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Abstract

This review captures recent advances in biological and translational research on stem cells. In particular, we discuss new
discoveries and concepts regarding stem cell treatment of aging-related disorders. A myriad of stem cell sources exists, from
hematopoietic to mesenchymal and neural cell lineages. We examine current applications of exogenous adult bone marrow-
derived stem cells as an effective and safe transplantable cell source, as well as the use of electrical stimulation to promote
endogenous neurogenesis for Parkinson’s disease. We also explore the potential of transplanting exogenous umbilical cord
blood cells and mobilizing host resident stem cells in vascular dementia and aging. In addition, we assess the ability of small
molecules to recruit resident stem cells in Alzheimer’s disease. Finally, we evaluate mechanisms of action recently implicated
in stem cell therapy, such as the role of long non-coding RNAs, G-protein coupled receptor 5, and NeuroD1. Our goal is to

provide a synopsis of recent milestones regarding the application of stem cells in aging.
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Introduction

Developmental biology and adult neurology have both ben-
efited from the advent of stem cells as a biological plat-
form for studying cell fate and behavior, as well as being a
robust biological material for the repair of injured and aging
cells. Primarily because of its well-characterized pathologi-
cal signature of nigrostriatal dopaminergic depletion [1, 2],
Parkinson’s disease (PD) served as the initial target for cell
therapy. The striatal lesion that manifests in stroke presented
as a logical next case to explore cell therapy for stroke repair.
Circumventing the logistical hurdles in producing an ample
supply of stem cells, coupled with technologies that har-
ness mobilization and widespread deposition of stem cells
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in the brain, allowed for considering the use of cell therapy
in the aging brain, such as Alzheimer’s disease and vascular
dementia. Although cell replacement was the initial over-
arching theme, the recognition that stem cells also secrete
therapeutic molecules provided the basis for pursuing the
concept of multi-pronged mechanisms of action medicating
the therapeutic effects of cell therapy. Cognizant of the early
beginnings of stem cells, specifically the laboratory-to-clinic
challenges, have guided researchers and clinicians in pursu-
ing cutting-edge discoveries towards the safe and effective
applications of stem cells for aging-related disorders.

Parkinson’s Disease

A hallmark pathology of PD features the nigrostriatal
depletion of dopaminergic neurons leading to bradykinesia,
tremor, and rigidity in patients. Postulated precipitating fac-
tors of PD include abnormal protein aggregation, exposure
to environmental toxins, gut-brain dysbiosis, and genetic
predispositions [1-4]. For example, trichloroethylene (TCE),
a chemical compound routinely found in dry-cleaning, shoe
polishers, and carpet cleaners, has been identified as a risk
factor for PD [5]. Of note, TCE triggers protein aggrega-
tion especially in a genetically engineered PD model [6].
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Developing appropriate animal models that mimic the clini-
cal presentation of PD will allow a better understanding of
the pathology and treatment of the disease [7, 8].

PD neurodegeneration also manifests a reduction in host
stem cells in neurogenic niches [9, 10]. Therefore, as stem
cells may be impaired in PD, an effective strategy that tar-
gets both stem cell survival and function likely will retard
neurodegeneration. Along this line of developing stem cell-
based regenerative medicine, transplanting exogenous stem
cells or stimulating endogenous stem cells appears to be a
promising strategy for PD treatment [11-14]. A minimally
invasive procedure that allows stem cell enhancement in
the brain may be feasible and directly applied in the clinic.
Indeed, synergistic effects accompany electrical stimulation
and mesenchymal stem cell transplantation in PD animal
models have been observed [15]. Such therapeutic effects
of electrical stimulation may be argued as partially rooted
from the deep brain stimulation approach [16—18], but with
modification on the target site and stimulation threshold
and dosing parameters. The recent entry of portable elec-
trical stimulators with peripheral instead of brain target
sites advance their potential use in a clinical setting [19].
In particular, new spinal cord stimulators employ implant-
able electrodes to deliver controlled electrical signals to the
spinal cord in PD experimental models [19]. The stimula-
tion-induced dopaminergic circuitry normalization resem-
bles that produced by a pharmacologic treatment such as
Levodopa [19], a dopamine replacement agent; therefore,
electrical stimulation can act as either as a stand-alone, or
as an adjunct therapy, for PD.

Vascular Dementia and the Aging Brain

From fetal cells to embryonic stem cells and induced pluri-
potent stem cells, logistical and ethical concerns are of
primary importance in developing safe and effective trans-
plantable stem cells [20]. The use of adult tissue sources,
including bone marrow and umbilical cord blood, meet two
laboratory-to-clinic translational hurdles. Despite the limited
cell cycle division associated with these adult tissue-derived
stem cells, ample supply of the viable and transplantable
cells still can be harvested for research purposes and clinical
applications [20]. While the preference remains for lineage
or phenotypic differentiation of the cells (i.e., dopaminergic
cells in the case of PD), naive stem cells have been widely
accepted as transplantable cells because of demonstrated
cellular bystander effects [21]. With the recognition that
PD (and other neurologic disorders) has a major peripheral
component to its pathology, targeting the stem cells to non-
brain organs — such as the spleen, lung and gut — proves to
be a promising therapeutic approach. Indeed, umbilical cord
blood-derived stem cells delivered intravenously to target
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both gut and brain promote therapeutic effects in animal
models of PD [22]. That stem cells migrate to injured tis-
sues, likely due to inflammatory signals, demonstrates the
cells’ potential to hone to the vasculature where the cells
may confer neuroprotective effects in diseases characterized
by inflamed vasculature, such as PD, stroke, and vascular
dementia [23]. Because these neurologic disorders entail
stem cell dysfunction due to “aging” as the common denom-
inator [24], cell transplantation has been considered as an
anti-aging treatment, at least in attenuating the cognitive def-
icits associated with aging [23]. As noted above, functional
recovery of the injured and aging brain can be augmented
by transplantation of exogenous stem cells or stimulation
of endogenous stem cells [11-14]. We have noted electrical
stimulation as a potential method of enhancing resident stem
cells [19], however small molecules are also deemed equally
effective in affording host brain repair [25]. By exploiting
the inflammation pathway — specifically the intercellular
neuro-immune signaling process — molecules that induce
endogenous stem cells to secrete anti-inflammatory factors
may also represent a robust strategy to treat inflammation-
plagued disorders such as multiple sclerosis, stroke and
traumatic brain injury [25]. Among the many therapeutic
molecules, estradiol promotes hippocampal neurogenesis
coincident with improved hippocampal dependent cognitive
behaviors, suggesting the potential of enhancing resident
host stem cells for treating Alzheimer’s disease [26]. These
laboratory studies provide compelling evidence that stem
cell-based regenerative medicine may have direct application
to aging-related disorders.

Mechanisms of Action Mediating Stem Cell
Therapy

Stem cells behave as biologics, and may act as drugs medi-
ated by a ligand-receptor mechanism in conferring their
therapeutic benefits. With this in mind, the host tissue brain
and the stem cells may serve as the ligand and receptor or
vice versa. We have noted that stem cells may migrate to
the vasculature via inflammatory cues; additionally, stem
cells may also use long non-coding RNAs in their migration
towards impaired brain tissues [27]. In stroke for example,
long noncoding RNAsS closely approximate the temporal and
spatial evolution of the pathology of ischemic stroke and
intracerebral hemorrhage [27]. Long noncoding RNA-based
diagnostic tools can approximate the severity and progres-
sion of the disease [27]. Similarly, measurement of long non-
coding RNAs can provide an index of functional recovery
following therapeutic intervention [27]. Accordingly, these
modalities may benefit stroke, as well as other disorders with
alterations in distinct long noncoding RNAs.
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Fig. 1 Stem cells for aging-
related disorders. Cell replace-
ment therapy, via exogenous
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A G-protein coupled receptor interacting with Notch
represents another mechanism which could be targeted via
stem cell therapy. Noteworthy in PD and few other brain
disorders, the sense of smell deteriorates, which may signal
an early manifestation of the disease [28]. Similarly, aging
manifests a deterioration of the olfactory sensory neurons
in the olfactory epithelium, which interestingly can be rem-
edied by regenerating the olfactory epithelium via Notch
signaling pathway through stimulation of G-protein coupled
receptor 5-positive cells [29]. Such a Notch and G-protein
coupled receptor may serve as a target mechanism for stem
cell proliferation.

Probing transcriptional processes represent another
potential strategy in examining stem cell communication
with the host tissue. To this end, neuronal transcription fac-
tor NeuroD1 may harness the conversion of astrocytes into
neurons following stroke cells [30]. Stroke and other brain
disorders cause dysfunction to the neurovascular unit; there-
fore, targeting neurons, astrocytes, glia, and endothelial cells
will potentially improve the disease outcomes. Transcrip-
tomic profiling of the impaired tissues may reveal potent
targets for stem cell therapeutics [31, 32].

Conclusion

From petri dish to bedside, stem cells have advanced inno-
vative platforms for the investigations of developmental
cell biology and for therapeutic applications of regenera-
tive medicine in debilitating brain disorders. Logistical
laboratory-to-clinic translational hurdles hindered find-
ing an unlimited supply of safe and effective transplant-
able stem cells. We do, however, have ample access to

embryonic stem cells, neural stem cells, induced pluripo-
tent stem cells, and adult tissue-derived stem cells. Clinical
trials are ongoing in many age-related brain disease indi-
cations including PD, stroke, and traumatic brain injury
[33-35]. Targeting stem cell delivery into the aging brain
was logical for these conditions. With the new knowledge
that many brain disorders entail a peripheral component,
especially the inflammation-enriched organs, targeting
stem cells into these tissues have now become common
approaches in cell therapy. Whether the ultimate goal is
to transplant exogenous stem cells or enhance endogenous
stem cells, our mechanism-directed understanding of the
brain and non-brain stem cell niches, as well as elucidating
inflammation cues may reveal novel candidate modalities
for stem cell-based regenerative medicine in aging-related
disorders (Fig. 1).
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