MG transition from static glial cells = neurogenic progenitors capable of generating long-term, maintenance-only treatments. regenerative pathways.
multiple retinal neuronal subtypes. e A therapy capable of restoring retinal neurons, rather than slowing disease, represents a | ¢ ASCL1-mRNA therapy could:
e Induced neurons can potentially: disruptive category shitt. Induce MG cell-cycle re-entry
o Re-establish synaptic connectivity e Regenerative MG reprogramming could reduce lifelong treatment costs, easing both medical Reactivate neurogenic gene networks
o Rebuild damaged retinal circuitry and economic burdens. Drive endogenous MG-derived neurogenesis
o Restore phototransduction and visual signaling e Regulatory momentum + market demand + technological maturity create an exceptional Rebuild retinal circuitry
e This strategy surpasses conventional disease-slowing treatments, offering true retinal opening for mRNA-ASCLY, epigenetically enhanced MG reprogramming to emerge as a first- | e This positions MG reprogramming as a promising regenerative strategy for reversing
reconstruction. in-class regenerative therapy in ophthalmology:. the neurodegenerative damage in diabetic retinopathy.
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