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Abstract

The dystrophin gene encodes multiple dystrophin isoforms with tissue-specific functions, including
several shorter isoforms expressed in the central nervous system and retina. While Duchenne
muscular dystrophy (DMD) has historically been characterized as a primary myopathy resulting
from loss of the full-length dystrophin Dp427, increasing clinical evidence indicates that dysfunction
of shorter dystrophin isoforms contributes to significant extramuscular pathology, including retinal
disease. In particular, loss of the Dp71 isoform has been implicated in retinal inflammation, blood-
retinal barrier breakdown, and pathological angiogenesis. In this study, we investigated whether
low-level residual expression of Dp71 is sufficient to mitigate retinal inflammation in the mdx3Cv
mouse model, which displays reduced —but not absent—expression of multiple dystrophin isoforms.
Western blot analysis revealed that mdx3Cuv retinas express approximately 4% of wild-type Dp71
protein levels. Despite this marked reduction, mdx3Cv mice did not exhibit the inflammatory
phenotype previously observed in Dp71-null mice. Retinal VEGF protein levels and VEGF receptor
(FLT-1 and KDR) mRNA expression were preserved, while VEGF mRNA levels were modestly
reduced. Furthermore, expression of inflammatory markers ICAM-1 and ALOX5AP, leukocyte
adhesion to retinal vasculature, Aquaporin-4 expression, and BRB permeability to albumin were all
comparable to wild-type littermates. Together, these findings demonstrate that minimal residual
expression of Dp71 is sufficient to preserve retinal vascular homeostasis and prevent inflammatory
and permeability defects in the mdx3Cv retina. These results further suggest that partial dystrophin
restoration—at levels achievable with current exon-skipping or gene-based therapies—may be
adequate to prevent or attenuate retinal pathology in DMD, providing a realistic and clinically
relevant therapeutic target.

Keywords: Duchenne muscular dystrophy; dystrophin; Dp71; retina; Miiller glial cell; Blood—Retinal
Barrier (BRB); VEGEF signaling; retinal inflammation; mdx3Cv mouse; vascular permeability

1. Introduction

The dystrophin gene (dmd), with 79 exons and over 2.3 million base pairs, is the largest in the
human genome, and is highly conserved across the animal kingdom [1,2]. The use of various internal
promoters allows for the synthesis of five different isoforms of the dystrophin protein [1]; the longest,
Dp427, measures 427 kDa and is ubiquitous in muscle cells, while the shorter dystrophin isoforms
(Dp260, Dp140, Dp116, Dp71, Dp40) are expressed in a wide range of cell types throughout the
gastrointestinal, genitourinary, and central nervous systems [3,4]. Mutations in this gene resulting in
dysfunction of Dp427 lead to Duchenne Muscular Dystrophy (DMD) [1-3,5], a fatal X-linked
recessive disease affecting approximately 1 in 3,600 live male births [6,7]. The disease was first
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described in 1868 and has primarily been characterized by its muscular phenotype, marked by
progressive myocyte destruction and ultimate cardiomyopathy [8].

As emerging therapies prolong life and slow the progression of muscular degeneration in these
patients [9], it becomes increasingly apparent that dysfunction of shorter dystrophin isoforms in
extramuscular tissues also provokes clinically relevant disease. Investigation of the role of these
smaller isoforms in the central nervous system has led to the recognition of the neuropsychologic
phenotype of this disease [4,10-13], with DMD patients having a greater prevalence of intellectual
disability, specific learning disorders, autism spectrum disorder, ADHD (Attention-
Deficit/Hyperactivity Disorder), and epilepsy than the general population [4,11-13].

Additionally, some patients with DMD develop a proliferative retinopathy that presents
clinically with a profound decrease in visual acuity [14-17], similar to proliferative diabetic
retinopathy (DR) or wet age-related macular degeneration (AMD). Colorblindness is also more
prevalent in DMD patients than the general population, and up to %5 of the cohort of patients deficient
in the shorter dystrophins may be red-green colorblind [18]. Moreover, electroretinography (ERG)
shows abnormalities even in DMD patients with clinically normal vision [19-21]. Under scotopic (low
light) conditions, these patients exhibit decreased b-wave amplitude and increased implicit time
(latency from stimulus), attributed to an impairment in the neurotransmission between cone / rod
cells and second order neurons like bipolar cells in the retina [19,22,23].

Isoforms Dp427, Dp260, and Dp71 have all been identified in the retina, with the two-former
localizing in the outer plexiform layer, and Dp71 in the inner limiting membrane [24]. Alongside
utrophin, B-dystroglycan, d- and y-sarcoglycans, and al-syntrophin, Dp71 and Dp260 form part of
the dystrophin associated protein complex (DAPC) in the retina, which anchors to the cytoskeleton
of Miiller glial cells and allows for the assembly of postsynaptic ion channels (e.g. Kir4.1K+, AQP4)
and lipid rafts [23,25]. Under normal conditions, Miiller glial cells regulate the integrity of the blood-
retinal barrier (BRB) and prevent pathogenic angiogenesis by secreting antiproliferative factors such
as pigment epithelium-derived factor (PEDF) [26-28]. Conversely, injury to this glia promotes BRB
breakdown and neovascularization, the mechanism of which is understood to involve K+ ion
transport and the secretion of proinflammatory mediators as vascular endothelial growth factor
(VEGF) and intracellular adhesion molecule 1 (ICAM-1) [26,29-31].

In contrast to the Dp71-null model, the mdx3Cv mouse used in the present study exhibits modest
expression of several dystrophin isoforms, including Dp71 [32]. Specifically, this low level Dp71
expression is sufficient to support the retention of DAPC component -dystroglycan in the internal
limiting membrane and surrounding retinal vasculature of mdx3Cv mice, despite its absence in the
outer plexiform layer [32,33]. In this study, we evaluate whether the mdx3Cv mouse model exhibits a
form of retinal inflammation similar to that described in Dp71-null mice. We address this question
by first quantifying Dp71 expression in mdx3Cv compared with wild-type (WT) littermates, and then
examining how this modest protein expression influence the retinal expression of VEGF, FLT-1, KDR,
ICAM-1, ALOX5AP, and AQP4. We additionally explore how this limited Dp71 expression affects
vascular permeability using a range of quantitative metrics. Finally, we discuss how these findings
may inform future research directions and therapeutic strategies.

2. Materials and Methods

2.1. Animal Model

This study was conducted using 15-week-old mdx3Cv mice. This animal model carries a point
mutation in intron 65 introduced using chemical mutagen N-ethyl-N-nitrosurea (ENU), and exhibits
reduced expression of both the full-length Dp427 isoform and shorter dystrophin isoforms, including
Dp71 [34]. Littermates lacking this mutation were used as wild-type controls for all analyses.
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2.2. mRNA Quantification using RT PCR

RNA was extracted from the retinas of mdx3Cv and wildtype littermate mice using the RNeasy
Mini Kits (Qiagen), and isolated using the QIAcube automated purification system (Qiagen). The
Agilent 2100 Bioanalyzer (Agilent Technologies) was used to measure the concentration and integrity
of the extracted RNA. Next, 5 ug of total RNA was primed with oligo-dT and cDNA was synthesized
using reverse transcriptase (Super Script II) at 42°C for one hour. Real time quantitative polymerase
chain reaction (RT-qPCR) was performed using TagMan probe-based assays (Applied Biosystems),
with the following probes: VEGFA (Mm01281449_ml), KDR (Mm01222421 m1), FLT-1
(MmO00438980_m1), ALOX5AP (Mm00802100_m1), AQP4 (Mm00802131_m1), ICAM-1
(Mm00516023_m1) and ACTB (MmO00607939_s1). Ct values of RT-qPCR were analyzed per
manufacturer’s instructions using the AACt method. Each sample was measured in triplicate, outliers
were eliminated, and values were normalized with respect to (3-actin quantities.

2.3. Protein Quantification and Analysis

Protein was extracted from the retinas homogenized in RIPA lysis buffer (Sigma), and total
protein concentration in the lysates was measured with the BCA protein assay kit (Thermo Scientific).
A specific ELISA kit (R&D Systems) was used to determine the quantity of VEGF-A protein in the
lysate, per manufacturer’s instructions. Each sample was measured in triplicate and outliers were
removed. The Infinite M200 spectrophotometer (TECAN) was used to read the plates.

A standard Western Blot was performed as previously described. Protein extracts from the
retinas were deposited in Tris-Acetate NuPAGE 4-12% gels (Life technologies, France) and
electrotransferred to polyvinylidine difluoride (PVDF) membranes per manufacturer protocols. The
PVDF membranes were blocked in phosphate-buffered saline (PBS) with 0.1% Tween 20, 1% bovine
serum albumin (BSA), and 5% dry milk (Bio-Rad, Hertz, United Kingdom) for 1 hour at room
temperature, then incubated overnight with primary anti-dystrophin H4 antibody (pan-specific for
all dystrophin isoforms) in the same blocking solution. The PVDF membranes were washed and
incubated with goat-anti-Mouse horseradish peroxidase-conjugated secondary antibodies (Jackson
Immunoresearch Laboratories). The ECL Western PLUS system was used to read the blots (GE
Healthcare, Germany).

2.4. Quantifying Leukocytes Adherent to Retinal Vasculature

The mice were first perfused with PBS via intracardiac route (through the left ventricle) to
remove non-adherent leukocytes. Next, perfusion with fluorescein isothiocyanate (FITC) conjugated
with concanavalin A lectin (ConA; Vector laboratory) was used to label the retinal vasculature and
adherent leukocytes. PBS was then reperfused to rinse out excess ConA. The retinas were mounted
on slides and photographed with a fluorescent microscope (Zeiss Axiovert 200M), and adherent
leukocytes were counted. Secondary immunolabeling with an anti-CD45 antibody (BD PharMingen)
was performed to confirm that counted cells were leukocytes.

2.5. Measuring Retinal Vascular Permeability

Anesthetized mice received 45 mg/kg of Evans Blue dye (Sigma-Aldrich, Germany) via
intrapenile injection. Blood samples were collected 3 hours after dye injection, then mice were
perfused with 10 mL citrate buffer (0.05M, pH 3.5) at 37°C through left ventricle intracardiac access.
Both eyes were then enucleated, and the retinas were carefully dissected. Retinas were dried in a
Speed-Vac for 5h, weighed, and Evans Blue was extracted by incubation in 100 puL of formamide at
70°C for 18h. The supernatant of each retina was filtered using 30k omega membrane nanosep tubes
at 14,000 g and 4°C for 2 hours. Each blood sample was centrifuged at 18,000 g for 15 minutes.
Absorbance at 620nm (maximal for Evans Blue) and 740 nm (minimal for Evans Blue) was measured
for both types of supernatants using the TECAN infinite M1000 spectrophotometer. The difference in
absorbances A620-A740 was used for calculations, and concentrations of Evans Blue were calculated
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using a standard curve. BRB permeability was expressed in puL of Evans Blue per g of dry retina per
hour according to the following equation:

Evans blue (ug)/ retina dry weight (g)

BRB bility =
permeabtitty Time — averaged Evans Blue concentration (ug)/Plasma (uL) x Circulation time (h)

2.6. Statistical Analysis

All data are expressed as mean + standard error of the mean. Statistical analysis was performed
using the Prism 4 program (GraphPad, San Diego, CA) and the Mann-Whitney test. Statistical
significance was defined as p values < 0.05.

3. Results

3.1. Dp71 expression in mdx3Cv mouse model

Using Western blot-based protein quantification, we observed a marked reduction in Dp71
expression in the retinae of mdx3Cv mice compared with wild-type (WT) littermates. Densitometric
analysis, normalized to 3-actin, revealed that mdx3Cv mice expressed approximately 4% of WT Dp71
protein levels, representing a statistically significant decrease (Figure 1). Despite this substantial
reduction, Dp71 protein remained detectable in all mdx3Cv retinal samples, indicating residual
expression rather than complete loss of the isoform. This low-level persistence of Dp71 is consistent
with previous characterizations of the mdx3Cv model and distinguishes it from Dp71-null mice, in
which the isoform is entirely absent. The presence of residual Dp71 expression in mdx3Cv retinas
provides a biologically relevant context for assessing whether minimal dystrophin restoration is
sufficient to preserve retinal homeostasis in subsequent analyses.
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Figure 1. Reduced but detectable Dp71 expression in the retina of mdx3Cv mice. (A) Representative Western blot
showing Dp71 and (-actin expression in retinal extracts from mdx3Cv and WT littermate mice. Approximate
molecular weights (kDa) are indicated on the left; (B) Quantification of Dp71 protein levels normalized to {3-
actin, expressed relative to WT controls. Protein abundance was quantified by densitometric analysis using Fiji
Image] software. Data are presented as mean + SEM (n = 4 per group). Statistical significance is assessed relative
to WT littermate controls (* p < 0.05).

3.2. VEGF Pathway Gene Expression Remains Intact

Having quantified Dp71 expression in mdx3Cv mice, we next investigated the impact of this
partial dystrophin expression on retinal inflammatory signaling. Whereas we previously
demonstrated that complete loss of Dp71 in the Dp71-null mouse model induces retinal inflammation
through increased activation of the VEGF pathway [35], the mdx3Cv model exhibited a distinct
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profile. Specifically, mdx3Cv mice showed a significant reduction in VEGF mRNA expression
compared with wild-type (WT) littermates (Figure 2A). Despite this transcriptional decrease, VEGF
protein levels were preserved in mdx3Cv retinas, with no significant difference relative to WT controls
(Figure 2B).

We then assessed the expression of VEGF receptors using real-time quantitative PCR. Consistent
with the preserved VEGF protein levels, the mRNA expression of both FLT-1 (VEGFR-1) and KDR
(VEGFR-2) did not differ significantly between mdx3Cv mice and WT littermates (Figure 2C and D).
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Figure 2. Preservation of VEGF signaling components in the retina of mdx3Cv mice. (A) VEGF mRNA
expression in mdx3Cv versus WT littermates, showing a significant reduction in mdx3Cv mice; (B) VEGF protein
expression in mdx3Cv and WT littermates, demonstrating preserved protein levels; (C) FLT-1 (VEGFR-1) mRNA
expression in mdx3Cv versus WT littermates; (D) KDR (VEGFR-2) mRNA expression in mdx3Cv versus WT
littermates. mRNA expression was quantified by RT-qPCR and normalized to endogenous B-actin. VEGF protein
levels were quantified by ELISA and normalized to total protein. Data are presented as mean + SEM (n = 6 per

group). Statistical significance is assessed relative to WT littermate controls (** p <0.01).

3.3. Cell-mediated inflammation is unchanged from WT in mdx3Cv

We previously reported that complete loss of Dp71 in the Dp71-null mouse model leads to a
significant increase in ICAM-1 mRNA and protein expression, accompanied by a marked rise in
leukocytes adherent to the retinal vasculature [35]. In contrast, the present study found no significant
difference in ICAM-1 mRNA levels between mdx3Cv mice and wild-type (WT) littermates (Figure
3A). Consistent with this finding, visualization of leukocytes adherent to the retinal vasculature
following intracardiac perfusion with fluorescein isothiocyanate (FITC)—conjugated concanavalin A
showed no significant difference in leukocyte adhesion between mdx3Cv mice and WT controls
(Figure 3B).
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Figure 3. Inflammatory markers in the retina of mdx3Cv versus WT littermate mice. (A) ICAM-1 mRNA
expression in mdx3Cv (n =5) and WT (n = 6) littermates, quantified by RT-qPCR and normalized to endogenous
B-actin. (B) Number of leukocytes adherent to the retinal vascular lumen in mdx3Cv (n = 8) and WT (n = 9)
littermates, quantified by direct visualization following FITC-conjugated concanavalin A perfusion. Data are

presented as mean + SEM.

3.4. Preserved Permeability of the Blood-Retinal Barrier to Inflammatory Markers

In contrast with the increased permeability of the BRB previously reported in the Dp71-null
mouse model [35], this study found no significant difference in BRB permeability between mdx3Cv
mice and WT littermates, across three different metrics. Firstly, the mRNA expression levels of the
transmembrane channel Aquaporin 4 (AQP4) were unchanged between mdx3Cv and WT littermate
(Figure 4A). Additionally, there was no significant difference in the mRNA expression of
arachidonate 5-lipoxygenase activating protein (ALOX5AP) between cohorts (Figure 4B). Finally, the
BRB permeability to albumin was equivalent in both experimental groups (Figure 4C).
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Figure 4. Preservation of BRB integrity and inflammatory markers in mdx3Cv mice. (A) Quantity of AQP4
mRNA in mdx3Cv (n = 5) versus wild-type (WT) littermates (n = 5); (B) Quantity of ALOX5AP mRNA in mdx3Cv
(n = 6) versus WT littermates (n = 5); (C) BRB permeability to albumin in mdx3Cv (n = 12) versus WT littermates
(n = 8), quantified using Evans Blue-bound albumin extravasation. mRNA expression was quantified by RT-
qPCR and normalized to endogenous B-actin. Data are presented as mean + SEM. Statistical significance is
assessed relative to WT littermate controls (* p <0.05, ** p <0.01).

4. Discussion

The Dp71-null mouse carries a complete knock-out of the Dp71 dystrophin isoform, which is
associated with increased VEGF secretion by Miiller glial cells, elevated AQP4 mRNA expression
despite reduced protein abundance, increased ICAM-1 expression, increased adherent leukocytes,
and increased retinal capillary permeability [35]. Dysregulated expression of these inflammatory
markers is associated with retinal disease in both DMD patients, and other patient populations.
Analyzing the expression of these same markers in the mdx3Cv mouse enables us to evaluate the
extent to which a modest, 4% level of Dp71 expression is sufficient to reduce retinal inflammation.

Vascular endothelial growth factors (VEGF) are a family of growth factors that promote the
proliferation, differentiation, survival, and increased permeability of vascular endothelial cells, with
VEGF-A being the principal mediator of these effects [36]. VEGF receptors are class V tyrosine kinases
expressed predominantly in vascular and lymphatic endothelial cells [37]. These receptors dimerize
upon ligand binding and activate a complex signal transduction pathway that promotes
inflammatory cell migration (primarily VEGFR-1 or FLT-1), vascular endothelial proliferation
(primarily VEGFR-2 or KDR), and lymphangiogenesis in inflammatory and malignant states
(primarily VEGFR-3) [37,38]. This phospholipase C gamma pathway directly activates the
transcription of genes that result in inflammation and angiogenesis, while the indirect branch of this
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pathway serves to deactivate pro-apoptotic factors [38]. The VEGFR-2 mediated response is also
responsible for mediating capillary permeability, and is considered the most relevant receptor for
both physiologic and pathologic vascular proliferation. Increased signaling through the VEGF
pathway is a major component of the understood mechanism behind DR, wet AMD, and the
similarly-appearing retinopathy of Duchenne muscular dystrophy [35-37,39].

Intracellular adhesion molecule 1 (ICAM-1) is an immunoglobulin superfamily transmembrane
protein with basal expression in vascular, epithelial, and immune tissues, and plays a key role in
mediating leukocyte adhesion and extravasation in response to proinflammatory stimuli [40]. ICAM-
1 intersects with the VEGF pathway because activation of VEGFRs generates the intermediate
messenger diacylglycerol (DAG), which subsequently activates the NF-kB pathway, resulting in
increased expression of several proinflammatory genes, including ICAM-1 [38]. The dysregulation,
and particularly the amplification of ICAM-1 expression is associated with a plethora of disease
states, including inflammatory myopathies, atherosclerosis, and cancer [41,42]. Specifically within
the retina, ICAM-1 overexpression has been implicated in the pathogenesis of other proliferative
retinopathies, and this upregulation may have a dose-dependent effect on the severity of phenotype
and the risk of developing severe complications [36,39,43-46]. At the tissue level, increased ICAM-1
expression leads to enhanced leukocyte infiltration and greater BRB permeability to Evans blue dye
and horseradish peroxidase [41,47].

AQP4 is the predominant water channel in the retina, where it is selectively expressed by Miiller
glial cells and astrocytes, with strong enrichment at perivascular endfeet and the inner limiting
membrane (ILM) [48]. Through its strategic localization, AQP4 plays a critical role in retinal water
homeostasis, potassium buffering, and maintenance of BRB integrity. Dysregulation of AQP4
expression or localization has been implicated in several retinal pathologies, most notably diabetic
retinopathy (DR), where increased oxidative stress and inflammatory signaling induce AQP4
upregulation and contribute to retinal edema and vascular leakage [49]. In the Dp71-null mouse, loss
of the dystrophin-associated protein complex (DAPC) from Miiller glial endfeet leads to
mislocalization and dysregulation of AQP4, despite paradoxically increased mRNA levels, ultimately
resulting in impaired water handling and increased BRB permeability [35]. In contrast, our data show
that AQP4 mRNA expression remains unchanged in the mdx3Cuv retina relative to wild-type controls.
This preservation of AQP4 expression is consistent with the retention of key DAPC components,
including (-dystroglycan, at the ILM in this model [32,50], and correlates with the absence of
detectable BRB leakage. These findings suggest that even minimal residual expression of Dp71 is
sufficient to stabilize Miiller glial polarity and preserve normal AQP4 regulation. Importantly, these
findings support a threshold model in which complete loss of Dp71 is required to trigger the AQP4-
mediated permeability phenotype, whereas low-level dystrophin expression is sufficient to maintain
retinal fluid homeostasis.

ALOX5AP is an essential cofactor for 5-lipoxygenase (5-LOX) and plays a central role in
leukotriene biosynthesis, generating potent lipid mediators that promote leukocyte recruitment,
vascular permeability, and amplification of inflammatory cascades [51]. Elevated leukotriene
signaling has been implicated in a variety of inflammatory and vascular diseases, including
atherosclerosis, asthma, and proliferative retinopathies [51]. Within the retina, leukotriene pathway
activation contributes to endothelial dysfunction and BRB breakdown, acting in concert with VEGF
and ICAM-1-mediated mechanisms to promote leukostasis and vascular leakage [52-54]. Increased
ALOX5AP expression has been reported in experimental models of retinal inflammation and
correlates with disease severity in DR and ischemic retinopathies [51]. In the present study,
ALOX5AP mRNA expression was not significantly altered in mdx3Cv mice compared with wild-type
littermates. This finding further supports the absence of an active inflammatory milieu in the mdx3Cv
retina and aligns with the preserved ICAM-1 expression, reduced leukocyte adhesion, and intact BRB
permeability observed in this model. Collectively, these results indicate that low-level Dp71
expression prevents activation of both protein-based (VEGF/ICAM-1) and lipid-mediated
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(leukotriene) inflammatory pathways, underscoring the central role of Miiller glial dystrophin in
coordinating retinal immune homeostasis.

An intriguing observation in this study is the reduction of VEGF mRNA expression in mdx3Cv
retinas despite preservation of VEGF protein levels comparable to wild-type controls. Such
discordance between transcript and protein abundance has been reported in multiple biological
systems and may reflect post-transcriptional, translational, or protein stability-based regulatory
mechanisms [55,56]. VEGF expression is tightly controlled at multiple levels, including mRNA
stability, alternative splicing, microRNA-mediated repression, and protein sequestration within the
extracellular matrix [55,57]. In the retina, VEGF is a key mediator of pathological angiogenesis and
vascular permeability in diseases such as diabetic retinopathy and age-related macular degeneration,
where its dysregulated upregulation leads to BRB breakdown [58]. Notably, VEGF protein can be
stored in association with heparan sulfate proteoglycans and released in response to physiological
cues, allowing protein levels to remain stable even when transcriptional output fluctuates [56].
Additionally, Miiller glial cells and endothelial cells may differentially regulate VEGF transcription
and secretion, resulting in cell-type-specific buffering of protein availability. One possible
explanation for our findings is that partial Dp71 expression restores sufficient DAPC integrity to
normalize VEGEF protein trafficking, stabilization, or secretion, thereby preventing pathological VEGF
accumulation despite reduced transcription. Alternatively, compensatory translational upregulation
or reduced protein turnover may contribute to maintained VEGF protein levels. Importantly, the
preservation of VEGF receptor expression (FLT-1 and KDR) and the absence of downstream
inflammatory or permeability changes suggest that VEGF signaling remains functionally regulated
in mdx3Cv mice, rather than pathologically activated. Further investigation will be required to
elucidate the precise mechanisms underlying this transcription—translation uncoupling, including
assessment of VEGF isoform distribution, microRNA regulation, and cell-specific expression patterns
within the retina.

Our data demonstrates that the mdx3Cv mouse experiences regularization in proinflammatory
markers to wild type levels, despite exhibiting only low expression of Dp71. These findings suggest
that even partial dystrophin restoration may be sufficient to prevent to prevent retinal pathology in
DMD patients, thereby helping to define a realistic therapeutic target. While dystrophin protein
restoration remains a challenge, recent preclinical work shows steps in the right direction. Dp71ab-
containing plasmid transfection successfully promoted human myocyte proliferation, and shows
promise in terms of application to other cell lineages [59]. Exon skipping using tricycloDNA-small
antisense oligonucleotides has achieved anywhere from 5-15% restoration of Dp427 (a different
isoform of dystrophin) throughout brain tissues in animal models, resulting in improvement in the
neurologic phenotype observed in these animals [60]. A similar approach achieved a dose-dependent
restoration across all dystrophin isoforms in the brain, between 10-30% of wild type levels [61]. Most
relevantly, the usage of viral vector and exon skipping techniques has restored 2-14% of Dp71 in
various brain tissues [62]. Further study is needed to evaluate the efficacy of these protein restoration
strategies within the retina.

While these strategies have yet to reach practical clinical applicability, our growing
understanding of the pathophysiology of Duchenne’s retinopathy (and its similarity to diabetic and
age-related retinopathies) opens the door to promising alternative therapeutic approaches. Firstly, as
VEGF pathway overactivation is unequivocally implicated in this disease process, an extensive class
of anti-VEGF therapies becomes relevant, including pegaptanib (VEGF antagonist), ranibizumab
(anti-VEGF antibody fragment), aflibercept (VEGF decoy receptor), and bevacizumab (anti-VEGF
monoclonal antibody) [36]. These anti-VEGEF intravitreal injections represent the currently standard
of care for DR and wet AMD, but response varies significantly from patient to patient and the need
for frequent reinjection limits practicality and patient comfort [37]. Inhibition of HMGBI, an
upstream modulator to VEGF, has shown therapeutic efficacy in early DR, and several herbal
derivatives are known HMGBI inhibitors with anti-inflammatory properties that have demonstrated
improved outcomes in other animal models of inflammatory disease [36,63,64]. Moreover, anti-
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inflammatory drugs of various mechanisms (e.g. intravitreal glucocorticoids, topical nonsteroidal
anti-inflammatory drugs (NSAIDs), antioxidants) have been similarly effective for DR and AMD, and
may be more practical and comfortable for patients than VEGF inhibition [65]. Finally, laser
coagulation remains a destructive but highly effective intervention for controlling retinal
neovascularization [38]. Perhaps the most relevant recommendation is to add routine ophthalmologic
evaluation into the standard of care for DMD patients.

5. Conclusions

In summary, this study demonstrates that minimal residual expression of the dystrophin
isoform Dp71—approximately 4% of wild-type levels—is sufficient to preserve retinal vascular
integrity and prevent inflammatory pathology in the mdx3Cv mouse model. Unlike the Dp71-null
phenotype, mdx3Cv mice exhibit preserved VEGF signaling balance, normal ICAM-1 and ALOX5AP
expression, absence of leukostasis, intact Aquaporin-4 regulation, and maintained BRB integrity.

These findings provide important mechanistic insight into the role of dystrophin in Miiller glial
cells and support a threshold model of dystrophin function in the retina. Critically, they suggest that
complete dystrophin restoration may not be necessary to achieve meaningful therapeutic benefit, and
that partial correction—within the range currently attainable by exon-skipping, viral gene delivery,
or antisense approaches—may be sufficient to prevent retinal disease in Duchenne muscular
dystrophy.

Beyond DMD, these results further reinforce the conceptual parallels between Duchenne
retinopathy, diabetic retinopathy, and age-related macular degeneration, highlighting shared
inflammatory and vascular mechanisms. Routine ophthalmologic screening should therefore be
considered an integral component of DMD clinical care, particularly as life expectancy increases.
Future studies should focus on functional retinal outcomes, including electroretinography, and on
evaluating whether targeted dystrophin restoration strategies can reverse established retinal
pathology.
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