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Abstract

Amyotrophic lateral sclerosis (ALS) is an incurable, cataclysmic motor neuron disease deteriorating the central nervous
system. ALS typically has an onset between the ages of fifty to seventy-five with a higher prevalence in white males. The
deterioration causes patients to gradually lose voluntary motor abilities to speak, eat, breathe, or move. The main cause
of death with ALS is associated with respiratory failure within three to five years of diagnosis. The two pharmaceutical
therapies for ALS approved by the FDA are the drugs of Riluzole and Edaravone, however, there has been limited success
using this drug therapy. Currently, research using stem cell treatments of Neural Stem Cells (NSC), Human Bone Marrow,
Mesenchymal Stem Cells (MSC), Induced Pluripotent Stem Cells (iPSCs), and Human Umbilical Cord Blood Cells (HUCBC)

have been projected as an alternative new therapeutic approach. In addition, there are promising results with the

addition of lithium to stem cell therapy as a potential therapy for ALS. Stem cell therapy for ALS uses the sop16934
transgenic mice model. Human trials using stem cells have been conducted, but additional clinical studies need to be

conducted in order to determine the most beneficial stem cell therapy for patients with ALS.
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seventy-five [4]. There is a higher prevalence of ALS in
males than females at a ratio of 1.6:1 [5]. There is
evidence demonstrating a racial difference recorded by
the National ALS Registry in the United States of 2015

Introduction

Amyotrophic lateral sclerosis (ALS), also known as Lou
Gehrig’s disease, is a fatal motor neuron disease

deteriorating the central nervous system of the brain,
spinal cord, and brain stem [1]. ALS deterioration disturbs
the upper motor neurons (UMNs) located in the brain and
the lower motor neurons (LMNSs) of the spinal cord [2].
Consequently, this degradation causes the patient to lose
the ability to speak, eat, breathe, or move as a result of the
lost motor connections between the muscles [3]. As the
disease progresses, the patient’s muscles deteriorate, then
eventually lose all voluntary power [3]. The cause of
death ALS is most commonly associated with is
respiratory failure as a result of the diaphragm muscles
becoming incapable of contracting [1]. Most patients are
diagnosed with late-onset ALS between the ages of fifty to
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demonstrating prevalence in the diagnosis of 100,000 ALS
patients comparing whites to blacks at a ratio of 5.4:2.3
[5]- The worldwide incidence rate is approximately two
per one hundred thousand [6]. After being diagnosed, life
expectancy shows a patient typically has 3-5years [6].

This disease was first fully discovered and described
in the 1880s by Jean-Martin Charcot when he learned
motor neurons could degenerate [7]. Charcot graduated
from medical school and became a pathologist [8].
Eventually he evaluated approximately 3000 patients
with neurological diseases at the hospital that he was
working at and separated each neurological disease into
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groups [9]. When observing neurological diseases
between 1865-1869, he found ALS by noticing that there
was a difference of symptoms from damage in the

anterior horn and the lateral column of the spinal cord [8].

The anterior damage of the spinal cord results in paralysis
with the deterioration of muscles, caused by ALS [8].
There is no cure for the disease as each patient has a
different pathology of the affected motor neurons [1].
Studies conducted examined the fundamental roles of
motor neuron injury, one being oxidative stress and
another being increased levels of glutamate [9,10].

Oxidative stress is the increased volume of reactive
oxygen that the body cannot control in order to be able to
repair deterioration of the motor neurons [9]. However,
there is no specific indication of how ALS forms within the
body or risk factors that cause the disease [2]. Ten
percent of diagnoses are familial, mostly autosomal
dominant, and all other cases (90%) are reported as being
sporadic [2]. There are abundant gene mutations
presented with ALS and the quality of life is distinctive
with every case, leaving the treatment to be unknown and
peculiar with every patient (Table 1) [2,11].

Causative

Genes UNC13A, VAPB, VCP

ALS2, ALS3, ALS7, ANG, ANXA11, ATXN2, CFAP410, C9orf72, CHCHD10, CHMP2B, DAO, DCTN]1,
ELP3, ERBB4, Erlin1, FIG4, FUS, HNRNPA1, LMNB1, MATR3, NEFH, NEK1, OPTN, PFN1, PRPH, SETX,
SIGMAR1, SOD1, SPAST, SPG11, SQSTM1, TAF15, TARDBP, TIA1, TUBA4A, UBQLNZ,

Causative

Proteins profilin-1,

TBK1, unc-13 homologue A (encoded by UNC13A), ataxin-2, ubiquilin-2, sequestosome-1, and
sterile alpha and TIR motif-containing protein 1, C210orf2, VAPB, transitional endoplasmic reticulum
ATPase (encoded by VCP), sec1 family domain-containing protein 1, optineurin (encoded by OPTN),

neurofilament heavy polypeptide, tubulin a-4A chain

Table 1: The causative genes and causative proteins associated with ALS [11,12].

SOD1 is the gene mutation second most commonly
seen with ALS, specifically 170 missense mutations of the
SOD1 gene [13]. Glycogen synthase kinase 3 (GSK-3) is a
kinase that plays a role with intracellular communication
and is observed in the pathogenesis of ALS because the
kinase has signal pathways in the neuron of the cell [14].
If the kinase is overexpressed, this can causes
neurodegeneration [14]. In the duration of the disease,
GSK-3 has been shown to be elevated, a condition known
as hyperphosphorylation [14]. Koh, et al. [14] used the

s0D1G93A mouse model to observe the GSK-3 activity in

the progression of ALS when using a GSK-3 inhibitor.
The inhibitor, {AR-A014418: N-(4-Methoxybenzyl)-N"-(5-
nitro-1,3-thiazol-2- yl)urea}, of the kinase enhanced
motor activity of the rodent, postponed the disease onset,
and decreased the symptoms during the duration of the
disease [14]. Since 1980, there have been more than fifty
pharmacologic studies to observe the probable effect of
the quality of life in patients with ALS (Table 2) [15]. Most
studies have not found a life- changing way to resist the
disease [15] (Table 2).

Transfer factor, tilorone, indinavir

Antiviral

ranched-chain amino acids, threonine, lamotriging

topiramate,
memantine, talampanel, ceftriaxone

Reduces glutamate release, calcium channel blocker, reduces
iluzole, gabapentin, nimodipine, dextromethorphaiglutamate, NMDA receptor blocker, GABA- analog, glutamate AMPA
receptor blocker antagonists, increases astrocytic glutamate

transporter activity

holinesterase inhibitors, octacosanor, gangliosides
thyrotropine releasing hormone, growth hormone
erythropoietin

Myotrophic effects, systemic trophic factors, ergotropic effects

Ciliary Neurotrophic factor, Insulin- like growth
factor 1, BDNF, GDNF, xaliprodene, Granulocyte
colony-
stimulating factor

Pleiotropic neurotropic receptors, retrograde transport from the

muscle axon terminals, serotonin
(5HT1A) agonist

Plasma exchange, cyclosporine, total lymphoid
irradiation, glatiramer acetate, cerecoxib,
minocycline, NP001

Humoral factors, T-cell, microglial suppressor, general anti-
inflammatory, vaccination theory, T- helper cells

Acetylcysteine, glutathione, selegiline, vitamin E,

Increases anti-oxidative property, free radical scavenger
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CoQ10, edaravone

Pentoxyfilline, TCH346, minocycline

TNFa linked apoptosis, GAPDH-linked apoptosis

Creatine, acetyl-L-carnitine, dexpramipexole,
olesoxime

Mitochondrial membrane permeability stabilizing effects

Phenylbutirate, valproic acid, antisense

Histone deacetylase inhibitor, blocks production of

oligonucleotide treatment

some proteins

Lithium carbonate, pioglitazone

Facilitates degradation of protein aggregates

Ono-2506

Blocks gliosis

Arimoclomol

Facilitates degradation of protein aggregates

Table 2: Demonstrates the fifty drugs that were tested and the presumed mechanism of each drug in the body [15].

There are pharmacologic treatments using the drugs
Riluzole and Edaravone to perpetuate the quality life of
patients with ALS, but these drugs only provide moderate
effects of slightly longer living compared to the future of
stem cell therapy to treat the disease [2]. Within the past
few years, advances in new therapeutic strategies have
revealed stem cells to be a potential, hopeful method of
therapy [2]. Stem cells are thought to be a possible
treatment by preventing or repairing the onset of the
disease [2]. The pathogenesis of ALS is so sporadic; the
therapy of one certain drug is not useful [2]. Therefore,
stem cells have the capability to regenerate and restore
the impaired neuron cells and their function to succeed as
healthy cells [2]. The idea is that one day there will be a
successful treatment to ALS [1].

There has been ample amount of research being
conducted in animals in order to identify ALS therapy [2].

In mice, the SOch93A model has been used in order to
demonstrate the effectiveness of stem cell treatments [2].

sop1G934 transgenic mice are the most common animal
model for research of ALS used today [2]. Mice are good
subjects because of the size and availability of the subjects
to perform like an animal model on Xu L, et al. [16]. The
studies using stem cells have shown to effectively replace
diseased cells and provide growth from the damage of the

disease [6]. Using the model of SOD1G93A, a mutation in
the superoxide dismutase 1 gene, which is the familial
mutation, has proved to have the same pathogenesis in
mice as humans with ALS [3]. The downside to these mice
is the subjects only demonstrate familial ALS, not sporadic,
which is only 10% of ALS cases [15]. This downside
transfers over to human trials, because most cases of the
disease are sporadic, leaving a question of whether the
therapy to be used is actually going to be applicable to
humans [15]. The axons of the motor neurons of the mice
degenerate the same way as the humans’ during the
duration of the disease; however, additional axons
degenerate in mice than in humans, caused perhaps as a
result of the different motor functions when comparing
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humans to mice [17]. The human onset of the disease can
take months or even years, which is significantly greater
than rodents with an onset of days [17]. This difference in
the time of disease is important to consider because in
humans, the stem cells inserted have a different time of
maturation and migration in the body [17]. Also, research
has been conducted in mice during the pre-symptomatic
stage, while in humans therapy is initiated during the
symptomatic phase, which can have effects on the onset
and pathogenesis of the disease [17].

Research by scientists observing the outcomes of
patients with ALS using Neural Stem Cells (NSC), Human
Bone Marrow Stem Cells, Mesenchymal Stem Cells (MSC),
Induced Pluripotent Stem Cells (iPSCs), and Human
Umbilical Cord Blood Cells will be discussed in the review
[18-22]. After review of the therapy of stem cells, there
are positive advancements towards human stem cell
treatment for ALS [2]. Here, it will be discussing current
pharmaceutical therapies, multiple stem cell therapies in
research using animal models, human stem cell clinical
trials, and the projected future for stem cell therapies for
human ALS. There will be connections to therapeutic
treatments, such as lithium as a potential therapy.

Pharmaceutical Treatments

Since the 1980s, there have been over fifty controlled
treatment projects to test potential therapies for ALS
(Table 1) [15]. One such project involved using creatine, a
compound that is located in the liver, muscles, and the
brain [23]. Scientists observed patients with
neuromuscular diseases such as Duchenne dystrophy and
Becker dystrophy, showed an increase of muscle strength
when taking doses of creatine [24-27]. Groeneveld, et al.
[28] administered creatine to one hundred and seventy-
five patients concluding there was no overall benefit to
patients with ALS. Additionally, Shefner, et al. [27]
produced the same results as Groeneveld, et al. [28] in a
six-month study testing one hundred and four patients of
the outcome of administering creatine to conclude no
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benefit. Rosenfeld, et al. [23] conducted a nine-month,
double-blind study to test the effects of creatine on
muscle weakness and quality of life using one hundred
and seven ALS diagnosed participants randomly divided
to receive a treatment or a placebo. The outcome revealed
no muscle strength differences from the placebo group
and treatment group [23]. In summary, there has been no
strong therapeutic benefit when using creatine in
association with ALS [29].

In 1995, the FDA approved Riluzole [15]. Riluzole
decreases the supply of glutamate by blocking the
positive charge in the channel of the neurotransmitters
[30]. Patients with ALS accumulate glutamate causing the
death of neurons in the brain [31]. Since glutamate is a
central nervous system neurotransmitter, then Riluzole
should potentially slow clinical progression while
shrinking the amount of the glutamate accumulation [31].
The pharmaceutical approach to use Riluzole has been
opposed by professionals due to the only moderate
therapeutic results demonstrated through human trials
[31]. Bensimon, et al. [32] conducted a double-blind study
using one hundred fifty-five patients with ALS with 77
patients taking Riluzole (50 mg twice per day, tablet form)
and 78 patients taking placebo pills. The results
demonstrated there was a survival rate of fifty-five
percent of the treatment placebo group, with minimal
side effects of patients having a slight increase of blood
pressure, a physical weakening of energy, and more
muscle spasicity [32]. Riluzole was approved as a result of
two double-blind trials that incorporated 1114
precipitants which demonstrated the death rate
decreased by twenty-four percent when compared to the
placebo group; however, there was no change in the
pathway of the disease [31,32]. Lee, et al. [33] followed
the medical charts of 1149 patients living in Taiwan from
the years 1999-2008 diagnosed with ALS and using the
pharmaceutical treatment of Riluzole to examine if there
was a difference in taking the medicine or not. Of these
1149 patients, 451 patients that were administered
Riluzole had a mean survival time of an average of 67.75
months after diagnosis compared to the 698 patients with
a mean survival time of approximately 50 months [33].
Rooney, et al. [34] conducted a similar analysis of 1,282
Irish patients with ALS from the time period of 1995 to
2010. Observing patients’ results, taking Riluzole and
visiting the ALS clinic, improved prolonged patient
survival to a mean survival time of 17.52 months
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compared to the patients without taking Riluzole of 10.2
months [34]. The ALS clinic is considered a
multidisciplinary clinic because the physicians work
directly with a patient with ALS to provide more comfort
for problems associated with ALS [35]. These physicians
include occupational therapists, social workers,
psychologists, neurologists, gastroenterologists, speech
therapists, and more specialists to aid the patient [35].
Contradictory, Cetin, et al. [36] tested the effect of
Riluzole in ALS patients in Austria from 2008 to 2012
concluding Riluzole only affects survival if taken at the
beginning of therapy. The scientists concluded, after six
months, the treatment is not beneficial [36]. Overall,
Riluzole has only increased the ALS life expectancy of
patients by about 3-4 months, without impacting disease
progression [2].

In 2017, another pharmaceutical treatment of
Edaravone was examined and approved for clinical
therapy by humans to prevent oxidative stress when
related to ALS [31]. Edaravone is a treatment used for
stroke treatment in Japan, showing few detrimental

effects [37]. Ito, et al. [37] conducted a trial on sop1G934
mice using Edaravone and observed a decrease in the
disease time progression, demonstrating there is more
motor function in treated mice administered Edaravone
(Figure 1). The disease progression delayed up to eleven
days; when compared to humans, scientists calculated
could be equivalent up to twenty months (Figure 1) [37].

In another clinical trial, Yoshino and Kimura increased
the amount of Edaravone given to ALS patients from 30
milligrams to 60 milligrams once a day [38]. Not only did
the results demonstrate a slower progression of the
disease with a higher of dosage of the drug, but when
detecting the marker for oxidative stress, there was a
decrease of oxidative stress after the drug therapy [38].
Edaravone can be used in vivo or in vitro and is shown to
prevent oxidative stress on neurons to prevent free
radicals and reactive oxygen from damaging the neurons
[39]. Okada, et al. [40] furthermore conducted a human
trial using a treatment group of twenty-seven ALS
patients and a placebo group of thirty ALS patients. The
treatment group demonstrated an increase in survival
rate, with an overall mean survival time of 61 months
after diagnosis compared to the placebo group of
approximately 32 months.
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rate of body weight change. Graph C demonstrates the data found using the Rota-rod test in comparison to the days
after onset of the disease. Graph D demonstrates the grip strength of the mice compared to days after onset [37].
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Neural Stem Cells

Neural stem cells (NSC) come from the neuroectoderm
in embryos or adults that leads to the development of any
cell in the nervous system [6]. NSCs have the capacity to
act as a type of cell needed in the nervous system due to
the degeneration of the nervous system [6]. Xu, et al. [20]
inserted NSCs from a human fetal spinal cord into a

sop1G93A transgenic model rat [20]. This study found
stem cells reformed the broken connection of synapses
from neurodegeneration, which in turn postponed the
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further effects in animals [20]. This led the rats to live 10
days longer than average [20]. Hefferan, et al. [17]

performed a study on twenty-four soD1G934 model rats,
12 females and 12 males, using the injection of NSCs. The
study showed that the insertion of NSCs had a larger
number of remaining undestroyed neurons, leading to a
better lifespan of the animal for functional improvement
[17]. Yan et al. inserted NSCs from embryonic spinal cords

into a 2-month- old SOD1G93A model mouse [19]. The
findings demonstrated a longer progression of the neuron
disease than comparing to no treatment [19]. Xu, et al. [16]
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inserted NSCs into the spinal levels of lumbar and cervical

sites of eleven SOD?3A model rats. The experimental
group received live stem cells, while the control group
received the dead graft of NSCs [16]. It was observed that
sixty-eight percent of NSCs survived and replaced dead
neurons [16]. Rats that had the transplanted stem cells in
both spinal levels were shown to have the start of the
disease prolonged to 10 days, with an onset around 130
days [16]. The grafted rats lived around 159 days while
the control group lived around 142 days [16]. The
experimental group lived 17 days longer than rats of the
control group [16]. Lee, et al. [21] inserted NSCs into the

spinal cord for forty soD1592A mice and found the
symptoms delayed for seven days and their lifespan was

extended by twenty days. With this knowledge, Teng, et al.

[41] accessed and reviewed eleven studies on the use of
NSCs that have been proved to delay the onset time for
the development of the disease, increase the time for the
disease progression post-diagnosis, and extend the
lifespan of the animal (Figures 2 & 3).

HNwWTUJ1

Figure 2: This study conducted by Xu, et al. [16] shows
the progression of the grafted NSCs in the mice. This
picture demonstrates, the live grafted NSCs migrating
to the cervical cord (colored red). The white arrows
represent the sites of inoculation.
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Figure 3: This study conducted by Xu, et al. [16] shows the progression of the grafted NSCs in the mice.

A. Graph A demonstrates the disease onset to the grafting of the NSCs. It is shown that the disease onset for live grafts
were approximately 129 days compared to the control grafts of approximately 119 days.

B. Graph B compares the survival rates of the injection of NSCs. It is shown that with the injection of the live grafts, the
rats lived approximately 158 days compared to the control grafts of approximately 141 days.

C. Graph C is comparing the course of the disease throughout around 180 days. It can be observed that the rats with the

As shown using human neural cells Xu, et al. [16], Lee,
et al [20], Xu, et al. [21] found the use of stem cells
prolonged the onset of the effects of the disease. In July of
2011, the first phase of a clinical trial on humans was
performed, and in May of 2013, the second phase of the
clinical trial was performed [42,43]. In 2011, in the U.S.
phase I trial, 100,000 fetal spinal cord NSCs were injected

Willis A and Gallicchio VS. The Effects of Stem Cells on Amyotrophic Lateral

Sclerosis. ] Embryol Stem Cell Res 2019, 3(1): 000118.

five times into the spinal cord of six ALS patients, two
females and four males [42]. The patients were all
confirmed with sporadic ALS [42]. Some of the
requirements included the patients being between the
ages of twenty and seventy-five, evident progression of
the disease, no current pregnancy, no psychiatric disease,
etc [42]. NSCs were extracted from a fetal in utero death
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spinal cord [42]. After surgery, neuroimaging, blood tests,
and a clinical psychologist observed the patients [42].
After reviewing the patients six to eighteen months post-
injection, there was no disease progression on motor
movement [42]. Patients span the ages of 30, 35, 38, 54 57,
and 67 [42]. The older patients of 57 and 54 died within
eight months post-surgery due to a respiratory failure
[42]. Sixty-seven of the patients passed away, but the
cause is not specifically evident, due to the family not
wanting to release information [42]. Scientists confidently
think that this injection of NSCs is a safe procedure [42].
Phase II aimed to test fifteen patients with the safety of
doses of increasing number of cells per injection and the
number of injections [45]. Two patients that had received
20 injections with 400,000 cells per injection showed
detrimental effects of complications with one having
spinal cord swelling and another having severe pain, but
four more patients with that dosage had no complications
[43]. The other patients received 20 injections at various
concentrations but had no complications from the
injections [43]. Scientists concluded, with careful watch, a
patient can tolerate the high injections of 20 with a
concentration of 400,000 stem cells [43].

Human Bone Marrow

Human bone marrow stem cells have been tested in

soD1693A mice as a potential therapy for ALS [44,45].
Stem cells present in human bone marrow are
hematopoietic stem cells (HSC) and mesenchymal stem
cells (MSC) [44]. The therapeutic rationale is that stem
cells are going to regenerate the deteriorated tissue
specific cells and also protect the cells from further
damage [46]. Garbuzova- Davis, et al. [22] studied the
effects of repairing the blood-spinal cord barrier in ALS by

injecting human bone marrow stem cells (CD34%) in

s0D1G934 mice using three increasing cell doses (5x 104,

5x 105, and 1x 10° cells) at thirteen weeks of age [22].
Comparing the progression of ALS between mice and
humans, there is a direct correlation with capillary
endothelium damage, which is the damage of cells lining
the vascular system [22]. Scientists observed with high
dosage human bone marrow stem cells increased the
delay disease onset and maintained the survival of motor
neurons [22]. Human bone marrow stem cells replaced
the endothelial cells to stop the damaging progression of
the capillaries of the spinal cord [22]. Eve, et al. [45]

continued the findings reported by Garbuzova- Davis, et al.
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[22] by conducting a similar study inserting the same

doses of 5x104, 5x 105, and 1 x 106 of human bone
marrow stem cells to observe the blood-spinal cord
barrier during the progression of ALS. There were
significantly less microhemorrhages in the cervical and
lumbar of the spinal cord of the treatment group injecting

high dosages (1x106) when compared to medium and low
doses [47]. Gubert, et al. [48] injected in vivo bone-
marrow mononuclear cells from an adult femur and tibia
into the spinal cord before the ALS symptoms were
present, at 9 weeks, and then after the symptoms were
present at 14 weeks. Rota-rod, hanging wire and the
motor score tests were used as a detection method of the
motor functioning comparing the two groups [48]. The
Rota-rod test is used when the mouse is placed on a
rotating rod to record how long the mouse stays on
without falling off [48]. The hanging wire test is an
examination when an animal is placed on their cage
recording the time when they fell; specifically, this test
indicates the limbs strength [48]. The motor test score
specifically looks for motor dysfunction and paralysis of
limbs [48]. The motor score test ranks animals 0-4 based
on the motor function of the limbs: 4= no sign of motor
deterioration, 3=slight motor dysfunction and tremors in
limbs, 2= obvious motor dysfunction, 1= completely no
function of a limb, 0= almost complete loss of function of
limbs, unable to pick the body up with legs when placed
not upright on feet [48]. (Figure 4) demonstrates the
results of the motor tests completed compared to the age
of pre-symptomatic, saline injected, current symptomatic,
bone marrow mononuclear cells, and the wild-type ALS
mice without treatment [48]. In all tests, the treated stem
cell groups showed longer/ better scores in each category,
especially in the pre-symptomatic phase [48]. There was
not as much increase as the scientists hoped for in the
symptomatic stage, which needs to be observed [48]. In
this study, there was a discrepancy in the results- one
treatment group had a prolonged lifespan while another
one did not; however, there was an increase in the motor
skills of the mice [48]. When comparing the males and
females, females have a longer lifespan than males [48].
This longer lifespan is predicted to be from estrogen, a
protective female hormone, but the numbers of males and
females equal out at a decline of age [49]. Another
discrepancy arises because humans are only treated in
the symptomatic phase, while in the study, mice are
treated in the pre-symptomatic phase are compared to
mice treated in the symptomatic phase [48].
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Figure 4: Graph A represents the time to fall off compared to the age of the mice with the injection at 9 weeks. Graph
B represents the time to fall compared to the age of the mice with the injection at 14 weeks. Graph C represents the
time to fall off the hanging wire of rats compared to the age of the mice with the injection at 9 weeks. Graph D
represents the time to fall off the hanging wire of rats compared to the age of the mice with the injection at 14 weeks.
Graph E represents the motor of rats compared to the age of the mice with the injection at 9 weeks. Graph F
represents the motor of rats compared to the age of the mice with the injection at 14 weeks. Graph G represents the
survival compared to the age of the mice with the injection at 9 weeks. Graph H represents the survival compared to

the age of the mice with the injection at 9 weeks [48].

motor

Rando, et al. [44] studied the effects of bone marrow
by inserting bone marrow stem cells into the quadriceps
muscles of mice to observe an increase in the functioning
skills and the decrease the motoneuron
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degeneration. There was no significant delay in the onset
of the disease, but the progression was slower in the bone
marrow transplanted group [44]. Scientists used the Rota-
rod test to observe the physical capabilities of the mice
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throughout the progression of the disease comparing the
bone marrow injected and the culture media control
group, which the treatment group showed an
improvement of the rod test compared to the control
group [46]. The treated group survived approximately six
days longer than the control group [44]. Terashima, et al.
[51] conducted a study using human bone marrow with

an enhanced stem cell factor in thirty-four sop1G934
mice. There were three groups receiving therapy of bone
marrow, stem cell enhanced bone marrow, and FMS-like
tyrosine kinase 3 (flt3) bone marrow cells [51]. Scientists
observed mice using the Rota-rod test, which is a rod that
the animal is placed on while rotating at whatever speed
the scientists choose, so the animal must continuously
walk to not fall off [52]. The Rota-rod test was used to
observe the physical capability of the mice in the

progression of the disease while comparing the activated
cells with the non-activated [52]. The study found that the
activated bone marrow cells showed an increase in
survival and function of the animals compared to human
bone marrow (Figure 5) [51]. One can observe the wild-

type s0D1693A mice with activated stem cell factor bone
marrow stem cells completed longer seconds of the Rota-
Rod test and survived the longest around 23 weeks
(Figure 5-B, C) [51]. Scientists also observed the spinal
cord of these animals by observing the progression of the
activated stem cells in the spinal cord [51]. This study
concluded not only does bone marrow have a superior
effect on the progression of ALS in transgenic mice, but
the stem cell bone marrow can enhance these effects
greatly [51].
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Figure 5: Photo A, the transition of wild-type (WT) mouse into a SOD1 transgenic mouse (SOD1-tg) using the
activated stem cell factor human bone marrow or the tyrosine kinase 3. Using the Rota-Rod Test, graph B: shows the
rotation of the rod (in seconds) compared to the age of the SOD1 GI3A mice with ALS ranging from 9 weeks to 23
weeks of survival. There are five groups represented of SDO1 mice that were treated with bone marrow from SOD1
mice (SOD1-SOD1, open squares), SOD1 mice with no treatment (WT-SOD1, black triangles), SOD1 mice treated with
human activated bone marrow (WT-SOD1+SCF, black circles), and SOD1 mice treated with tyrosine kinase 3 (WT-
SOD1+f1t3, open circles), and SOD1 transgenic mice (SOD1 no BMT, black diamond). Graph C demonstrates the
survival rates of the five groups of treatment [50].
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Mesenchymal Stem Cells (MSC)

Mesenchymal stem cells are taken and isolated from
human bone marrow, so this can limit the safety concerns
of the transplantation [52]. The reason scientists began to
use these cells is that it has been observed that when
injected into a spinal cord that is demyelinated, the cells
regenerated to create myelination [53]. This
remyelination even proved to create a better electricity
connection in the spinal cord than before, demonstrating
its potential [53]. These stem cells are reasonable to have
contained and transport to whenever is needed to go [54].

Vercelli, et al. [52] injected mesenchymal stem cells,
800,000 stem cells, into the lumbar spinal cord of

sop1G934 transgenic mice. Scientists observed the mice
by performing motor tests, Rota-rod tests, and wire
hanging tests [52]. The treatment group had longer
lasting effects of the disease compared to the control
group, showing this that there was a decrease of
motoneurons proving why the physical activity was
higher in the treatment group [52]. There is an interesting
review that males are quicker at demonstrating a
progression of the disease than females, the explanation is
still unknown [52].

Oh, et al. [55] wanted to test the safety of injecting
intrathecal, which is in the spinal cord that can directly
affect the spinal fluid, mesenchymal stem cells into eight

patients (approximately 15x10° in each patient). The
study concluded there were no harsh effects outside of
slight pain and a headache. Sykova et al. [56] conducted
an eighteen-month study using twenty-six patients with a
lumbar injection of mesenchymal stem cells [56]. Just as
previous studies have down, the precipitants had mild
effects of the drug of headaches, but no serious
complications.

Karussis, et al. [57] conducted a clinical trial on fifteen
patients with multiple sclerosis and nineteen patients
with ALS, injecting mesenchymal stem cells to observe the
outcome. Some patients had mild side-effects with
twenty-one patients observed to have an immediate fever,
fifteen patients reported having a headache, and two
patients with leg pain proving no detrimental effects for
the follow-up of six to twenty-five months demonstrating
the safety of administering the stem cells [57]. Scientists
also observed patients MRI scan up to one year after
treatment, showing the condition of the patient did not
change [57]. Bonab, et al. [58] observed the effects of
administering mesenchymal stem cells into ten patients
with multiple sclerosis, showing there were no adverse

Willis A and Gallicchio VS. The Effects of Stem Cells on Amyotrophic Lateral

Sclerosis. ] Embryol Stem Cell Res 2019, 3(1): 000118.

effects, but there were no promising side effects in
symptoms in patients only showing two patients with
little positive results [58]. Mazzini et al. [59] first
demonstrated using mesenchymal stem cells transplanted
into the spinal cord of humans is safe because no patients
suffered harsh effects, except reversible pain in legs. Then,
Mazzini, et al. [60] was the first surgical study on patients
with ALS using the transplantation of mesenchymal stem
cells. Scientists evaluated ten patients with sporadic ALS
to inject a variety number of MSC to observe the patients
every three months by performing muscle tests given by a
neurologist and physiotherapist, also observing the
patients MRI [60]. Scientists found there were no adverse
effects from the drug with only a few days of pain and
more than half showed sensitivity in a leg, concluding this
use of mesenchymal stem cells are a potential therapy for
ALS [60]. In addition, there was a slight increase in
lifespan of 5 patients [60]. There is still a ways to go in
research because the sites of inserting are still are
question and the number of cells at the time of injection
for the largest benefit [60].

Lithium

Lithium may serve as a potential therapy for patients

with ALS, specifically discussing therapy using sop1G934
models and clinical trials. There have been human clinical
trials conducted on ALS patients using bone marrow stem
cell transplants. In research, the effective recommended
dosage of lithium is 900 mg per day and the plasma
lithium levels should be above 0.5 mEq/L [61]. Sharma, et
al. [46] conducted a retrospective study using thirty-
seven patients in the treatment group that received an
intrathecal bone marrow stem cell transplant, around

8.5x10°. A twenty person control group received no
treatment [46]. All patients were diagnosed with ALS in
the treatment group or placebo group observing changes
in the survival rate [46]. Each group was divided into
subgroups based on age below and above 50, then divided
depending on the onset of the disease (bulbar or limb)
[46]. Groups were further divided to receive lithium or to
not receive lithium [46]. Each patient was prescribed 300
mg of lithium twice a day for six weeks orally [46]. Fifteen
patients in the treatment group were prescribed lithium
and twenty-two patients of the treatment group were not
prescribed lithium [46]. The ALS control group not
prescribed lithium lived approximately 66 days [46].
Patients who were diagnosed below the age of 50 lived
approximately 113 days while above the age of 50 lived
approximately 63 days [46]. Patients receiving lithium in
addition to the bone marrow cell transplantation
demonstrated a higher survival rate of around 106 days
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[46]. The age of patients was considered, demonstrating
the younger the age, the higher the survival rate [46].
There is a downfall to this experiment only having a thirty-
seven patient treatment group, and then further divided
into many different treatment groups, making the
conclusions not as strong [46].

There have been any additional studies using with
lithium therapy on patients with ALS. Lithium carbonate
(Li2CO3) is used in psychiatry of the treatment of choice
for suicide, depression, and bipolar episodes [62]. Turner,
et al. [63] observed the connection between ALS and
psychiatric disorders such as schizophrenia, bipolar
disorder, depression and anxiety especially within the
first year of diagnosis [63]. Longinetti, et al. [64] also
found a link in psychiatric disorders and ALS with a 49%

increased risk of developing ALS if a psychiatric disorder
was present. Also, if the patient with ALS has children, the
children have an increased risk of developing a
psychiatric disorder [64]. In patients using lithium for
psychiatric treatment, the plasma lithium levels between
0.4- 1.2 mEq/L is generally effective [65]. Lithium therapy
has been considered because it has been shown to block
the production of mutated genes, reduce oxidative stress
in cells, and promotes the generation of healthy cells in
the brain [62]. Fornai, et al. [66] conducted a mEq/kg)

and twenty soD1G934 mice with the placebo of saline.
Scientists concluded lithium bicarbonate increased the
number of days of the onset of limbs adduction, the onset
of paralysis, and the number of survival days with
treatment compared to the placebo (Table 2) [66].

The onset of limbs adduction
(number of days)

paralysis (number of days)

LIS EISHE Survival Days (number of days)

SOD1 Mice approx. 101days

approx. 109.8 days approx. 110.8 days

SOD1Mice+
Lithium Bicarbonate

approx. 109.2days

approx. 145.1 days approx. 148 days

Table 2: A chart categorizing the onset of limbs adduction, the onset of paralysis, and the length of survival for transgenic

s0p1G93A 1G93A

mice treated with saline and SOD

With promising results on sop1G93A transgenic
mice, Fornai et al. [66] translated his studyinto a 15-
month clinical trial on human patients to observe the
findings for lithium carbonate therapy. Sixteen patients (8
female, 8 male) diagnosed with sporadic ALS were given
lithium carbonate therapy of (150 mg doses/ twice a day)
plus one tablet of Riluzole (50 mg/ twice a day). The
twenty-six person (16 female, 12 male) control group
only received tablets of Riluzole (50 mg/ twice a day)
[66]. During the study trial when lithium plasma levels of
were below 0.4 mEq/liter, lithium dosage was raised
from 300 mg per day to 450 mg per day to ensure the
lithium plasma levels were between 0.4-0.8 mEq/liter, but
the study did not include the amount of time needed to
take the higher dosage to reach the effective lithium

mice with a daily intake of lithium bicarbonate [66].

plasma levels [66]. Results concluded 100% of patients
were alive in the lithium treatment group while only 81%
of patients were alive in the control group; demonstrating
lithium decreased the progression disease time [66].
Scientists showed positive results in transgenic mice and
in patients testing their hypothesis that lithium by
demonstrating in transgenic mice there were a larger
amount of neruons [66]. The lithium treatment transgenic
mice demonstrated a longer lifespan of approximately
148 days and the non-treatment group had a life span of
approximately 110 days [66].

Aggarwal, et al. [68], UKMND-LiCALS study group, et al.
[69], Miller, et al. [70], Boll, et al. [71] conducted studies
to observe the effects of lithium intake on ALS disease
progression (Table 3).

Number Lithium Plasma
Scientists Type of study of Control Group | Treatment Group Disease Progression
. Levels
Patients
0.4-0.8mEq/L,if
Aggarwal et Double- blind Riluzole (44 Lithium Carbonate 150 levelbelow0.4.r.nEq/L No 51gn1f1c.ant decrease of
al. (2010) | placebo controlled 84 patients) mgcapsules(3 perday) | then an additional disease
’ +Riluzole(40 patients) tablet progression
was taken
Milleret al. 13-month controls 356 Placebo Tablet |Lithium Carbonate 150 | 0.3-0.8 mEq/L,if Concluding lithiumisa
(2011) (249 mg (twiceaday) and levelbelow0.3 poor candidate
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patients) sometimes mEq/L, then raised for testing
increasing/decreasing dosageto
(107 patients) 450mg/daymax
UKMND- |Randomized, Double- Placebo Tablets Nosurvival difference
LiCALS Blind, Placebo- 214 (107 Lithium Carbonate 295 0.4-0.8 mEq/LL between the groups, but
study group| Controlled Trial (18 . mg daily(107 patients) o nosafety
Patients)
etal (2013) months) concerns
ALS LithiumCarbonate (150 Increased survival rate
patients,no mgto600mg duringfirst (p=0.016),
Boll et al. treatment (31 15days) thendoses oxidative defense
(2014) 21-month study 49 patients)- - 5 of | adjusted to(0.3-0.75 0.3- 0.75 mEq/L increased, but trial

them treated
with
Riluzole

mEg/1) and Valproic
Acid (200 mg) (18
patients)

stopped due to adverse
effects from
patients

Table 3: Four groups of scientists conducted studies on patients with ALS comparing treatments of lithium carbonate and
placebo groups. Each group of scientists did not find any significant decrease in disease progression [68-71].
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mouse with the treatment of lithium

mouse with saline solution treatment. Graph A represents the
overall survival curve on an average of the control group surviving approximately 138 days and the treatment group
surviving approximately 153 days. Graph B represents the weight changes in the two groups, which was not a big
interval change in the weight. Graph C represents the data from the stride length test, demonstrating higher values in
the treatment group. Graph D represents the paw grip endurance test showing all higher results than the control
group. Graph E represents the Rotarod test demonstrating greater balance and strength of mice with the treatment of
lithium [41].
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When observing (Table 3), each experimental test was
conducted with less than the recommended daily dose,
900 mg per day, and the lithium plasma levels should
have been required to be at least at the threshold of 0.5
mEq/L.63

Fornai et al. [72] studied transgenic sixty-seven day
old SOD1G93A mice split into the groups: Five SOD1G93A
lithium chloride (1ImEq/kg) treated every other day, five
SOD1G93A wild-type lithium chloride (1mEq/kg) treated
every other day, five SOD1G93A saline-treated, and five
SOD1G93A wild-type saline-treated. Scientists collected
information (Figure 6) by the stride length test: an open

area in a box with a lit area and dark area and while the
mouse ran around the stride length was taken between
the two paw prints, the paw grip endurance test: a mouse
placed on a wire and the wire was shaken for 90seconds
to observe the time on the grid, rotarod test: mouse
placed on a rotating rod (15 rpm) and the time observed
stayed on (10 minutes maximum) [72]. (Figure 7)
demonstrates the findings of the scientists in line graphs.
Overall, the treated group SOD1G93A transgenic mice
group treated with lithium chloride had an increased
overall result in the number of days in comparison to the
control group of SOD1G93A treated with saline [72].
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chloride and the red line as the transgenic s0D1G93A mouse with saline solution treatment. Graph A represents the
overall survival curve on an average of the control group surviving approximately 138 days and the treatment group
surviving approximately 153 days. Graph B represents the weight changes in the two groups, which was not a big
interval change in the weight. Graph C represents the data from the stride length test, demonstrating higher values in
the treatment group. Graph D represents the paw grip endurance test showing all higher results than the control
group. Graph E represents the Rotarod test demonstrating greater balance and strength of mice with the treatment of
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Figure 7: Graph A represents the survival fraction compared to the age (in number of days). Graph B represents the
stride length (cm) vs. the age (in number of days). Graph C represents the paw grip endurance test in time (seconds)
vs. age (number of days). Graph D represents the Rotarod test with time (seconds) vs. age (days). Throughout the

Represent SOD1G93A mice treated with saline. The
black lines or dots represent SOD1G93A mice treated with
lithium chloride [72].

Scientists concluded lithium protects against the
neurodegenerative breakdown from the disease [72].
Scientists also demonstrated the addition of lithium was
protective and neuronal markers in the spinal cord with
active stem cells demonstrating plasticity and neuronal
survivial [72].

Natale, et al. [73] described beneficial effects of
lithium.75 Scientists divided the study into four groups
using used five SODG93A transgenic mice treated with
lithium chloride (1 mEq/Kg), five wild-type mice treated
with lithium chloride (1 mEq/Kg), five SODG93A with
vehicle saline sodium chloride, and five vehicle saline
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sodium chloride treated wild-type mice. All of the mice
were treated in vivo in the pre-symptomatic stage of the
disease [73]. Scientists observed the changes of the
mitochondria such as the changes in the dendrites,
density, and motor axons [73]. Scientists also inserted the
lithium in vitro from the ventral spinal cord of the mice
[73]. Lithium chloride showed remarkable muscle
degeneration protection when viewed under a
microscope in the muscle cells [73]. As discussed in the
introduction, glycogen synthase kinase 3 (GSK-3) is a
causative factor in the pathogenesis of ALS.76 Lithium
targets to block GSK-3 [74]. It has been shown with
dosages of lithium such as 2 mM, significantly
phosphorylated GSK-3, but with lower dosages like 0.5
mM made no changes to the kinase [75]. By
phosphorylating GSK-3, genes are enhanced for growth,
neuroprotection, and also able to differentiate [74]. These
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results demonstrate why lithium could be used as a
potential therapy to hinder the pathogenesis of GSK-3,

which causes more gene transcription of healthy cells [62].

They conclude the plasma lithium levels in patients is
important with 0.5 mM as the threshold is greater than
0.5 mM induces GSK-3 inhibition, while lithium values
below 0.5 mM do not corelate with clinical response.
Induced Pluripotent Stem Cells (iPSC) Induced
pluripotent stem cells (iPSC) are derived from skin or
blood from adult cells that have been transformed back
into an embryonic-like state that enables the causes the
cells to be 30 used wherever needed.78 This iPSC
technique is a safe method because it comes directly from
the patient itself, leaving the possibility of rejection or
infection limited [76]. There are limited ethical
77concerns with iPSCs because the cells come from the
patient’s own cells [76]. The cells derived from the skin or
blood is grown in a dish, to in-turn multiple by the
millions, leaving an abundant of cells to have right at the
fingertips [77,78]. Using this technology, the pathway of
ALS can now be more monitored to learn the
pathogenesis as the disease progresses [77]. However, the
cost of using this technology is more than thousands of
dollars and even more depending on the type of cell
needed to derive, causing many people to not participate
due to cost.81 Su et al. demonstrated the high yield of
cells derived from mesenchymal cells, 40,000 stem cells,
using iPSC technology in vivo to then be injected into mice
[77]. The data showed there were new connections of
axons in the mouse forming action potentials in the
muscles to decrease muscle atrophy [76]. This technology
now demonstrates the technology used from deriving
neural stem cells and human embryonic stem cells [80].

Cord Blood

Cord blood is known to contain hematopoietic stem
cells that originate from a baby’s umbilical cord and can
be extracted to be used for the same uses when compared
to blood or bone marrow [82]. Cord blood has clinical
uses are for just about anything because of the
differentiability including tissues, and many different cells
[82]. Although parents can make the choice to store the
cord blood from the baby’s umbilical cord after giving
birth, there are no current testing on the diseases that
could be present from storage or confirmed the best
storage for the blood [22]. Garbuzova-Davis, et al. [82]
first demonstrated the migration of the cord blood cells (a
dosage of 1x106 cells) to the neuron affected places,
which demonstrated restoration and 31 preservation of
the damaged neurons by also observing the delaying of
the symptoms of the disease. Next, Garbuzova-Davis et al.
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demonstrated at different doses of human umbilical cord
blood and observed the results for many weeks [81]. The
researchers exhibited the medium dosage of cells
(25x106 cells) had the longest survival rate of
approximately twenty-six weeks of age, compared
t050x106 cells had a lifespan of twenty-two weeks of age,
but longer than the control group of twenty-one weeks of
age [81]. On top of the postponed advancement of the
disease and the prolonged life expectancy, the middle
dosage of cord blood cells also showed a significant effect
in aspects of inflammation, heightened number of
lymphocytes (the form of small white blood cell) [81].
These two studies have shown to increase the knowledge
of the effects of the injection of cord blood cells and
thecorrect dosage of cells [81,82]. Knippenberg, et al. [83]
conducted a supportive study to evaluate the effects of
intraspinal injecting human embryonic cord blood on two
groups of transgenic SODG93A mice models of ALS before
onset and after onset. The before symptom group (day 40)
and the symptomatic group (day 90), during injection
there was no signs of impairment of the mice 83 injection
except one complication [83]. Scientists observed and
concluded the early the dose of the cord blood, the
expanded time of endurance, less neuron loss, and
improvement of achievement from the body’s movement
with concluding the day 40 group had a better outcome of
results than the day 90 group, also with females having to
increase significant results.85 The study concluded more
testing should be done predicting different times of
injection, different places of injection, and doses with
symptoms to conclude the best dosage of cord blood on
mice before human trials [83].

Conclusion

More research needs to be completed studying ALS;
however, there has been much progress since the
discovery of this fatal disease. Since all of the research is
mainly completed on the SOD1G93A transgenic mouse
model which only can account for 10% of ALS cases, there
needs to more clinical trials for stem cell studies [84].
There is speculation that the pathogenesis of the disease
could be different for sporadic and familial, leaving using
the SOD1 model somewhat unreliable [84]. Many studies
of research start the mice on stem cell therapy during the
presymptomatic stage of the disease and this can cause
discrepancies because clinicals trials start stem cell
therapy after the onset of the disease [84]. Since each
patient requires a different treatment, will scientists ever
find a correct treatment for therapy? (Table 4) represents
an overall conclusion with different stem cellstudies, the
amount of stem cells injected, if the study used lithium,
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injection of stem cells has demonstrated to delay disease
onset and disease progression. Even with positive results,
research should be continued in the human clinical trials
of therapy for ALS.

and if the effects were positive or negative. As
demonstrated in Table 4, there are promising stem cell
therapies using lithium is hopeful for the future of the
disease. Lithium alone or lithium in addition to an

Stem Cells Amount of Stem Cells Transplant Lithium? Response (+/-)
Neural Stem Cells 100,000 No Positive
20 injections of .

Neural Stem Cells 400,000 fetal spinal cord NSCs No Negative

Human Bone 1,000,000 No Positive
Marrow

Mesenchymal Stem Cells 15,000,000 No Positive

Human Bone 8,500,000 Yes Positive
Marrow

Induced pluripotent stem cells 40,000 No Positive

Cord blood 2,500,000 No Positive

Table 4: Represents discussed stem cell therapies, the amount of stem cell in a transplant, the addition of lithium, and if
the response to the stem cells were positive or negative throughout the paper.

Kumar DR, Aslinia F, Yale SH, Mazza ]] (2011) Jean-
martin charcot: The father of neurology. Clin Med Res
9(1): 46-49.

References 8.

1. Zinman L, Cudkowicz M (2011) Emerging targets and
treatments in amyotrophic lateral sclerosis. Lancet

Neurol 10 (5): 481-490. 9. Barber SC, Shaw P] (2010) Oxidative stress in ALS:

Key role in motor neuron injury and therapeutic
2. Ciervo Y, Ning K, Jun X, Shaw PJ], Mead R] (2017) target. Free Radic Biol Med 48(5): 629-641.

Advances, challenges and future directions for stem

cell therapy in amyotrophic lateral sclerosis. Mol 10.

Neurodegener 12(1): 85.

Izrael M, Slutsky SG, Admoni T, Cohen L, Granit A, et
al. (2018) Safety and efficacy of human embryonic
stem cell derived astrocytes following intrathecal
transplantation in SOD1 (G93A) and NSG animal
models. Stem Cell Res Ther 9(1): 152.

Hardiman O, van den Berg, LH, Kiernan MC (2011)
Clinical diagnosis and management of amyotrophic
lateral sclerosis. Nat Rev Neurol 7(11): 639-649.

Mehta P, Kaye W, Raymond ], Punjani R, Larson T, et
al. (2018) Prevalence of amyotrophic lateral sclerosis
- united states, 2015. MMWR Morb Mortal Wkly Rep
67(46): 1285-1289.

Mao Z, Zhang S, Chen H (2015) Stem cell therapy for
amyotrophic lateral sclerosis. Cell Regen 4: 7.

Katz JS, Dimachkie MM, Barohn R]
Amyotrophic  lateral sclerosis: A
perspective. Neurol Clin 33(4): 727-734.

(2015)
historical

11.

12.

13.

14.

Willis A and Gallicchio VS. The Effects of Stem Cells on Amyotrophic Lateral
Sclerosis. ] Embryol Stem Cell Res 2019, 3(1): 000118.

Barber SC, Mead R], Shaw PJ (2006) Oxidative stress
in ALS: A mechanism of neurodegeneration and a
therapeutic target. Biochim Biophys Acta 1762 (11-
12): 1051-1067.

Ina Dervishi, Oge Gozutok, Dervishi IGO, Mukesh G,
Murnan K, et al. (2018) Daniel Heller Protein-protein
interactions reveal key canonical pathways, upstream
regulators, interactome domains, and novel targets in
ALS. Sci Rep 8: 14732.

Al-Chalabi A, van den Berg LH, Veldink ] (2017) Gene
discovery in  amyotrophic lateral sclerosis:
Implications for clinical management. Nat Rev Neurol
13(2): 96-104.

Da Cruz S, Bui A, Saberi S, Lee SK, Stauffer ], et al.
(2017) Misfolded SOD1 is not a primary component
of sporadic ALS. Acta Neuropathol 134(1): 97-111.

Koh SH, Kim Y, Kim HY, Hwang S, Lee CH, et al. (2007)
Inhibition of glycogen synthase kinase-3 suppresses
the onset of symptoms and disease progression of
G93A-SOD1 mouse model of ALS. Exp Neurol 205(2):
336-346.

Copyright© Willis A and Gallicchio VS.


https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(11)70024-2/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(11)70024-2/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(11)70024-2/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/29132389
https://www.ncbi.nlm.nih.gov/pubmed/29132389
https://www.ncbi.nlm.nih.gov/pubmed/29132389
https://www.ncbi.nlm.nih.gov/pubmed/29132389
https://www.ncbi.nlm.nih.gov/pubmed/29871694
https://www.ncbi.nlm.nih.gov/pubmed/29871694
https://www.ncbi.nlm.nih.gov/pubmed/29871694
https://www.ncbi.nlm.nih.gov/pubmed/29871694
https://www.ncbi.nlm.nih.gov/pubmed/29871694
https://www.ncbi.nlm.nih.gov/pubmed/21989247
https://www.ncbi.nlm.nih.gov/pubmed/21989247
https://www.ncbi.nlm.nih.gov/pubmed/21989247
https://www.cdc.gov/mmwr/volumes/67/wr/mm6746a1.htm
https://www.cdc.gov/mmwr/volumes/67/wr/mm6746a1.htm
https://www.cdc.gov/mmwr/volumes/67/wr/mm6746a1.htm
https://www.cdc.gov/mmwr/volumes/67/wr/mm6746a1.htm
https://cellregenerationjournal.biomedcentral.com/articles/10.1186/s13619-015-0026-7
https://cellregenerationjournal.biomedcentral.com/articles/10.1186/s13619-015-0026-7
https://www.ncbi.nlm.nih.gov/pubmed/26515617
https://www.ncbi.nlm.nih.gov/pubmed/26515617
https://www.ncbi.nlm.nih.gov/pubmed/26515617
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3064755/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3064755/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3064755/
https://www.ncbi.nlm.nih.gov/pubmed/19969067
https://www.ncbi.nlm.nih.gov/pubmed/19969067
https://www.ncbi.nlm.nih.gov/pubmed/19969067
https://www.ncbi.nlm.nih.gov/pubmed/16713195
https://www.ncbi.nlm.nih.gov/pubmed/16713195
https://www.ncbi.nlm.nih.gov/pubmed/16713195
https://www.ncbi.nlm.nih.gov/pubmed/16713195
https://www.nature.com/articles/s41598-018-32902-4
https://www.nature.com/articles/s41598-018-32902-4
https://www.nature.com/articles/s41598-018-32902-4
https://www.nature.com/articles/s41598-018-32902-4
https://www.nature.com/articles/s41598-018-32902-4
https://www.ncbi.nlm.nih.gov/pubmed/27982040
https://www.ncbi.nlm.nih.gov/pubmed/27982040
https://www.ncbi.nlm.nih.gov/pubmed/27982040
https://www.ncbi.nlm.nih.gov/pubmed/27982040
https://www.ncbi.nlm.nih.gov/pubmed/28247063
https://www.ncbi.nlm.nih.gov/pubmed/28247063
https://www.ncbi.nlm.nih.gov/pubmed/28247063
https://www.ncbi.nlm.nih.gov/pubmed/17433298
https://www.ncbi.nlm.nih.gov/pubmed/17433298
https://www.ncbi.nlm.nih.gov/pubmed/17433298
https://www.ncbi.nlm.nih.gov/pubmed/17433298
https://www.ncbi.nlm.nih.gov/pubmed/17433298

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Journal of Embryology & Stem Cell Research

Mitsumoto H, Brooks BR, Silani V (2014) Clinical
trials in amyotrophic lateral sclerosis: Why so many
negative trials and how can trials be improved?
Lancet Neurol 13(11): 1127-1138.

Xu L, Shen P, Hazel T, Johe K, Koliatsos VE (2011)
Dual transplantation of human neural stem cells into
cervical and lumbar cord ameliorates motor neuron
disease in SOD1 transgenic rats. Neurosci Lett 494(3):
222-226.

Hefferan MP, Galik ], Kakinohana O, Sekerkova G,
Santucci C, et al. (2012) Human neural stem cell
replacement therapy for amyotrophic lateral sclerosis
by spinal transplantation. PLoS One 7(8): e42614.

Wyatt TJ, Rossi SL, Siegenthaler MM, Frame ], Robles
R, et al. (2011) Human motor neuron progenitor
transplantation leads to endogenous neuronal
sparing in 3 models of motor neuron loss. Stem Cells
Int 2011: 207230.

Yan ], Xu L, Welsh AM, Chen D, Hazel T, et al. (2006)
Combined immunosuppressive agents or CD4
antibodies prolong survival of human neural stem cell
grafts and improve disease outcomes in amyotrophic
lateral sclerosis transgenic mice. Stem Cells 24(8):
1976-1985.

Xu L, Yan |, Chen D, Welsh AM, Hazel T, et al. (2006)
Human neural stem cell grafts ameliorate motor
neuron disease in SOD-1 transgenic rats.
Transplantation 82(7): 865-875.

Lee HJ, Kim KS, Ahn ], Bae HM, Lim I (2014) Human
motor neurons generated from neural stem cells
delay clinical onset and prolong life in ALS mouse
model. PLoS One 9(5): €e97518.

Garbuzova-Davis S, Haller E, Navarro S, Besong TE,
Boccio K], et al. (2018) Transplantation of human
bone marrow stem cells into symptomatic ALS mice
enhances structural and functional blood-spinal cord
barrier repair. Exp Neurol 310: 33-47.

Rosenfeld ], King RM, Jackson CE, Bedlack RS, Barohn
R], et al. (2008) Creatine monohydrate in ALS: Effects
on strength, fatigue, respiratory status and ALSFRS.
Amyotroph Lateral Scler 9(5): 266-272.

Brooke MH, Fenichel GM, Griggs RC, Mendell JR,
Moxley R, et al. (1989) Duchenne muscular
dystrophy: Patterns of clinical progression and effects
of supportive therapy. Neurology 39(4): 475-481.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Willis A and Gallicchio VS. The Effects of Stem Cells on Amyotrophic Lateral
Sclerosis. ] Embryol Stem Cell Res 2019, 3(1): 000118.

Tarnopolsky M, Martin ] (1999) Creatine
monohydrate increases strength in patients with
neuromuscular disease. Neurology 52(4): 854-857.

Tarnopolsky MA, Mahoney D], Vajsar ], Rodriguez C,
Doherty TJ, et al. (2004) Creatine monohydrate
enhances strength and body composition in duchenne
muscular dystrophy. Neurology 62(10): 1771-1777.

Shefner JM, Cudkowicz ME, Schoenfeld D, Conrad T,
Taft |, et al. (2004) A clinical trial of creatine in ALS.
Neurology 63(9): 1656-1661.

Groeneveld GJ, Veldink JH, van der Tweel I, Kalmijn S,
Beijer C, et al. (2003) A randomized sequential trial of
creatine in amyotrophic lateral sclerosis. Ann Neurol
53(4): 437-445.

Bender A, Klopstock T (2016) Creatine for
neuroprotection in neurodegenerative disease: End of
story? Amino Acids 48(8): 1929-1940.

Grossman RG, Fehlings MG, Frankowski RF, Burau
KD, Chow DS, et al. ( 2014) A prospective,
multicenter, phase I matched-comparison group trial
of safety, pharmacokinetics, and preliminary efficacy
of riluzole in patients with traumatic spinal cord
injury. ] Neurotrauma 31(3): 239-255.

Schultz ] (2018) Disease-modifying treatment of
amyotrophic lateral sclerosis. Am ] Manag Care
24(15): S335.

Bensimon G, Lacomblez L, Meininger VA (1994)
controlled trial of riluzole in amyotrophic lateral
sclerosis. ALS/riluzole study group. N Engl ] Med
330(9): 585-591.

Lee CT, Chiu YW, Wang KC, Hwang CS, Lin KH, et al.
(2013) Riluzole and prognostic factors in
amyotrophic lateral sclerosis long-term and short-
term survival: A population-based study of 1149
cases in taiwan. | Epidemiol 23(1): 35-40.

Rooney ], Byrne S, Heverin M, Corr B, Elamin M, et al.
(2013) Survival analysis of irish amyotrophic lateral
sclerosis patients diagnosed from 1995-2010. PLoS
One 8(9): e74733.

Miller RG, Appel SH (2017) Introduction to
supplement: The current status of treatment for ALS.
Amyotroph Lateral Scler Frontotemporal Degener
18(1): 1-4.

Copyright© Willis A and Gallicchio VS.


https://www.ncbi.nlm.nih.gov/pubmed/25316019
https://www.ncbi.nlm.nih.gov/pubmed/25316019
https://www.ncbi.nlm.nih.gov/pubmed/25316019
https://www.ncbi.nlm.nih.gov/pubmed/25316019
https://www.ncbi.nlm.nih.gov/pubmed/21402124
https://www.ncbi.nlm.nih.gov/pubmed/21402124
https://www.ncbi.nlm.nih.gov/pubmed/21402124
https://www.ncbi.nlm.nih.gov/pubmed/21402124
https://www.ncbi.nlm.nih.gov/pubmed/21402124
https://www.ncbi.nlm.nih.gov/pubmed/22916141
https://www.ncbi.nlm.nih.gov/pubmed/22916141
https://www.ncbi.nlm.nih.gov/pubmed/22916141
https://www.ncbi.nlm.nih.gov/pubmed/22916141
https://www.ncbi.nlm.nih.gov/pubmed/21716648
https://www.ncbi.nlm.nih.gov/pubmed/21716648
https://www.ncbi.nlm.nih.gov/pubmed/21716648
https://www.ncbi.nlm.nih.gov/pubmed/21716648
https://www.ncbi.nlm.nih.gov/pubmed/21716648
https://www.ncbi.nlm.nih.gov/pubmed/16644922
https://www.ncbi.nlm.nih.gov/pubmed/16644922
https://www.ncbi.nlm.nih.gov/pubmed/16644922
https://www.ncbi.nlm.nih.gov/pubmed/16644922
https://www.ncbi.nlm.nih.gov/pubmed/16644922
https://www.ncbi.nlm.nih.gov/pubmed/16644922
https://www.ncbi.nlm.nih.gov/pubmed/17038899
https://www.ncbi.nlm.nih.gov/pubmed/17038899
https://www.ncbi.nlm.nih.gov/pubmed/17038899
https://www.ncbi.nlm.nih.gov/pubmed/17038899
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0097518
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0097518
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0097518
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0097518
https://www.ncbi.nlm.nih.gov/pubmed/?term=Besong%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=30172620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Besong%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=30172620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Besong%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=30172620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Besong%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=30172620
https://www.ncbi.nlm.nih.gov/pubmed/?term=Besong%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=30172620
https://www.ncbi.nlm.nih.gov/pubmed/18608103
https://www.ncbi.nlm.nih.gov/pubmed/18608103
https://www.ncbi.nlm.nih.gov/pubmed/18608103
https://www.ncbi.nlm.nih.gov/pubmed/18608103
https://www.ncbi.nlm.nih.gov/pubmed/2927672
https://www.ncbi.nlm.nih.gov/pubmed/2927672
https://www.ncbi.nlm.nih.gov/pubmed/2927672
https://www.ncbi.nlm.nih.gov/pubmed/2927672
https://www.ncbi.nlm.nih.gov/pubmed/10078740
https://www.ncbi.nlm.nih.gov/pubmed/10078740
https://www.ncbi.nlm.nih.gov/pubmed/10078740
https://www.ncbi.nlm.nih.gov/pubmed/15159476
https://www.ncbi.nlm.nih.gov/pubmed/15159476
https://www.ncbi.nlm.nih.gov/pubmed/15159476
https://www.ncbi.nlm.nih.gov/pubmed/15159476
https://www.ncbi.nlm.nih.gov/pubmed/15534251
https://www.ncbi.nlm.nih.gov/pubmed/15534251
https://www.ncbi.nlm.nih.gov/pubmed/15534251
https://www.ncbi.nlm.nih.gov/pubmed/12666111
https://www.ncbi.nlm.nih.gov/pubmed/12666111
https://www.ncbi.nlm.nih.gov/pubmed/12666111
https://www.ncbi.nlm.nih.gov/pubmed/12666111
https://www.ncbi.nlm.nih.gov/pubmed/26748651
https://www.ncbi.nlm.nih.gov/pubmed/26748651
https://www.ncbi.nlm.nih.gov/pubmed/26748651
https://www.ncbi.nlm.nih.gov/pubmed/23859435
https://www.ncbi.nlm.nih.gov/pubmed/23859435
https://www.ncbi.nlm.nih.gov/pubmed/23859435
https://www.ncbi.nlm.nih.gov/pubmed/23859435
https://www.ncbi.nlm.nih.gov/pubmed/23859435
https://www.ncbi.nlm.nih.gov/pubmed/23859435
https://www.ncbi.nlm.nih.gov/pubmed/30207671
https://www.ncbi.nlm.nih.gov/pubmed/30207671
https://www.ncbi.nlm.nih.gov/pubmed/30207671
https://www.ncbi.nlm.nih.gov/pubmed/8302340
https://www.ncbi.nlm.nih.gov/pubmed/8302340
https://www.ncbi.nlm.nih.gov/pubmed/8302340
https://www.ncbi.nlm.nih.gov/pubmed/8302340
https://www.ncbi.nlm.nih.gov/pubmed/23117224
https://www.ncbi.nlm.nih.gov/pubmed/23117224
https://www.ncbi.nlm.nih.gov/pubmed/23117224
https://www.ncbi.nlm.nih.gov/pubmed/23117224
https://www.ncbi.nlm.nih.gov/pubmed/23117224
https://www.ncbi.nlm.nih.gov/pubmed/24098664
https://www.ncbi.nlm.nih.gov/pubmed/24098664
https://www.ncbi.nlm.nih.gov/pubmed/24098664
https://www.ncbi.nlm.nih.gov/pubmed/24098664
https://www.ncbi.nlm.nih.gov/pubmed/28872909/
https://www.ncbi.nlm.nih.gov/pubmed/28872909/
https://www.ncbi.nlm.nih.gov/pubmed/28872909/
https://www.ncbi.nlm.nih.gov/pubmed/28872909/

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Journal of Embryology & Stem Cell Research

Cetin H, Rath ], Fuzi ], Reichardt B, Fiilop G, et al.
(2015) Epidemiology of amyotrophic lateral sclerosis
and effect of riluzole on disease course.
Neuroepidemiology 44(1): 6-15.

Ito H, Wate R, Zhang ], Ohnishi S, Kaneko S, et al.
(2008) Treatment with edaravone, initiated at
symptom onset, slows motor decline and decreases
SOD1 deposition in ALS mice. Exp Neurol 213(2):
448-455.

Yoshino H, Kimura A (2006) Investigation of the
therapeutic effects of edaravone, a free radical
scavenger, on amyotrophic lateral sclerosis (phase 11
study). Amyotroph Lateral Scler 7(4): 241-245.

Takei K, Watanabe K, Yuki S, Akimoto M, Sakata T
(2017) Edaravone and its clinical development for
amyotrophic lateral sclerosis. Amyotroph Lateral
Scler Frontotemporal Degener 18(1): 5-10.

Okada M, Yamashita S, Ueyama H, Ishizaki M, Maeda
Y, et al. (2018) Long-term effects of edaravone on
survival of patients with amyotrophic lateral
sclerosis. E Neurological Sci 11: 11-14.

Teng YD, Benn SC, Kalkanis SN, Shefner JM, Onario RC,
et al. (2012) Multimodal actions of neural stem cells
in a mouse model of ALS: A meta-analysis. Sci Transl
Med 4(165): 165ral64.

Mazzini L, Gelati M, Profico DC, Sgaravizzi G, Pensi
MP, et al. (2015) Human neural stem cell
transplantation in ALS: Initial results from a phase I
trial. ] Transl Med 13: 17.

Glass ]D, Hertzberg VS, Boulis NM, Riley ], Federici T,
et al. (2016) Transplantation of spinal cord-derived
neural stem cells for ALS: Analysis of phase 1 and 2
trials. Neurology 87(4): 392-400.

Rando A, Pastor D, Viso-Leon MC, Martinez A,
Manzano R, et al. (2018) Intramuscular
transplantation of bone marrow cellsprolongs the
lifespan of SOD1(G93A) mice and modulates
expression of prognosis biomarkers of the disease.
Stem Cell Res Ther 9(1): 90.

Ohnishi S, Ito H, Suzuki Y, Adachi Y, Wate R, et al.
(2009) Intra-bone marrow-bone marrow
transplantation slows disease progression and
prolongs survival in G93A mutant SOD1 transgenic
mice, an animal model mouse for amyotrophic lateral
sclerosis. Brain Res 1296: 216-224.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Willis A and Gallicchio VS. The Effects of Stem Cells on Amyotrophic Lateral
Sclerosis. ] Embryol Stem Cell Res 2019, 3(1): 000118.

Sharma AK, Sane HM, Paranjape AA, Gokulchandran
N, Nagrajan A, et al. (2015) The effect of autologous
bone marrow mononuclear cell transplantation on
the survival duration in amyotrophic lateral sclerosis
- a retrospective controlled study. Am ] Stem Cells
4(1): 50-65.

Eve DJ, Steiner G, Mahendrasah A, Sanberg PR, Kurien
C, etal. (2018) Reduction of microhemorrhages in the
spinal cord of symptomatic ALS mice after
intravenous human bone marrow stem cell
transplantation accompanies repair of the blood-
spinal cord barrier. Oncotarget 9(12): 10621-10634.

Gubert F, Decotelli AB, Bonacossa-Pereira |,
Figueiredo FR, Zaverucha-do-Valle C, et al. (2016)
Intraspinal bone-marrow cell therapy at pre- and
symptomatic phases in a mouse model of
amyotrophic lateral sclerosis. Stem Cell Res Ther 7: 4.

Choi CI, Lee YD, Gwag B], Cho SI, Kim SS, et al. (2008)
Effects of estrogen on lifespan and motor functions in
female hSOD1 G93A transgenic mice. ] Neurol Sci
268(1-2): 4047.

Terashima T, Kojima H, Urabe H, Yamakawa I, Ogawa
N, et al. (2014) Stem cell factor-activated bone
marrow ameliorates amyotrophic lateral sclerosis by
promoting protective microglial migration. ] Neurosci
Res 92(7): 856-869.

Deacon RM (2013) Measuring motor coordination in
mice. ] Vis Exp (75): e26009.

Vercelli A, Mereuta OM, Garbossa D, Muraca G,
Mareschi K, et al. (2008) Human mesenchymal stem
cell transplantation extends survival, improves motor
performance and decreases neuroinflammation in
mouse model of amyotrophic lateral sclerosis.
Neurobiol Dis 31(3): 395-405.

Akiyama Y, Radtke C, Honmou O, Kocsis JD (2002)
Remyelination of the spinal cord following
intravenous delivery of bone marrow cells. Glia 39(3):
229-236.

Giordano A, Galderisi U, Marino IR (2007) From the
laboratory bench to the patient's bedside: An update
on clinical trials with mesenchymal stem cells. J Cell
Physiol 211(1): 27-35.

Oh KW, Moon C, Kim HY, Oh SI, Park |, et al. (2015)
Phase I trial of repeated intrathecal autologous bone
marrow-derived mesenchymal stromal cells in

Copyright© Willis A and Gallicchio VS.


https://www.ncbi.nlm.nih.gov/pubmed/25571962
https://www.ncbi.nlm.nih.gov/pubmed/25571962
https://www.ncbi.nlm.nih.gov/pubmed/25571962
https://www.ncbi.nlm.nih.gov/pubmed/25571962
https://www.ncbi.nlm.nih.gov/pubmed/18718468
https://www.ncbi.nlm.nih.gov/pubmed/18718468
https://www.ncbi.nlm.nih.gov/pubmed/18718468
https://www.ncbi.nlm.nih.gov/pubmed/18718468
https://www.ncbi.nlm.nih.gov/pubmed/18718468
https://www.ncbi.nlm.nih.gov/pubmed/17127563
https://www.ncbi.nlm.nih.gov/pubmed/17127563
https://www.ncbi.nlm.nih.gov/pubmed/17127563
https://www.ncbi.nlm.nih.gov/pubmed/17127563
https://www.ncbi.nlm.nih.gov/pubmed/28872907
https://www.ncbi.nlm.nih.gov/pubmed/28872907
https://www.ncbi.nlm.nih.gov/pubmed/28872907
https://www.ncbi.nlm.nih.gov/pubmed/28872907
https://www.ncbi.nlm.nih.gov/pubmed/29928711
https://www.ncbi.nlm.nih.gov/pubmed/29928711
https://www.ncbi.nlm.nih.gov/pubmed/29928711
https://www.ncbi.nlm.nih.gov/pubmed/29928711
https://www.ncbi.nlm.nih.gov/pubmed/23253611
https://www.ncbi.nlm.nih.gov/pubmed/23253611
https://www.ncbi.nlm.nih.gov/pubmed/23253611
https://www.ncbi.nlm.nih.gov/pubmed/23253611
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359401/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359401/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359401/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4359401/
https://www.ncbi.nlm.nih.gov/pubmed/27358335
https://www.ncbi.nlm.nih.gov/pubmed/27358335
https://www.ncbi.nlm.nih.gov/pubmed/27358335
https://www.ncbi.nlm.nih.gov/pubmed/27358335
https://www.ncbi.nlm.nih.gov/pubmed/29625589
https://www.ncbi.nlm.nih.gov/pubmed/29625589
https://www.ncbi.nlm.nih.gov/pubmed/29625589
https://www.ncbi.nlm.nih.gov/pubmed/29625589
https://www.ncbi.nlm.nih.gov/pubmed/29625589
https://www.ncbi.nlm.nih.gov/pubmed/29625589
https://www.ncbi.nlm.nih.gov/pubmed/19686706
https://www.ncbi.nlm.nih.gov/pubmed/19686706
https://www.ncbi.nlm.nih.gov/pubmed/19686706
https://www.ncbi.nlm.nih.gov/pubmed/19686706
https://www.ncbi.nlm.nih.gov/pubmed/19686706
https://www.ncbi.nlm.nih.gov/pubmed/19686706
https://www.ncbi.nlm.nih.gov/pubmed/25973331
https://www.ncbi.nlm.nih.gov/pubmed/25973331
https://www.ncbi.nlm.nih.gov/pubmed/25973331
https://www.ncbi.nlm.nih.gov/pubmed/25973331
https://www.ncbi.nlm.nih.gov/pubmed/25973331
https://www.ncbi.nlm.nih.gov/pubmed/25973331
https://www.ncbi.nlm.nih.gov/pubmed/29535831
https://www.ncbi.nlm.nih.gov/pubmed/29535831
https://www.ncbi.nlm.nih.gov/pubmed/29535831
https://www.ncbi.nlm.nih.gov/pubmed/29535831
https://www.ncbi.nlm.nih.gov/pubmed/29535831
https://www.ncbi.nlm.nih.gov/pubmed/29535831
v
v
v
v
v
https://www.ncbi.nlm.nih.gov/pubmed/18054961
https://www.ncbi.nlm.nih.gov/pubmed/18054961
https://www.ncbi.nlm.nih.gov/pubmed/18054961
https://www.ncbi.nlm.nih.gov/pubmed/18054961
https://www.ncbi.nlm.nih.gov/pubmed/24936617
https://www.ncbi.nlm.nih.gov/pubmed/24936617
https://www.ncbi.nlm.nih.gov/pubmed/24936617
https://www.ncbi.nlm.nih.gov/pubmed/24936617
https://www.ncbi.nlm.nih.gov/pubmed/24936617
https://www.ncbi.nlm.nih.gov/pubmed/23748408
https://www.ncbi.nlm.nih.gov/pubmed/23748408
https://www.ncbi.nlm.nih.gov/pubmed/18586098
https://www.ncbi.nlm.nih.gov/pubmed/18586098
https://www.ncbi.nlm.nih.gov/pubmed/18586098
https://www.ncbi.nlm.nih.gov/pubmed/18586098
https://www.ncbi.nlm.nih.gov/pubmed/18586098
https://www.ncbi.nlm.nih.gov/pubmed/18586098
https://www.ncbi.nlm.nih.gov/pubmed/12203389
https://www.ncbi.nlm.nih.gov/pubmed/12203389
https://www.ncbi.nlm.nih.gov/pubmed/12203389
https://www.ncbi.nlm.nih.gov/pubmed/12203389
https://www.ncbi.nlm.nih.gov/pubmed/17226788
https://www.ncbi.nlm.nih.gov/pubmed/17226788
https://www.ncbi.nlm.nih.gov/pubmed/17226788
https://www.ncbi.nlm.nih.gov/pubmed/17226788
https://www.ncbi.nlm.nih.gov/pubmed/25934946
https://www.ncbi.nlm.nih.gov/pubmed/25934946
https://www.ncbi.nlm.nih.gov/pubmed/25934946

56.

57.

58.

59.

60.

61.

62.

63.

64.

Journal of Embryology & Stem Cell Research

amyotrophic lateral sclerosis. Stem Cells Transl Med
4(6): 590-597.

Sykova E, Rychmach P, Drahoradova I, Konradova S,
Razickova K, et al. (2017) Transplantation of
mesenchymal stromal cells in patients with
amyotrophic lateral sclerosis: Results of phase [/Ila
clinical trial. Cell Transplant 26(4): 647-658.

Karussis D, Karageorgiou C, Vaknin-Dembinsky A,
Gowda-Kurkalli B, Gomori JM, et al. (2010) Safety and
immunological effects of mesenchymal stem cell
transplantation in patients with multiple sclerosis
and amyotrophic lateral sclerosis. Arch Neurol
67(10): 1187-1194.

Mohyeddin Bonab M, Yazdanbakhsh S, Lotfi ],
Alimoghaddom K, Talebian F, et al. (2007) Does
mesenchymal stem cell therapy help multiple
sclerosis patients? report of a pilot study. Iran ]
Immunol 4(1): 50-57.

Mazzini L, Fagioli F, Boccaletti R, Mareschi K, Oliveri
G, et al. (2003) Stem cell therapy in amyotrophic
lateral sclerosis: A methodological approach in
humans. Amyotroph Lateral Scler Other Motor
Neuron Disord 4(3): 158-161.

Mazzini L, Ferrero I, Luparello V, Rustichelli D,
Gunetti M, et al. (2010) Mesenchymal stem cell
transplantation in amyotrophic lateral sclerosis: A
phase I clinical trial. Exp Neurol 223(1): 229-237.

Alevizos B, Alevizos E, Leonardou A, Zervas |,
Rustichelli D, et al. (2012) Low dosage lithium
augmentation in venlafaxine resistant depression: An
open-label study. Psychiatriki 23(2): 143-148.

Dell'Osso L, Del Grande C, Gesi C, Carmassi C, Musetti
L, et al. (2016) A new look at an old drug:
Neuroprotective effects and therapeutic potentials of
lithium salts. Neuropsychiatr Dis Treat 12: 1687-
1703.

Turner MR, Goldacre R, Talbot K, Goldacre M], Talbot
K, et al. (2016) Psychiatric disorders prior to
amyotrophic lateral sclerosis. Ann Neurol 80(6): 935-
938.

Longinetti E, Mariosa D, Larsson H, Ye W, Ingre C, et
al. (2017) Neurodegenerative and psychiatric
diseases among families with amyotrophic lateral
sclerosis. Neurology 89(6): 578-585.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Willis A and Gallicchio VS. The Effects of Stem Cells on Amyotrophic Lateral
Sclerosis. ] Embryol Stem Cell Res 2019, 3(1): 000118.

Severus WE, Kleindienst N, Seemuller F, Frangou S,
Moller HJ, et al. (2008) what is the optimal serum
lithium level in the long-term treatment of bipolar
disorder--a review? Bipolar Disord1 10(2): 231-237.

Fornai F, Longone P, Cafaro L, Kastsiuchenka O,
Ferrucci M, et al. (2008) Lithium delays progression
of amyotrophic lateral sclerosis. Proc Natl Acad Sci
USA 105(6): 2052-2057.

Ferrucci M, Spalloni A, Bartalucci A, Cantafora E,
Fulceri F, et al. (2010) A systematic study of
brainstem motor nuclei in a mouse model of ALS, the
effects of lithium. Neurobiol Dis 37(2): 370-383.

Aggarwal SP, Zinman L, Simpson E, McKinley ],
Jackson KE, et al. (2010) Safety and efficacy of lithium
in combination with riluzole for treatment of
amyotrophic lateral sclerosis: A randomised, double-
blind, placebo-controlled trial. Lancet Neurol 9(5):
481-488.

UKMND-LiCALS Study Group, Morrison KE, Dhariwal
S, Hornabrook R, Savage L, Burn D], et al. (2013)
Lithium in patients with amyotrophic lateral sclerosis
(LiCALS): A phase 3 multicentre, randomised, double-
blind, placebo-controlled trial. Lancet Neurol 12(4):
339-345.

Miller RG, Moore DH, Forshew DA, Katz ]S, Baroh R],
et al. (2011) Phase II screening trial of lithium
carbonate in amyotrophic lateral sclerosis: Examining
a more efficient trial design. Neurology 77(10): 973-
979.

Boll M(, Bayliss L, Vargas-Canas S, Burgos ], Montes S,
et al. (2014) Clinical and biological changes under
treatment with lithium carbonate and valproic acid in
sporadic amyotrophic lateral sclerosis. ] Neurol Sci
340(1-2): 103-108.

Fornai F, Ferrucci M, Lenzi P, Alessandra Falleni,
Francesca Biagioni, et al. (2014) Plastic changes in the
spinal cord in motor neuron disease. Biomed Res Int
2014: 670756.

Natale G, Lenzi P, Lazzeri G, Falleni A, Biagioni F, et al.
(2015) Compartment-dependent  mitochondrial
alterations in experimental ALS, the effects of
mitophagy and mitochondriogenesis. Front Cell
Neurosci 9: 434.

Young W (2019) Review of lithium effects on brain
and blood. Cell Transplant 18(9): 951-975.

Copyright© Willis A and Gallicchio VS.


https://www.ncbi.nlm.nih.gov/pubmed/25934946
https://www.ncbi.nlm.nih.gov/pubmed/25934946
https://www.ncbi.nlm.nih.gov/pubmed/27938483
https://www.ncbi.nlm.nih.gov/pubmed/27938483
https://www.ncbi.nlm.nih.gov/pubmed/27938483
https://www.ncbi.nlm.nih.gov/pubmed/27938483
https://www.ncbi.nlm.nih.gov/pubmed/27938483
https://www.ncbi.nlm.nih.gov/pubmed/20937945
https://www.ncbi.nlm.nih.gov/pubmed/20937945
https://www.ncbi.nlm.nih.gov/pubmed/20937945
https://www.ncbi.nlm.nih.gov/pubmed/20937945
https://www.ncbi.nlm.nih.gov/pubmed/20937945
https://www.ncbi.nlm.nih.gov/pubmed/20937945
https://www.ncbi.nlm.nih.gov/pubmed/17652844
https://www.ncbi.nlm.nih.gov/pubmed/17652844
https://www.ncbi.nlm.nih.gov/pubmed/17652844
https://www.ncbi.nlm.nih.gov/pubmed/17652844
https://www.ncbi.nlm.nih.gov/pubmed/17652844
https://www.ncbi.nlm.nih.gov/pubmed/13129802
https://www.ncbi.nlm.nih.gov/pubmed/13129802
https://www.ncbi.nlm.nih.gov/pubmed/13129802
https://www.ncbi.nlm.nih.gov/pubmed/13129802
https://www.ncbi.nlm.nih.gov/pubmed/13129802
https://www.ncbi.nlm.nih.gov/pubmed/19682989
https://www.ncbi.nlm.nih.gov/pubmed/19682989
https://www.ncbi.nlm.nih.gov/pubmed/19682989
https://www.ncbi.nlm.nih.gov/pubmed/19682989
https://www.ncbi.nlm.nih.gov/pubmed/19682989
https://www.ncbi.nlm.nih.gov/pubmed/19682989
https://www.ncbi.nlm.nih.gov/pubmed/19682989
https://www.ncbi.nlm.nih.gov/pubmed/19682989
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5215396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5215396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5215396/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5215396/
https://www.ncbi.nlm.nih.gov/pubmed/28701495
https://www.ncbi.nlm.nih.gov/pubmed/28701495
https://www.ncbi.nlm.nih.gov/pubmed/28701495
https://www.ncbi.nlm.nih.gov/pubmed/28701495
https://www.ncbi.nlm.nih.gov/pubmed/18271901
https://www.ncbi.nlm.nih.gov/pubmed/18271901
https://www.ncbi.nlm.nih.gov/pubmed/18271901
https://www.ncbi.nlm.nih.gov/pubmed/18271901
https://www.ncbi.nlm.nih.gov/pubmed/18250315
https://www.ncbi.nlm.nih.gov/pubmed/18250315
https://www.ncbi.nlm.nih.gov/pubmed/18250315
https://www.ncbi.nlm.nih.gov/pubmed/18250315
https://www.ncbi.nlm.nih.gov/pubmed/19874893
https://www.ncbi.nlm.nih.gov/pubmed/19874893
https://www.ncbi.nlm.nih.gov/pubmed/19874893
https://www.ncbi.nlm.nih.gov/pubmed/19874893
https://www.ncbi.nlm.nih.gov/pubmed/20363190
https://www.ncbi.nlm.nih.gov/pubmed/20363190
https://www.ncbi.nlm.nih.gov/pubmed/20363190
https://www.ncbi.nlm.nih.gov/pubmed/20363190
https://www.ncbi.nlm.nih.gov/pubmed/20363190
https://www.ncbi.nlm.nih.gov/pubmed/20363190
https://www.ncbi.nlm.nih.gov/pubmed/23453347
https://www.ncbi.nlm.nih.gov/pubmed/23453347
https://www.ncbi.nlm.nih.gov/pubmed/23453347
https://www.ncbi.nlm.nih.gov/pubmed/23453347
https://www.ncbi.nlm.nih.gov/pubmed/23453347
https://www.ncbi.nlm.nih.gov/pubmed/23453347
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3171956/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.hindawi.com/journals/bmri/2014/670756/
https://www.ncbi.nlm.nih.gov/pubmed/26594150
https://www.ncbi.nlm.nih.gov/pubmed/26594150
https://www.ncbi.nlm.nih.gov/pubmed/26594150
https://www.ncbi.nlm.nih.gov/pubmed/26594150
https://www.ncbi.nlm.nih.gov/pubmed/26594150
https://www.ncbi.nlm.nih.gov/pubmed/19523343
https://www.ncbi.nlm.nih.gov/pubmed/19523343

75.

76.

77.

78.

79.

Journal of Embryology & Stem Cell Research

Fabrizi C, De Vito S, Somma F, Pompili E, Catizone A,
et al. (2014) Lithium improves survival of PC12
pheochromocytoma cells in high-density cultures and
after exposure to toxic compounds. Int | Cell Biol
2014:135908.

Su H, Wang L, Cai ], Yuan Q, Yang X, et al. (2013)
Transplanted motoneurons derived from human
induced pluripotent stem cells form functional
connections with target muscle. Stem Cell Res 11(1):
529-539.

Jaiswal MK (2017) Therapeutic opportunities and
challenges of induced pluripotent stem cellsderived
motor neurons for treatment of amyotrophic lateral
sclerosis and motor neuron disease. Neural Regen
Res 12(5): 723-736.

Chestkov 1V, Vasilieva EA, Illarioshkin SN, Lagarkova
MA, Kiselev SL, et al. (2014) Patient-specific induced
pluripotent stem cells for SOD1-associated
amyotrophic lateral sclerosis pathogenesis studies.
Acta Naturae 6(1): 54-60.

Richard JP, Maragakis NJ (2015) Induced pluripotent
stem cells from ALS patients for disease modeling.
Brain Res 1607: 15-25.

80.

81.

82.

83.

84.

Willis A and Gallicchio VS. The Effects of Stem Cells on Amyotrophic Lateral
Sclerosis. ] Embryol Stem Cell Res 2019, 3(1): 000118.

Lee JH, Liu JW, Lin SZ, Harn HJ, Chiou TW (2018)
Advances in patient-specific induced pluripotent stem
cells shed light on drug discovery for amyotrophic
lateral sclerosis. Cell Transplant 27(9): 1301-1312.

Garbuzova-Davis S, Sanberg CD, Kuzmin-Nichols N,
Willing AE, Gemma C, et al. (2008) Human umbilical
cord blood treatment in a mouse model of ALS:
Optimization of cell dose. PLoS One 3(6): e2494.

Garbuzova-Davis S, Willing AE, Zigova T, Saporta S,
Justen EB, et al. (2003) Intravenous administration of
human umbilical cord blood cells in a mouse model of
amyotrophic lateral sclerosis: Distribution, migration,
and differentiation. ] Hematother Stem Cell Res 12(3):
255-270.

Knippenberg S, Thau N, Schwabe K, Dengler R,
Schambach A, et al. (2012) Intraspinal injection of
human umbilical cord blood-derived cells is
neuroprotective in a transgenic mouse model of
amyotrophic lateral sclerosis. Neurodegener Dis
9(3):107-120.

Benatar M (2007) Lost in translation: Treatment
trials in the SOD1 mouse and in human ALS.
Neurobiol Dis 26(1): 1-13.

Copyright© Willis A and Gallicchio VS.


https://www.hindawi.com/journals/ijcb/2014/135908/
https://www.hindawi.com/journals/ijcb/2014/135908/
https://www.hindawi.com/journals/ijcb/2014/135908/
https://www.hindawi.com/journals/ijcb/2014/135908/
https://www.hindawi.com/journals/ijcb/2014/135908/
https://www.ncbi.nlm.nih.gov/pubmed/23578695
https://www.ncbi.nlm.nih.gov/pubmed/23578695
https://www.ncbi.nlm.nih.gov/pubmed/23578695
https://www.ncbi.nlm.nih.gov/pubmed/23578695
https://www.ncbi.nlm.nih.gov/pubmed/23578695
https://www.ncbi.nlm.nih.gov/pubmed/28616022
https://www.ncbi.nlm.nih.gov/pubmed/28616022
https://www.ncbi.nlm.nih.gov/pubmed/28616022
https://www.ncbi.nlm.nih.gov/pubmed/28616022
https://www.ncbi.nlm.nih.gov/pubmed/28616022
https://www.ncbi.nlm.nih.gov/pubmed/24772327
https://www.ncbi.nlm.nih.gov/pubmed/24772327
https://www.ncbi.nlm.nih.gov/pubmed/24772327
https://www.ncbi.nlm.nih.gov/pubmed/24772327
https://www.ncbi.nlm.nih.gov/pubmed/24772327
https://www.ncbi.nlm.nih.gov/pubmed/25223906
https://www.ncbi.nlm.nih.gov/pubmed/25223906
https://www.ncbi.nlm.nih.gov/pubmed/25223906
https://www.ncbi.nlm.nih.gov/pubmed/30033758
https://www.ncbi.nlm.nih.gov/pubmed/30033758
https://www.ncbi.nlm.nih.gov/pubmed/30033758
https://www.ncbi.nlm.nih.gov/pubmed/30033758
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0002494
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0002494
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0002494
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0002494
https://www.ncbi.nlm.nih.gov/pubmed/12857367
https://www.ncbi.nlm.nih.gov/pubmed/12857367
https://www.ncbi.nlm.nih.gov/pubmed/12857367
https://www.ncbi.nlm.nih.gov/pubmed/12857367
https://www.ncbi.nlm.nih.gov/pubmed/12857367
https://www.ncbi.nlm.nih.gov/pubmed/12857367
https://www.ncbi.nlm.nih.gov/pubmed/22122965
https://www.ncbi.nlm.nih.gov/pubmed/22122965
https://www.ncbi.nlm.nih.gov/pubmed/22122965
https://www.ncbi.nlm.nih.gov/pubmed/22122965
https://www.ncbi.nlm.nih.gov/pubmed/22122965
https://www.ncbi.nlm.nih.gov/pubmed/22122965
https://www.ncbi.nlm.nih.gov/pubmed/17300945
https://www.ncbi.nlm.nih.gov/pubmed/17300945
https://www.ncbi.nlm.nih.gov/pubmed/17300945
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Abstract
	Introduction
	Pharmaceutical Treatments
	Neural Stem Cells
	Human Bone Marrow
	Mesenchymal Stem Cells (MSC)
	Lithium
	Cord Blood
	Conclusion
	References

