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Abstract

The DMD gene is well known for its product dystrophin, a large rod-shaped protein that plays a
critical role in muscular membrane strength and integrity. Mutations affecting dystrophin lead to
Duchenne muscular dystrophy, a fatal X-linked disease characterized by muscular weakness and
breakdown. In addition to the full-length dystrophin product that is most often associated with
disease, the DMD gene also encodes for multiple shorter isoforms of dystrophin with diverse
functions. One isoform in particular, Dp71, has been increasingly found to play a wide variety of
roles throughout the body. In this review, we consolidate the numerous studies on Dp71 to provide
a comprehensive foundation for future work. We outline and summarize the current state of
knowledge on the role of Dp71 in the brain, the retina, and skeletal muscles. We also explore Dp71-
based therapies currently being tested in the pre-clinical landscape.
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1. Background

Duchenne muscular dystrophy (DMD) is a debilitating X-linked recessive neuromuscular
disorder characterized by progressive degeneration of skeletal muscles [1,2]. Cognitive and
neuropsychiatric comorbidities are also prevalent [3]. DMD has a presumed global incidence of
around 1 in 3,500 to 5,000 live male births, with symptoms usually manifesting in early childhood,
most often between ages of 2 and 3 years [4,5]. Loss of independent ambulation typically occurs by
10 to 12 years of age [4,6]. Clinical interventions have improved the natural history of DMD, yet the
condition remains life-threatening due to progressive cardiac and respiratory complications, and life
expectancy extends into the third or fourth decade [4,6]. The underlying cause of DMD is a mutation
in the DMD gene located at Xp21.1, which measures approximately 2.4 million base pairs and encodes
a protein of 3,685 amino acids, making it the largest gene found in the human genome [7,8]. Most
pathogenic mutations encompass large deletions or duplications that disrupt the open reading frame,
thereby preventing the synthesis of functional dystrophin protein [9,10].

Dystrophin acts as a mechanical link between the intracellular F-actin cytoskeleton and the
extracellular matrix through association with the dystrophin-associated glycoprotein complex
(DAPC) at the sarcolemma [11,12]. This linkage is fundamental for proper muscle fiber contraction,
and its absence leads to sarcolemmal fragility, chronic inflammation, repeated myofiber
degeneration, and inability to regenerate [13].

The primary product of the DMD gene in skeletal and cardiac muscle is the full-length
dystrophin protein, Dp427m [14]. Beyond the 79 exons that collectively encode the full-length
dystrophin protein, the locus exhibits considerable genetic complexity, producing multiple tissue-
specific isoforms through alternative promoters and differential splicing [2,3]. This genetic flexibility
results in several shorter C-terminal variants, including Dp260, Dp140, Dp116, and Dp71 [2,15].
Among these, Dp71 is the second smallest but the most ubiquitously expressed isoform, serving as
the predominant dystrophin product in non-muscle tissues such as the brain, kidney, liver, lung, and
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testis [16]. While traditionally described as absent from skeletal muscle, recent studies have
confirmed the presence of both Dp71 transcript and protein in skeletal muscle tissue [17].

Before the early 1990s, investigations of dystrophin primarily addressed the full-length protein
encoded by a 14 kb mRNA, until subsequent identification of distal DMD transcripts revealed shorter
isoforms, such as Dp71 [16,18,19].These studies identified a previously unrecognized transcript
initially reported as 6.5 kb, encoding a smaller dystrophin-related protein distinct from full-length
dystrophin in both structure and tissue distribution, which was later clarified to be 4.8 kb in length
[3,16,18,20].

At the protein level, Dp71 is a 70-75 kDa dystrophin isoform derived from an internal promoter
located within intron 62 of the DMD gene [18-22]. Dp71, unlike the complete dystrophin protein,
lacks the N-terminal actin-binding domain but retains the cysteine-rich and C-terminal regions,
which anchor the protein to the DAPC [3]. Formerly known as apodystrophin-1, Dp71 exhibits
functional diversity due to alternative splicing of exons 71-74 and 78, which results in different
variants with distinct C-terminal sequences and expression patterns [2,23,24]. As a result, the DMD
gene displays sophisticated organization and regulation by producing structurally unique proteins
through independent internal promoters. Fourteen distinct Dp71 splice isoforms have been
catalogued to date (Figure 1) [3].

Note: A denotes exon-skipping

Dp71d

Structural Features: Includes exons 78 & 79
= 163|64|65|66|67|68|69|70|71|72|73|74|75|76|77|78|79+—  Splice variants: Dp71d; Dp71dA71; Dp71d A74;

Dp71dA71,74, Dp71d A71-74; Dp71d A71,73-74

Structural Features: Skips exon 78,
alternative exon 79 (79f)

Splice variants: Dp71f, Dp71fA71;
Dp71fA74; Dp71fAT71,73; Dp71fA71-74

= 163(64|65|66|67|68|69(70|71|72|73|74|75|76|77 —{79

—

Structural Features: Contains part of intron 77
= 1 |63|64|65|66|67|68|69|70f—{72|73|74|75|76|77(77i|— (77),lacks exons 78 & 79

Splice variants: Dp71e A71; Dp71e A71,74

Dp71g

= 1163|64|65|66|67

Structural Features: Stop codon in exon 77
E—l Splice variant: Dp719A68-76

Figure 1. Structural Characterization of Dp71 Splicing Variants. The Dp71 isoform exhibits C-terminal diversity,
with alternative splicing generating distinct variants. Exon organization of the major variants (D-G) are
presented.

As a key product of the DMD gene, Dp71 has an important role in the brain and other tissues,
and is implicated in the non-muscle manifestations linked to DMD [22,25]. Research using Dp71
reporter mice has confirmed its presence in the adult central nervous system, retina, and kidney
epithelium, hinting at roles in neural function, vision, and epithelial-basal lamina interactions [26].
Beyond its structural contributions, Dp71 is actively involved in a range of cellular activities,
including neural development, the organization of synapses, the regulation of water balance, and
DNA repair mechanisms, all of which are essential for maintaining cellular stability and signaling
across tissues [3,15]. Dp71 functions through DAPCs in several subcellular compartments, such as
the plasma membrane and nucleus, to support cell organization and homeostasis. Disruption of Dp71
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expression due to mutations in the distal DMD gene is strongly associated with cognitive impairment
and other non-muscle features related to DMD, with neurological severity increasing with the loss of
shorter isoforms, including Dp71 and Dp140 [3]. This review integrates current knowledge regarding
Dp71, with a focus on its roles in neurological, retinal, and muscular systems, and evaluates emerging
therapeutic approaches. A brief visual summary of systems affected by Dp71 is presented in Figure
2 (Figure 2).
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Figure 2. A Visual Guide to the Roles of Dp71. Dp71 has diverse roles throughout the body. While primarily
known for its effects on the brain and retina, Dp71 has been shown to compete with full-length dystrophin and

lead to dysfunction in skeletal and heart muscle.

2. Neurological and Behavioral Roles of Dp71

The primary role of Dp71 pertains to its impact on neurological health and function, and
numerous studies have explored the neurological roles of Dp71 in both the clinical and pre-clinical
setting. Dp71 is essential for brain maturation, and its expression varies from embryogenesis to
adulthood. As the main dystrophin isoform in the adult brain, Dp71 expression varies across tissues,
including glial cells, retinal neurons, and kidney epithelia [27-29]. In the human embryonic brain,
Dp71 is notably active at important stages of growth in the cortex and hippocampus, implying that
it is engaged in early brain developmental processes vital for memory and cognition [30]. An
expression profile during the human brain development process shows that Dp71 is present in
different brain regions and retains expression throughout life, even though levels are lower in the
cerebellum [30]. In studies using embryonic rodent brain tissues, it was demonstrated that Dp71
isoforms change over time: Dp71f dominates during embryogenesis, particularly during the
expansion of neural stem cells and the formation of glial cells, while Dp71d becomes the primary
isoform postnatally [31,32].

Protein interaction investigations in embryonic mouse neural progenitor cells have identified
dystroglycan, dystrobrevins, and syntrophins as principal components of macromolecular complexes
associated with Dp71 in the developing forebrain [31]. The composition and stability of these
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complexes are dependent on developmental stage and cell type, indicating that Dp71 fulfills distinct
functions during brain maturation. In mouse models, Dp71 is detected in Nestin-positive neural stem
and progenitor cells, as well as in radial glia, which provide structural and signaling support during
early corticogenesis [31]. Interestingly, while Dp71 expression appears to decline in developing
neurons during differentiation, it resurfaces in mature neurons, where it localizes to inhibitory
postsynaptic sites. These sites are defined by the presence of gephyrin, a specialized structural protein
that anchors inhibitory receptors to the neuron’s membrane [31]. In addition to its action at the
synapse, Dp71 also forms DAPCs within the nuclei of hippocampal neurons [33]. Within the nucleus,
it resides in nuclear speckles, which regulate gene expression, as well as in the nucleoskeleton,
indicating that it is involved in transcription and RNA processing [33]. Collectively, these
observations emphasize how Dp71 evolves from important roles within progenitor and glial biology
to more specialized tasks in organizing mature neural circuits and forming DAPCs at inhibitory
synapses.

Roles in Synaptic Organization and Molecular Compartmentalization

Beyond development, Dp71 fulfills a crucial role as a structural organizer for molecular
machinery at synapses, which are essential for neuronal communication. In excitatory synapses,
Dp71 organizes key postsynaptic proteins, including PSD-95, a major scaffolding protein that anchors
glutamate receptors and other signaling molecules to maintain synaptic stability [34]. When Dp71 is
absent, as seen in Dp71-null mice, the DAPC is compromised, producing difficulties in long-term
potentiation (LTP), the process by which synapses strengthen over time to support memory
formation, and a decrease in associated proteins, such as [-dystroglycan and a-syntrophin [35].
Further examination of these Dp71-null mice at the ultrastructural level reveals abnormalities in
presynaptic vesicle positioning, including the displacement of presynaptic vesicles away from the
active zone, the enlargement of vesicles in the distal pool, and the widening of synaptic clefts [36].
These structural alterations impair the effectiveness of neurotransmitter release, which corresponds
to observed problems in synaptic plasticity, along with the overall stability of neural networks [36].

Recent in vivo compartment-specific studies using an HA-tag knock-in mouse model, in which
Dp71 is labeled with a small tag for exact visualization, have allowed for a more comprehensive
observation of its location [37]. In dentate granule neurons, Dp71 is found specifically at inhibitory
synapses and glial endfeet, but not at the excitatory synapses of CA1l pyramidal neurons [37]. This
localization pattern suggests that Dp71 is mainly involved with glial and inhibitory synaptic areas.
In these mice, Dp71 creates unique glycoprotein complexes at inhibitory postsynapses in dentate
granule neurons and at glial endfeet near the blood-brain barrier [37]. These complexes interact with
dystrobrevin-p, dystroglycan, and Insynl to preserve the structural stability of inhibitory synaptic
frameworks. The molecular makeup of these Dp71 complexes is different from those formed by
Dp427, showing that Dp71 forms specific complexes in particular synaptic locations. Furthermore,
dystroglycan plays an integral role at the molecular level by anchoring the DAPC to the cell
membrane, with Dp71 acting as the specific binding partner [37,38]. Experimental knockdown
studies reveal that dystroglycan is strictly required for the proper submembranous localization and
stabilization of Dp71, as its loss results in Dp71 dispersing throughout the cytoplasm, and the amount
of Dp71 associated with the membrane decreases [38]. Furthermore, dystroglycan’s interaction with
Dp71 facilitates the phosphorylation of Dp71, suggesting that this partnership influences both where
Dp71 is located and how it is modified after translation [31]. When this binding is broken, Dp71’s
positioning becomes unstable, and its phosphorylation pattern changes, potentially obstructing the
proper organization of synapses. Given that dystroglycan complexes mediate membrane-
cytoskeleton coupling and extracellular matrix signalling, the absence of Dp71 can give rise to
structural instability in both synaptic and glial compartments [31].
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Excitation-Inhibition Imbalance in Cortical and Cerebellar Circuits

Dp71 is indispensable for maintaining the brain’s electrochemical balance by regulating the
interchange between excitatory and inhibitory synaptic transmission. In the medial prefrontal cortex
(mPFC), Dp71-null mice manifest enhanced AMPA receptor-mediated excitatory transmission while
inhibitory inputs remain intact, leading to an excitation-inhibition (E/I) imbalance [39]. These
changes at the synaptic level are linked to issues with spatial working memory and a decline in
executive flexibility, which suggests that the coordination of prefrontal networks is compromised
[39]. In cerebellar circuits of Dp71-null mice, the lack of Dp71 ramps up excitatory transmission at the
synapses between climbing fibers and Purkinje cells, as shown by larger excitatory postsynaptic
currents compared to wild-type controls (about 2.0 nA versus 1.35 nA) [40]. Additionally, the ability
of synapses to strengthen or weaken over time, known as activity-dependent synaptic plasticity, is
disrupted in the absence of Dp71. In wild-type mice, cerebellar synapses strengthen with spikelet
amplitudes, miniature electrical signals that reflect how easily a neuron can be triggered, rising to
approximately 126% of baseline [40]. Contrarily, Dp71-null mice show no significant change in
spikelet amplitude, sticking to baseline levels of around 100%, which indicates a failure of normal
synaptic potentiation [40].

These circuit-level abnormalities translate into behavioral challenges in tasks that rely on the
cerebellum. Dp71-null mice showcase slower learning and use less efficient strategies when
navigating hidden-platform tests, even though their motor strength and coordination remain normal
[40].

At the molecular level, the absence of postsynaptic Dp71 complexes leads to the destabilization
of GABAergic scaffolds, the systems that hold inhibitory receptors in place, disrupting excitatory-
inhibitory (E/I) balance across both hippocampal and cortical circuits [37].

Calcium Homeostasis

Maintaining proper calcium levels within cells is vital for healthy neurons, and Dp71 appears to
play an important role in supporting the protein machinery that controls these levels. A study
involving neurons derived from stem cells of a DMD patient with intellectual disabilities revealed
that when Dp71 is diminished or mislocalized, it interferes with the proper assembly of the DAPC
and its interaction with SERCA2, a calcium pump in the endoplasmic reticulum (ER) responsible for
removing surplus calcium from within the cell [41,42]. In cases where Dp71 is absent, neurons exhibit
elevated resting calcium levels in their cytoplasm and attempt to compensate by raising SERCA2
expression, denoting a possible link between Dp71 loss and heightened neuronal sensitivity that
underpins cognitive impairments [41,42]. Interestingly, even with a rise in SERCA2 expression, the
ER still struggles to release calcium effectively, leading to a continual calcium imbalance and poor
calcium transmission. Ultimately, these studies demonstrate that a deficiency in Dp71 directly
disrupts intracellular calcium homeostasis in neurons [41].

Calcium homeostasis is critical for synaptic plasticity, neural excitability, and gene transcription,
and disruptions of intracellular calcium have been associated with impaired learning and memory
[41,42]. Consequently, the loss or misplacement of Dp71, along with its related DAPC, further
compromises membrane protein structures and likely contributes to the observed calcium-mediated
signaling issues in mice [34].

Astrocytic and Perivascular Roles of Dp71

Dp71 is an important constituent of the blood-brain barrier and is predominantly localized at
the perivascular endfeet of astrocytes [43]. In this location, it has a central role in organizing the DAPC
and verifying the correct placement of aquaporin-4 (AQP4) water channels and Kir4.1 potassium
channels [43]. The aforementioned structural arrangement is necessary for maintaining water and
potassium homeostasis, supporting the connection between neural activity and blood flow
(neurovascular coupling), and controlling neuron excitability. Therefore, if Dp71 is absent, it could
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upset these regulatory functions, conceivably increasing neural excitability. Studies in mice have
indicated that during ischemic injury, Dp71 undergoes breakdown through a process known as
ubiquitin-mediated degradation [43]. This degradation leads to the misplacement of AQP-4 channels,
which are necessary for water transport, within the astrocytic endfeet surrounding blood vessels.
Consequently, this misplacement contributes to the buildup of interstitial fluid in the brain tissue,
worsening swelling referred to as vasogenic edema [43].

Social and Behavioral Abnormalities in Mice

Investigating mouse models lacking Dp71 has shed insight into the critical roles of various
dystrophin isoforms in motor control, cognitive function, and emotional regulation. For instance,
mdx3cv mice with a deficiency in both the full-length Dp427 and shorter isoforms, including Dp260,
Dp140, Dp116, and Dp71, exhibit a slight delay in operant learning, but overall task acquisition and
retention are comparable to wild-type controls [44]. Similarly, their performance in short-term and
working memory tests, such as the T-maze, is largely unaffected. In contrast, mdx mice, which lack
full-length dystrophin but retain Dp71, do not show significant differences from control groups in
operant and T-maze assessments [44]. Notably, mdx3cv mice present amplified anxiety and more
pronounced stress reactions in light-dark tests [44]. While the absence of multiple isoforms in mdx3cv
mice complicates crediting these behavioral patterns solely to Dp71, a comparison with mdx mice
reveals that the loss of C-terminal isoforms, including Dp71, can aggravate learning difficulties and
anxiety-related behaviors. Furthermore, Dp-71 null mouse models display specific impairments in
navigation activities reliant on the cerebellum [40]. These mice have slower acquisition and employ
less efficient search strategies in hidden-platform spatial tests, despite maintaining normal motor
strength, coordination, and general movement [40].

Dp71-null mice also display specific changes in their social and emotional behaviors [45]. While
their overall sociability appears normal, these mice show less interest in social novelty, which could
suggest difficulties recognizing social cues or simply a lack of curiosity about new peers. Their
socially driven ultrasonic vocalizations are also impacted, with longer calls and a noticeable change
in the types of calls they make, leaning more towards peak, sinusoidal, and U-shaped patterns [45].
This points to a disturbance in their social communication. When it comes to emotional responses,
Dp71-null mice demonstrate a moderate increase in anxiety-like responses, such as increased
thigmotaxis in open-field tests and altered risk assessment in elevated plus-maze and light-dark
paradigms [45]. These behavioral changes occur without any evident motor issues, myopathy, or
fear-related memory and learning deficits. The observed behavioral profile in Dp71-null mice
parallels the descriptions of autistic characteristics and executive function challenges in individuals
with distal DMD mutations [46].

Dp71 Disruption and Severe Intellectual Disability

The level of cognitive impairment in DMD is determined by the location of the mutation within
the dystrophin gene, with mutations that disrupt the brain-expressed Dp71 isoform acknowledged
as a significant predictor of severe intellectual disability [46,47]. Early clinical studies discovered that
mutations in the distal C-terminal region are overrepresented in patients with cognitive impairments,
underscoring the role of Dp71 and other short isoforms in neurocognitive function [48,49]. The
discovery of a three-base pair deletion in Dp71 that results in intellectual impairment without
muscular dystrophy substantiates this relationship [50]. Large cohort studies illustrate that
individuals with mutations predicted to eliminate Dp71 expression have considerably lower Full-
Scale Intelligence Quotient (FSIQ) scores than people with mutations that spare Dp71 [47]. On
average, Dp71 deficiency reduces IQ by about two standard deviations, and most affected individuals
meet criteria for severe intellectual disability, defined as an IQ below 50 [47,51,52]. Recent multicenter
studies provide additional stratification: 64% of patients with mutations downstream of exon 63 that
disrupt Dp71 had intellectual disability [46]. This incidence is much greater than the 25% reported in
individuals with mutations affecting Dp260, Dp140, or Dp116, and the 15% in those with mutations
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limited to the long Dp427 isoform. Collectively, these findings highlight the loss of Dp71 as the
primary driver of severe cognitive impairment in DMD.

Dp71-Specific Neurophysiological and Behavioural Impairments

Disruption of Dp71 caused by distal mutations results in numerous cognitive and behavioral
impairments. Neuropsychological tests illustrate that boys with distal mutations affecting Dp71 had
severe impairments in working memory, verbal reasoning, and reading acquisition, as well as
reductions in verbal IQ (VIQ), performance IQ (PIQ), and FSIQ scores [51,52]. Behavioral assessments
additionally reveal that Dp71 disruption contributes to poor social and emotional functioning [46].
Elevated scores on the Social Communication Disorder Checklist (SCDC) are observed in DMD
patients, with the most pronounced deficits in individuals lacking short brain dystrophin isoforms
including Dp71. These mutations are also associated with the lowest IQ scores and the most
pronounced working memory deficits within the studied population [46]. Furthermore, the loss of
Dp140 and Dp71 is associated with increased rates of neuropsychiatric comorbidities, including
attention-deficit/hyperactivity disorder (ADHD), autistic features, and broader executive
dysfunction [46,53]. In DMD patients without intellectual disability, distal mutations affecting Dp71
are linked to subtle impairments in specific cognitive domains, such as implicit learning, which may
be attributable to dysfunction in cerebro-cerebellar circuits [54]. More pronounced cognitive deficits
are generally observed in DMD patients with intellectual disability [54]. Overall, these clinical
findings show that Dp71 loss is associated not only with intellectual disability, but also with executive
and social-behavioral dysfunction.

3. Dp71 in the Retina

Regulation of Miiller Cell Homeostasis

Although Dp260 is generally regarded as the primary dystrophin isoform in the retina, Dp71
has also been found to be involved retinal development and function. Dp71 expression in the retina
was originally explored following the observation that mice with N-terminal DMD mutations
displayed more severe electroretinogram (ERG) defects than mice with C-terminal DMD mutations,
suggesting the involvement of short dystrophin isoforms [55]. Dp71 was found to localize to the inner
limiting membrane (ILM) and blood vessels of the retina, whereas Dp260 localizes to the outer
plexiform layer, indicating distinct expression patterns and roles. Dp71 in the ILM was further found
to co-localize with dystrophin-associated protein complex (DAPC) in Miiller cells, the retina-specific
glial cells that are critical for retinal structure and stability [56-58]. Dp71 is ubiquitously expressed in
all retinal precursors during early embryonic development but becomes layer-specific as the retinal
cells differentiate [59].

The primary mechanism of Dp71 in the retina is to regulate the membrane transport of
potassium and water, which has direct effects on Miiller cell homeostasis and vascular permeability
[60]. Dp71 forms a unique DAPC in Miiller cells, and this complex is important for the appropriate
anchoring and localization of both inwardly rectifying potassium channels (Kir4.1) as well as the
neuronal aquaporin, AQP4 [61]. Thus, Miiller cells isolated from DpZ71-deficient retinas show
impaired potassium conductance [61,62]. Similarly, in mouse models lacking Dp71, the localization
and overall expression of Kir4.1 is impaired, while for AQP4 localization is impaired but overall
expression is not affected [61,63,64]. Interestingly, experimental detachment of the retina in mice has
also been shown to reduce the expression of both Kir4.1 and Dp71 in isolated Miiller cells, suggesting
the possibility of bi-directional regulation between Dp71 expression and retinal health [65]. Beyond
AQP4 and Kir4.1, Dp71 deficiency has also been associated with elevated vascular permeability of
the blood retina barrier (BRB), as well as impaired retinal vascular development in young mice
[65,66]. Mice with a Dp71 deletion have been shown to experience elevated retinal vascular
inflammation, vascular lesions, and capillary degeneration, suggesting a possible contribution to
retinal vascular disease as well [67].
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Electroretinographic Abnormalities

Electroretinographic studies in Dp71-deficient mice have also established the importance of
Dp71 for retinal function. The mdx3cv model, which lacks all dystrophin isoforms, was originally
demonstrated to show abnormal ERG findings similar to that observed DMD patients, characterized
by reduced b-wave amplitudes [68]. Of note, the lack of all dystrophin isoforms in this model makes
it difficult to ascertain whether any change is due to the absence of Dp71, or some other isoform.
More recently, studies in Dp71-null mice have explicitly confirmed that this reduction in ERG B-wave
amplitude is due to the loss of Dp71, rather than Dp260 [69]. Lastly, Dp71-null mice have been found
to show elevated rates of cataract formation, although this is not typically something observed in
DMD [70].

Clinically, only a single study has explored the contribution of Dp71 to vision defects in patients.
Ricotti et al. stratified ocular abnormalities by DMD mutation location, and found that patients with
mutations affecting Dp71 expression showed the most pronounced ERG defects [71]. Specifically,
these patients showed a highly electronegative scotopic ERG, even compared to patients lacking
Dp260. Given the number of pre-clinical studies that have identified the importance of Dp71 in the
retina, future clinical studies should continue to expand upon the findings of Ricotti et al. to better
characterize clinical manifestations of Dp71 deficiency on retinal function.

4. Dp71 in Cardiac and Skeletal Muscle

Compared to the studies on neuronal and retinal expression, the contributions of Dp71 to
skeletal muscle are relatively understudied, and occasionally conflict with one another. Dp71 was not
originally thought to be expressed in skeletal muscles, but recent publications have refuted this claim
and identified both Dp71 transcript and protein in human skeletal muscle [17,72]. Dp71 expression
has also been confirmed in myogenic cell culture from fetal muscle origin [73].

Dp71 Transgene Expression Exerts a Dominant Negative Effect

Several studies have found that Dp71 expression in the muscle may exert a detrimental effect. It
was originally reported that although transgenic Dp71 can effectively colocalize with the DAPC in
muscle tissue, muscle pathology remained severely dystrophic, suggesting minimal function in the
Dp71-bound DAPC. [74]. It was later theorized that skeletal muscle expression of Dp71 may exert a
dominant negative effect by competing with full length dystrophin for DAPC binding sites [75].
Transgenic overexpression of Dp71 in healthy mice led to muscle damage similar to a dystrophic
mouse, marked by muscle fiber degeneration and elevated serum creatine kinase [75]. Although there
was no change in isometric tension between healthy and transgenic animals, Dp71-overexpressing
mice were found to have a higher risk of sarcolemmal rupture [76]. Most recently, it was observed
that healthy mice with transgenic overexpression of human Dp71 demonstrated normal skeletal
muscle function, but impaired cardiac muscle function reminiscent of a dilated cardiomyopathy [77].
Transgenic mice displayed reduced ventricular ejection fraction and reduced ventricular wall
thickness as early as 3 months of age, and by 12 months transgenic mice showed elevated systolic
volumes and reduced ejection fraction relative to healthy controls [77].

Functional testing in mdx52 mice, which only express Dp71, and DMD-Null mice, which express
no isoforms, revealed no change in grip strength or treadmill performance between the two models,
further suggesting a low contribution of Dp71 to these parameters [78]. Interestingly, Dp71
expression — specifically Dp71ab - has been identified in muscle precursor satellite cells, and Dp71ab
overexpression was associated with enhanced myoblast proliferation in vitro [79]. These findings
suggest that Dp71 may have roles in muscle that do not involve association with the DAPC, and
should be explored further.
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Clinical Evidence for the Role of Dp71 in Muscle is Mixed

Clinical data regarding the importance of Dp71 to skeletal muscle function is mixed. Analysis of
patient motor outcomes in a clinical trial setting identified that patients with DMD mutations
affecting Dp71 expression showed significantly worse performance in the time-to-stand test
compared to DMD mutations that do not alter Dp71 [80]. However, no other test parameters in this
cohort showed a change in severity based on mutation type. A separate study also found that North
Star Ambulatory Assessment (NSAA), a measure of motor ability, is significantly reduced in patients
with Dp71-affecting DMD mutations compared to DMD patients with preserved Dp71 expression
[78]. In contrast, genotype-phenotype correlations from a Canadian DMD registry found that patients
with Dp71-affecting mutations were significantly less likely to require wheelchair use than other
DMD patients [81]. These discrepant results warrant further clinical and pre-clinical studies to better
understand the contribution of Dp71 to skeletal muscle function and clinical severity.

5. Emerging Dp71-Based Therapies

While no Dp71-specific therapies have yet been translated into clinical trials, several studies have
explored the preclinical therapeutic utility of Dp71 overexpression. Given the retinal and cognitive
deficits observed due to the lack of Dp71 expression, it was theorized that Adeno-associated virus
(AAV)-mediated delivery of a Dp71 transgene may serve as an effective therapy to treat these
symptoms. Uptake of AAV into Miiller cells is typically very low, so early studies focused on the
development and optimization of AAV serovariants that displayed elevated Miiller cell uptake [82].
Using directed evolution, a variant called AAV ShH10 was identified that showed effective and
selective uptake into Miiller cells following intravitreal injection [82]. Interestingly, AAV-ShH10
showed higher transduction efficiency in the Miiller cells of Dp-71 deficient mice compared to healthy
mice, possibly due to membrane damage [83].

Dp71-Null mice treated via intraretinal injection with Dp71 transgene packaged in AAV-ShH10
showed significant expression of Dp71 transcript and protein that was specific to Miiller cells, with
higher expression than both untreated Dp71-Null mice and WT mice [84]. This overexpression was
associated with significantly elevated AQP4 and Kir4.1 expression in treated mice, and the restored
localization of these proteins to Miiller cell endfeet. Permeability of the BRB was also restored to WT
levels in treated mice [84]. A follow-up study later identified that this treatment was associated with
improved ERG performance [85]. Dp71-Null mice generally show impairment on ERG characterized
by reduced b-waves and smaller response amplitudes. Compared to sham-treated controls, Dp71-
Null mice treated with intraretinal ShH10-Dp71 showed a fully recovered ERG response consistent
with healthy mice [85]. These findings show that Dp71-based therapies, specifically viral transgene
delivery, may be an effective tool for addressing vision defects in patients with Dp71 deficiency.

Most recently, the Dp71 transgene was packaged in an AAV9 vector and delivered to neonatal
Dp71-Null mice through intracardiac injection, which led to significantly elevated Dp71 expression
in the hippocampus, cerebral cortex, and cerebellum [86]. However, treatment failed to show any
benefit in behavioral or anxiety-like symptoms measured through light-dark choice testing, elevated
maze testing, or open field testing. Together, these data suggest that Dp71 overexpression may have
therapeutic value for the retinal defects of DMD, but not for the cognitive defects. Given the
established dominant negative effects that may arise with systemic treatment and transgene
expression of Dp71 in muscle, any putative therapy should take care to assess safety risks in muscle
tissue. Prior studies did identify that the BRB in Dp71-Null mice remains impermeable to ShH10-GFP
despite the known BRB damage in this model, suggesting that intravitreal injection will not lead to
systemic transgene expression, however this must be validated in humans as well prior to any
translation [82].
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6. Conclusions

Dp71 has been shown to play a steadily increasing number of diverse roles throughout the body.
It is critical for neuronal development and synaptic function, and the absence of Dp71 is associated
with both cognitive and behavioral deficits. It also plays a key role in retinal health and function, and
the loss of Dp71 is a contributing factor to impaired vision and retinal vascular health. Finally, Dp71
is implicated in a growing number of interactions with skeletal muscle, and the data is mixed on
whether the presence of Dp71 in muscle is a net benefit or a detriment to muscle strength and
function. The full scope of system-wide Dp71 interactions should continue to be explored in future
studies, particularly as some therapies explore the possibility of Dp71 transgene expression.

Supplementary Materials: There are no supplementary materials for this review article.

Author Contributions: Conceptualization, HW.C. and T.Y.; literature review, H-W.C. and A.R..; data curation,
H.W.C. and A.R.; writing—original draft preparation, HW.C. and A.R...; writing—review and editing, HW.C.
and A.R.; supervision, T.Y.; project administration, T.Y.; All authors have read and agreed to the published

version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data was generated as part of this review article.

Acknowledgments: During the preparation of this manuscript, A.R. used Grammarly 14.1279.0 for the purposes
of grammar and spelling editing. The authors have reviewed and edited the output and take full responsibility

for the content of this publication.”.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Verhaeg, M.A.T.; Govaarts, R.; van Putten, M. Understanding Duchenne Muscular Dystrophy-Associated
Brain Pathology. DMM Disease Models and Mechanisms 2025, 18, doi:10.1242/dmm.052302.

2. Austin, R.C; Morris, G.E.; Howard, P.L.; Klamut, H.J.; Ray, P.N. Expression and Synthesis of Alternatively
Spliced Variants of Dp71 in Adult Human Brain. Neuromuscular Disorders 2000, 10, 187-193,
doi:10.1016/S0960-8966(99)00105-4.

3. Naidoo, M.; Anthony, K. Dystrophin Dp71 and the Neuropathophysiology of Duchenne Muscular
Dystrophy. Molecular Neurobiology 2019 57:3 2019, 57, 1748-1767, d0i:10.1007/s12035-019-01845-w.

4. Kodippili, K.; Rudnicki, M.A. Satellite Cell Contribution to Disease Pathology in Duchenne Muscular
Dystrophy. Front. Physiol. 2023, 14, 1180980, doi:10.3389/fphys.2023.1180980.

5. Hoffman, E.P.; Brown, R.H.; Kunkel, L.M. Dystrophin: The Protein Product of the Duchenne Muscular
Dystrophy Locus. Cell 1987, 51, 919-928, d0i:10.1016/0092-8674(87)90579-4.

6.  Tsuda, T. Clinical Manifestations and Overall Management Strategies for Duchenne Muscular Dystrophy.
Methods in Molecular Biology 2018, 1687, 19-28, d0i:10.1007/978-1-4939-7374-3_2.

7. Verhaeg, M.A.T.; Govaarts, R.; van Putten, M. Understanding Duchenne Muscular Dystrophy-Associated
Brain Pathology. DMM Disease Models and Mechanisms 2025, 18, doi:10.1242/dmm.052302.

8.  Bez Batti Angulski, A.; Hosny, N.; Cohen, H.; Martin, A.A_; Hahn, D.; Bauer, J.; Metzger, ]. M. Duchenne
Muscular Dystrophy: Disease Mechanism and Therapeutic Strategies. Front. Physiol. 2023, 14, 1183101,
doi:10.3389/fphys.2023.1183101.

9.  Foncuberta, M.E.; Monges, S.; Medina, A.; Lubieniecki, F.; Gravina, L.P. A Novel Deep Intronic Variant in
the DMD Gene Causes Duchenne Muscular Dystrophy by Pseudoexon Activation Encoding a Nonsense
Codon. Gene 2024, 930, 148862, d0i:10.1016/j.gene.2024.148862.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2370.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2026 d0i:10.20944/preprints202603.2370.v1

11 of 15

10. Monaco, A.P.; Bertelson, C.J.; Liechti-Gallati, S.; Moser, H.; Kunkel, L.M. An Explanation for the Phenotypic
Differences between Patients Bearing Partial Deletions of the DMD Locus. Genomics 1988, 2, 90-95,
doi:10.1016/0888-7543(88)90113-9.

11. Hildyard, ].C.W_; Roskrow, L.E.; Wells, D.J.; Piercy, R.J. Spatiotemporal Analysis of Dystrophin Expression
during Muscle Repair. Skeletal Muscle 2025 15:1 2025, 15, 27-, doi:10.1186/513395-025-00398-y.

12. Chwalenia, K,; Feng, V.Y.; Hemmer, N.; Friedrichsen, H.]J.; Vorobieva, I.; Wood, M.].A.; Roberts, T.C. AAV
Microdystrophin Gene Replacement Therapy for Duchenne Muscular Dystrophy: Progress and Prospects.
Gene Therapy 2025 32:5 2025, 32, 447-461, doi:10.1038/s41434-025-00561-6.

13. Dowling, P.; Swandulla, D.; Ohlendieck, K. Cellular Pathogenesis of Duchenne Muscular Dystrophy:
Progressive Myofibre Degeneration, Chronic Inflammation, Reactive Myofibrosis and Satellite Cell
Dysfunction. Eur. |. Transl. Myol. 2023, 33, 2023, doi:10.4081/ejtm.2023.11856.

14. Nicolas, A.; Lucchetti-Miganeh, C.; Yaou, R. Ben; Kaplan, J.C.; Chelly, ]J.; Leturcq, F.; Barloy-Hubler, F.; Le
Rumeur, E. Assessment of the Structural and Functional Impact of In-Frame Mutations of the DMD Gene,
Using the Tools Included in the EDystrophin Online Database. Orphanet Journal of Rare Diseases 2012 7:1
2012, 7, 45-, doi:10.1186/1750-1172-7-45.

15. Tadayoni, R.; Rendon, A.; Soria-Jasso, L.E.; Cisneros, B. Dystrophin Dp71: The Smallest but Multifunctional
Product of the Duchenne Muscular Dystrophy Gene. Molecular Neurobiology 2011 45:1 2011, 45, 43-60,
doi:10.1007/s12035-011-8218-9.

16. Bar, S.; Barnea, E,; Levy, Z.; Neuman, S.; Yaffe, D.; Nudel, U. A Novel Product of the Duchenne Muscular
Dystrophy Gene Which Greatly Differs from the Known Isoforms in Its Structure and Tissue Distribution.
Biochemical Journal 1990, 272, 557-560, doi:10.1042/bj2720557.

17. Kawaguchi, T.; Niba, E.T.E.; Rani, A.Q.M.; Onishi, Y.; Koizumi, M.; Awano, H.; Matsumoto, M.; Nagai, M.;
Yoshida, S.; Sakakibara, S.; et al. Detection of Dystrophin Dp71 in Human Skeletal Muscle Using an
Automated Capillary Western Assay System. Int. J. Mol. Sci. 2018, 19, 1546, d0i:10.3390/ijms19061546.

18. Lederfein, D.; Levy, Z.; Augier, N.; Mornet, D.; Morris, G.; Fuchs, O.; Yaffe, D.; Nudel, U. A 71-Kilodalton
Protein Is a Major Product of the Duchenne Muscular Dystrophy Gene in Brain and Other Nonmuscle
Tissues. Proc. Natl. Acad. Sci. U. S. A. 1992, 89, 53465350, d0i:10.1073/pnas.89.12.5346.

19. Hugnot, J.P,; Gilgenkrantz, H.; Vincent, N.; Chafey, P.; Morris, G.E.; Monaco, A.P.; Berwald-Netter, Y.;
Koulakoff, A.; Kaplan, ]J.C.; Kahn, A.; et al. Distal Transcript of the Dystrophin Gene Initiated from an
Alternative First Exon and Encoding a 75-KDa Protein Widely Distributed in Nonmuscle Tissues. Proc.
Natl. Acad. Sci. U. S. A. 1992, 89, 7506-7510, d0i:10.1073/pnas.89.16.7506.

20. Blake, D.J.; Love, D.R;; Tinsley, ]J.; Morris, G.E.; Turley, H.; Gatter, K.; Dickson, G.; Edwards, Y.H.; Davies,
K.E. Characterization of a 4.8kb Transcript from the Duchenne Muscular Dystrophy Locus Expressed in
Schwannoma Cells. Hum. Mol. Genet. 1992, 1, 103-109, doi:10.1093/hmg/1.2.103.

21. Sanchez, A.; Aragén, J.; Ceja, V.; Rendon, A.; Montanez, C. Nuclear Transport and Subcellular Localization
of the Dystrophin Dp71 and Dp40 Isoforms in the PC12 Cell Line. Biochem. Biophys. Res. Commun. 2022, 630,
125-132, doi:10.1016/j.bbrc.2022.09.035.

22. Jung, D,; Filliol, D.; Metz-Boutigue, M.H.; Rendon, A. Characterization and Subcellular Localization of the
Dystrophin-Protein 71 (Dp71) from Brain. Neuromuscular Disorders 1993, 3, 515-518, doi:10.1016/0960-
8966(93)90107-U.

23. Gonzalez-Reyes, M.; Aragon, J.; Sanchez-Trujillo, A.; Rodriguez-Martinez, G.; Duarte, K.; Eleftheriou, E.;
Barnier, J.V.; Naquin, D.; Thermes, C.; Romo-Yariez, ].; et al. Expression of Dystrophin Dp71 Splice Variants
Is Temporally Regulated During Rodent Brain Development. Molecular Neurobiology 2024 61:12 2024, 61,
10883-10900, doi:10.1007/s12035-024-04232-2.

24. Richard C, A; Howard, P.L.; D’souza, V.N.; Klamut, H.J.; Ray, P.N. Cloning and Characterization of
Alternatively Spliced Isoforms of Dp71. Hum. Mol. Genet. 1995, 4, 1475-1483, doi:10.1093/hmg/4.9.1475.

25. Rapaport, D.; Greenberg, D.S.; Tal, M.; Yaffe, D.; Nudel, U. Dp71, the Nonmuscle Product of the Duchenne
Muscular Dystrophy Gene Is Associated with the Cell Membrane. FEBS Lett. 1993, 328, 197-202,
doi:10.1016/0014-5793(93)80992-4.

26. Lumeng, C.N,; Hauser, M.; Brown, V.; Chamberlain, J.S. Expression of the 71 KDa Dystrophin Isoform
(Dp71) Evaluated by Gene Targeting. Brain Res. 1999, 830, 174-178, d0i:10.1016/S0006-8993(99)01201-9.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2370.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2026 d0i:10.20944/preprints202603.2370.v1

12 of 15

27.  Goérecki, D.C; Barnard, E.A. Specific Expression of G-Dystrophin (Dp71) in the Brain. Neuroreport 1995, 6,
893-896, d0i:10.1097/00001756-199504190-00017.

28. Lumeng, C.N.; Hauser, M.; Brown, V.; Chamberlain, J.S. Expression of the 71 KDa Dystrophin Isoform
(Dp71) Evaluated by Gene Targeting. Brain Res. 1999, 830, 174-178, doi:10.1016/50006-8993(99)01201-9.

29. Sarig, R.; Mezger-Lallemand, V.; Gitelman, I.; Davis, C.; Fuchs, O.; Yaffe, D.; Nudel, U. Targeted
Inactivation of Dp71, the Major Non-Muscle Product of the DMD Gene: Differential Activity of the Dp71
Promoter during Development. Hum. Mol. Genet. 1999, 8, 1-10, d0i:10.1093/hmg/8.1.1.

30. Doorenweerd, N.; Mahfouz, A.; Van Putten, M.; Kaliyaperumal, R.; T'"Hoen, P.A.C.; Hendriksen, ].G.M.;
Aartsma-Rus, A.M.; Verschuuren, ].J.G.M.; Niks, E.H.; Reinders, M.].T.; et al. Timing and Localization of
Human Dystrophin Isoform Expression Provide Insights into the Cognitive Phenotype of Duchenne
Muscular Dystrophy. Sci. Rep. 2017, 7, 1-12, doi:10.1038/541598-017-12981-
5,SUBJMETA=199,208,366,374,375,617,631,692, KWRD=GENE+EXPRESSION,NEURODEVELOPMENTAL
+DISORDERS,NEUROMUSCULAR+DISEASE.

31. Fujimoto, T.; Mori, M.; Tonosaki, M.; Yaoi, T.; Nakano, K.; Okamura, T.; Itoh, K. Characterization of
Dystrophin Dp71 Expression and Interaction Partners in Embryonic Brain Development: Implications for
Duchenne/Becker Muscular Dystrophy. Molecular Neurobiology 2024 62:5 2025, 62, 6256-6272,
doi:10.1007/s12035-024-04676-6.

32. Gonzalez-Reyes, M.; Aragon, J.; Sanchez-Trujillo, A.; Rodriguez-Martinez, G.; Duarte, K.; Eleftheriou, E.;
Barnier, J.V.; Naquin, D.; Thermes, C.; Romo-Yariez, ].; et al. Expression of Dystrophin Dp71 Splice Variants
Is Temporally Regulated During Rodent Brain Development. Molecular Neurobiology 2024 61:12 2024, 61,
10883-10900, doi:10.1007/s12035-024-04232-2.

33. Rodriguez-Munoz, R.; Cardenas-Aguayo, M.D.C.; Aleman, V.; Osorio, B.; Chavez-Gonzalez, O.; Rendon,
A.; Martinez-Rojas, D.; Meraz-Rios, M.A. Novel Nuclear Protein Complexes of Dystrophin 71 Isoforms in
Rat Cultured Hippocampal GABAergic and Glutamatergic Neurons. PLoS One 2015, 10, e0137328,
doi:10.1371/journal.pone.0137328.

34. Daoud, F.; Candelario-Martinez, A.; Billard, ].M.; Avital, A.; Khelfaoui, M.; Rozenvald, Y.; Guegan, M.;
Mornet, D; Jaillard, D.; Nudel, U.; et al. Role of Mental Retardation-Associated Dystrophin-Gene Product
Dp71 in Excitatory Synapse Organization, Synaptic Plasticity and Behavioral Functions. PLoS One 2009, 4,
€6574, d0i:10.1371/journal.pone.0006574.

35. Greenberg, D.S; Schatz, Y.; Levy, Z; Pizzo, P.; Yaffe, D.; Nudel, U. Reduced Levels of Dystrophin
Associated Proteins in the Brains of Mice Deficient for Dp71. Hum. Mol. Genet. 1996, 5, 1299-1303,
do0i:10.1093/hmg/5.9.1299.

36. Miranda, R.; Nudel, U, Laroche, S.; Vaillend, C. Altered Presynaptic Ultrastructure in Excitatory
Hippocampal Synapses of Mice Lacking Dystrophins Dp427 or Dp71. Neurobiol. Dis. 2011, 43, 134-141,
doi:10.1016/j.nbd.2011.02.017.

37. Fujimoto, T.; Yaoi, T.; Nakano, K.; Arai, T.; Okamura, T.; Itoh, K. Generation of Dystrophin Short Product-
Specific Tag-Insertion Mouse: Distinct Dp71 Glycoprotein Complexes at Inhibitory Postsynapse and Glia
Limitans. Cellular and Molecular Life Sciences 2022 79:2 2022, 79, 109-, d0i:10.1007/s00018-022-04151-2.

38. Fujimoto, T.; Yaoi, T.; Tanaka, H.; Itoh, K. Dystroglycan Regulates Proper Expression, Submembranous
Localization and Subsequent Phosphorylation of Dp71 through Physical Interaction. Hum. Mol. Genet. 2020,
29, 3312-3326, d0i:10.1093/hmg/ddaa217.

39. Chaussenot, R.; Amar, M.; Fossier, P.; Vaillend, C. Dp71-Dystrophin Deficiency Alters Prefrontal Cortex
Excitation-Inhibition Balance and Executive Functions. Molecular Neurobiology 2018 56:4 2018, 56, 2670-
2684, doi:10.1007/s12035-018-1259-6.

40. Helleringer, R.; Le Verger, D.; Li, X.; Izabelle, C.; Chaussenot, R.; Belmaati-Cherkaoui, M.; Dammak, R.;
Decottignies, P.; Daniel, H.; Galante, M.; et al. Cerebellar Synapse Properties and Cerebellum-Dependent
Motor and Non-Motor Performance in Dp71-Null Mice. DMM Disease Models and Mechanisms 2018, 11,
doi:10.1242/dmm.033258.

41. Ruggieri, S.; Viggiano, L.; Annese, T.; Rubolino, C.; Gerbino, A.; De Zio, R.; Corsi, P.; Tamma, R.; Ribatti,
D.; Errede, M; et al. DP71 and SERCA?2 Alteration in Human Neurons of a Duchenne Muscular Dystrophy
Patient. Stem Cell Research & Therapy 2019 10:1 2019, 10, 29-, d0i:10.1186/s13287-018-1125-5.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2370.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2026 d0i:10.20944/preprints202603.2370.v1

13 of 15

42. Lopez, J.R; Kolster, J.; Uryash, A.; Estéve, E.; Altamirano, F.; Adams, J.A. Dysregulation of Intracellular
Ca2+in Dystrophic Cortical and Hippocampal Neurons. Molecular Neurobiology 2016 55:1 2016, 55, 603-618,
doi:10.1007/s12035-016-0311-7.

43. Yang,]; Cao, C;Liu, J; Liu, Y,; Lu, J; Yu, HY,; Li, X;; Wu, J.; Yu, Z; Li, H,; et al. Dystrophin 71 Deficiency
Causes Impaired Aquaporin-4 Polarization Contributing to Glymphatic Dysfunction and Brain Edema in
Cerebral Ischemia. Neurobiol. Dis. 2024, 199, 106586, doi:10.1016/j.nbd.2024.106586.

44. Vaillend, C.; Ungerer, A. Behavioral Characterization of Mdx3cv Mice Deficient in C-Terminal
Dystrophins. Neuromuscular Disorders 1999, 9, 296-304, d0i:10.1016/S0960-8966(99)00029-2.

45. Miranda, R.; Ceschi, L.; Le Verger, D.; Nagapin, F.; Edeline, ].M.; Chaussenot, R.; Vaillend, C. Social and
Emotional Alterations in Mice Lacking the Short Dystrophin-Gene Product, Dp71. Behavioral and Brain
Functions 2024 20:1 2024, 20, 21-, d0i:10.1186/s12993-024-00246-x.

46. Ricotti, V.; Mandy, W.P.L.; Scoto, M.; Pane, M.; Deconinck, N.; Messina, S.; Mercuri, E.; Skuse, D.H,;
Muntoni, F. Neurodevelopmental, Emotional, and Behavioural Problems in Duchenne Muscular
Dystrophy in Relation to Underlying Dystrophin Gene Mutations. Dev. Med. Child Neurol. 2016, 58, 77-84,
doi:10.1111/dmen.12922.

47. Daoud, F.; Angeard, N.; Demerre, B.; Martie, I.; Benyaou, R.; Leturcq, F.; Cossée, M.; Deburgrave, N.;
Saillour, Y.; Tuffery, S.; et al. Analysis of Dp71 Contribution in the Severity of Mental Retardation through
Comparison of Duchenne and Becker Patients Differing by Mutation Consequences on Dp71 Expression.
Hum. Mol. Genet. 2009, 18, 3779-3794, d0i:10.1093/hmg/ddp320.

48. Tuffery, S.; Lenk, U.; Roberts, R.G.; Coubes, C.; Demaille, J.; Claustres, M. Protein Truncation Test: Analysis
of Two Novel Point Mutations at the Carboxy-terminus of the Human Dystrophin Gene Associated with
Mental Retardation. Hum. Mutat. 1995, 6, 126135, d0i:10.1002/humu.1380060205.

49. Lenk, U,; Hanke, R.; Thiele, H.; Speer, A. Point Mutations at the Carboxy Terminus of the Human
Dystrophin Gene: Implications for an Association with Mental Retardation in DMD Patients. Hum. Mol.
Genet. 1993, 2, 1877-1881, d0i:10.1093/hmg/2.11.1877.

50. De Brouwer, A.P.; Nabuurs, S.B.; Verhaart, LE.; Oudakker, A.R.; Hordijk, R.; Yntema, H.G.; Hordijk-Hos,
J.M.; Voesenek, K.; De Vries, B.B.; Van Essen, T.; et al. A 3-Base Pair Deletion, c.9711_9713del, in DMD
Results in Intellectual Disability without Muscular Dystrophy. European Journal of Human Genetics 2014 22:4
2013, 22, 480-485, doi:10.1038/ejhg.2013.169.

51. Banihani, R.; Smile, S; Yoon, G.; Dupuis, A.; Mosleh, M.; Snider, A.,; McAdam, L. Cognitive and
Neurobehavioral Profile in Boys with Duchenne Muscular Dystrophy. J. Child Neurol. 2015, 30, 1472-1482,
doi:10.1177/0883073815570154.

52. Taylor, P.J.; Betts, G.A.; Maroulis, S.; Gilissen, C.; Pedersen, R.L.; Mowat, D.R.; Johnston, H.M.; Buckley,
M.E. Dystrophin Gene Mutation Location and the Risk of Cognitive Impairment in Duchenne Muscular
Dystrophy. PLoS One 2010, 5, e8803, d0i:10.1371/journal.pone.0008803.

53. Pane, M.; Lombardo, M.E.; Alfieri, P.; D’Amico, A.; Bianco, F.; Vasco, G.; Piccini, G.; Mallardi, M.; Romeo,
D.M.; Ricotti, V.; et al. Attention Deficit Hyperactivity Disorder and Cognitive Function in Duchenne
Muscular Dystrophy: Phenotype-Genotype Correlation. Journal of Pediatrics 2012, 161, 705-709.el,
doi:10.1016/j.jpeds.2012.03.020.

54. Vicari, S,; Piccini, G.; Mercuri, E.; Battini, R.; Chieffo, D.; Bulgheroni, S.; Pecini, C.; Lucibello, S.; Lenzi, S.;
Moriconi, F.; et al. Implicit Learning Deficit in Children with Duchenne Muscular Dystrophy: Evidence for
a Cerebellar Cognitive Impairment? PLoS One 2018, 13, 0191164, doi:10.1371/journal.pone.0191164.

55. Howard, P.L.; Dally, G.Y.; Wong, M.H.; Ho, A.; Weleber, R.G,; Pillers, D.A.M.; Ray, P.N. Localization of
Dystrophin Isoform Dp71 to the Inner Limiting Membrane of the Retina Suggests a Unique Functional
Contribution of Dp71 in the Retina. Hum. Mol. Genet. 1998, 7, 1385-1391, d0i:10.1093/hmg/7.9.1385.

56. Claudepierre, T.; Dalloz, C.; Mornet, D.; Matsumura, K.; Sahel, J.; Rendon, A. Characterization of the
Intermolecular Associations of the Dystrophin-Associated Glycoprotein Complex in Retinal Miiller Glial
Cells. J. Cell Sci. 2000, 113, 3409-3417, doi:10.1242/jcs.113.19.3409.

57. Kobat, S.G.; Turgut, B. Importance of Miiller Cells. Beyoglu Eye Journal 2020, 5, 59,
doi:10.14744/bej.2020.28290.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2370.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2026 d0i:10.20944/preprints202603.2370.v1

14 of 15

58. Haenggi, T.; Soontornmalai, A.; Schaub, M.C; Fritschy, ].M. The Role of Utrophin and Dp71 for Assembly
of Different Dystrophin-Associated Protein Complexes (DPCs) in the Choroid Plexus and
Microvasculature of the Brain. Neuroscience 2004, 129, 403-413, doi:10.1016/j.neuroscience.2004.06.079.

59. Bolaos-Jiménez, F.; Bordais, A.; Behra, M.; Strdhle, U.; Sahel, J.; Rendén, A. Dystrophin and Dp71, Two
Products of the DMD Gene, Show a Different Pattern of Expression during Embryonic Development in
Zebrafish. Mech. Dev. 2001, 102, 239-241, doi:10.1016/S0925-4773(01)00310-0.

60. Barboni, M.T.S.; Joachimsthaler, A.; Roux, M.J.; Nagy, Z.Z.; Ventura, D.F.; Rendon, A.; Kremers, ].; Vaillend,
C. Retinal Dystrophins and the Retinopathy of Duchenne Muscular Dystrophy. Prog. Retin. Eye Res. 2023,
95, 101137, doi:10.1016/j.preteyeres.2022.101137.

61. Fort, P.E.; Sene, A.; Pannicke, T.; Roux, M.].; Forster, V.; Mornet, D.; Nudel, U.; Yaffe, D.; Reichenbach, A.;
Sahel, ].A,; et al. Kir4.1 and AQP4 Associate with Dp71- and Utrophin-DAPs Complexes in Specific and
Defined Microdomains of Miiller Retinal Glial Cell Membrane. Glia 2008, 56, 597-610,
doi:10.1002/glia.20633.

62. Connors, N.C.; Kofuji, P. Dystrophin Dp71 Is Critical for the Clustered Localization of Potassium Channels
in Retinal Glial Cells. Journal of Neuroscience 2002, 22, 4321-4327, d0i:10.1523/jneurosci.22-11-04321.2002.

63. Belmaati Cherkaoui, M.; Vacca, O.; Izabelle, C.; Boulay, A.C.; Boulogne, C.; Gillet, C.; Barnier, J.V.; Rendon,
A.; Cohen-Salmon, M.; Vaillend, C. Dp71 Contribution to the Molecular Scaffold Anchoring Aquaporine-4
Channels in Brain Macroglial Cells. Glia 2021, 69, 954-970, doi:10.1002/glia.23941.

64. Dalloz, C.; Sarig, R,; Fort, P.; Yaffe, D.; Bordais, A.; Pannicke, T.; Grosche, J.; Mornet, D.; Reichenbach, A.;
Sahel, J.; et al. Targeted Inactivation of Dystrophin Gene Product Dp71: Phenotypic Impact in Mouse
Retina. Hum. Mol. Genet. 2003, 12, 1543-1554, d0i:10.1093/hmg/ddg170.

65. Sene, A.; Tadayoni, R.; Pannicke, T.; Wurm, A.; El Mathari, B.; Benard, R.; Roux, M.]; Yaffe, D.; Mornet, D.;
Reichenbach, A ; et al. Functional Implication of Dp71 in Osmoregulation and Vascular Permeability of the
Retina. PLoS One 2009, 4, €7329, doi:10.1371/journal.pone.0007329.

66. Giocanti-Auregan, A.; Vacca, O.; Bénard, R.; Cao, S.; Siqueiros, L.; Montafiez, C.; Paques, M.; Sahel, J.A.;
Sennlaub, F.; Guillonneau, X et al. Altered Astrocyte Morphology and Vascular Development in
Dystrophin-Dp71-Null Mice. Glia 2016, 64, 716-729, d0i:10.1002/glia.22956.

67. El Mathari, B.; Sene, A.; Charles-Messance, H.; Vacca, O.; Guillonneau, X.; Grepin, C.; Sennlaub, F.; Sahel,
J.A.;Rendon, A.; Tadayoni, R. Dystrophin Dp71 Gene Deletion Induces Retinal Vascular Inflammation and
Capillary Degeneration. Hum. Mol. Genet. 2015, 24, 3939-3947, d0i:10.1093/hmg/ddv132.

68. Pillers, D.-A.M.; Weleberjtl, R.G.; Chapman, V.M.; Ray\~\, P.N.; Woodward, W.R.; Green, D.G. MdxCv3
Mouse Is a Model for Electroretinography of Duchenne/Becker Muscular Dystrophy. Invest. Ophthalmol.
Vis. Sci. 1995, 36, 462-466.

69. Cia, D.; Simonutti, M.; Fort, P.E.; Doly, M.; Rendon, A. Slight Alteration of the Electroretinogram in Mice
Lacking Dystrophin Dp71. Ophthalmic Res. 2014, 51, 196-203, d0i:10.1159/000357272.

70. Fort, P.E.; Darche, M.; Sahel, ].A; Rendon, A.; Tadayoni, R. Lack of Dystrophin Protein Dp71 Results in
Progressive Cataract Formation Due to Loss of Fiber Cell Organization. Mol. Vis. 2014, 20, 1480.

71. Ricotti, V.; Jagle, H.; Theodorou, M., Moore, A.T.; Muntoni, F.; Thompson, D.A. Ocular and
Neurodevelopmental Features of Duchenne Muscular Dystrophy: A Signature of Dystrophin Function in
the Central Nervous System. European Journal of Human Genetics 2016 24:4 2015, 24, 562-568,
doi:10.1038/ejhg.2015.135.

72. Rapaport, D.; Greenberg, D.S; Tal, M.; Yaffe, D.; Nudel, U. Dp71, the Nonmuscle Product of the Duchenne
Muscular Dystrophy Gene Is Associated with the Cell Membrane. FEBS Lett. 1993, 328, 197-202,
doi:10.1016/0014-5793(93)80992-4.

73. Tennyson, C.N.; Dally, G.Y.; Ray, P.N.; Worton, R.G. Expression of the Dystrophin Isoform Dp71 in
Differentiating Human Fetal Myogenic Cultures. Hum. Mol. Genet. 1996, 5, 1559-1566,
doi:10.1093/hmg/5.10.1559.

74. Cox, G.A; Sunada, Y.; Campbell, K.P.; Chamberlain, ].5. Dp71 Can Restore the Dystrophin-Associated
Glycoprotein Complex in Muscle but Fails to Prevent Dystrophy. Nature Genetics 1994 8:4 1994, 8, 333-339,
doi:10.1038/ng1294-333.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2370.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2026 d0i:10.20944/preprints202603.2370.v1

15 of 15

75. Leibovitz, S.; Meshorer, A.; Fridman, Y.; Wieneke, S.; Jockusch, H.; Yaffe, D.; Nudel, U. Exogenous Dp71 Is
a Dominant Negative Competitor of Dystrophin in Skeletal Muscle. Neuromuscular Disorders 2002, 12, 836—
844, doi:10.1016/S0960-8966(02)00141-4.

76. Wieneke, S.; Heimann, P.; Leibovitz, S.; Nudel, U.; Jockusch, H. Acute Pathophysiological Effects of Muscle-
Expressed Dp71 Transgene on Normal and Dystrophic Mouse Muscle.
https://doi.org/10.1152/japplphysiol.00326.2003 2003, 95, 1861-1866, doi:10.1152/japplphysiol.00326.2003.

77. Lim, KR.Q.; Shah, M.N.A.; Woo, S.; Wilton-Clark, H.; Zhabyeyev, P.; Wang, F.; Maruyama, R.; Oudit, G.Y;
Yokota, T. Natural History of a Mouse Model Overexpressing the Dp71 Dystrophin Isoform. Int. . Mol. Sci.
2021, 22, doi:10.3390/1JMS222312617.

78. Chesshyre, M,; Ridout, D.; Hashimoto, Y.; Ookubo, Y.; Torelli, S.; Maresh, K.; Ricotti, V.; Abbott, L.; Gupta,
V.A,; Main, M,; et al. Investigating the Role of Dystrophin Isoform Deficiency in Motor Function in
Duchenne Muscular Dystrophy. J. Cachexia Sarcopenia Muscle 2022, 13, 1360-1372, d0i:10.1002/jcsm.12914.

79. Farea, M.; Rani, A.Q.M.; Maeta, K.; Nishio, H.; Matsuo, M. Dystrophin Dp71ab Is Monoclonally Expressed
in Human Satellite Cells and Enhances Proliferation of Myoblast Cells. Sci. Rep. 2020, 10, 1-8,
doi:10.1038/S41598-020-74157-
Y;SUBJMETA=308,4017,617,692;KWRD=MEDICAL+RESEARCH,MOLECULAR+MEDICINE,NEUROLO
GY.

80. Fang, Y.; Dang, U.J,; Illei, K.I.; Clemens, P.; Hoffman, E.P. Association of DMD Gene Variant Classes with
Motor Outcomes in a Drug Registration Clinical Trial Setting. Neurol. Genet. 2025, 11, €200251,
doi:10.1212/NXG.0000000000200251.

81. KRQ, L.; Q, N.; T, Y. Genotype-Phenotype Correlations in Duchenne and Becker Muscular Dystrophy
Patients from the Canadian Neuromuscular Disease Registry. J. Pers. Med. 2020, 10, 1-18,
doi:10.3390/JPM10040241.

82. Klimczak, R.R.; Koerber, ].T.; Dalkara, D.; Flannery, J.G.; Schaffer, D. V. A Novel Adeno-Associated Viral
Variant for Efficient and Selective Intravitreal Transduction of Rat Miiller Cells. PLoS One 2009, 4, e7467,
doi:10.1371/journal.pone.0007467.

83. Vacca, O.; Darche, M.; Schaffer, D. V.; Flannery, J.G.; Sahel, ].A.; Rendon, A.; Dalkara, D. AAV-Mediated
Gene Delivery in Dp71-Null Mouse Model with Compromised Barriers. Glia 2014, 62, 468-476,
doi:10.1002/glia.22617.

84. Vacca, O.; Charles-Messance, H.; El Mathari, B.; Sene, A.; Barbe, P.; Fouquet, S.; Aragén, J.; Darche, M.;
Giocanti-Aurégan, A.; Paques, M.; et al. AAV-Mediated Gene Therapy in Dystrophin-Dp71 Deficient
Mouse Leads to Blood-Retinal Barrier Restoration and Oedema Reabsorption. Hum. Mol. Genet. 2016, 25,
3070-3079, doi:10.1093/hmg/ddw159.

85. Barboni, M.T.S.; Vaillend, C.; Joachimsthaler, A.; Liber, A.M.P.; Khabou, H.; Roux, M.].; Vacca, O.; Vignaud,
L.; Dalkara, D.; Guillonneau, X.; et al. Rescue of Defective Electroretinographic Responses in Dp71-Null
Mice With AAV-Mediated Reexpression of Dp71. Invest. Ophthalmol. Vis. Sci. 2020, 61, 11-11,
doi:10.1167/iovs.61.2.11.

86. Vacca, O.; Zarrouki, F.; Izabelle, C.; Belmaati Cherkaoui, M.; Rendon, A.; Dalkara, D.; Vaillend, C. AAV-
Mediated Restoration of Dystrophin-Dp71 in the Brain of Dp71-Null Mice: Molecular, Cellular and
Behavioral Outcomes. Cells 2024, Vol. 13, 2024, 13, d0i:10.3390/cells13080718.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.2370.v1
http://creativecommons.org/licenses/by/4.0/

