
www.oaepublish.com Submit a Manuscript: https://ucenter.oaepublish.com

Review  |  Open Access

Rare Disease and Orphan Drugs
Journal

Windsor. Rare Dis Orphan Drugs J. 2026;5:11      DOI:10.20517/rdodj.2025.85

Stem cell therapy for rare neurological diseases:
translational research opportunities

Rebecca Windsor

Keywords:
Mesenchymal stromal,

neuroinflammatory,

neurodegenerative, brain,

spinal, encephalitis

Citation: Windsor R. Stem

cell therapy for rare

neurological diseases:

translational research

opportunities. Rare Dis

Orphan Drugs J. 2026;5:11.

https://dx.doi.org/10.20517

/rdodj.2025.85

Received: 11 Dec 2025

First Decision: 13 Feb

2026

Revised: 27 Feb 2026

Accepted: 18 Mar 2026

Published: 24 Apr 2026

Academic Editors:
Daniel Scherman, Joe

Kornegay

Copy Editor:
Ping Zhang

Production Editor:
Ping Zhang

1Gallant, San Diego, CA 92121, USA.
2Ethos Discovery, Woburn, MA 01801, USA.

Correspondence to: Dr. Rebecca Windsor, Gallant, San Diego, CA 92121 USA. E-mail: rebeccaw@gallant.com

Abstract
Stem cell therapy is being explored for several rare neurological conditions in humans given
their  potential  immunomodulatory,  reparative,  and  regenerative  capabilities.  Existing
standard  treatments  for  most  neuroinflammatory  and  neurodegenerative  disorders  are
primarily palliative, focusing on symptom management rather than addressing underlying
disease pathology. The genetic and pathophysiological parallels between many human and
animal  neurological  diseases  suggest  that  companion  animals  may  serve  as  valuable
translational models to drive stem cell research forward. Several rare human neurological
conditions  with  companion  animal  (particularly  canine)  correlates  include  fulminant
multiple sclerosis (MS), myasthenia gravis, amyotrophic lateral sclerosis (ALS), Duchenne
Muscular  Dystrophy  (DMD),  Dravet  and  Lennox-Gastaut  Syndromes,  Globoid  Cell
Leukodystrophy/Krabbe Disease, viral encephalitis, and glioblastoma multiforme (GBM).
Validating  the  safety  and  feasibility  of  stem  cell  transplantation  in  companion  animal
models  has  enabled  the  development  and  expansion  of  innovative  therapies.  Stem  cell
therapy may hold promise as a novel treatment option for some rare and aggressive human
and companion animal neurological diseases with limited treatment options.
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INTRODUCTION
Rare neurological diseases remain particularly difficult to treat in humans and animals, with few long-term

effective therapies despite decades of research, due in part to low patient numbers and patient

heterogeneity
[1-3]

. Across species, neurological diseases are often progressive, debilitating, and resistant to

conventional therapies. This is likely related to shared mechanisms of neuroinflammation and

neurodegeneration, including blood-brain barrier disruption, microglial activation, oxidative stress, and

cytokine release
[4,5]

.

Although rodent models are commonly used in drug development, several naturally occurring neurological

diseases in dogs, and some conditions in cats, more closely resemble human disorders, making companion

animals better suited for translational research
[6]

. Some species differences including the low likelihood of

forming atherosclerotic lesions in companion animals limit the translational potential for certain

conditions
[7,8]

; however, many underlying inflammatory and degenerative processes are similar. Spontaneous

genetic disorders in pets have already enabled gene discovery and therapeutic development for both animals

and humans
[9]

. These success stories demonstrate how veterinary clinical trials can bridge the gap between

preclinical rodent studies and human trials, reducing failure rates and accelerating therapy development for

rare or orphan diseases with limited treatment options
[10]

.

Many rare neurological conditions fail multimodal therapy, and patients are left with persistent or

progressive debilitation, long-term medication-associated negative side effects, and exhaustive financial

burden
[3]

. Standard therapies primarily target symptom management, with few options to address the

underlying cause of disease
[2]

. Stem cell therapy has emerged as a promising option for a variety of

inflammatory and degenerative conditions to target disease at the source
[11]

. Dogs have been an essential

large-animal model for the development of stem-cell-based therapies because they naturally share key

biological, genetic, and disease characteristics with humans
[12]

. Spontaneously occurring neurological

conditions, hematologic disorders, neoplastic processes, genetic disorders, and immune deficiencies in dogs

closely mirror human diseases. These models enable more accurate evaluation of immunomodulation,

immune tolerance, and stem cell engraftment and transplantation biology in clinically relevant settings.

Canine studies were pivotal in establishing donor matching techniques, conditioning regimens, graft

collection methods, and graft-versus-host disease prevention strategies that directly enabled modern human

stem cell therapy protocols
[12-14]

. These models also demonstrated the feasibility of using stem-cell-induced

immune tolerance to support solid-organ transplantation without lifelong immunosuppression, a concept

now being translated into human medicine
[12]

 Collectively, the canine model has provided indispensable

translational insights that accelerated the safe and effective adoption of stem cell therapies for human

patients.

Mesenchymal stromal/stem cell (MSC) therapy has emerged as a promising approach for treating a wide

range of non-hematologic inflammatory and degenerative diseases in humans and animals, owing to their

potent immunomodulatory and anti-inflammatory properties. These properties enable MSCs to regulate

immune responses, promote tissue repair, and modulate disease processes at the molecular level [Figure

1]
[15-19]

. Their ability to home to sites of inflammation within the central nervous system and to exert direct

and paracrine effects on the local immune system makes MSCs attractive therapeutic candidates for a variety

of neurological conditions. Their low level of major histocompatibility (MHC) class I/II molecules allows

MSCs to evade the host immune system, reducing the risk of immunogenicity to MSCs regardless of donor

source (i.e., from patient or healthy donor)
[20]

.

Across species, MSCs exhibit similar biological properties, including plastic adherence, multipotent

differentiation, and shared immunophenotypes. Although there are some species-specific differences in

surface markers and immunomodulatory characteristics depending on tissue source, isolation, and culture
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Figure 1. Mechanisms of action of stem cells for neurological diseases. M1: Proinflammatory M1 microglia subtype; M2: anti-inflammatory
M2 microglia subtype; ROS: reactive oxygen species; BBB: blood-brain barrier; BCSB: blood-spinal cord-barrier; BDNF: brain-derived
neurotrophic factor; GDNF: glial cell line-derived neurotrophic factor; NGF: nerve growth factor; VEGF: vascular endothelial growth factor;
NT-3: neurotrophin-3; IL-10: interleukin 10; TGF-β: transforming growth factor beta; IL-1β: interleukin 1-beta; TNF-α: tumor necrosis
factor-alpha; MSC: Mesenchymal stromal/stem cell. Created in BioRender. Windsor R. (2026) https://BioRender.com/h3ywdw8.

procedures, the overall biology and therapeutic mechanisms are conserved across species
[21]

. These

similarities support the translational relevance of MSC research across human and veterinary diseases. This

review aims to describe the translational potential of stem cell therapy for rare or refractory neurological

disorders in humans that share analogous presentations in companion animals [Table 1].

CORRELATIVE DISEASES
Immune-mediated

Multiple sclerosis (humans) and necrotizing meningoencephalitis (dogs)

Multiple sc lerosis (MS) is  a chronic autoimmune disease characterized by demyel inat ion,

neuroinflammation, and progressive neurological decline [Figure 2]. MS incidence and phenotype vary

across populations, in part due to polymorphism within the MHC, particularly HLA-DRB1 (Human

Leukocyte Antigen - DR Beta 1) and HLA-DQB1 (Human Leukocyte Antigen - DQ Beta 1) alleles, which

confer susceptibility or protection in an ethnicity-dependent manner
[22,23]

. Certain variants of MS, such as

Marburg type and Baló’s concentric sclerosis, are considered rare, acute forms of the disease affecting only

7%-10% of MS patients
[24]

. Treatment earlier in the course of disease is generally associated with a slower

decline and better overall prognosis
[25]

. MSC therapy in MS patients has shown promising results, with an

estimated 40% of patients improving and 33% remaining stable after therapy
[26]

. Mechanistic studies have

demonstrated increased regulatory T cells, reduced dendritic cell activation, and suppressed lymphocyte

proliferation within 24 h of MSC infusion
[27]

. Functional improvements including enhanced visual evoked
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Table 1. Stem cell therapy applications for human neurological diseases with companion animal correlates

Human disease Companion animal disease correlate

Fulminant multiple sclerosis Necrotizing meningoencephalitis in dogs[34]

Primary and relapsing remitting multiple sclerosis Granulomatous meningoencephalitis in dogs[82]

Amyotrophic lateral sclerosis Degenerative myelopathy in dogs[46,47]

Duchenne muscular dystrophy Golden retriever muscular dystrophy[51]

Viral encephalitis Canine distemper virus[59,83,84] feline infectious peritonitis[74,75]

Myasthenia gravis Myasthenia gravis in dogs

Parkinson’s disease Multiple system degeneration in kerry blue terriers and chinese crested dogs

Lennox-gastaut syndrome
Dravet syndrome

Refractory epilepsy in dogs

Leukodystrophies Canine globoid cell leukodystrophy (Krabbe disease)

Glioblastoma multiforme Glioblastoma multiforme in dogs[80,81]

Alzheimer’s disease Canine cognitive dysfunction[85]

Cerebrovascular disease Cerebrovascular disease in dogs and cats

Traumatic brain injury Traumatic brain injury in dogs and cats

Spinal cord injury Spinal cord injury in dogs[86-90] and cats

Intervertebral disc disease Intervertebral disc disease in dogs[91-94]

References denote conditions for which stem cell therapy publications already exist.

potentials and reduced magnetic resonance imaging (MRI) lesion burden have also been documented
[28,29]

.

Necrotizing meningoencephalitis (NME) in dogs, seen most commonly in the Pug breed, shares many

similarities to the rare fulminant forms of MS including the Marburg variant
[30]

. Genetic studies have linked

NME to dog leukocyte antigen (DLA) class II, paralleling MHC genetic associations in MS
[31]

. Clinical

abnormalities suggestive of an early form of NME mirror the earliest signs of MS in humans
[30 ,32]

.

Immunological profiling in asymptomatic Pugs genetically at-risk for NME revealed altered T cell subsets

and cytokine patterns, suggesting immune imbalance may contribute to the pathogenesis of NME in the

Pug
[33]

.

A pilot trial using intravenous (IV) allogeneic MSCs in Pugs demonstrated rapid clinical improvement in all

dogs and durable remission with MSC therapy alone for 54% of the dogs (follow-up time 12-43 months)
[34]

.

The shorter lifespan and duration of disease for Pugs with NME compared to the human MS disease course

makes the dog a promising animal model to monitor clinical response and relapse rate post MSC therapy in

a shorter time window.

While many human MS trials have used intrathecal (IT) and IV autologous MSCs, successful IV allogeneic

MSC therapy in Pugs with early NME suggests that IV administration may achieve good central nervous

system (CNS) penetration. In addition, allogeneic therapy may offer promising results without evidence of

immune reactions. Further research in dogs with NME and potentially granulomatous meningoencephalitis

(GME) may help elucidate the short- and long-term effects of MSC therapy in dogs with neuroinflammatory

disease. These findings could support the development of MSC therapies for MS in humans.

Myasthenia gravis in humans and dogs

Myasthenia gravis (MG) is a rare autoimmune disorder with a prevalence of 1.5-32.9/100,000 people
[35]

,

characterized by antibody-mediated loss of acetylcholine receptors (AChRs) at the neuromuscular junction

(NMJ), resulting in skeletal muscle weakness and fatigability. Conventional immunotherapies offer partial
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Figure 2. Pathophysiology of neuroinflammatory disease. Infiltration of peripheral activated T cells, dendritic cells, and monocytes across
the blood-brain barrier initiate the transition toward a proinflammatory environment in the brain. This proinflammatory state is dominated
by Th1 helper cells, proinflammatory cytokines and M1 proinflammatory microglia. Activation of M1 microglia results in a reduction in
neurotrophic factors and increased production of proinflammatory cytokines and other factors which cause cytotoxicity, degeneration and
astrocyte activation. Astrocyte activation contributes to further increase in proinflammatory cytokines which stimulate the M1 microglia
and the upregulation of chemotactic cytokines to further recruit inflammatory cells into the brain. Reduction in Th2 helper cells,
anti-inflammatory cytokines, and M2 microglia reduces the inhibition of cytotoxic T cell function, further perpetuating injury. Created in
BioRender. Windsor R (2026) https://BioRender.com/tc9tymv. M1: Proinflammatory M1 microglia subtype; M2: anti-inflammatory M2
microglia subtype; TNF-α: tumor necrosis factor-alpha; IL: interleukin; ROS: reactive oxygen species; IFN-γ: interferon gamma. NO: nitric
oxide.

symptomatic relief but rarely achieve long-term remission.

MSCs have emerged as a promising regenerative approach for MG given their immunomodulatory and

reparative properties [Figure 3]. Experimental autoimmune MG (EAMG) was first induced in a rabbit in

1973, and since then MG has been induced in several species, including rodents and monkeys
[36]

. In EAMG

rodent models, MSC transplantation restores T helper cell subset 17 (Th17)/regulatory T cell (T reg) balance,

reduces anti-AChR antibody titers, and enhances muscle strength through suppression of autoimmune

activity and structural restoration of NMJ integrity
[37]

. These effects are mediated largely through paracrine

secretion of growth and trophic factors including vascular endothelial growth factor (VEGF), hepatocyte

growth factor (HGF), and insulin-like growth factor 1 (IGF-1) that promote angiogenesis, muscle

regeneration, and nerve repair
[37]

. MSC-derived extracellular vesicles (EVs) have been shown to enhance

myoblast fusion and immune clearance of damaged myofibers
[37]

.

Naturally occurring canine MG is a valuable translational model for testing MSC therapies given the close

immunological and clinical resemblance to human MG. Dogs spontaneously develop an autoimmune

response against AChRs that mirrors human antibody specificity, particularly targeting the main

immunogenic region of the α-subunit and other epitopes on γ subunits
[38]

. As in humans, canine MG

manifests in variable clinical forms (focal, generalized, and fulminant), involves complement-mediated
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Figure 3. Mechanisms of action of stem cell therapy for myasthenia gravis. PD-L1: Programmed death ligand 1; IL-1RA: interleukin-1
receptor antagonist; IDO-1: indoleamine 2,3-dioxygenase 1; T regs: regulatory T cells; TGF-β: transforming growth factor beta; MSC:
Mesenchymal stromal/stem cell. Created in BioRender. Windsor R (2026) https://BioRender.com/aqu0egm.

receptor destruction and thymic pathology, and responds to immunosuppression
[39]

. Unlike induced rodent

models, spontaneous canine MG maintains a self-sustaining autoimmune response to better study initiation

and remission phases
[39]

. This makes it uniquely suited for evaluating how MSCs recalibrate immune

tolerance and promote long-term NMJ repair under naturally fluctuating conditions. Combining insights

from human and canine studies could speed up the development of MSC therapies that offer long-term

immune regulation and improved neuromuscular function in MG. A study evaluating the use of MSCs in

dogs with MG was completed at the University of California, Davis, with anecdotal reports of success

(https://www.vetmed.ucdavis.edu/news/novel-treatment-leads-dogs-recovery) but no published data.

Degenerative disease

Amyotrophic lateral sclerosis (humans) and degenerative myelopathy (dogs)

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease marked by motor neuron loss and

progressive paralysis. Patients manifest generalized weakness (spinal onset) or difficulty speaking or

swallowing (bulbar onset) that typically leads to respiratory failure and death within 2-4 years of diagnosis
[40]

.

ALS is familial in only 10% of patients (fALS), in whom the disease has a strong genetic basis, with 50%-85%
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of patients exhibiting at least one identified genetic mutation
[41]

. Superoxide dismutase 1 (SOD1) was the first

reported gene mutation in 1993, and since then over 30 additional ALS genes have been identified
[41]

. MSC

therapy has been evaluated in several clinical trials for patients with ALS, showing general safety and modest

slowing of disease progression
[42]

. Proposed mechanisms include neuroprotection, immune modulation, and

trophic support.

Advances in the molecular genetics of ALS have made animal disease models particularly promising, with a

few targeted molecular therapies currently under development
[41]

. Degenerative myelopathy (DM) in dogs is

genetically and pathologically analogous to familial ALS
[43,44]

. A missense mutation in the SOD1 gene (E40K)

has been identified in DM, with spinal histopathology showing lateral white matter degeneration and

SOD1-positive aggregates
[43,45]

.

MSC therapy in DM has demonstrated feasibility and clinical benefit through a variety of administration

routes. MRI-guided intra-arterial delivery of radiolabeled MSCs in dogs with DM demonstrated MSC

transplantation in the brain and reduction in inflammatory markers
[46]

. A blinded placebo-controlled trial

combining IT allogeneic MSCs with neurorehabilitation extended survival and improved mobility in

non-ambulatory dogs with suspected DM (homozygous for SOD1 gene mutation exon 2)
[47]

. DM may serve

as a promising naturally occurring model for ALS, allowing real-world evaluation of MSC delivery methods

and functional outcomes.

Inherited

Duchenne muscular dystrophy (humans) and golden retriever muscular dystrophy (dogs)

Duchenne muscular dystrophy (DMD) is a rare X-linked disorder caused by mutations in the dystrophin

gene, resulting in loss of dystrophin, sarcolemmal instability, myofiber necrosis, chronic inflammation, and

progressive replacement of muscle with fat and fibrotic tissue. The absence of dystrophin disrupts the

connection between the cytoskeleton and extracellular matrix within the dystrophin-glycoprotein complex,

producing membrane fragility and contraction-induced injury
[48]

. Over time, repeated cycles of degeneration

exhaust regenerative satellite cell pools, resulting in severe muscle weakness, respiratory compromise, and

cardiomyopathy. This pathophysiology is consistently observed across species; however, humans and

dystrophic dogs exhibit more severe progressive disease, while mdx mice display milder phenotypes, limiting

translational accuracy
[49]

. Golden Retriever muscular dystrophy (GRMD) closely recapitulates human disease,

exhibiting early-onset weakness, progressive fibrosis, respiratory impairment, and cardiomyopathy
[48]

.

Stem-cell-based therapies aim to restore muscle function through regeneration, dystrophin replacement, and

modulation of the inflammatory environment. Intravenous injection of human adipose-derived MSCs into

four 2-month-old dogs with GRMD demonstrated that MSCs were able to reach, engraft, and express human

dystrophin in dystrophic muscle up to six months after transplantation
[50]

. Human immature dental pulp

stem cells successfully migrated to and engrafted within GRMD dog muscle, producing modest dystrophin

expression and showing greater clinical benefit when delivered systemically and repeatedly rather than by

single local injection
[51]

. These studies have helped set the stage for pilot trials using MSCs in patients with

Becker muscular dystrophy (BMD) and DMD that demonstrated increased creatinine kinase, increased

dystrophin-positive levels and muscle fibers, and variable improvement in limb strength and gait
[52,53]

.

Altogether, stem cell therapies represent a compelling but still developing avenue, with large-animal models,

particularly GRMD dogs, serving as critical translational bridges between laboratory findings and human

clinical application. Some dogs with GRMD and other DMD gene mutations live well into adulthood.

Owners have typically developed a strong bond with these companion dogs and are open to treatment

strategies, including MSCs and forms of gene therapy (Joe Kornegay, personal communication). However,
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treatment availability and cost limit access to these novel treatments. Clinical trials evaluating stem cell

therapy in these valuable translational models could greatly benefit GRMD patients and humans alike.

Lennox-gastaut syndrome and dravet syndrome (humans) and refractory epilepsy (dogs)

Rare refractory childhood epileptic syndromes including Lennox-Gastaut Syndrome (LGS) and Dravet

Syndrome (DS) are marked by frequent and severe seizures, developmental delays, and resistance to standard

therapies
[54]

. The incidence and prevalence of these syndromes vary based on study and geographical

location; however, DS is rarer, affecting 2.17-6.5 per 100,000 people, compared with 1.9-60.8 per 100,000

people for LGS
[54,55]

. Canine epilepsy affects 0.6%-0.75% of dogs and presents with similar seizure types,

comorbidities, and pharmacoresistance
[56]

. Attention deficits, mood disturbances, and sleep disorders are

common in affected children and dogs, reflecting the broad impact of chronic refractory epilepsy on brain

function
[56]

.

Refractory epilepsy is characterized by underlying neuroinflammation, altered neurotransmitter signaling,

and disrupted neuronal networks, which contribute to seizure persistence and pharmacoresistance [Figure

4]. MSCs are being explored in human patients with refractory epilepsy and may offer new hope for patients

with poor response to conventional drugs. MSCs may reduce seizure frequency by modulating

neuroinflammation and restoring neuronal balance. IT and IV infusions appear safe, with ongoing studies

exploring optimal dosing and timing
[57]

. Studies in humans have shown preliminary efficacy in reducing

seizure burden, improving electroencephalography (EEG) markers, and reducing comorbid anxiety and

depression
[57]

. Animal models evaluating MSC therapy for epilepsy have used predominantly rodents
[58]

,

although MSC therapy has led to durable seizure reduction in canine pilot studies of dogs with seizure

disorders secondary to canine distemper virus (CDV) and NME
[34,59]

. Canine refractory epileptics may prove

a valuable model for optimizing MSC therapeutic strategies and evaluating long-term efficacy, offering a

natural disease pathology that more closely parallels refractory childhood epilepsy than induced rodent

models.

Globoid cell leukodystrophy (Krabbe Disease) (humans and dogs)

Leukodystrophies comprise a heterogeneous group of inherited disorders characterized by progressive

dysfunction of CNS myelin. Overall, leukodystrophies affect 1 in 7,663 live births in the United States
[60]

;

however, individual diseases are rare
[61]

, including Krabbe Disease (KD), which affects 0.3-2.6 per 100,000 live

births
[62]

. KD is an autosomal recessive lysosomal disorder caused by variants in the GALC gene that reduce

galactosylceramidase (GALC) activity, leading to psychosine accumulation, cerebral white matter

degeneration, and peripheral neuropathy
[62]

.

Animal models remain essential for understanding disease mechanisms and developing new therapies.

Rodent models and zebrafish have enabled detailed dissection of oligodendrocyte biology, lysosomal

dysfunction, and inflammatory responses, yet their small brain size, rapid disease progression, and limited

white-matter complexity restrict their translational value for testing regenerative or gene-augmented cell

therapies. Large-animal models including canine globoid cell leukodystrophy/KD offer a critical intermediate

step between rodents and humans, as affected dogs naturally exhibit clinically and pathologically authentic

demyelination, peripheral neuropathy, and long-tract degeneration in a brain more comparable in size,

myelination pattern, and immune structure to the human CNS
[63]

.

Recent advances in stem-cell and gene-modified stem-cell therapies have demonstrated therapeutic promise

in leukodystrophies such as metachromatic leukodystrophy (MLD), X-linked adrenoleukodystrophy

(X-ALD), and KD. These approaches aim to provide cross-correcting enzymes, promote remyelination,

                                                                                            



Windsor. Rare Dis Orphan Drugs J. 2026;5:11 Page 9 of 16

Figure 4. Neuroinflammatory Triad of Epilepsy.

modulate neuroinflammation, or replace dysfunctional glia. While most preclinical work has been performed

in rodents, large-animal studies including adeno-associated virus (AAV)-based and cell-based interventions

in canine KD have shown that dogs can exhibit clinically meaningful improvement, guide vector

optimization, and reveal treatment-related toxicities not evident in small animals. Because stem cell therapies

depend critically on cell migration, engraftment, and long‐distance myelin repair within a large CNS

environment, the canine globoid cell leukodystrophy model may be a more predictive platform for

advancing stem-cell therapies toward human clinical trials
[63]

.

Infectious

Viral encephalitis (humans) and distemper virus (dogs) and feline infectious peritonitis (cats)

Infectious encephalitis is generally rare in humans, with incidences ranging between 1.4-7 cases/100,000

people per year
[64,65]

. Infectious encephalitis is often associated with a guarded prognosis, with fatality rate as

high as 18% and severe debilitation in more than half of long-term survivors
[66]

. Viral infections account for

approximately 70% of confirmed cases of encephalitis and can result from direct viral invasion or secondary

immune-mediated damage
[67]

.

Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) virus. It has been increasingly recognized for its impact beyond the respiratory system, with a

growing body of evidence highlighting its neurological complications. Patients with COVID-related

encephalitis may experience seizures, confusion, altered consciousness, and long-term cognitive deficits. The
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virus can disrupt the blood-brain barrier, activate microglia and astrocytes, and trigger a cascade of

pro-inflammatory cytokines, leading to neuroinflammation and neuronal injury
[68]

. In some cases,

neurological symptoms persist long after the acute infection has resolved, contributing to what is now

referred to as “long COVID”. These post-viral syndromes often include brain fog, memory impairment, and

mood disturbances, suggesting ongoing immune dysregulation within the CNS
[68]

.

The complexity and persistence of these neurological effects underscore the need for therapies that can

modulate inflammation and support neural recovery. The immunoregulatory and neuroprotective effects of

MSCs and MSC-derived EVs have been described for acute neurological COVID-19; however, clinical

efficacy remains under investigation
[68]

. MSC therapy has also been explored as a treatment for Japanese

encephalitis virus (JEV), a leading cause of viral encephalitis in Asia
[69]

. MSC treatment significantly reduced

mortality and improved recovery in JEV-infected mice by attenuating inflammatory responses, microglia

activation, neuronal injury, blood-brain barrier disruption, and viral load
[69]

. In vitro, MSCs promoted

microglial polarization from M1 (pro-inflammatory) to M2 (anti-inflammatory) phenotypes, enhanced

neuronal survival, and induced interferon-α/β-mediated antiviral effects
[69]

.

CDV causes demyelinating leukoencephalitis with glial activation and cytokine dysregulation, paralleling

human viral encephalitides
[70,71]

. Differing neurological syndromes have been reported with acute and chronic

CDV, mirroring acute viral encephali t is including measles and acute COVID and post-viral

neuroinflammation associated with long COVID. MSC therapy in CDV infection has shown mixed results.

In a small study of CDV dogs, MSCs did not improve survival in dogs with acute disease; however,

intra-arterial MSCs reduced myoclonus and restored ambulation in three of four dogs with chronic CDV
[72]

.

A larger retrospective study reported improved ambulation and reduced seizures and myoclonus after IV

allogeneic MSC therapy in 10 of 14 dogs, with sustained improvement during the six-month follow-up
[59]

.

Although dogs are the stronger translational model for most neurological conditions, feline infectious

peritonitis (FIP) serves as a promising viral translational model in the cat. FIP arises when a typically benign

feline enteric coronavirus mutates within white blood cells, triggering a systemic and often fatal

immune-mediated inflammatory response in tissues around vessels in organs such as the abdomen, kidneys,

and brain.

Recent studies demonstrate that treatment with the antiviral GS-441524 achieves an overall success rate of

approximately 84%-86% in affected cats, significantly improving survival and clinical outcomes
[73]

. The

standard GS-441524 treatment protocol for FIP spans 84 days, which can be financially and logistically

challenging for some pet owners. This has prompted growing interest in adjunctive immunomodulatory

therapies that could potentially reduce the duration of treatment. In one recent study evaluating cats with

effusive FIP, MSCs combined with GS-441524 increased regulatory T cells, reduced exhaustion markers, and

improved recovery, demonstrating MSC-mediated immune normalization in a coronavirus-associated CNS

disease
[74]

. In another case series, three cats with FIP were treated exclusively with MSC therapy without any

antiviral medication; all three achieved full remission within 21 days of treatment
[75]

. The functional benefits

observed in these naturally occurring viral neuroinflammatory diseases in companion animals offer

platforms for studying MSC-mediated neuroprotection and immune regulation in viral encephalitis.

Neoplastic

Glioblastoma multiforme (humans and dogs)

Glioblastoma multiforme (GBM) is an aggressive brain tumor affecting 0.59 to 5 per 100,000 people with a

median survival time of ten months after diagnosis
[76]

. MSC‐based therapy has emerged as a promising

strategy for glioma treatment due to the innate tumor-tropism, immunomodulatory capacity, and
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engineering versatility of MSCs. Native MSCs can exert intrinsic anti-glioma effects by limiting angiogenesis,

inducing apoptosis, and suppressing tumor cell proliferation. These processes are linked to downregulation

of platelet-derived growth factor (PDGF)/platelet-derived growth factor receptor (PDGFR) signaling,

inhibition of focal adhesion kinase (FAK) and integrin pathways, and decreased VEGF production within the

tumor microenvironment
[77]

. MSCs also modulate glioma cell cycling by reducing cyclin D1 expression and

can sensitize glioblastoma cells to temozolomide (TMZ), enhancing chemotherapeutic efficacy
[77]

.

Beyond these native effects, MSCs serve as potent cellular vehicles for targeted delivery of anti-cancer agents.

These include chemotherapeutics (e.g., paclitaxel, doxorubicin), therapeutic genes [e.g., Bone Morphogenetic

Protein 4 (BMP4), Recombinant carboxylesterase enzyme (rCE) for Irinotecan (CPT-11) activation],

pro-apoptotic ligands [e.g., Tumor Necrosis Factor-Related Apoptosis-Inducing Ligand (TRAIL)],

immunomodulatory cytokines [e.g., interleukin (IL)-7, IL-12], and oncolytic viruses, resulting in reduced

tumor volume and prolonged survival in preclinical glioma models
[77]

. Their migratory capacity allows MSCs

to deliver cytotoxic or immunostimulatory cargo deep within infiltrative glioma tissue, overcoming

limitations of conventional drug penetration.

Spontaneously arising gliomas in companion dogs closely mirror the biological, histopathologic, and clinical

features of human gliomas, making dogs a powerful translational model for studying glioma pathogenesis

and testing novel therapies. Canine gliomas exhibit comparable tumor morphology, infiltrative behavior, and

immunohistochemical expression patterns, with marker intensity correlating to tumor grade in ways that

parallel human disease
[78]

. MRI characteristics in dogs also resemble those of human gliomas, which

improves cross-species comparability of diagnostic imaging
[78]

. Importantly, unlike many rodent models,

dogs develop gliomas spontaneously within an immunocompetent and genetically diverse background and

share similar genetic drivers and epigenetic features, further strengthening their translational relevance
[79]

.

Clinical trials evaluating canine MSCs in animal models and MSC therapies in canine glioma models show

promising results. Ten dogs diagnosed with high-grade rostrotentorial gliomas received eight weekly

intravenous doses of dCelyvir, a drug containing MSCs loaded with the oncolytic adenovirus ICOCAV17 (a

genetically engineered oncolytic adenovirus)
[80]

. dCelyvir was well tolerated, resulted in partial response in

two dogs and stable disease in three dogs, showed systemic and occasional intratumoral viral detection, and

was associated with immune microenvironment shifts linked to response
[80]

. Canine adipose-derived MSCs

engineered to express thymidine kinase were evaluated using in vitro ganciclovir and an in vivo murine U87

glioblastoma model
[81]

. The modified cells preserved MSC characteristics, altered their secretory and

exosomal profiles toward antitumor immune signaling, and demonstrated clear antitumor efficacy in vitro

and in vivo, supporting their potential as a translational gene therapy platform for glioma
[81]

. The canine

glioma model may serve as an invaluable platform for bridging the gap between preclinical studies and

human clinical trials evaluating stem cell therapy for GBM.

CONCLUSION
Stem cell therapy represents a transformative approach to treating neurological diseases. MSCs have shown

potential to modulate inflammation, promote repair, and improve clinical outcomes across a range of

conditions. Studies in dogs laid the groundwork for stem cell therapy in human conditions, and spontaneous

animal models offer valuable platforms for testing and refining MSC therapies to accelerate translational

research. Naturally occurring diseases in companion animals provide real-world insights into disease

progression, therapeutic response, and patient variability. These models can inform human trial design,

biomarker development, and endpoint selection. By aligning human and veterinary research, we can

accelerate the development of effective treatments for rare, complex, and challenging neurological diseases

across species.
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